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INTRODUÇÃO 
 

Nos últimos anos identificamos um aumento considerável na incidência de 

lesões traumáticas sejam elas associadas a quedas, violência interpessoal, 

acidentes com veículos automotores e até mesmo por forças da natureza (1). 

Segundo a Organização Mundial da Saúde (OMS), os acidentes de trânsito são 

inaceitavelmente a oitava causa de morte em todo o mundo entre a população jovem 

com idade entre 15 e 29 anos (1, 2). As vítimas não fatais têm de lidar com tremendo 

impacto na sua qualidade de vida, tanto dos custos para o tratamento assim como 

das possíveis complicações decorrentes do trauma.  Para a saúde pública os 

acidentes de trânsito resultam num alto custo financeiro, sobretudo entre os países 

em desenvolvimento, onde as despesas totais atingem até 2% do seu produto 

interno bruto (3). Em decorrência desses traumas a implantação cirúrgica de 

dispositivos ortopédicos para a fixação de fraturas (osteossínteses) aumentou 

exponencialmente, incluindo hastes intramedulares, placas e parafusos de diferentes 

tamanhos e dispositivos para a fixação externa (FIGURA 1). De fato, o manejo 

imediato das fraturas nos pacientes politraumatizados tem evoluído de forma 

constante o que possibilita a maior utilização de implantes para a fixação interna das 

fraturas precocemente. Dependendo das condições clínicas do paciente, 

especialmente entre aqueles  politraumatizados e instáveis, os cirurgiões devem 

decidir pela fixação externa visando uma abordagem menos agressiva na 

estabilização precoce das fraturas, principalmente para as lesões femorais, tibiais e 

pélvicas (4). Uma vez que o adequado debridamento da ferida tenha sido realizado 

com a remoção de todo o tecido morto e infectado e as condições clínicas do 

paciente estejam adequadas, a osteossíntese definitiva com placas e parafusos ou 

hastes intramedulares é realizada (5).   

Após a realização da cirurgia ortopédica a infecção dos tecidos moles, bem 

como a infecção óssea associada aos implantes ainda é a complicação mais 

importante e fator limitante do sucesso terapêutico levando a significativa morbidade, 

incluindo o retardo na consolidação óssea ou a pseudoartrose, múltiplos 

debridamentos e até mesmo a amputação do membro. A infecção é uma 

possibilidade quando há qualquer intervenção cirúrgica, em particular em situações 

de traumas de alta energia, com imensa injúria aos tecidos muscular e esquelético 
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em que vários fatores tornam complexa a prevenção e tratamento destas infecções, 

tais como: fraturas expostas, tecidos grosseiramente contaminados, perda de pele e 

partes moles, dissecção cirúrgica agressiva e inadequada, inúmeros procedimentos, 

lesões vasculares associadas e a exposição a bactérias hospitalares entre pacientes 

de longa permanência hospitalar, e os fatores associados ao próprio paciente, como 

a desnutrição, o tabagismo, a obesidade e a presença do implante ortopédico para a 

fixação da fratura (6-8). Com a redução aberta e fixação interna da fratura (RAFI) é 

necessário que o implante permaneça por tempo suficiente até que haja a 

consolidação óssea da fratura. Isto exige a introdução de um corpo estranho num 

ambiente que contém tecido desvitalizado e contaminado por bactérias, criando 

assim condições ideais para o desenvolvimento de infecções (9). Estudos anteriores 

confirmam que a presença de corpos estranhos (como os implantes ortopédicos) 

podem dificultar e mesmo impossibilitar o tratamento eficaz da infecção  associada a 

implantes (10,11). No entanto a estabilidade e fixação das fraturas, conseguida através 

da utilização adequada dos implantes, é necessária para reduzir a incidência de 

infecção após a RAFI e principalmente no tratamento das infecções já estabelecidas, 

tornando assim a manutenção do implante, assim como o debridamento cirúrgico e o 

tratamento prolongado com antimicrobianos, uma prioridade (12, 13).  

A infecção aguda da ferida operatória, definida aqui como uma infecção que 

ocorre no prazo de até seis semanas após a RAFI, cria um dilema sobre a remoção 

ou manutenção do implante na presença de infecção precoce, visto que a maioria 

das fraturas ainda não atingiu a consolidação óssea neste período (14). A 

estabilização da fratura, a consolidação óssea  e a cura são otimizadas através da 

retenção do implante, ao mesmo tempo em que a retirada do implante pode dar ao 

paciente e a equipe médica a melhor chance para eliminar o processo infeccioso; 

cada escolha tem suas próprias vantagens e desvantagens potenciais. 

A contaminação das feridas com microrganismos ocorre em até 65% das 

fraturas expostas e dependendo da gravidade da lesão, especialmente para as 

fraturas expostas grau III, a taxa de infecção  do implante pode chegar a 30% (10, 15).	

As infecções associadas a próteses articulares ocorrem numa menor proporção. 

Não existem informações na literatura brasileira mas em países desenvolvidos as 

taxa de infecção nas próteses de joelho variam entre 1% a 2%, nas próteses de 

quadril de 0,3% a 1,3% e de ombro 1% (16,17). A taxa de infecção é ainda maior após 

os procedimentos de revisão de artroplastia com taxas próximas a 3% para as 
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próteses de quadril e 6% para o joelho. Em relação às infecções relacionadas aos 

fixadores internos a taxa de infecção é de 5%, podendo variar de 0,5 a 2% nas 

infecções associadas a traumas fechados (10), e até 30% nas infecções após fixação 

interna de fraturas expostas (18,19). 

  

	 	 	
 

 

 

 

O diagnóstico é um desafio e muitas vezes requer a combinação de 

diferentes abordagens, a começar pela  avaliação clínica, laboratorial, 

histopatológica, estudos de imagem e o isolamento de micro-organismos a partir de 

várias amostras de tecido peri-implante. Por outro lado os micro-organismos 

isolados à partir de amostras de tecido de feridas decorrentes de fraturas expostas 

não parecem predizer infecções profundas visto que alguns autores demostraram 

que infecções decorrentes de fraturas expostas não foram causadas por micro-

organismos identificados no debridamento inicial e as fraturas expostas que 

evoluíram para osteomielite apresentavam culturas negativas nesta fase (20-22). Além 

disto até 30% das culturas convencionais dos tecidos peri-implantes são falso 

negativas (23, 24). 

Os patógenos envolvidos na maioria das vezes nessas infecções são o 

Sthaphylococcus aureus e Sthaphylococcus coagulase negativa que são capazes de 

induzir a formação de biofilme no implante metálico. O biofilme é uma comunidade 

microbiana onde os patógenos sobrevivem e multiplicam-se em diferentes fases de 

crescimento, incorporados em uma matriz polissacarídea e proteica extracelular 

Fonte: DOT Santa Casa SP 
Fig. 1: Fixador externo, haste intramedular, placa e parafusos  
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altamente hidratada (25, 26). No interior do biofilme a microbiota não é afetada pelas 

defesas do hospedeiro e tampouco pela ação dos antibióticos em decorrência da 

proteção da camada superficial polissacarídea e pela redução do metabolismo dos 

micro-organismos que frequentemente encontra-se em fase estacionária de 

crescimento (25) (FIGURAS 2 e 3).  

Para o diagnóstico das infecções relacionadas aos implantes ortopédicos as 

culturas dos tecidos peri-implante são consideradas o padrão de referência, cuja  

positividade pode variar de 65% a 89% (27- 29). A positividade variável das culturas de 

tecido peri-implante é provavelmente explicada pela formação do biofilme nas 

superfícies dos implantes metálicos e pelo uso prévio de antimicrobianos. A correta 

identificação e o perfil de suscetibilidade dos patógenos causadores das infecções 

são essenciais para o sucesso terapêutico (30). 

 

            
Fig. 2 - Adaptado de Zoubos A B, Galanakos S P, Soucacos P N. 

Diagrama demonstrando o desenvolvimento do biofilme em processo de 5 estágios: 

Estágio 1: adesão inicial do micro-organismo à superfície. Estágio 2: produção da 

substância polimérica extracelular. Estágio 3: colonização (desenvolvimento precoce 

da arquitetura do biofilme). Estágio 4: maturação da arquitetura do biofilme. Estágio 

5: dispersão das células sésseis do biofilme. Na fase final, quando as condições 

ambientais do biofilme tornam-se desfavoráveis, algumas bactérias podem se 

desprender e  “nadar” em direção a uma superfície ambiental mais favorável (31). 

 

A fim de melhorar a identificação  dos patógenos aderidos a superfície dos 

implantes metálicos novas estratégias diagnósticas têm sido desenvolvidas (32). Na 

última década, o vórtex associado à sonicação, energia ultrassônica aplicada 
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diretamente na superfície dos implantes metálicos para romper o biofilme aderente e 

liberar os micro-organismos viáveis, tem sido reportado como uma formidável 

ferramenta para o diagnóstico microbiológico das infecções associadas aos 

implantes ortopédicos (33-36).  

 

 
Fig. 3 Adaptado de Zoubos A B, Galanakos S P, Soucacos P N. 

Representação esquemática dos micro-organismos, na forma planctônica, mortas 

por antibióticos e pelo sistema imune enquanto que os micro-organismos na 

superfície do biofilme  são protegidos na matrix extracelular (31).  

 

O princípio da sonicação é a formação de microbolhas, através do ultrassom 

de baixa frequência e baixa intensidade, que consegue romper o biofilme sem a 

destruição bacteriana, permitindo a viabilidade das culturas dos micro-organismos 
(37) (FIGURA 4). 

Trampuz e colaboradores demonstraram que o método de sonicação foi mais 

eficiente no diagnóstico microbiológico das infecções relacionadas às próteses 

ortopédicas. Os autores analisaram 331 pacientes com prótese total de joelho ou 

quadril e identificaram que 76% deles apresentavam soltura asséptica da prótese e 

23% apresentavam sinais de infecção associada a implante articular. A sensibilidade 

da cultura de tecido periprotética convencional e da cultura do fluido sonicado foi de 

60,8% e 78,5% respectivamente (p< 0,001). Nos pacientes tratados previamente 

com antibióticos por 14 dias a sensibilidade da cultura do tecido periprotético foi de 

45%, enquanto que na cultura do fluido sonicado foi de 75% (p< 0,001) e o agente 

mais comumente encontrado foi o Staphylococcus coagulase negativa (24). 
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Sampedro e colaboradores compararam o método de sonicação com a cultura de 

tecido peri-implante convencional em implantes para coluna vertebral e 

demonstraram que dos 112 pacientes analisados 22 apresentavam sinais de 

infecção relacionada ao implante, a sensibilidade da cultura de tecido peri-implante 

foi de 73% e a do fluido da sonicação de 91% (p= 0,046) com especificidades de 

93% e 97%, respectivamente (38). Estudo importante de Piper e colaboradores 

demonstrou que nas próteses de ombro o método da sonicação também foi mais 

eficiente que a cultura de tecido periprotética convencional. Analisaram 136 

pacientes que foram submetidos a revisão da artroplastia ou artroplastia de ressecão 

do ombro.  Destes, 35 pacientes apresentavam diagnóstico definitivo de infecção e 

apresentaram sensibilidade do fluido da sonicação e da cultura de tecido 

periprotético de 66,7% e 54,5% respectivamente (p=0,046) e a especificidade foi 

semelhante 98% e 95,1%, respectivamente (p=0,26). O agente mais comumente 

encontrado foi o Propionibacterium acnes tanto na cultura do fluido de sonicação 

(40,9%) quanto na cultura convencional de tecido periprotético (38,9%)(39). Numa 

recente meta-análise que incluiu 12 estudos que avaliaram culturas do fluido de 

sonicação a partir de componentes protéticos para o diagnóstico de infecções 

associadas a próteses ortopédicas a sensibilidade e especificidade foram de 80% e 

95% respectivamente (40).	 No entanto, a utilidade clínica da sonicação como 

ferramenta adjunta no diagnóstico das infecções associadas à osteossíntese (IAO) 

não tem sido estudada. Uma vez que não existem protocolos validados que 

proponham o uso da técnica da sonicação no diagnóstico das IAOs, idealizamos que 

a aplicação da sonicação nos implantes removidos e acondicionados em contêineres 

estéreis, poderia melhorar o diagnóstico das infecções associadas aos implantes 

ortopédicos, especialmente quando comparada com as culturas de tecido peri-

implante. Além disto avaliamos também a influência do uso prévio de antibióticos 

sobre a sensibilidade das culturas de tecido e do fluido de sonicação. 
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Fig. 4- Princípio da sonicação: formação de microbolhas através do ultrassom de 

baixa frequência e baixa intensidade, que consegue romper o biofilme sem a 

destruição do patógeno. 

 

OBJETIVOS 
 

Objetivos Gerais:   

• Descrever os aspectos epidemiológicos dos pacientes analisados; 

• Analisar os fatores de risco para as infecções relacionadas aos implantes 

ortopédicos; 

• Determinar o perfil microbiológico das infecções associadas aos implantes 

ortopédicos; 

• Determinar o perfil de susceptibilidade dos patógenos identificados nas 

culturas de tecido convencional e no fluido de sonicação das infecções 

associadas aos implantes ortopédicos. 

Objetivo Específico: 

Validar o método de sonicação para o diagnóstico microbiológico das 

infecções associadas aos implantes ortopédicos. 

 

 

 

Sonicação)
Vibração)Mecânica)>20)kHz)

MICROBOLHAS)

SONICAÇÃO)
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CASUÍSTICA E MÉTODO 
 
Tipo de estudo: Estudo unicêntrico, coorte prospectiva. 

 
População do estudo: Foram incluídos prospectivamente 180 indivíduos que foram 

submetidos à remoção total ou parcial dos implantes ortopédicos, incluindo as 

hastes intramedulares, placas, parafusos ou implantes de coluna, seja por causa 

infecciosa ou por soltura asséptica, de setembro de 2010 até outubro de 2013, no 

Departamento de Ortopedia e Traumatologia da Irmandade da Santa Casa de 

Misericórdia de São Paulo. Foram excluídos os indivíduos nos quais foram colhidas 

menos de duas amostras de tecido peri-implante, contaminação óbvia dos implantes 

ortopédicos durante a sua retirada, transporte ou manipulação no laboratório de 

microbiologia e os implantes ortopédicos que não puderam ser submetidos à 

sonicação em decorrência do menor tamanho dos contêineres em relação ao 

tamanho dos implantes. As características demográficas, localização e tipo de 

osteossíntese, comorbidades, cirurgias ortopédicas prévias, número de amostras de 

tecido coletadas por paciente, tempo de uso do implante (entre a implantação e a 

retirada) e o uso prévio de antibióticos até 14 dias antes da retirada do material de 

síntese foram estudadas.	O protocolo do estudo foi revisto, submetido e aprovado 

pelo Comitê de Ética em Pesquisa da Faculdade de Ciências Médicas da Santa 

Casa de São Paulo. Todos os pacientes concordaram e assinaram  o Termo de 

Consentimento Livre e Esclarecido em 2 vias e ficaram com uma cópia do mesmo. 
 

Diagnóstico das infecções associadas aos implantes ortopédicos: Infecção 

associada a osteossíntese foi definida pela presença de pelo menos um dos 

critérios: ferida com exposição do implante e ou osso e presença de secreção 

purulenta; líquido sinovial purulento ou a presença de pus ao redor do implante, 

determinado pelo cirurgião; inflamação aguda detectada no exame histopatológico 

do tecido peri-implante; presença de fístula em comunicação com o implante (5,15). 

Soltura asséptica do implante foi definida como a falha do implante na ausência dos 

critérios descritos acima. 
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Métodos microbiológicos para identificação microbiológica dos espécimes 
colhidos:  
 
Amostras de tecido: Na sala cirúrgica, pelo menos uma amostra de tecido  peri-

implante e ou tecido ósseo foi coletada para análise microbiológica e histopatológica 

e enviada ao laboratório de microbiologia em recipientes estéreis e devidamente 

identificados. No laboratório as amostras de tecidos foram homogeneizados em 3 ml 

de meio BHI (brain-heart infusion) por 1 minuto e inoculadas em meios aeróbios 

(placas de ágar sangue, ágar chocolate), meio anaeróbio e no caldo de tioglicolato 

(BD Diagnostic Systems, Sparks, MD).	O	 tempo máximo para o processamento das 

amostras foi de seis horas. As placas de ágar sangue e ágar chocolate foram 

incubadas aerobicamente entre 35o a 37o C em 5% a 7% de CO2 por 7 dias e as 

placas anaeróbias incubadas anaerobicamente a 37o C por 14 dias. Adicionalmente, 

0.5 ml de tecido homogeneizado foi inoculado em meio de tioglicolato e incubado por 

14 dias, se houvesse crescimento bacteriano (turvação) do meio, o líquido seria 

ressemeado em placas de ágar (aeróbio e anaeróbio). As placas foram 

inspecionadas diariamente e o crescimento das colônias foi relatado e identificado 

por meio das rotinas estabelecidas pela instituição. O perfil de susceptibilidade foi 

realizado em todas as cepas identificadas e seguiu a padronização do CLSI (Clinical 

Laboratory Standards Institute) vigente (41). Micro-organismos de baixa virulência 

(Staphylococcus coagulase negativa, Corynebacterium spp., Chryseobacterium spp. 

e Bacillus spp.) foram considerados patógenos causadores de doença se o mesmo 

patógeno fosse identificado em pelo menos duas amostras de tecido ou quando pelo 

menos um dos critérios (independente da cultura) de IAO fosse encontrado.  

 

Sonicação dos implantes ortopédicos: Na sala cirúrgica os implantes ortopédicos 

utilizados na fixação das fraturas foram retirados assepticamente e transportados em 

recipientes validados (recipientes hermeticamente vedados de polietileno, de 

diferentes volumes) e em hipótese alguma foram transportados  em sacos plásticos 

pelo risco de contaminação através de vazamentos (42). Os recipientes de transporte 

foram esterilizados (autoclave a temperatura máxima de 121o C por 15 minutos ou 

esterilização por plasma), embalados com papel grau cirúrgico, selados e 

etiquetados. Os implantes foram processados em até seis horas. 
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 O implante removido foi colocado no recipiente validado com 50 a 250 ml de 

Ringer Lactato (volume a depender do tamanho do implante), hermeticamente 

fechado com a tampa, devidamente etiquetado com os dados do paciente e 

preenchido um formulário com informações sobre o tipo implante, data da remoção, 

diagnóstico do paciente e diagnóstico clínico de infecção relacionada ao implante 

ortopédico e possíveis terapias antimicrobianas prévias. No laboratório o recipiente 

(com o implante e 50 a 250 ml de Ringer Lactato) foi submetido ao Vortex-Genie 2 

(Scientific Industries Inc., Bohemia, NY, USA) por 30 segundos, em seguida foi 

posicionado no banho de ultrassom e exposto a sonicação (Ultrasound bath 

BactoSonic; Bandelin GmbH, Berlin, Germany) por 5 minutos com uma frequência 

de 40±2 kHz e poder de densidade 0.22±0.04 W/cm2, e outra vez submetido ao 

vórtex por 30 segundos, de acordo com a técnica empregada por Trampuz e 

colaboradores (24) (FIGURA 5). O fluido sonicado foi alocado em tubos estéreis tipo 

falcons de 50 ml e centrifugado durante 5 minutos a 2500 rotações por minuto para 

concentração da amostra (43). Alíquota de 0,1 ml foi semeada pela técnica de 

esgotamento nas placas de ágar sangue, ágar chocolate e anaerinsol (placa para 

crescimento de micro-organismos anaeróbicos) e  foram incubadas em aerobiose a 

35-37o C com 5% de CO2 por sete dias e em anaerobiose a 35-37o C por  14 dias, 

respectivamente. Adicionalmente 4 ml do fluido sonicado concentrado foi inoculado 

em 10 ml de  caldo de tioglicolato e incubado em aerobiose a 35-37o C com 5% de 

CO2 por dois dias. Após 48 horas, se houvesse turvação da fase inferior do caldo de 

tioglicolato este era ressemeado em meio seletivo para anaerobiose e incubado em 

anaerobiose a 35-37Co por até 14 dias. Se as placas de ágar sangue e chocolate 

não apresentassem crescimento, era realizado um Gram da subcultura do caldo de 

tioglicolato e este era ressemeado em placas de ágar sangue e ou chocolate e ou 

McConckey, a depender das características tintoriais do micro-organismo em 

crescimento. O restante do fluido de sonicação (4 ml) foi congelado a temperatura 

de -70 o C (FIGURA 6.) 
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Fonte: Laboratório Central (Microbiologia) da Santa Casa de SP 
Fig. 5 - Sonicador e o Vórtex 
     

 

 
Fig. 6 - Fluxograma do processo de sonicação do implante removido.  

 

 As placas foram inspecionadas diariamente para a detecção do crescimento 

microbiológico. Se o crescimento fosse detectado, o número de unidades 

formadoras de colônia (UFC) de cada morfologia distinta era relatado. Devido a 

Implante retirado no 
centro cirúrgico, 
armazendo em 50 a 
250 ml de Ringer 
Lactato (até 6 
horas) 

Vortex por 30 
segundos 

Vortex por 30 
segundos 

Banho ultrassônico 
por 5 minutos 

Centrífuga a 2500 
rpm por 5 minutos Incuba até 14 dias 

em anaerobiose  

Fonte: Laboratório Central Santa Casa SP 
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etapa adicional de concentração da amostra do fluido sonicado, o cutoff de 50 

UFC/ml foi considerado positivo e usado para análise de sensibilidade e 

especificidade (44). Além disso, para os sujeitos que estavam em uso de antibióticos 

ou que tinham utilizado antibióticos há mais de 24 horas até 14 dias prévios a 

cirurgia, qualquer crescimento identificado nas placas foi considerado positivo (45). 

Portanto, todas as placas que apresentaram crescimento positivo foram 

quantificadas e identificadas de acordo com a rotina estabelecida pelo laboratório, 

seguindo a morfologia e propriedade tintorial visibilizada na coloração de Gram. Os 

sujeitos do estudo que não apresentavam sinais infecciosos foram utilizados como 

caso controle negativo e tiveram seus implantes processados e suas placas 

analisadas como descrito para os casos de IAO (FIGURA 7 e 8). 

 

  

 

 

 Para as colônias de cocos Gram positivos os testes realizados foram da 

catalase que diferencia os Staphylococcus spp. dos Streptococcus spp. Os 

Staphylococcus spp passaram pela prova da coagulase, onde os Staphylococcus 

aureus foram diferenciados dos Staphylococcus coagulase negativa. Os 

Streptococcus spp. ou Enterococcus spp. tiveram sua hemólise identificada (alfa, 

beta ou gama) e foram submetidos às provas diferenciais da hidrólise da 

bilesculina e crescimento na presença de 6,5% de NaCl associada as provas de 

sensibilidade a optoquina ou bacitracina e CAMP Test, se necessários.  

 Para os Gram negativos foi utilizada uma série bioquímica para identificação, 

onde se este bacilo fosse uma enterobactéria teríamos seu gênero e espécies 

Figura 7- Placa de ágar 
sangue com semeadura do 
fluido de sonicação.  

Figura 8- Placa de ágar 
chocolate com semeadura do 
fluido de sonicação.  
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identificados. Nesta série os bacilos não fermentadores de glicose foram 

identificados e repicados para um kit para identificação de não fermentadores 

específico para este grupo. 

 Os micro-organismos anaeróbios estritos foram identificados através do 

crescimento comparativo do isolado em aerobiose e anaerobiose e os crescimentos 

exclusivos em ausência de oxigênio foram identificados por suas características 

morfo tintoriais obtidas por meio da coloração de Gram. 

 O perfil de susceptibilidade foi realizado em todas as cepas identificadas e 

seguiu a padronização do CLSI vigente para disco difusão, exceto para a 

vancomicina, em que o método da concentração inibitória mínima foi o utilizado (41). 

Tanto no método da disco difusão quanto na determinação da concentração 

inibitória mínima (CIM) foram utilizados como rotina aproximadamente três a quatro 

UFC suspensas em meio de cultura líquida (Caldo TSB ou BHI) ou salina, até que o 

inóculo equivalente a 0,5 da escala de MacFarland (1,5 x108 UFC/mL) fosse 

atingido.  A partir deste inoculo ajustado visualmente, em comparação com a escala 

padrão, foi semeado em três direções, com o auxílio de um swab, em Agar Mueller 

Hinton ou Mueller Hinton Sangue. Após incubação de até 24 horas foram medidos 

os diâmetros dos halos de inibição e interpretados de acordo com padrões 

estabelecidos para cada antimicrobiano (22). Os resultados obtidos foram 

interpretados de acordo com o CLSI vigente. 

O método escolhido para determinação da CIM foi o Etest® (AB Biodisk, 

Sweden) que consiste em uma fita plástica inerte impregnada com antimicrobiano 

em diferentes concentrações. A formação de um halo elíptico e a sua leitura no 

ponto de encontro da fita indica a CIM para o antimicrobiano testado. Leituras abaixo 

da menor concentração da fita indicavam CIM menor que o valor mínimo testado e 

ausência de inibição de crescimento indicavam CIM maior que o maior valor da 

concentração do antimicrobiano presente na fita. 

Os antimicrobianos que foram testados para os agentes isolados seguiram os 

preconizados pelo CLSI e os padronizados para os fragmentos no laboratório de 

microbiologia:  

• Staphylococcus spp.: Penicilina, Oxacilina, Cefoxitina, Eritromicina, 

Trimetoprim-Sulfametoxazol, Clindamicina, Vancomicina (CIM), Cloranfenicol, 

Ciprofloxacina, Gentamicina, Tetraciclina, Teicoplanina e Tigeciclina; 
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• Enterococcus spp.: Penicilina, Ampicilina, Vancomicina, Teicoplanina, 

Gentamicina, Estreptomicina, Tetraciclina, Eritromicina, Cloranfenicol e Linezolida; 

• Bacilos Gram negativos (Enterobactérias): Ampicilina, Cefazolina, 

Cefalotina, Gentamicina, Amicacina, Amoxacilina + Ácido Clavulânico, Cefuroxima, 

Cefepima, Cefoxitima, Cefotaxima, Ciprofloxacina, Imipenem, Meropenem, 

Trimetoprim-sulfametoxazol, Ceftazidima, Aztreonam, Cloranfenicol, Tetraciclina, 

Tigeciclina e Tobramicina; 

• Bacilos Gram negativos não fermentadores de glicose: Ceftazidima, 

Gentamicina, Amicacina, Aztreonam, Cefepima, Ciprofloxacina, Ampicilina 

Sulbactam, Imipenem, Meropenem, Tobramicina, Cefotaxima, Ticarcilina + Ácido 

Clavulânico, Cloranfenicol, Polimixina, Tigeciclina, Piperacilina Tazobactam e 

Trimetoprim-Sulfametoxazol.  

O controle de qualidade do teste de susceptibilidade foi com as cepas padrões 

(Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 25922, 

Staphylococcus aureus ATCC 25923). O padrão de referência adotado para estes 

testes foi o utilizado no laboratório e segue os critérios internacionais do CLSI (41).        

 

Análise estatística: as características dos indivíduos com infecção e sem infecção 

associadas aos implantes ortopédicos foram sumarizadas em tabelas de 

frequências, porcentagens, médias ou medianas e desvio-padrão. As comparações 

descritivas entre as variáveis categóricas foram realizadas pelo teste chi-quadrado 

ou teste exato de Fisher, quando apropriado. As variáveis contínuas foram 

comparadas com o teste t student (distribuição normal) ou teste  U de Mann-Whitney 

(não paramétrico). Sensibilidade, especificidade, valor preditivo positivo e valor 

preditivo negativo foram comparados entre as culturas de tecido peri-implante e as 

culturas do fluido de sonicação, usando o teste de McNemar para as proporções 

pareadas. Intervalo de confiança (ICs) de 95% foi adotado. A diferença foi 

considerada significativa quando valor de p < 0,05 (bicaudado). Os dados foram 

analisados usando o software SPSS para Windows, versão 19.9 (SPSS, IBM 

Corporation, Chicago, Illinois).  
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RESULTADOS 
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Improved Diagnosis of Infection Associated with Osteosynthesis by
Use of Sonication of Fracture Fixation Implants

Maysa Harumi Yano,a Giselle Burlamaqui Klautau,b Cely Barreto da Silva,c Stanley Nigro,c Osmar Avanzi,d

Marcelo Tomanink Mercadante,d Mauro Jose Costa Sallesb

Infection Control Unit, Santa Isabel Hospital, São Paulo, Brazila; Division of Infectious Diseases, Department of Internal Medicine,b Department of Laboratory Medicine and
Pathology,c and Department of Orthopedic Surgery,d Santa Casa de São Paulo School of Medicine, São Paulo, Brazil

Previous studies have shown that sonication fluid cultures from removed orthopedic devices improved the microbiological diag-
nosis of orthopedic implant-associated infections; however, few of these investigations have applied sonication to the removed
fracture fixation devices to evaluate its utility for the diagnosis of osteosynthesis-associated infection (OAI). We compared soni-
cation fluid to conventional tissue cultures from 180 subjects with different sizes of plates and screws (n ! 156), spinal implants
(n ! 26), and intramedullary nails (n ! 3), of whom 125 and 55 subjects had OAI and noninfected osteosynthesis (NIO), respec-
tively. The sensitivity for detecting OAI was 90.4% for sonication fluid culture and 56.8% for periprosthetic tissue cultures (P <
0.05), and the specificities were 90.9% and 96.4%, respectively. Sonication fluid culture detected more pathogens than peri-im-
plant tissue culture (113 versus 71; P < 0.001), while polymicrobial infections were diagnosed by sonication fluid cultures and
tissue cultures in 20.8% and 8% (P < 0.001), respectively. Microbiological diagnosis was achieved exclusively by sonication fluid
cultures for 47 (90.4%) subjects, and among them, 18 (38.3%) had previously received antibiotics, whereas in five (9.6%) infected
subjects, tissue culture was positive and the sonication fluid culture was negative. Among 39 (31.2%) OAI cases receiving antibi-
otics, the identification of the organisms occurred in 38.5% and 82.1% of the tissue and sonication fluid cultures, respectively
(P < 0.049). We demonstrated that sonication fluid culture from removed osteosyntheses has the potential for improving the
microbiological diagnosis of OAI.

Due to the increasing occurrence of trauma and injuries, par-
ticularly those associated with road traffic accidents (1), sur-

gical implantation of orthopedic devices for fracture fixations (or
osteosynthesis), including intramedullary nails, different size
plates, screws, and external fixation pins, have increased. Indeed,
the acute management of bone fractures in trauma patients has
evolved steadily, and there is an expanded indication for osteosyn-
thesis, with the aim of early stabilization of the fractures. Depend-
ing upon the physiological condition of the patient, especially
those with unstable polytrauma and significant lower extremity
injuries, surgeons must choose the less aggressive external fixation
first step for fracture stabilization (2). Once the adequate local
wound debridement is ensured, which includes the removal of all
dead and infected tissues and the stabilization of the systemic clin-
ical condition of the patient, secondary major osteosynthesis is
then performed with either plates and screws or intramedullary
nails (3).

Following orthopedic surgery, secondary soft tissue and im-
plant-associated bone infections are still the most important neg-
ative aspects and limiting factors of success, leading to significant
morbidity, including delayed bone union or nonunion, multiple
additional debridement, or even amputation. Wound contamina-
tion with microorganisms occurs in up to 65% of open fractures,
and depending upon the severity of injury, especially for third-
degree open fractures, the infection rate after osteosynthesis is up
to 30% (4, 5). Diagnosis is challenging and often requires a com-
bination of clinical, laboratory, histopathology, imaging, and iso-
lation of microorganism approaches from several samples of
periprosthetic tissues (6). Wound cultures in open fractures do
not seem to play a role in predicting deep infection, as some au-
thors demonstrated that infections following open fractures were
not caused by the organism identified at the predebridement

stage, whereas open fractures with negative cultures collected at
the predebridement phase ended up in osteomyelitis (7–9). More-
over, conventional periprosthetic tissue cultures can be false neg-
ative in up to 30% of cases (10).

Aiming to improve the microbiological diagnosis of orthope-
dic implant-associated infections, Trampuz et al. (11) applied vor-
texing and low-intensity ultrasound (sonication) on retrieved im-
plants to dislodge bacterial cells from the biofilm, followed by
culture of the resultant sonicate fluid; as a result, they identified
the etiology of infection in 78.5% of the cultures, compared to
60.8% of periprosthetic tissue cultures (11). Indeed, different clin-
ical experiences using sonication fluid cultures from prosthetic
joints removed during surgery have demonstrated good results for
the microbiological diagnosis of orthopedic implant-associated
infections. In a recently published meta-analysis of sonication
fluid cultures from prosthetic components for the diagnosis of
prosthetic joint infections, which included 12 studies, the pooled
sensitivity and specificity were 0.80 and 0.95, respectively (12).
Nevertheless, the clinical utility of sonication as an adjunctive di-
agnostic tool for osteosynthesis-associated infection (OAI) has
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not been well studied. Since validated guidelines for the proper
diagnosis of osteosynthesis-associated infections are lacking, we
hypothesized that applying sonication to the removed fracture
fixation devices in sterile containers would improve the diagnosis
of infection compared to that with conventional tissue cultures.
Furthermore, we evaluated the influence of the previous use of
antibiotics on the sensitivities of both tissue and sonication fluid
cultures.

MATERIALS AND METHODS
Study population. We prospectively included 180 subjects who, for any
reason, underwent complete or partial removal of internal fracture fixa-
tion devices, including different size plates, screws, spinal implants, and
intramedullary nails, between September 2010 and October 2013 at the
orthopedic department of Santa Casa de São Paulo School of Medicine
(Brazil). Subjects were excluded when fewer than two periprosthetic tis-
sues were cultured, the osteosynthesis did not fit within a specified plastic
container, or contamination occurred during implant removal, transpor-
tation, or processing in the microbiology laboratory. Subject demograph-
ics, location and type of osteosynthesis, comorbidities, previous orthope-
dic surgeries, number of tissue samples collected per patient, length of
time between implantation and retrieved osteosynthesis, and the previous
use of antibiotics up to 14 days before the removal of osteosynthesis were
recorded. The study protocol was reviewed and approved by the Santa
Casa de São Paulo Institutional Review Board.

Diagnosis of osteosynthesis infection. Osteosynthesis infection was
defined if at least one of the following criteria was present: open wound
exposing fractured bone and/or osteosynthesis devices with gross evi-
dence of purulence; intraoperative tissue with visible purulence, as deter-
mined by the surgeon; presence of a draining fistula communicating with
the internal implant; and/or acute inflammation in intraoperative osteo-
synthesis tissue detected by histopathology (5, 6).

Specimen collection and microbiological methods. In the surgical
ward, more than one periprosthetic tissue sample was collected and processed
for microbiology and histopathology. Tissue was homogenized in 3 ml of
brain heart infusion (BHI) broth for 1 min and inoculated onto aerobic sheep
blood agar, chocolate agar, and anaerobic blood agar, as well as into thiogly-
colate broth (BD Diagnostic Systems, Sparks, MD). The time limit for pro-
cessing samples was 6 h. Sheep blood agar and chocolate agar were incubated
aerobically at 35 to 37°C in 5 to 7% CO2 for 7 days, and anaerobic blood agar
was incubated anaerobically at 37°C for 14 days. Additionally, 0.5 ml of tissue
homogenate was inoculated in thioglycolate broth and incubated for 14 days,
and the turbid thioglycolate broth was subcultured on blood agar plates when
cloudy. Colonies of microorganisms growing on plates were identified, and
their susceptibilities to antibiotics were tested according to standard micro-
biological techniques. Low-virulence microorganisms (coagulase-negative
staphylococci, Corynebacterium spp., Chryseobacterium spp., and Bacillus
spp.) were considered pathogens when the same organism was identified
in at least two different tissue samples or when at least one additional
(culture-independent) criterion for OAI was also fulfilled.

Osteosynthesis sonication. In the operating room, the explanted in-
ternal fracture fixation device was aseptically removed, placed in sterilized
solid polyethylene containers, to which 50 to 250 ml of Ringer solution
was added (depending upon the osteosynthesis width), and sealed with an
air-tight cover. In the microbiology laboratory, the containers with the
retrieved implants were vortexed for 30 s using a Vortex-Genie 2 (Scien-
tific Industries, Inc., Bohemia, NY, USA) and then sonicated (in the ul-
trasound bath BactoSonic; Bandelin GmbH, Berlin, Germany) for 5 min
at a frequency of 40 ! 2 kHz and power density of 0.22 ! 0.04 W/cm2,
followed by an additional 30 s of vortexing, according to the technique of
Trampuz et al. (11). To concentrate the resulting sonication fluid, centrif-
ugation was performed in 50-ml aliquots at 2,500 rpm for 5 min (13). The
supernatant was aspirated, leaving 0.5 ml (100-fold concentration), and
aliquots of 0.1 ml of concentrated sonicate fluid were then plated onto
aerobic sheep blood, chocolate, and anaerobic sheep blood agar, and they

were incubated aerobically at 37°C for 7 days and anaerobically at 37°C for
14 days and inspected daily for bacterial growth. Additionally, 4 ml of the
remaining concentrated sonication fluid was also inoculated in 10 ml of
thioglycolate broth, plated as described above, and incubated aerobically
at 35° to 37°C in 5% CO2 for 2 days, and anaerobically at 37°C for 14 days.
The colonies of isolated microorganisms growing on plates were quanti-
tated (number of CFU/ml of sonication fluid) and identified, and their
antimicrobial susceptibilities were tested according to standard microbi-
ological techniques. Due to the addition of a concentrating step to the
sonication fluid culture, a cutoff of 50 CFU/plate was considered positive
and used for ideal sensitivity and specificity analyses (14). Furthermore,
for those subjects undergoing antimicrobial therapy or who had previ-
ously received antibiotics for !24 h in the 14 days prior to surgery, any
growth of organism in the sonication fluid culture was considered positive
(15). Explanted osteosynthesis cases due to aseptic loosening were used
for negative controls and equally processed as described for the retrieved
infected osteosynthesis implants.

Statistical analysis. The characteristics of subjects with infected and
noninfected osteosyntheses were summarized as frequencies and percent-
ages or means (range) and standard deviations (SD). Descriptive compar-
isons between the categorical variables were performed using a chi-square
or Fisher’s exact test, as appropriate. Continuous variables were compared
with Student’s t test (normally distributed) or a Mann-Whitney U test
(nonnormally distributed). The sensitivities, specificities, positive predic-
tive values, and negative predictive values were compared between tissue
culture and sonication fluid culture using the McNemar test of paired
proportions. Ninety-five percent confidence intervals (CIs) were calcu-
lated as exact binominal confidence intervals. Differences were consid-
ered significant when the P value was "0.05 (two tailed). The data were
analyzed using the SPSS statistical software package for Windows, version
19.0 (IBM Corporation, Chicago, IL).

RESULTS
Study population and devices. Two hundred twenty internal
fracture fixation devices were consecutively retrieved from 215
subjects. Fifteen subjects were excluded from further analysis be-
cause the implants did not fit within the specified plastic con-
tainer, 11 were excluded due to a submission of fewer than two
tissue samples for culture, and nine were excluded due to clear
contamination detected during removal, transportation, or labo-
ratory work. One-hundred eighty-five osteosyntheses from 180
subjects were analyzed (five subjects had two different devices
explanted from distinct anatomical sites), of which 152 (84.4%)
were different size plates and screws retrieved mainly from the
tibia and fibula (29.4%), 25 (13.8%) were spinal implants, and
only three (1.7%) were intramedullary nails. Osteosynthesis-asso-
ciated infections (OAI) and noninfected osteosyntheses (NIO)
were diagnosed in 125 (69.4%) and 55 (30.6%) subjects, respec-
tively. Demographic parameters, the median age of the implants at
the time of resection surgery, the mean number of tissue samples
collected for cultures from each patient, and the clinical charac-
teristics of the study population are shown on Table 1.

Microbiology. Table 2 summarizes the microorganisms iden-
tified in 180 subjects included in the study. More pathogens were
detected with the sonication fluid cultures than with the peri-
implant tissue cultures (113 versus 71; P " 0.001). The most fre-
quent organisms isolated in both tissue and sonication fluid cul-
tures were Staphylococcus aureus, followed by Gram-negative
bacilli and coagulase-negative staphylococci (CoNS). S. aureus
was more likely to be isolated in tissue culture than in sonication
fluid culture (41.8 versus 28%; P # 0.03). On the other hand,
CoNS was identified in 17.7% and 22.7% of the tissue and soni-
cation fluid cultures, respectively (P # 0.38). Gram-negative
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bacilli were almost equally detected in tissue and sonication fluid
culture (34% and 32%, respectively; P ! 0.78). Polymicrobial
infections were diagnosed by sonication fluid and tissue cultures
in 20.8% (26/125) and 8% (10/125), respectively (P " 0.001), and
all subjects presenting with polymicrobial infections had OAI.

Comparison of microbiological tests and discordant results
between sonication fluid and tissue cultures. One hundred eigh-
teen subjects (65.5%) had positive sonication fluid cultures (113
OAI and 5 NIO), and 73 (40.5%) had positive tissue cultures (71
OAI and 2 NIO) (P " 0.001). The sensitivity for the microbiolog-
ical diagnosis in 125 subjects with OAI in the sonication fluid
culture was higher than that with peri-implant tissue culture
(90.4% versus 56.8%, respectively; P " 0.05). The specificities and
positive predictive values of sonication fluid and peri-implant tis-
sue cultures showed no statistically significant difference, at
90.9%, and 96.4%, respectively, and 95.8%, and 97.3%, respec-
tively. However, the negative predictive value was higher for son-
ication fluid culture than that for tissue culture (80.6% versus
49.5%, respectively; P " 0.05) (Table 3). The global concordance
(positive and negative results) between the tissue and sonication
fluid cultures was 65.5% (118/180). Among the subjects with OAI,
the tissue and sonication fluid cultures were concordant in 58.7%
(73/125). There were 52 discordant results between the sonication
fluid and tissue cultures. Table 4 summarizes the discordant mi-
crobiological results between the sonication fluid and tissue cul-
tures. Microbiological diagnosis was achieved exclusively by son-
ication fluid cultures for 47 subjects with OAI (10 subjects with
polymicrobial infections), of which only 18 (38.3%) had previ-
ously received antibiotics. Twenty-nine out of 47 subjects (61.7%)
with OAI detected only by sonication fluid cultures had no previ-
ous use of antibiotics. Among them, a polymicrobial infection was
identified in six (20.7%) subjects, whereas for 23 subjects, sonica-
tion fluid culture identified one pathogen. In six subjects with
OAI, the tissue culture was positive and the sonication fluid cul-

TABLE 1 Characteristics of 180 subjects with OAI and NIOa

Demographicsb Subjects with OAI (n ! 125) Subjects with NIO (n ! 55) P valuec

Male sex (no. [%]) 78 (62.4) 27 (49.0) 0.09
Age (median [range]) (yr) 41 (21–60) 37 (12–62) 0.002
Age of implants (median [range]) (mo) 20.9 (0–53.0) 30.21 (1.4–60.18) 0.006

Clinical characteristics (no. [%])
Diabetes mellitus 17 (9) 1 (1) 0.012
Coronary diseases 5 (3) 3 (2) 0.708
Liver cirrhosis 0 (0) 1 (1) 0.315
Solid malignancy 3 (2) 3 (2) 0.381
Corticosteroids 4 (2) 0 (0) 0.309
Rheumatoid arthritis 4 (2) 0 (0) 0.309
Alcohol abuse 11 (6) 0 (0) 0.018
Smoking 30 (17) 3 (2) 0.02

No. (%) of revisions (#1) 22 (12) 3 (2) 0.023
No. (median range) of peri-implant tissue samples taken 2.9 (2–12) 2.64 (2–8) 0.54
Prior use of antimicrobials (no. [%])d 39 (31.2) 1 (1.81) "0.001
a OAI, osteosynthesis-associated infection; NIO, noninfected osteosynthesis.
b All percentages are in relation to the number of subjects with OAI or NIO, unless otherwise indicated.
c The patient characteristics were summarized as frequencies and percentages or median values and compared using the Pearson chi-square test or Fisher’s exact test, as appropriate,
with nominal variables and the Mann-Whitney test or t test, as appropriate, with continuous variables (SPSS version 19.0). All tests were two sided, and P values of "0.05 were
considered statistically significant.
d Patient who received a minimum of 1 day of antibiotic therapy within 14 days prior to the removal of the implants.

TABLE 2 Distribution of microorganisms detected by sonication fluid
culture and tissue culturea

Microorganism(s)

Sonication
fluid culture
(n ! 150)

Tissue
culture
(n ! 79)

P valuebNo. % No. %

Staphylococcus aureus 42 28 33 41.8 0.034
CoNSc 34 22.7 14 17.7 0.38
Pseudomonas aeruginosa 15 10 11 13.9 0.28
Enterobacter sp. 12 8 3 3.8 0.19
Klebsiella pneumoniae 8 5.3 5 6.3 0.09
Serratia marcescens 7 4.7 5 6.3 0.59
Enterococcus sp. 5 3.3 2 2.5 0.73
Streptococcus sp. 4 2.7 0 0 0.14
Corynebacterium sp. 4 2.7 1 1.3 0.49
Bacillus sp. 4 2.7 3 3.8 0.21
Escherichia coli 3 2 0 0 0.21
Acinetobacter baumannii 3 2 1 1.3 0.21
Chryseobacterium indologenes 2 1.3 0 0 0.3
Proteuss sp. 2 1.3 0 0 0.3
Candida sp. 2 1.3 0 0 0.3
Citrobacter sp. 1 0.7 0 0 0.46
Providencia sp. 1 0.7 1 1.3 0.64
Burkholderia cepacia 1 0.7 0 0 0.46
Stenotrophomonas maltophilia 1 0.7 0 0 0.46
Gram-positive species 85 65 49 62 0.43
Gram-negative species 52 34 26 32 0.78
Polymicrobial flora 27 15 10 5.5 0.001
a Description of agents identified among 180 subjects in the study.
b The microorganisms were described as frequencies and percentages and were
compared using the Pearson chi-square test or Fisher’s exact test, as appropriate. All
tests were two sided, and P values of "0.05 were considered statistically significant.
c CoNS, coagulase-negative staphylococci.
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ture was negative. Among them, only one patient previously re-
ceived antibiotics. A polymicrobial infection was detected solely
by tissue culture in one case. There were seven discordant results
between the sonication fluid and tissue cultures among subjects
with NIO. Five subjects had sonication fluid culture-positive and
tissue culture-negative results. Among 20 subjects with OAI, there
were microbiological discrepancies when both the sonication
fluid and tissue cultures were positive (see Table S4.1 in the sup-
plemental material). Regarding antimicrobial resistance, we iden-
tified methicillin-resistant S. aureus (MRSA) in 34 of 75 (45.3%)
of the isolates; among them, there were 13 strains cultured from
sonication fluid, showing an MIC of !1.5 !g/liter for vancomy-
cin, as obtained by Etest. Six subjects with OAI due to MRSA
presenting with an MIC of 2.0 !g/liter for vancomycin received a
long course of glycopeptide therapy without removal of the infected
implant. The antimicrobial resistance rates for Pseudomonas spp.,
Enterobacter spp., and Klebsiella spp. isolated from sonication
fluid culture were higher than those of the tissue culture isolates,
of which the rates of carbapenem-resistant Pseudomonas spp. and
Klebsiella spp. isolated from sonication fluid and tissue cultures
were 35.7% and 0.9%, and 42.9% and 20%, respectively. Entero-
bacter spp. showing 45% resistance to third-generation cephalo-
sporins was identified only in cultures from sonication fluid.

Previous antimicrobial therapy. Thirty-nine out of 125
(31.2%) subjects with OAI received a minimum of 1 day of antibiotic
therapy within 14 days prior to the surgical debridement and removal
of the implants, and among them, identification of organisms oc-
curred in 38.5% (15/39) and 82.1% (32/39) of the tissue and sonica-
tion fluid cultures, respectively (P " 0.001). In 86 subjects presenting
with OAI and no previous use of antibiotics (68.8%), tissue and son-
ication fluid cultures were positive in 65.1% (56/86) and 94.2% (81/
86) (P " 0.001), respectively. Both tissue and sonication fluid cul-
tures showed higher rates of sensitivity for subjects with no previous
use of antibiotic than subjects for whom antibiotics were prescribed
within 14 days prior to surgery (Fig. 1).

DISCUSSION
Surgical implantation of plates, screws, intramedullary nails, and
many other orthopedic devices for fracture fixations has increased,
and infections associated with osteosynthesis have become more
common (4, 5). The identification of the causative microorganisms
solely by tissue cultures has been unhelpful in a large proportion of
cases, particularly in those with previous use of antibiotics (10). For
this reason, several researchers have applied a sonication (low-inten-
sity ultrasound) technique to displace microorganisms from the sur-
face of removed prosthetic devices, and they eventually were able to
demonstrate an increase in the rate of etiological diagnosis compared
to that with periprosthetic tissue cultures (11, 13–28). Since skin-

contaminating bacteria produce many osteosynthesis infections,
comparing the sonication results of prosthetic joint infection to those
of fracture fixation infections is not an easy task. Few of these previous
studies evaluated the role of sonication in the microbiological diag-
nosis of osteosynthesis infections (17, 20, 22, 26, 27). Holinka et al.
(20) sonicated only six osteosynthesis devices and therefore could not
draw any conclusions regarding the advantage of sonication com-
pared to conventional techniques (20). Esteban et al. (22) used soni-
cation and molecular techniques on 73 osteosynthesis infections (41
intramedullary nails and 32 screws, dynamic screws, and plates), but
no improvements in microbiological diagnosis were made (22). Also,
they had to deal with contamination, possibly associated with soni-
cation occurring in plastic bags. Borens et al. (26) recently combined
sonication and microcalorimetry to speed up the diagnosis of ortho-
pedic device-related infection, but only six screws, three plates, and
one cement nail were included in the analysis. In another study in
which 31 intramedullary nails were sonicated in plastic bags nine
polymicrobial infections were detected out of 15 culture-positive re-
sults. Again, in at least four of these positive cases, it is possible that
contamination with bacteria typically associated with water was de-
tected due to sonication occurring in plastic bags (27).

In our study, 180 subjects (125 fitting the criteria for OAI) were
consecutively included, mainly those with different size plates and
screws retrieved from the tibia and fibula; to avoid contamination,
sonication was performed exclusively in sterilized solid polyethyl-
ene containers. We demonstrated that sonication fluid culture
from a removed osteosynthesis has the potential for improving the
microbiological diagnosis of OAI. The sensitivity and negative
predictive value of sonication fluid culture were significantly
higher than those with peri-implant tissue culture (90.4% versus
56.8%, and 80.6% versus 49.5%, respectively). Our results empha-
size the concept that OAI is typically a biofilm-associated infec-
tion, as bacteria preferentially adhere to rough and porous bioma-
terials, such as long stainless steel plaques, and to the irregularities
that conform to the shapes of screws, increasing the bacterium-
surface contact area and leading to the formation of a large
amount of biofilms (29). Another possible explanation for the
increased detection of pathogens using sonication was that for
each patient, the explanted components were placed all together
(plates and screws) into the container, thus detaching large
amounts of bacteria from the biofilm. In fact, we were able to
identify 113 and 71 pathogens through sonication fluid and tissue
cultures, respectively. Conversely, the low sensitivity of tissue cul-
tures, collecting up to 12 samples per patient (median of 2.9 sam-
ples), might be partially explained by the fact that in more than
one-third of the infected osteosyntheses, patients had received
antibiotics within 14 days prior to the surgery.

TABLE 3 Comparison between sonication fluid culture and periprosthetic tissue culturea

Culture type

Sensitivityb Specificityc Positive predictive value Negative predictive value

% (no.
detected/
total no.)

95% CI
(%)

% (no.
detected/
total no.)

95% CI
(%)

% (no.
detected/
total no.)

95% CI
(%)

% (no.
detected/
total no.)

95% CI
(%)

Sonication fluid 90.4 (113/125) 83.9–94.4 90.9 (50/55) 80.4–96 95.8 (113/118) 90.6–98.2 80.6 (50/62) 68.2–87.7
Tissue 56.8 (71/125) 47.6–65.3 96.4 (53/55) 87.7–99.6 97.3 (71/73) 90.7–99.2 49.7 (53/107) 41.7–60.1
a Comparison is among all subjects of study (n #180).
b The sensitivities of different culture methods were compared by McNemar’s test of paired proportions (P " 0.001).
c The specificity of different culture methods were compared by McNemar’s test of paired proportions (P # 0.45).
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Classically, OAI affecting trauma patients is associated with skin
microorganisms, mainly Gram-positive cocci, such as S. aureus;
however, multiple pathogens are usually recovered from the in-
fected bone, including Gram-negative bacilli and, less frequently,

anaerobic bacteria (6–9). Bacteriological studies focusing on in-
ternal fracture fixation devices have been a critical step for ade-
quate treatment of OAI, because even if staphylococcal (S. aureus
and CoNS) bone infections are still the number one cause of OAI,

TABLE 4 OAI subjects with discordant results between sonication fluid culture and tissue culturea

Case OAI Tissue culture result Polymicrobial Sonication fluid culture result Polymicrobial
Antibiotic prior
to surgeryb

SS28 Yes Negative S. aureus No No
SS31 Yes Negative CoNS No No
SS32 Yes Negative S. aureus No Yes
SS36 Yes Negative CoNS and Streptococcus sp. Yes Yes
SS40 Yes Negative Enterococcus sp. and CoNS Yes Yes
SS42 Yes CoNS and Enterococcus sp.c Yes Negative No
SS48 Yes Negative CoNS No Yes
SS49 Yes Negative S. aureus and Bacillus sp. Yes Yes
SS50 Yes Negative CoNS No No
SS59 Yes Negative CoNS No No
SS60 Yes Negative S. aureus No No
SS65 Yes Negative P. aeruginosa No Yes
SS69 Yes Negative S. aureus No No
SS83 Yes Negative Enterococcus sp. No No
SS93 Yes Negative CoNS No Yes
SS113 Yes Negative CoNS No No
SS118 Yes Negative Corynebacterium sp. No No
SS123 Yes Negative S. aureus No No
SS128 Yes Negative CoNS and Streptococcus sp. Yes No
SS141 Yes Negative CoNS Yes No
SS144 Yes Negative Proteuss sp. No Yes
SS151 Yes Negative S. aureus No No
SS157 Yes Negative Corynebacterium sp. No Yes
SS183 Yes Negative Corynebacterium sp. No Yes
SS191 Yes S. aureus and A. baumannii Yes Negative Yes
SS198 Yes Negative CoNS No No
SS206 Yes Negative Enterobacter sp. No Yes
SS208 Yes Negative CoNS No No
SS217 Yes Negative CoNS No No
SS219 Yes Negative CoNS No No
SS224 Yes Negative CoNS No Yes
SS228 Yes Negative P. aeruginosa and Citrobacter sp. Yes Yes
SS233A Yes Negative P. aeruginosa and Serratia sp. Yes No
SS233B Yes Negative Serratia sp. No
SS237 Yes Negative A. baumannii No No
SS242 Yes Negative Enterobacter sp. No Yes
SS253 Yes Negative CoNS No Yes
SS254 Yes Negative Enterobacter sp. No No
SS255 Yes Negative S. aureus and C. indologenes Yes Yes
SS257 Yes Negative K. pneumoniae No Yes
SS260 Yes Negative S. aureus and CoNS Yes No
SS288 Yes S. aureus No Negative No
SS293 Yes Negative K. pneumoniae No No
SS294 Yes Negative K. pneumoniae No Yes
SS300 Yes Negative S. maltophilia No No
SS301 Yes CoNS No Negative No
SS313 Yes Negative K. pneumoniae and P. aeruginosa Yes No
SS317 Yes Negative A. baumannii No No
SS325 Yes Negative E. coli No No
SS348 Yes P. aeruginosa No Negative No
SS352 Yes Negative CoNS No No
SS360 Yes Negative S. aureus and CoNS Yes No
a OAI, osteosynthesis-associated infection.
b Patient received a minimum of 1 day of antibiotic therapy within 14 days prior to the removal of the implants.
c CoNS, coagulase-negative staphylococci.

Yano et al.

4180 jcm.asm.org Journal of Clinical Microbiology

 on N
ovem

ber 16, 2014 by guest
http://jcm

.asm
.org/

D
ow

nloaded from
 



	 21	

 
 

 

the growing frequency of MRSA and the increase in Gram-nega-
tive bacterial infections have been highlighted in some case series
(7–9). In our results, as expected, S. aureus and CoNS were the
commonest planktonic and sessile pathogens retrieved from tis-
sues and implants, respectively. Interestingly, MRSA represented
45.3% of all S. aureus isolates, and among them, more than one-
third of the sessile strains presented MICs of !1.5 "g/liter for
vancomycin. Not surprisingly, many of these patients were on a
prolonged course of intravenous vancomycin without removal of
the infected implant. Gram-negative bacilli (GNB) were fre-
quently isolated in both tissue and sonication cultures, but strains
expressing resistances to different classes of antibiotics seemed to
be much more common when GNB were embedded into the bio-
films, as carbapenem-resistant Pseudomonas and Klebsiella spp.
were frequently isolated from sonication fluid. Currently, due to
the widespread use of antibiotics in the general population, the
epidemiology of bacterial contamination of bone fractures has
changed (30). Chen et al. (9) reported higher rates of MRSA and
Gram-negative infections among trauma patients with open frac-
tures, suggesting that current antibiotic regimens for open frac-
tures need to be revised. In fact, recently published guidelines
emphasize the importance of additional Gram-negative coverage
for type III open fractures (31).

In the present study, 47 out of 125 (37.6%) subjects with OAI had
positive microbial identification in sonication fluid but not on tissue
cultures, in which sonication identified a single pathogen in 14 out of
47 (29.7%) subjects, including skin-contaminating bacteria, such as
CoNS, and Corynebacterium species. Such a discordant result be-
tween the tests may be due to larger extension of biofilms attached
to osteosyntheses and therefore releasing a higher number of bac-
teria after sonication. Nevertheless, the classification of some re-
sults as either infection or contamination from surgery or labora-
tory processes remains under debate. Although sonication
techniques have provided new microbiological information for
the management of orthopedic implant-associated infections, a

formal consensus regarding its application to OAI is lacking
(12, 13).

Recently published studies observed that antibiotic intake
prior to prosthetic removal negatively affected the microbial de-
tection of tissue and sonication cultures (11, 13, 15), while in other
series, the use of antibiotics had no influence (14, 20, 24). In our
results, both tissue and sonication fluid cultures showed higher
rates of sensitivity in those for whom no antibiotic was prescribed
than for those on antimicrobial therapy (65.1% and 38.5%, and
94.2% and 82.1%, respectively). However, the diagnostic accuracy
of tissue culture seemed to have been more affected by the com-
mon practice of prescribing empirical antibiotics for OAI. As al-
ready speculated by Trampuz et al. (11), we also argue that free-
living planktonic bacteria in peri-implant tissues may be much
more affected by antibiotics than sessile microorganisms living in
biofilms, which have the intrinsic ability to resist to commonly
used antimicrobial agents.

Our study has some limitations, including the important lack of a
universally accepted definition of OAI. In fact, the diagnosis of im-
plant-associated bone and soft tissue infections in trauma patients is
not easy to perform, as clinical examination may not be helpful, in-
flammatory blood markers are usually unhelpful, and imaging tests
are nonspecific (6, 7). Therefore, we applied to our data a definition
from previous studies that analyzed the role of sonication in ortho-
pedic implant-associated infections, including in osteosyntheses (14,
15, 20, 22, 26). Also, some technical aspects for sonication still need to
be standardized, including the number of microorganisms required
to be defined as an infection, the total volume of Ringer’s solution for
containers, especially for small implants, such as screws and small
plates, and concentration steps (15).

In summary, our results demonstrate that sonication fluid cul-
ture is superior to conventional tissue culture for osteosynthesis-
associated infection diagnosis, especially in patients receiving
antibiotics prior to surgery. Furthermore, MRSA and multidrug-
resistant Gram-negative bacilli were recovered significantly more

FIG 1 Sensitivities of sonication fluid culture and tissue culture. (A) Overall sensitivity of sonication fluid culture (white bars) and periprosthetic tissue culture (black
bars) from 125 subjects with (n # 39) and without (n # 86) previous antimicrobial therapy. Also shown are the sensitivities of sonication fluid and tissue culture among
subjects without (B) and with (C) previous use of antibiotics. The differences in sensitivities were compared by McNemar’s test of paired proportions.
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often from sonication fluid cultures, which would prompt clini-
cians to choose this as the most appropriate antimicrobial therapy.
Further studies using sonication for OAI diagnosis should be en-
couraged in order to confirm our results.
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DISCUSSÃO 
 

A implantação cirúrgica de placas, parafusos, hastes intramedulares e muitos 

outros dispositivos ortopédicos para a fixação de fraturas tem aumentado 

exponencialmente nos últimos anos e consequentemente as infecções associadas 

aos implantes têm se tornado cada dia mais comum (10, 15).  E mesmo com a terapia 

antimicrobiana sistêmica aplicada precocemente após o trauma, as infecções 

associadas aos implantes podem ocorrer, de forma precoce ou tardia (46). Em um 

estudo retrospectivo a infecção do sítio cirúrgico precoce, em pacientes 

politraumatizados, foi o único fator de risco, na análise multivariada, associado a 

reinternação em até 30 dias apos a alta hospitalar  (47).  

O padrão-ouro para o diagnóstico microbiológico das infecções associadas 

aos implantes ortopédicos é a identificação dos micro-organismos através da cultura 

de tecido peri-implante (23). Entretanto,  as culturas de tecido peri-implante colhidas 

durante o debridamento cirúrgico podem ser falso negativas em até 30% dos casos 

e entre pacientes em uso prévio de antimicrobianos a sensibilidade da cultura de 

tecido convencional pode ser até menor (23-24). Este fato pode ser explicado pela 

patogênese das infecções associadas aos implantes metálicos, que são causadas 

por micro-organismos que “vivem” em  comunidades complexas chamadas de 

biofilme e portanto os métodos clássicos de cultura desenvolvidos para a 

identificação de patógenos de vida-livre (forma planctônica) podem não ser 

apropriadas para a identificação de patógenos aderidos ao biofilme (forma séssil). 

Costerton e colaboradores demonstraram que os micro-organismos que são 

liberadas do biofilme não crescem em placas de ágar, o que denota que os micro-

organismos na forma séssil não produzem colônias em placas de ágar (48). De fato, 

diferentes espécies de bactérias, que se desenvolvem em biofilmes, falham em 

crescer nos meios utilizados rotineiramente nos laboratórios de microbiologia, assim 

como a maioria das bactérias anaeróbias e de crescimento fastidioso (por exemplo: 

Propionibacterium acnes) (49). Por esta razão vários pesquisadores tem aplicado a 

técnica da sonicação (ultrassom de baixa frequência) para destacar os micro-

organismos da superfície dos dispositivos ortopédicos removidos e, eventualmente, 

demostrar uma melhora significativa no diagnóstico etiológico das infeções 
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associadas a implantes ortopédicos quando comparado com as culturas de tecido 

peri-implante (24, 19-35).  

Poucos estudos avaliaram o papel da sonicação no diagnóstico 

microbiológico das IAOs (36,50-53), a maioria dos estudos são a respeito do diagnóstico 

microbiológico das infecções associadas às próteses articulares, e inferir que os 

agentes etiológicos são semelhantes para os diferentes tipos de implante não 

parece ser correto. Holinka e colaboradores realizaram a sonicação em apenas seis 

implantes tipo osteossíntese e ,portanto, não poderíamos tirar nenhuma conclusão a 

respeito da vantagem da sonicação comparada as técnicas convencionais (50). 

Esteban e colaboradores utilizaram a técnica da sonicação e biológica molecular em 

73 implantes com infecção (41 hastes intramedulares, 32 placas associadas a 

parafusos) mas não conseguiram demostrar superioridade na identificação 

microbiológica com o uso da técnica de sonicação quando comparada com as 

culturas de tecido peri-implante (51). Além disso tiveram que lidar com a 

contaminação dos implantes, possivelmente associada com o uso de sacos plástico 

para transporte e sonicação dos mesmos. Borens e colaboradores recentemente 

combinaram a técnica da sonicação com a microcalorimetria para melhorar e 

acelerar o diagnóstico das infecções associadas aos implantes ortopédicos mas 

incluíram na análise apenas dez osteossínteses (seis parafusos, três placas e uma 

haste com cimento) mostrando que a sensibilidade e especificidade da 

microcalorimetria e cultura do fluido de sonicação foram de 100% e 97%, 

respectivamente (52). Em outro estudo, 31 hastes intramedulares foram sonicadas em 

sacos plásticos resultando em nove infecções polimicrobianas de 15 culturas 

positivas. Neste caso, em pelo menos quatro das 15 culturas positivas, 

possivelmente a contaminação com as bactérias associadas a água foi detectada 

devido a sonicação em sacos de plásticos (53).  

No nosso estudo 180 indivíduos (125 deles preenchiam os critérios de IAOs) 

foram prospectivamente incluídos, dos quais a maioria tinham diferentes tamanho de 

placas e parafusos retirados principalmente da fíbula e tíbia; para evitar 

contaminação dos implantes, a sonicação foi realizada exclusivamente em 

contêineres de polietileno individualmente esterilizados. Demonstramos que a 

cultura do fluido de sonicação dos implantes ortopédicos removidos tem potencial 

para melhorar o diagnóstico microbiológico das infecções associadas aos implantes 

ortopédicos. A sensibilidade e o valor preditivo negativo das culturas do fluido de 
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sonicação foram comparativamente maiores quando comparadas as culturas de 

tecido peri-implante, 90,4% versus 56,8% e 80,6% versus 49,5%, respectivamente 

(P < 0.05).  

De forma geral a sonicação foi a única forma de identificar o agente etiológico 

em 47 indivíduos (37,6%) com infecção associada aos implantes. Os resultados 

obtidos demonstraram que o conceito de infecção associada aos implantes 

ortopédicos é tipicamente uma infecção associada a biofilme e como as bactérias 

aderem preferencialmente às superfícies rugosas e porosas dos biomateriais, como 

as longas placas de aço inoxidável e as irregularidades dos parafusos, ampliando 

assim a área de contato bactéria-superfície e levando a formação de uma grande 

quantidade de biofilme (54).  

Outra possível explicação para o aumento da detecção de patógenos usando 

a técnica da sonicação é o fato de que para cada paciente, todos os componentes 

retirados que foram utilizados para a fixação das fraturas foram colocados no 

mesmo container e sonicados todos juntos (placas e parafusos), destacando uma 

grande quantidade de bactéria do biofilme formado. De fato, fomos capazes de 

identificar 113 micro-organismos através das culturas do fluido sonicado e 71 micro-

organismos nas culturas de tecido peri-implante. Ao  contrário, a baixa sensibilidade 

das cultura de tecido peri-implante, mesmo coletando até 12 amostras de tecido por 

paciente (média de 2,9 amostras por paciente), pode ser parcialmente explicada 

pelo fato de que em mais de um terço dos casos de infecção associada aos 

implantes os pacientes tenham recebido antibióticos em até 14 dias antes da cirurgia 

para retirada do implante. 

Classicamente as IAOs em pacientes politraumatizados estão associadas às 

bactérias contaminantes de pele, principalmente os cocos Gram positivos como o 

Staphylococcus aureus  e o Staphylococcus coagulase negativa entretanto, muitos 

estudos identificaram que os bacilos Gram negativos (BGNs) e menos 

frequentemente as bactérias anaeróbias também são patógenos recuperados do 

osso e do tecido infectado (20-21, 55-56).  

Os estudos que focam na identificação do agente etiológico e no tratamento 

das infecções associadas aos dispositivos de fixação interna das fraturas têm 

apresentado dificuldades para definir o tratamento adequado de tais infecções, 

porque apesar dos cocos Gram positivos (S. aureus e S. coagulase negativa) ainda 

serem os principais agentes identificados nas infecções ósseas, a frequência 
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crescente dos Staphylococcus aureus resistentes a oxacilina e o aumento das 

infecções causadas por bactérias Gram negativas tem sido destaque em algumas 

séries de casos (21, 55-56). 

Nos nossos resultados, como esperado, o S. aureus e S. coagulase negativa 

também foram os patógenos mais comumente encontrados, tanto na forma 

planctônica quanto na forma séssil e isolados a partir das culturas de tecido e dos 

implantes, respectivamente.  

Curiosamente, Staphylococcus aureus resistente a oxacilina representou 

54,5% de todos os Staphylococcus aureus isolados e ,entre eles, mais de um terço 

das formas sésseis deslocadas do biofilme apresentavam CIM acima de 1,5 µg/L 

para vancomicina. Interessante notar que muitos desses pacientes fizeram uso por 

tempo prolongado de vancomicina intravenosa antes da retirada do material de 

síntese. Os BGNs foram frequentemente isolados a partir das culturas de tecido peri-

implante e do fluido de sonicação, mas as cepas expressavam perfis de 

susceptibilidade diferentes para as classes de antibióticos e pareciam ser mais 

resistentes nas formas sésseis deslocadas do biofilme, como as Pseudomonas e 

Klebsiela resistente aos carbapênemicos cultivadas à partir do fluido de sonicação, 

do que as cepas das formas planctônicas obtidas à partir das culturas de tecido.  

Atualmente, devido a utilização excessiva de antibióticos, a epidemiologia das 

infecções ósseas tem mudado (57). Chen AF e colaboradores reportaram altas taxas 

de infecções em pacientes politraumatizados com fraturas expostas por  

Staphylococcus aureus resistente a oxacilina e BGNs, sugerindo que os esquemas 

de antibióticos empregados atualmente para prevenção de infecções ósseas nas 

fraturas expostas precisam ser revisados (21). De fato, guideline publicado 

recentemente, enfatiza a importância da cobertura ampliada para os BGNs para as 

fraturas expostas grau lll (22). 

No presente estudo, 47 dos 125 (37,6%) indivíduos com diagnóstico de 

infecção associada aos implantes tinham identificação do agente etiológico nas 

culturas do fluido de sonicação mas não nas culturas de tecido. Os resultados 

discordantes entre os testes podem ser devido a grande extensão do biofilme ligado 

a superfície do implante permitindo a liberação dos patógenos em maior quantidade 

após a sonicação. No entanto uma das grandes limitações dos estudos envolvendo 

as infecções associadas aos implantes ortopédicos, que permanece em debate, é a 

classificação de alguns casos como sendo infecção ou apenas contaminação do 
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implante durante o processo de retirada do material de síntese ou durante o 

manuseio laboratorial. Embora a técnica de sonicação tenha nos provido de novas 

informações microbiológicas no manejo das infecções associadas aos implantes 

ortopédicos, um consenso formal da aplicação da sonicação no diagnósticos de tais 

infecções ainda permanece distante (40, 43, 58). 

A verdadeira influência da terapia antimicrobiana, antes da cirurgia, na 

acurácia  diagnóstica das infecções associadas a implantes continua uma questão 

em debate, alguns estudos publicados recentemente observaram que o uso de 

antibióticos antes da retirada do material de síntese afetou negativamente a 

identificação microbiológica, tanto nas culturas de tecido, quanto nas culturas do 

fluido de sonicação (23, 45, 59), enquanto que em outros estudos o uso de antibióticos 

não influenciou os resultados das culturas (44, 50, 60, 58). Nos nossos resultados, ambas 

as culturas de tecido e do fluido de sonicação mostraram maior sensibilidade entre 

os pacientes que não receberam terapia antimicrobiana previamente, comparados 

aqueles pacientes que receberam antibióticos (65,1% versus 38,5% e 94,2% versus 

82,1%, respectivamente). No entanto, a acurácia diagnóstica parece ter sido mais 

afetada pelo uso de antibióticos previamente nas culturas de tecido, do que nas 

culturas do fluido de sonicação. Como já especulado por Trampuz e colaboradores 
(24), também argumentamos que as bactérias planctônicas de vida livre nos tecidos 

peri-implantes parecem ser mais afetadas pelo uso de antibióticos do que as formas 

sésseis, que vivem no biofilme, que tem habilidade intrínseca de resistir aos agentes 

antimicrobianos (48).  

Nosso estudo tem algumas limitações, incluindo uma definição, que seja 

universalmente aceita, de infecção associada a implante. De fato, o diagnóstico de 

infecção óssea ou de partes moles associada a implante ortopédico em pacientes 

politraumatizados não é tarefa fácil, uma vez que o exame físico pode não ajudar, 

assim como os marcadores de atividade inflamatória e exames de imagem podem 

ser inespecíficos (55-56).  

Nós aplicamos para os nossos dados a definição de estudos prévios que 

analisaram o papel da sonicação nas infecções associadas aos implantes 

ortopédicos, incluído osteossínteses (44, 45, 50-52). Há também alguns aspectos 

técnicos da sonicação que precisam ser padronizados, incluindo o cut off de 

unidades formadoras de colônia, assim como o número de micro-organismos 

isolados para considerar infecção, o volume total de solução de Ringer Lactato por 
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container, especialmente para as pequenas placas e parafusos assim como para as 

grandes hastes intramedulares, as etapas de concentração das amostras, período 

de incubação dos meios de crescimento.  

Em resumo, nossos resultados demonstraram que a cultura do fluido de 

sonicação é superior as culturas de tecido convencional para o diagnóstico 

microbiológico das infecções associadas aos implantes ortopédicos, especialmente 

entre pacientes que fizeram uso de antibióticos antes da cirurgia da retirada do 

material de síntese. Além disso, Staphylococcus aureus resistente a oxacilina e os 

BGNs multidroga resistentes, foram significativamente mais recuperados nas 

culturas do fluido de sonicação, o que pode guiar a terapia antimicrobiana mais 

apropriada para o tratamento correto das infecções. E por fim, estudos usando a 

técnica de sonicação para o diagnóstico microbiológico das  infecções associadas 

aos implantes ortopédicos devem ser encorajados para que possam confirmar 

nossos resultados. 

 

CONCLUSÃO 
 

Concluímos que a cultura do fluido de sonicação dos implantes do tipo 

osteossíntese é superior à cultura de tecido peri-implante no diagnóstico 

microbiológico das infecções associadas aos implantes ortopédicos. Os resultados 

do nosso estudo demostraram que a cultura do fluido de sonicação apresentou 

maior sensibilidade na detecção dos micro-organismos que as culturas 

convencionais de tecido peri-implante (90,4% versus 56,8%) com uma 

especificidade acima de 90%, 90,9% versus 96,4%, respectivamente. Conseguimos 

com uma técnica simples e economicamente acessível, possível em laboratórios de 

microbiologia, melhorar a acurácia diagnóstica das infecções relacionadas a 

implantes ortopédicos. 
Dos 180 indivíduos estudados a maioria (125 indivíduos) apresentavam IAO, 

provavelmente pelo fato de serem vítimas de traumas de alta energia e 

apresentavam lesões músculo-esqueléticas graves e de difícil cicatrização e 

portanto o predomínio da retirada do material de síntese por causa infecciosa. Tanto 

no grupo de indivíduos com e sem infecção identificamos predomínio do gênero 

masculino 62, 4% versus 49%, respectivamente. 
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Dentre os fatores de risco analisados o diabetes mellitus, o abuso de álcool e o 

tabagismo, apresentaram diferença significativa (P <0.05) entre os grupos com e 

sem IAO. 

O principal micro-organismo isolado nas culturas do fluido de sonicação foi o 

Staphylococcus aureus (28%), fato este que se repete na cultura de tecido peri-

implante (41,8%) (p = 0.034). O Staphylococcus aureus resistente a oxacilina e os 

bacilos Gram negativos multidroga resistentes, foram significantemente mais 

recuperados nas culturas do fluido de sonicação. 

E por fim, demostramos que as culturas de tecido e do fluido de sonicação 

mostraram maior sensibilidade entre os pacientes que não receberam previamente 

terapia antimicrobiana, comparados com os pacientes que receberam antibióticos 

(65,1% versus 38,5%, e 94,2% versus 82,1%, respectivamente). No entanto, a 

acurácia diagnóstica parece ter sido mais afetada pelo uso de antibióticos 

previamente nas culturas de tecido do que nas culturas do fluido de sonicação. 
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Anexos 

 

 
 

 

Table S01. Anatomical site and type of implants of 180 subjects with OAI and NIOa 

  % (No/total)   

Anatomic Sitesb Subjects with OAI                        
n: 125 

Subjects with NIO                
n: 55 P  valuec 

Lower extremities 
(tibia and fibula) 41 32.8 (41/125) 12 21.8 (12/55) 0.15 

Upper extremities 
(arm. forearm and 
wrist) 

6 4.8 (6/125) 10 18.2 (10/55) 0.008 

Spine 18 14.4 (18/125) 7 12.7 (7/55) 1 

Femur  16 12.8 (16/125) 7 12.7 (7/55) 1 

Hip 13 10.4 (13/125) 5 9.1 (5/55) 1 
Knee 7 5.6 (7/125) 5 9.1 (5/55) 0.51 
Ankle 8 6.4 (8/125) 4 7.3 (4/55) 1 
Shoulder 1 0.8 (1/125) 2 3.6 (2/55) 0.22 

Hand  1 0.8 (1/125) 2 3.6 (2/55) 0.22 

Foot  7 5.6 (7/125) 1 1.8 (1/55) 0.43 

Elbow 4 3.2 (4/125) 0 0 0.31 
Pelvis 3 2.4 (3/125) 0 0 0.55 
Total 125 100 55 100  

No (%) Type of Implants 
Osteosynthesis devices 104 83.2 (104/125) 48 87.3 (48/55) 0.65 
Spinal instrumentation  18 14.4 (18/125) 7 12.7 (7/55) 1 
Intramedullary nail 3 2.4 (3/125) 0 0 0.55 

a OAI: osteosynthesis-associated infection; NIO: noninfected-osteosynthesis. 

b All percentages are in relation to the number of subjects with OAI or NOI unless otherwise 

indicated. 

c Implants characteristics were summarized as frequencies and percentages and compared using 

the chi-square test or Fisher's exact test as appropriate (SPSS, version 19.0, IBM Corp.). All tests 

were two sided and P values and less than 0.05 were considered statistically significant. 
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2013 INSTRUCTIONS TO AUTHORS

SCOPE

The Journal of Clinical Microbiology (JCM) is devoted to the
dissemination of new knowledge concerning the laboratory
diagnosis of human and animal infections. In addition, JCM is
an appropriate forum for the publication of information re-
lated to the role of the laboratory in both the management of
infectious diseases and the elucidation of the epidemiology of
infections. Manuscripts which present the results of original
scientific investigations are encouraged. The three principal
attributes that we require of papers published in JCM are time-
liness, relevance to the practice of clinical microbiology, and
quality science. Manuscripts that present information that is
largely only of relevance to a restricted geographic area are
discouraged.

JCM welcomes submission of manuscripts that present the
results of investigations pertaining to new technologies in clin-
ical microbiology when they address new applications, sub-
stantially extend our understanding of the role of the technol-
ogy in the clinical microbiology laboratory, or provide clinical
or laboratory outcome data.

JCM will consider manuscripts which describe truly novel
molecular methods for use in the diagnosis or elucidation of
infection. However, we discourage submission of manuscripts
predicated on the application of previously well-described
methods (e.g., RT-PCR, RAPD analysis, PFGE, and real-time
PCR, etc.), even though the application may be new. Papers
employing established molecular methods will be considered
only when the application is examined in comparison to some
other existing diagnostic method(s). Such comparative studies
should include information regarding assay sensitivity, speci-
ficity, and diagnostic accuracy.

Studies with matrix-assisted laser desorption ionization–
time of flight mass spectrometry (MALDI-TOF MS) as a pri-
mary focus must offer something that is truly novel in order to
merit consideration for publication in JCM, e.g., application of
MALDI-TOF MS to previously unstudied organisms or organ-
ism groups, applications that extend beyond organism identi-
fication, clinical outcome studies, comparisons of different
MALDI-TOF instruments, broad comparisons with conven-
tional methods, or descriptions of modifications of existing
MALDI-TOF MS methods. JCM will not consider manuscripts
that describe routine applications of MALDI-TOF MS.

Papers submitted to JCM with whole-genome sequencing or
the microbiome as a focus will be considered only when the
studies performed are scientifically sound, the observations
timely and novel, and the information presented of relevance
to the practice of clinical microbiology. Similarly, papers that
convey the results of meta-analysis studies will be considered
when the data presented are extensive and when the observa-
tions made in the study are broadly applicable to the practice of
clinical microbiology.

Case Reports will be considered if they are novel, add to
existing knowledge, and are consistent with the primary objec-
tives of the Journal as outlined above. (See “Case Reports” in
the Organization and Format section and the “Case Report”

paragraph under “Full-Length Papers” for descriptions of the
two different types of Case Reports published.)

To ensure the completeness of investigations in which the
performance of various diagnostic assays or methods is pre-
sented, authors are encouraged to refer to the Standards for the
Reporting of Diagnostic Accuracy (STARD) for guidance. The
entire set of guidelines, including checklists, may be found at
http://stard-statement.org/.

ASM publishes a number of different journals covering var-
ious aspects of the field of microbiology. Each journal has a
prescribed scope which must be considered in determining the
most appropriate journal for each manuscript.

(i) With respect to antimicrobial agents, JCM will consider
clinically relevant manuscripts (a) that pertain to in vitro sus-
ceptibility test methods; (b) that are concerned with quality
control procedures related to antimicrobial susceptibility tests;
(c) that deal with investigations of test methods aimed at mea-
suring levels of antimicrobial agents in clinical specimens; or
(d) that describe the use of antimicrobial agents as tools in the
isolation, identification, or epidemiologic assessment of mi-
croorganisms associated with disease. Manuscripts pertaining
to other aspects of antimicrobial agents, such as their basic
mechanisms of action, the elucidation of resistance determi-
nants, pharmacokinetics and pharmacodynamics, and the de-
velopment of new agents, will be considered for publication in
Antimicrobial Agents and Chemotherapy.

(ii) Manuscripts that present the results of investigations
with a primary focus on the basic mechanisms of pathogenesis
of microorganisms or the pathophysiology of infections
should be directed to Infection and Immunity (for bacteria,
parasites, and fungi) or the Journal of Virology (for viruses).

(iii) Reports of clinical microbiology investigations or stud-
ies of the hospital population and the environment as they
relate to nosocomial infections should be submitted to JCM.
Manuscripts dealing with ecology or environmental studies or
with the application of microorganisms to agricultural or in-
dustrial processes are more appropriate for Applied and Envi-
ronmental Microbiology.

(iv) Papers involving immunologic assays for use in the di-
agnosis or elucidation of infection, vaccines, or the assessment
and laboratory diagnosis of immunologic diseases (e.g., auto-
immune diseases and primary immunodeficiencies) should be
submitted to Clinical and Vaccine Immunology (formerly Clin-
ical and Diagnostic Laboratory Immunology).

Questions about these guidelines may be directed to the ed-
itor in chief of the journal being considered.

If transfer to another ASM journal is recommended by an
editor, the corresponding author will be contacted.
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Note that a manuscript rejected by one ASM journal on
scientific grounds or on the basis of its general suitability for
publication is considered rejected by all other ASM journals.

EDITORIAL POLICY

Use of Microbiological Information

The Council Policy Committee (CPC) of the American Society
for Microbiology affirms the long-standing position of the So-
ciety that microbiologists will work for the proper and benefi-
cent application of science and will call to the attention of the
public or the appropriate authorities misuses of microbiology
or of information derived from microbiology. ASM members
are obligated to discourage any use of microbiology contrary to
the welfare of humankind, including the use of microbes as
biological weapons. Bioterrorism violates the fundamental
principles expressed in the Code of Ethics of the Society and is
abhorrent to ASM and its members.

ASM recognizes that there are valid concerns regarding the
publication of information in scientific journals that could be
put to inappropriate use as described in the CPC resolution
mentioned above. Members of the ASM Publications Board
will evaluate the rare manuscript that might raise such issues
during the review process. However, as indicated elsewhere in
these Instructions, research articles must contain sufficient de-
tail, and material/information must be made available, to per-
mit the work to be repeated by others. Supply of materials
should be in accordance with laws and regulations governing
the shipment, transfer, possession, and use of biological mate-
rials and must be for legitimate, bona fide research needs. Links
to, and information regarding, these laws and regulations can
be found at http://www.asm.org/ under the Public Policy tab.
We ask that authors pay particular attention to the NSAR Se-
lect Agents and Toxins list on the CDC website http://www
.selectagents.gov/index.html and the NSABB criteria for iden-
tifying dual use research of concern in the report “Proposed
Framework for the Oversight of Dual Use Life Sciences Re-
search: Strategies for Minimizing the Potential Misuse of Re-
search Information” on the Office of Biotechnology Activities
website http://oba.od.nih.gov/biosecurity/pdf/Framework%
20for%20transmittal%200807_Sept07.pdf (p. 17–22).

Ethical Guidelines

ASM requirements for submitted manuscripts are consistent
with the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals, as last updated by the International
Committee of Medical Journal Editors in April 2010 (http:
//www.icmje.org/).

Authors are expected to adhere to the highest ethical stan-
dards. The following sections of these Instructions include de-
tailed information about ASM’s ethical standards. Failure to
comply with the policies described in these Instructions may
result in a letter of reprimand, a suspension of publishing priv-
ileges in ASM journals, and/or notification of the authors’ in-
stitutions. Authors employed by companies whose policies do
not permit them to comply with ASM policies may be sanc-
tioned as individuals and/or ASM may refuse to consider man-

uscripts having authors from such companies. The ASM Pub-
lications Board wishes to clarify the following in particular.

Plagiarism. Misappropriating another person’s intellec-
tual property constitutes plagiarism. This includes copying
sentences or paragraphs verbatim (or almost verbatim) from
someone else’s work, even if the original work is cited in the
references. The NIH ORI publication “Avoiding Plagiarism,
Self-Plagiarism, and Other Questionable Writing Practices: a
Guide to Ethical Writing” (http://ori.dhhs.gov/education
/products/plagiarism/) can help authors identify questionable
writing practices.

Plagiarism is not limited to the text; it can involve any part of
the manuscript, including figures and tables, in which material
is copied from another publication without permission and
attribution. An author may not reuse his or her own previously
published work without attribution; this is considered self-
plagiarism.

Primary publication. Manuscripts submitted to the jour-
nal must represent reports of original research, and the original
data must be available for review by the editor if necessary.

By submission of a manuscript to the journal, the authors
guarantee that they have the authority to publish the work
and that the manuscript, or one with substantially the same
content, was not published previously, is not being consid-
ered or published elsewhere, and was not rejected on scien-
tific grounds by another ASM journal. It is incumbent upon
the author to acknowledge any prior publication, including
his/her own articles, of the data contained in a manuscript
submitted to an ASM journal. A copy of the relevant work
should be submitted with the paper as supplemental material
for information only. Whether the material constitutes the
substance of a paper and therefore renders the manuscript un-
acceptable for publication is an editorial decision.

In brief, a paper is not acceptable for submission to an ASM
journal if it, or its substance, has been made publicly available
in:

• A serial, periodical, or book
• A conference report or symposium proceedings
• A technical bulletin or company white paper
• A public website
• Any other retrievable source

The following do not preclude submission to, or publication
by, an ASM journal, as long as the posted data do not constitute
the substance of a submission:

• Posting of a method/protocol on a public website
• Posting of a limited amount of original data on a per-

sonal/university/corporate website or websites of small
collaborative groups working on a problem

• Deposit of unpublished sequence data in a public da-
tabase

• Preliminary disclosures of research findings as meeting
posters, webcast as meeting presentations, or pub-
lished in abstract form as adjuncts to a meeting, e.g.,
part of a program

• Posting of theses and dissertations on a personal/uni-
versity-hosted website
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Availability of materials. By publishing in the journal, the
authors agree that, subject to requirements or limitations im-
posed by laws or governmental regulations of the United
States, any DNAs, viruses, microbial strains, mutant animal
strains, cell lines, antibodies, and similar materials described in
the article are available from a national collection or will be
made available in a timely fashion, at reasonable cost, and in
limited quantities to members of the scientific community for
noncommercial purposes. The authors guarantee that they
have the authority to comply with this policy either directly or
by means of material transfer agreements through the owner.

Similarly, the authors agree to make available computer
programs, originating in the authors’ laboratory, that are the
only means of confirming the conclusions reported in the ar-
ticle but that are not available commercially. The program(s)
and suitable documentation regarding its (their) use may be
provided by any of the following means: (i) as a program trans-
mitted via the Internet, (ii) as an Internet server-based tool, or
(iii) as a compiled or assembled form on a suitable medium
(e.g., magnetic or optical). It is expected that the material will
be provided in a timely fashion and at reasonable cost to mem-
bers of the scientific community for noncommercial purposes.
The authors guarantee that they have the authority to comply
with this policy either directly or by means of material transfer
agreements through the owner.

Permissions. The corresponding author is responsible for
obtaining permission from both the original author and the
original publisher (i.e., the copyright owner) to reproduce or
modify figures (including maps) and tables and to reproduce
text (in whole or in part) from previous publications.

Permission(s) must be obtained no later than the modifica-
tion stage. The original signed permission(s) must be identi-
fied as to the relevant item in the ASM manuscript (e.g., “per-
missions for Fig. 1 in JCM00123-13”) and submitted to the
ASM production editor on request. In addition, a statement
indicating that the material is being reprinted with permission
must be included in the relevant figure legend or table footnote
of the manuscript. Reprinted text must be enclosed in quota-
tion marks, and the permission statement must be included as
running text or indicated parenthetically.

It is expected that the authors will provide written assurance
that permission to cite unpublished data or personal commu-
nications has been granted. For supplemental material in-
tended for posting by ASM (see “Supplemental Material”), if
the authors of the JCM manuscript are not also the owners of
the supplemental material, the corresponding author must
send to ASM signed permission from the copyright owner that
allows posting of the material, as a supplement to the article, by
ASM. The corresponding author is also responsible for incor-
porating in the supplemental material any copyright notices
required by the owner.

Authorship. All authors of a manuscript must have agreed
to its submission and are responsible for its content (initial
submission and any subsequent versions), including appropri-
ate citations and acknowledgments, and must also have agreed
that the corresponding author has the authority to act on their
behalf in all matters pertaining to publication of the manu-

script. The corresponding author is responsible for obtaining
such agreements and for informing the coauthors of the man-
uscript’s status throughout the submission, review, and publi-
cation process. Submitting a paper before all coauthors have
read and approved it is considered an ethical violation, as is
failure to credit someone who qualifies as a coauthor; however,
ASM does not itself investigate or attempt to resolve author-
ship disputes.

An author is one who made a substantial contribution to the
overall design and execution of the experiments; therefore,
ASM considers all authors responsible for the entire paper.
Individuals who provided assistance, e.g., supplied strains or
reagents or critiqued the paper, need not be listed as authors
but may be recognized in the Acknowledgments section. ASM
does not permit “ghost authorship,” i.e., individuals who con-
tribute to the research, data analysis, and/or writing of an arti-
cle but who do not satisfy the requirements for authorship.
Examples of ghost authors include medical writers and em-
ployees of pharmaceutical or device companies who have not
made a substantial contribution to the overall design and exe-
cution of the experiments.

A study group, surveillance team, working group, consor-
tium, or the like (e.g., the Active Bacterial Core Surveillance
Team) may be listed as a coauthor in the byline if its contrib-
uting members satisfy the requirements for authorship and
accountability as described in these Instructions. The names
(and institutional affiliations if desired) of the contributing
members only may be given as a separate paragraph in the
Acknowledgments section.

If the contributing members of the group associated with the
work do not fulfill the criteria of substantial contribution to
and responsibility for the paper, the group may not be listed in
the author byline. Instead, it and the names of its contributing
members may be listed in the Acknowledgments section.

All authors must agree to the order in which their names are
listed in the byline. Statements regarding equal contributions
by two or more authors (e.g., “C.J. and Y.S. contributed equally
to . . .”) are permitted as footnotes and must be agreed to by all
of the authors. Other statements of attribution may be in-
cluded in the Acknowledgments section.

A change in authorship (order of listing, addition or dele-
tion of a name, or corresponding author designation) after
submission of the manuscript will be implemented only after
receipt of signed statements of agreement from all parties in-
volved.

Disputes about authorship may delay or prevent review
and/or publication of the manuscript. Should the individuals
involved be unable to reach an accord, review and/or publica-
tion of the manuscript can proceed only after the matter is
investigated and resolved by the authors’ institution(s) and an
official report of such and signed statements of agreement are
provided to ASM.

Conflict of interest. All authors are expected to disclose, in
the manuscript submittal letter, any commercial affiliations as
well as consultancies, stock or equity interests, and patent-
licensing arrangements that could be considered to pose a con-
flict of interest regarding the submitted manuscript. (Inclusion
of a company name in the author address lines of the manu-
script does not constitute disclosure.) Details of the disclosure
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to the editor will remain confidential. However, it is the re-
sponsibility of authors to provide, in the Acknowledgments
section, a general statement disclosing financial or other rela-
tionships that are relevant to the study. Examples of potentially
conflicting interests that should be disclosed include relation-
ships that might detract from an author’s objectivity in presen-
tation of study results and interests whose value would be en-
hanced by the results presented. All funding sources for the
project, institutional and corporate, should be credited in the
Acknowledgments section, as described below. In addition, if a
manuscript concerns a commercial product, the manufacturer’s
name must be indicated in the Materials and Methods section or
elsewhere in the text, as appropriate, in an obvious manner.

Copyright

To maintain and protect the Society’s ownership and rights
and to continue to afford scientists the opportunity to publish
in high-quality journals, ASM requires the corresponding au-
thor to sign a copyright transfer agreement on behalf of all the
authors. Unless this agreement is executed (without changes
and/or addenda), ASM will not publish the article.

In the copyright transfer agreement signed by an author,
ASM grants to that author (and coauthors) the right to repub-
lish discrete portions of his/her (their) article in any other pub-
lication (print, CD-ROM, and other electronic forms) of
which he/she is (they are) the author(s) or editor(s), on the
condition that appropriate credit is given to the original ASM
publication. This republication right also extends to posting on
a host computer to which there is access via the Internet. Ex-
cept as indicated below, significant portions of the article may
not be reprinted/posted without ASM’s prior written permis-
sion, however, as this would constitute duplicate publication.

Authors may post their own published articles on their per-
sonal or university-hosted (but not corporate, government, or
similar) websites without ASM’s prior written permission pro-
vided that appropriate credit is given (i.e., the copyright lines
shown at the bottom of the first page).

Works authored solely by U.S. government employees are
not subject to copyright protection, so there is no copyright to
be transferred. However, the other provisions of the copyright
transfer agreement, such as author representations of original-
ity and authority to enter into the agreement, apply to U.S.
government employee-authors as well as to other authors.

When funds from the Wellcome Trust or Research Councils
UK are used to pay an article open access fee, the article will be
published under the Creative Commons Attribution license
(CC-BY) in accordance with the funding organization’s open
access policies. Authors will be required to notify ASM and
complete the Author Warranty and Provisional License to
Publish at the time of submission.

Copyright for supplemental material (see “Supplemental
Material”) remains with the author, but a license permitting
the posting by ASM is included in the article copyright transfer
agreement. If the author of the article is not also the copyright
owner of the supplemental material, the corresponding author
must send to ASM signed permission from the owner that
allows posting of the material, as a supplement to the article, by
ASM. The corresponding author is also responsible for incor-

porating into the supplemental material any copyright notices
required by the owner.

Funding Agency Repositories

The National Institutes of Health (NIH) requests that its
grantee and intramural authors provide copies of their ac-
cepted manuscripts to PubMed Central (PMC) for posting in
the PMC Public Access Repository. However, JCM authors are
automatically in compliance with this policy and need take no
action themselves. For the past several years, ASM has depos-
ited in PubMed Central all publications from all ASM journals.
Further, ASM policy is that all primary research articles are
made available to everyone, free, 6 months after publication
through PubMed Central, HighWire, and international
PubMed Central-like repositories. By having initiated these
policies, ASM is in full compliance with NIH policy. For more
information, see http://publicaccess.nih.gov/. ASM also allows
JCM authors whose work was supported by funding agencies
that have public access requirements like those of the NIH
(e.g., the Wellcome Trust) to post their accepted manuscripts
in publicly accessible electronic repositories maintained by
those funding agencies. If a funding agency does not itself
maintain such a site, then ASM allows the author to fulfill that
requirement by depositing the manuscript (not the typeset ar-
ticle) in an appropriate institutional or subject-based open re-
pository established by a government or noncommercial en-
tity.

Since ASM makes the final, typeset articles from its primary-
research journals available free of charge on the ASM Journals
and PMC websites 6 months after final publication, ASM re-
quests that when submitting the accepted manuscript to PMC
or a similar public access site, the author specify that the post-
ing release date for the manuscript be no earlier than 6
months after publication of the typeset article by ASM and
that a link to the published manuscript on the journal web-
site be provided.

Use of Human Subjects or Animals in Research

The use of human subjects or animals for research purposes
is regulated by the federal government and individual institu-
tions. Authors of manuscripts describing research involving
human subjects or animal experimentation must obtain
approval from their Institutional Review Board (IRB) or Insti-
tutional Animal Care and Use Committee (IACUC), as appro-
priate, prior to manuscript submission. Authors of manu-
scripts that describe multisite research must obtain approval
from each institution’s IRB or IACUC, as appropriate. A state-
ment of IRB or IACUC approval must be included in the
Materials and Methods section. Documentation of IRB or
IACUC status must be made available upon request.

Patient Identification

To protect the privacy of individuals mentioned in clinical
studies, in case histories, and as sources of isolates, do not
identify them by their initials, even as part of a strain designa-
tion. Change the initials to numerals or use randomly chosen
letters. Do not give hospital unit numbers; if a designation is
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needed, use only the last two digits of the unit. (Note: estab-
lished designations of some viruses and cell lines, although
they consist of initials, are acceptable [e.g., JC virus, BK virus,
and HeLa cells].)

Provision of Requisite Information for Molecular
Applications

Authors of manuscripts which contain quantitative real-time
PCR applications are encouraged to consult the article con-
cerning minimum information for publication of quantitative
real-time PCR experiments (the MIQE guidelines) by Bustin et
al. (Clin. Chem. 55:611– 622, 2009) for guidance as to what
information should be considered for inclusion in their sub-
mission.

Newly determined nucleotide and/or amino acid sequence
data must be deposited and GenBank/EMBL/DDBJ accession
numbers must be included in the manuscript no later than the
modification stage of the review process. It is expected that the
sequence data will be released to the public no later than the
publication (online posting) date of the accepted manuscript.
The accession numbers should be included in a separate para-
graph at the end of the Materials and Methods section for
full-length papers or at the end of the text for Short-Form
papers. If conclusions in a manuscript are based on the analysis
of sequences and a GenBank/EMBL/DDBJ accession number
is not provided at the time of the review, authors should pro-
vide the annotated sequence data as supplemental material for
information only.

It is expected that when previously published sequence ac-
cession numbers are cited in a manuscript, the original cita-
tions (e.g., journal articles) will be included in the References
section when possible or reasonable.

Authors are also expected to do elementary searches and
comparisons of nucleotide and amino acid sequences against
the sequences in standard databases (e.g., GenBank) immedi-
ately before manuscripts are submitted and again at the proof
stage.

Analyses should specify the database, and the date of each
analysis should be indicated as, e.g., January 2013. If relevant,
the version of the software used should be specified.

See “Presentation of Nucleic Acid Sequences” for nucleic
acid sequence formatting instructions.

The URLs of the databases mentioned above are as follows:
DNA Data Bank of Japan (DDBJ), http://www.ddbj.nig.ac.jp/;
EMBL Nucleotide Sequence Database, http://www.ebi.ac.uk
/ena/; and GenBank, National Center for Biotechnology Infor-
mation, http://www.ncbi.nlm.nih.gov/.

Proper Use of Locus Tags as Systematic Identifiers
for Genes

To comply with recommendations from the International Nu-
cleotide Sequence Database (INSD) Collaborators and to
avoid conflicts in gene identification, researchers should im-
plement the following two fundamental guidelines as stan-
dards for utilization of locus tags in genome analysis, annota-
tion, submission, reporting, and publication. (i) Locus tag
prefixes are systematic gene identifiers for all of the replicons of
a genome and as such should be associated with a single ge-

nome project submission. (ii) New genome projects must be
registered with the INSD, and new locus tag prefixes must be
assigned in cooperation with the INSD to ensure that they
conform to the agreed-upon criteria. Locus tag prefixes that
are currently in use may be searched in the NCBI locus tag
database (http://www.ncbi.nlm.nih.gov/genomes/lltp.cgi).

Structural Determinations

Coordinates for new structures of macromolecules must be
deposited in the Protein Data Bank and assigned identification
codes must be included in the manuscript no later than the
modification stage of the review process. It is expected that the
coordinates will be released to the public no later than the
publication (online posting) date of the accepted manuscript.
Authors are encouraged to send coordinates with their original
submission, however, so that reviewers can examine them
along with the manuscript. The accession number(s) should be
listed in a separate paragraph at the end of the Materials and
Methods section for full-length papers or at the end of the text
for Short-Form papers.

The URLs for coordinate deposition are http://rcsb-deposit
.rutgers.edu/ and http://pdbdep.protein.osaka-u.ac.jp/en/.

Microarray Data

The entire set of supporting microarray data must be deposited
in the appropriate public database (e.g., GEO, ArrayExpress, or
CIBEX) and the assigned accession number(s) must be in-
cluded in the manuscript no later than the modification stage
of the review process. It is expected that the data will be re-
leased to the public no later than the publication (online post-
ing) date of the accepted manuscript. Authors are encouraged
to send the relevant data with their original submission, how-
ever, so that reviewers can examine them along with the man-
uscript. The accession number(s) should be listed in a separate
paragraph at the end of the Materials and Methods section for
full-length papers or at the end of the text for Short-Form
papers.

The URLs of the databases mentioned above are as follows:
Gene Expression Omnibus (GEO), http://www.ncbi.nlm.nih.gov
/geo/; ArrayExpress, http://www.ebi.ac.uk/arrayexpress/; and Cen-
ter for Information Biology Gene Expression Database
(CIBEX), http://cibex.nig.ac.jp/data/index.html.

Culture Deposition

JCM expects authors to deposit important strains in publicly
accessible culture collections and to refer to the collections and
strain numbers in the text. Since the authenticity of subcul-
tures of culture collection specimens that are distributed by
individuals cannot be ensured, authors should indicate labo-
ratory strain designations and donor sources as well as original
culture collection identification numbers.

MycoBank

New scientific names of fungi along with key nomenclatural
and descriptive material must be deposited in MycoBank
(http://www.mycobank.org) and the assigned accession num-
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ber(s) must be included in the manuscript no later than the
modification stage of the review process. It is expected that the
data will be released to the public no later than the publication
(online posting) date of the accepted manuscript. Authors are
encouraged to send the relevant data with their original sub-
mission, however, so that reviewers can examine them along
with the manuscript. The accession number(s) should be listed
in a separate paragraph at the end of the Materials and Meth-
ods section for full-length papers or at the end of the text for
Short-Form papers.

Supplemental Material

Supplemental material will be peer reviewed along with the
manuscript and must be uploaded to the eJournalPress (eJP)
peer review system at initial manuscript submission. The deci-
sion to publish the material online with the accepted article is
made by the editor. It is possible that a manuscript will be
accepted but that the supplemental material will not be.

The number of supplemental material files is limited to 10.
Supplemental files should be submitted in the following stan-
dard formats.

• Text, figures, tables, and legends should be included
in a single PDF file. All figures and tables should be
numbered independently and cited at the relevant
point in the manuscript text, e.g. “Fig. S1,” “Fig. S2,”
“Table S3,” etc. Do not duplicate data by presenting
them in both the text and the figure. Each legend
should appear below its corresponding figure or table.
The maximum file size is 8 MB. Please review this sam-
ple file for guidance.

• Data set (Excel [.xls]) files should include a brief de-
scription of how the data are used in the paper. The
maximum file size is 8 MB. Please review this sample
file for guidance.

• Movies (Audio Video Interleave [.avi], QuickTime
[.mov], or MPEG files) should be submitted at the de-
sired reproduction size and length and should be ac-
companied by a legend. The maximum file size is 20
MB.

Unlike the manuscript, supplemental material will not
be edited by the ASM Journals staff and proofs will not be
made available. References related to supplemental material
only should not be listed in the References section of an
article; instead, include them with the supplemental mate-
rial. Supplemental material will always remain associated
with its article and is not subject to any modifications after
publication.

Material that has been published previously (print or on-
line) is not acceptable for posting as supplemental material.
Instead, the appropriate reference(s) to the original publica-
tion should be made in the manuscript.

Copyright for the supplemental material remains with the
author, but a license permitting posting by ASM must be signed
by the corresponding author. If you are not the copyright owner,
you must provide to ASM signed permission from the owner that
allows posting of the material, as a supplement to your article,
by ASM. You are responsible for including in the supplemental
material any copyright notices required by the owner.

See also “Publication Fees.”

Warranties and Exclusions

Articles published in this journal represent the opinions of the
authors and do not necessarily represent the opinions of ASM.
ASM does not warrant the fitness or suitability, for any purpose,
of any methodology, kit, product, or device described or iden-
tified in an article. The use of trade names is for identification
purposes only and does not constitute endorsement by ASM.

SUBMISSION, REVIEW, AND PUBLICATION PROCESSES

Submission Process

All submissions to JCM must be made electronically via the
eJournalPress (eJP) online submission and peer review system
at the following URL: http://jcm.msubmit.net/cgi-bin/main
.plex. (E-mailed submissions will not be accepted.) First-time
users must create an Author account, which may be used for
submitting to all ASM journals. Instructions for creating an
Author account are available at the above URL via the “help for
authors” link, and step-by-step instructions for submitting a
manuscript via eJP are also available through the same link on
the log-in screen or on the account holder’s Home page. Infor-
mation on file types acceptable for electronic submission can
be found under the Files heading in the help for authors screen.

Review Process

All manuscripts are considered to be confidential and are re-
viewed by the editors, members of the editorial board, or qual-
ified ad hoc reviewers.

To expedite the review process, authors must recommend at
least three editorial board members who have expertise in the
field, who are not members of their institution(s), who have
not recently been associated with their laboratory(ies), and
who could not otherwise be considered to pose a conflict of
interest regarding the submitted manuscript.

Copies of in-press and submitted manuscripts that are im-
portant for judgment of the present manuscript should be
included as supplemental material for information only to
facilitate the review.

When a manuscript is submitted to the journal, it is given a
control number (e.g., JCM00047-13) and assigned to one of
the editors. (Always refer to this control number in commu-
nications with the editor and the Journals Department.) It is
the responsibility of the corresponding author to inform the
coauthors of the manuscript’s status throughout the submission,
review, and publication processes. The reviewers operate under
strict guidelines set forth in “Guidelines for Reviewers” (http:
//www.journals.asm.org/site/misc/reviewguide.xhtml) and are
expected to complete their reviews expeditiously.

The corresponding author is notified, generally within 4 to 6
weeks after submission, of the editor’s decision to accept, re-
ject, or require modification. When modification is requested,
the corresponding author must either submit the modified
version within 2 months or withdraw the manuscript. A point-
by-point response to the reviews must be loaded as a separate
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file (identified as such), and a compare copy of the manuscript
(without figures) should be included as a Marked Up Manu-
script if the editor requested one.

Manuscripts that have been rejected, or withdrawn after be-
ing returned for modification, may be resubmitted to the same
ASM journal if the major criticisms have been addressed. A
manuscript rejected by one ASM journal on scientific grounds
or on the basis of its general suitability for publication is con-
sidered rejected by all other ASM journals; however, a manu-
script rejected solely on the basis of scope may be “resubmit-
ted” to a more appropriate ASM journal.

For all resubmissions (to the same or a different journal,
irrespective of the extent of the revisions and irrespective of the
amount of time between rejection and resubmission), the
cover letter must state that the manuscript is a resubmission,
and the former manuscript control number must be provided.
A point-by-point response to the review(s) must be loaded as a
separate file (identified as such), and a compare copy of the
revised manuscript showing all changes must be included as a
Marked Up Manuscript. Manuscripts resubmitted to the same
journal are normally handled by the original editor.

Rejected manuscripts may be resubmitted only once unless
permission has been obtained from the original editor or from
the editor in chief.

Notification of Acceptance

When an editor has decided that a manuscript is acceptable for
publication on the basis of scientific merit, the author and the
Journals Department are notified. A PDF version of the ac-
cepted manuscript is posted online as soon as possible (see
“JCM Accepts”).

The text files undergo an automated preediting, cleanup,
and tagging process specific to the particular article type, and
the illustrations are examined. If all files have been prepared
according to the criteria set forth in these Instructions and
those in the eJP online manuscript submission system, the ac-
ceptance procedure will be completed successfully. If there are
problems that would cause extensive corrections to be made at
the copyediting stage or if the files are not acceptable for pro-
duction, ASM Journals staff will contact the corresponding
author. Once all the material intended for publication has been
determined to be adequate, the manuscript is scheduled for the
next available issue. The editorial staff of the ASM Journals
Department completes the editing of the manuscript to bring it
into conformity with prescribed standards.

JCM Accepts

For its primary-research journals, ASM posts online PDF ver-
sions of manuscripts that have been peer reviewed and ac-
cepted but not yet copyedited. This feature is called “[journal
acronym] Accepts” (e.g., JCM Accepts) and is accessible from
the Journals website. The manuscripts are published online as
soon as possible after acceptance, on a weekly basis, before the
copyedited, typeset articles are published. They are posted “as
is” (i.e., as submitted by the authors at the modification stage)
and do not reflect ASM editorial changes. No corrections/
changes to the PDF manuscripts are accepted. Accordingly,
there likely will be differences between the JCM Accepts man-

uscripts and the final, typeset articles. The manuscripts remain
listed on the JCM Accepts page until the final, typeset articles
are posted. At that point, the manuscripts are removed from
the JCM Accepts page. The manuscripts are under subscrip-
tion access control until 6 months after the typeset articles are
posted, when free access is provided to everyone (subject to the
applicable ASM license terms and conditions). Supplemental
material intended, and accepted, for publication is not posted
until publication of the final, typeset article.

The ASM embargo policy allows a press release to be issued
as soon as the ahead-of-print manuscript is posted on the JCM
Accepts page. To be notified as soon as your manuscript is
posted, please sign up for e-Alerts at http://jcm.asm.org/cgi
/alerts.

Instructions on how to cite such manuscripts may be found
in “References.”

Page Proofs

Page proofs, together with a query sheet and instructions for
handling proofs, will be made available to the corresponding
author electronically. Queries must be answered on the query
page, and any changes related to the queries must be indicated
on the proofs. Note that the copy editor does not query at every
instance where a change has been made. Queries are written
only to request necessary information or clarification of an
unclear passage or to draw attention to edits that may have
altered the sense. It is the author’s responsibility to read the
entire text, tables, and figure legends, not just items queried.
Corrected proofs must be returned within 48 hours after noti-
fication of availability.

The proof stage is not the time to make extensive correc-
tions, additions, or deletions. Figures as they appear in the
proofs are for validation of content and placement, not quality
of reproduction or color accuracy. Print output of figures in
the PDF page proofs will be of lower quality than the same
figures viewed on a monitor. Please avoid making changes to
figures based on quality of color or reproduction in proof.

Important new information that has become available be-
tween acceptance of the manuscript and receipt of the proofs
may be inserted as an addendum in proof with the permission
of the editor. If references to unpublished data or personal
communications are added, it is expected that written assur-
ance granting permission for the citation will be included.
Limit changes to correction of spelling errors, incorrect data,
and grammatical errors and updated information for refer-
ences to articles that have been submitted or are in press. If
URLs have been provided in the article, recheck the sites to
ensure that the addresses are still accurate and the material that
you expect the reader to find is indeed there.

Questions about late proofs and problems with the proofs
should be directed to the ASM Journals Department (e-mail,
cbrown@asmusa.org; telephone, 202-942-9384).

PDF Files

A corresponding author who has included an e-mail address in
his/her “corresponding author” footnote will have limited ac-
cess (10 downloads, total) to the PDF file of his/her published
article. An e-mail alert will automatically be sent to him/her on
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the day the issue is posted. It will provide a URL, which will be
required to obtain access, and instructions. An article may be
viewed, printed, or stored, provided that it is for the author’s
own use.

Should coauthors or colleagues be interested in viewing the
paper for their own use, the corresponding author may provide
them with the URL; a copy of the article may not be forwarded
electronically. However, they must be made aware of the terms
and conditions of the ASM copyright. (For details, go to http:
//www.journals.asm.org/site/misc/terms.xhtml.) Note that
each such download will count toward the corresponding au-
thor’s total of 10. After 10 downloads, access will be denied and
can be obtained only through a subscription to the journal
(either individual or institutional) or after the standard access
control has been lifted (i.e., 6 months after publication).

Publication Fees

Page charges. Authors whose research was supported by
grants, special funds (including departmental and institu-
tional), or contracts (including governmental) or whose re-
search was done as part of their official duties (government or
corporate, etc.) are required to pay page charges (based on the
number of typeset pages, including illustrations, in the article).
Corresponding authors of articles accepted for publication will
receive an e-mail notifying them how to pay page and any other
applicable publication charges (see below).

For a corresponding author who is an active member of
ASM at the Contributing or Premium level, page charges are
$67 per page for the first eight pages and $125 per page for each
page in excess of eight (subject to change without notice).

For a nonmember or Supporting member corresponding
author, page charges are $135 per page for the first eight pages
and $250 for each page in excess of eight (subject to change
without notice). Nonmember corresponding authors or Sup-
porting members may join ASM or upgrade their membership
to obtain discounts on publications fees. Authors may join
ASM and renew or upgrade membership online.

If the research was not supported by any of the means
described above, a request to waive the charges may be sent
to the Journals Department, ASM, 1752 N St., N.W., Wash-
ington, DC 20036-2904, USA (fax, 202-942-9355; e-mail,
cbrown@asmusa.org [after acceptance of the manuscript]).
The request must include the manuscript control number as-
signed by ASM and indicate how the work was supported.
Waivers apply only to page charges; responsibility for color
charges and other publication fees remains with the author.

Minireviews, Commentaries, and Comment Letters to the
Editor are not subject to page charges. New-Data Letters to the
Editor are subject to page charges.

Color charges. The cost of publishing in color must be
borne by the author.

For a corresponding author who is an active member of
ASM at the Contributing or Premium level, color charges are
$170 per color figure (subject to change without notice).

For a nonmember or Supporting member corresponding
author, color charges are $375 per color figure (subject to
change without notice). Nonmember corresponding authors
or Supporting members may join ASM or upgrade their mem-

bership to obtain discounts on publications fees. Authors may
join ASM and renew or upgrade membership online.

Minireviews, Commentaries, and Comment Letters to the
Editor are not subject to color charges. New-Data Letters to the
Editor are subject to color charges.

Author reprints and eprints. Reprints (in multiples of
100) and eprints (downloadable PDFs) may be purchased by
all coauthors. In addition to the 10 free published PDF files
mentioned above, the corresponding authors of Minireviews
may receive 100 free eprints of their contribution and the cor-
responding authors of Commentaries may receive 50 free
eprints. Instructions for ordering gratis or additional reprints
and eprints can be found in the billing notification e-mail sent
to all corresponding authors. To order reprints postpublica-
tion, please follow the instructions on the Author Reprint Or-
der Form. Please contact cadmusASMReprints@cadmus.com
with any questions.

Supplemental material fee. Authors are charged a flat fee
for posting supplemental material as an adjunct to their pub-
lished article. (Exception: no fee is charged for supplemental
material associated with Minireviews or Commentaries.)

For a corresponding author who is an active member of
ASM at the Contributing or Premium level, the supplemental
material fee is $190. For a nonmember or Supporting mem-
ber corresponding author, the supplemental material fee is
$285. Nonmember corresponding authors or Supporting
members may join ASM or upgrade their membership to ob-
tain discounts on publications fees. Authors may join ASM and
renew or upgrade membership online.

Optional open access fee. Author-paid optional open ac-
cess (OOA) is now available for all article types. For a corre-
sponding author who is an active member of ASM at the
Contributing or Premium level, the OOA fee is $2,000. For a
nonmember or Supporting member corresponding author,
the OOA fee is $3,000. Nonmember corresponding authors or
Supporting members may join ASM or upgrade their member-
ship to obtain discounts on publications fees. Authors may join
ASM and renew or upgrade membership online. These fees are
in addition to any page charges, color charges, or supplemental
material charges and permit immediate public access to both
the preliminary “Accepts” version and the copyedited, typeset
version published in the online journal. This option includes
immediate open access provided through NIH’s PubMed Cen-
tral repository; all primary research published in ASM journals
is freely available through PubMed Central 6 months after
publication.

When funds from the Wellcome Trust or Research Councils
UK are used to pay an article open access fee, the article will be
published under the Creative Commons Attribution license
(CC-BY) in accordance with the funding organization’s open
access policies. Authors will be required to notify ASM and
complete the Author Warranty and Provisional License to
Publish at the time of submission.
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ORGANIZATION AND FORMAT

Editorial Style

The editorial style of ASM journals conforms to the ASM Style
Manual for Journals (American Society for Microbiology,
2013, in-house document) and How To Write and Publish a
Scientific Paper, 7th ed. (Greenwood, Santa Barbara, CA,
2011), as interpreted and modified by the editors and the ASM
Journals Department.

The editors and the Journals Department reserve the privi-
lege of editing manuscripts to conform with the stylistic con-
ventions set forth in the aforesaid publications and in these
Instructions.

On receipt at ASM, an accepted manuscript undergoes an
automated preediting, cleanup, and tagging process specific to
the particular article type. To optimize this process, manu-
scripts must be supplied in the correct format and with the
appropriate sections and headings.

Type every portion of the manuscript double-spaced (a
minimum of 6 mm between lines), including figure legends,
table footnotes, and References, and number all pages in se-
quence, including the abstract, figure legends, and tables. Place
the last two items after the References section. Manuscript
pages must have continuous line numbers and page numbers.
Manuscripts without line and page numbers will be returned
to authors for provision of this information prior to process-
ing. The font size should be no smaller than 12 points. It is
recommended that the following sets of characters be easily
distinguishable in the manuscript: the numeral zero (0) and
the letter “oh” (O); the numeral one (1), the letter “el” (l), and
the letter “eye” (I); and a multiplication sign (!) and the letter
“ex” (x). Do not create symbols as graphics or use special fonts
that are external to your word processing program; use the
“insert symbol” function. Set the page size to 8.5 by 11 inches
(ca. 21.6 by 28 cm). Italicize any words that should appear in
italics, and indicate paragraph lead-ins in boldface type.

Manuscripts may be editorially rejected, without review,
on the basis of poor English or lack of conformity to the stan-
dards set forth in these Instructions.

Authors who are unsure of proper English usage should
have their manuscripts checked by someone proficient in the
English language or engage a professional language editing ser-
vice for help.

Full-Length Papers

Full-length papers include the elements described in this sec-
tion.

Title, running title, and byline. Each manuscript should
present the results of an independent, cohesive study; thus,
numbered series titles are not permitted. Exercise care in com-
posing a title. Avoid the main title/subtitle arrangement, com-
plete sentences, and unnecessary articles. On the title page in-
clude the title, the running title (not to exceed 54 characters
and spaces), the name of each author, all authors’ affiliations at
the time the work was performed, and a footnote indicating the
present address(es) of any author(s) no longer at the institu-
tion where the work was performed. Place a number sign (#)
after the name of the author to whom inquiries regarding the

paper should be directed (see “Correspondent footnote,” be-
low). Please review this sample title page for guidance.

Study group in byline. A study group, surveillance team,
working group, consortium, or the like (e.g., the Active Bacte-
rial Core Surveillance Team) may be listed as a coauthor in the
byline if its contributing members satisfy the requirements for
authorship and accountability as described in these Instruc-
tions. The names (and institutional affiliations if desired) of
the contributing members may be given as a separate para-
graph in Acknowledgments.

If the contributing members of the group associated with the
work do not fulfill the criteria of substantial contribution to
and responsibility for the paper, the group may not be listed in
the author byline. Instead, it and the names of its contributing
members may be listed in the Acknowledgments section.

Correspondent footnote. The e-mail address for the cor-
responding author should be included on the title page of the
manuscript. This information will be published in the article as
a footnote to facilitate communication and will be used to no-
tify the corresponding author of the availability of proofs and,
later, of the PDF file of the published article. No more than two
authors may be designated corresponding authors.

Abstract. Limit the abstract to 250 words or fewer and con-
cisely summarize the basic content of the paper without pre-
senting extensive experimental details. Avoid abbreviations
and references, and do not include diagrams. When it is essen-
tial to include a reference, use the same format as shown for the
References section but omit the article title. Conclude the ab-
stract with a summary statement. Because the abstract will be
published separately by abstracting services, it must be com-
plete and understandable without reference to the text.

Introduction. The introduction should supply sufficient
background information to allow the reader to understand and
evaluate the results of the present study without referring to
previous publications on the topic. The introduction should
also provide the hypothesis that was addressed or the rationale
for the present study. Choose references carefully to provide
the most salient background rather than an exhaustive review
of the topic.

Case Report. The Case Report section, placed after the in-
troduction and before Materials and Methods, is optional and
gives relevant clinical information about one or more patients
while being incidental to the rest of the paper. (If the Case
Report constitutes the entire article, the paper must be pre-
sented in Case Report format [see “Case Reports,” below],
which differs from that used for a full-length text or a Short-
Form paper [formerly a Note].)

Materials and Methods. The Materials and Methods sec-
tion must include sufficient technical information to allow the
experiments to be repeated. The sources of all media (i.e.,
name and location of manufacturer) or components of a new
formulation must be provided. When centrifugation condi-
tions are critical, give enough information to enable another
investigator to repeat the procedure: make of centrifuge,
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model of rotor, temperature, time at maximum speed, and
centrifugal force (! g rather than revolutions per minute). For
commonly used materials and methods (e.g., media and pro-
tein concentration determinations), a simple reference or spe-
cifically recommended product or procedure is sufficient. If
several alternative methods are commonly used, it is helpful to
identify the method briefly as well as to cite the reference. For
example, it is preferable to state “cells were broken by ultra-
sonic treatment as previously described (9)” rather than to
state “cells were broken as previously described (9).” This al-
lows the reader to assess the method without constant refer-
ence to previous publications. Describe new methods com-
pletely, and give sources of unusual chemicals, reagents,
equipment, or microbial strains. When large numbers of mi-
crobial strains or mutants are used in a study, include tables
identifying the immediate sources (i.e., sources from whom
the strains were obtained) and properties of the strains, mu-
tants, bacteriophages, and plasmids, etc.

A method or strain, etc., used in only one of several experi-
ments reported in the paper may be described in the Results
section or very briefly (one or two sentences) in a table foot-
note or figure legend. It is expected that the sources from
whom the strains were obtained will be identified.

Results. In the Results section, include the rationale or de-
sign of the experiments as well as the results; reserve extensive
interpretation of the results for the Discussion section. Present
the results as concisely as possible in one of the following: text,
table(s), or figure(s). Avoid extensive use of graphs to present
data which might be more concisely presented in the text or
tables. For example, except in unusual cases, double-reciprocal
plots used to determine apparent Km values should not be pre-
sented as graphs; instead, the values should be stated in the
text. Similarly, graphs illustrating other methods commonly
used to derive kinetic or physical constants (e.g., reduced-vis-
cosity plots and plots used to determine sedimentation veloc-
ity) need not be shown except in unusual circumstances. All
tabular data must be accompanied by either standard deviation
values or standard errors of the means. The number of repli-
cate determinations (or animals) used for making such calcu-
lations must also be included. All statements concerning the
significance of the differences observed should be accompa-
nied by probability values given in parentheses. The statistical
procedure used should be stated in Materials and Methods.
Limit illustrations (particularly photomicrographs and elec-
tron micrographs) to those that are absolutely necessary to
show the experimental findings. Number figures and tables in
the order in which they are cited in the text, and be sure to cite
all figures and tables.

Discussion. The Discussion section should provide an in-
terpretation of the results in relation to previously published
work and to the experimental system at hand. It must not con-
tain extensive repetition of the Results section or reiteration of
the introduction. In short papers, the Results and Discussion
sections may be combined.

Acknowledgments. The source of any financial support
received for the work being published must be indicated in the

Acknowledgments section. (It will be assumed that the absence
of such an acknowledgment is a statement by the authors that
no support was received.) The usual format is as follows: “This
work was supported by Public Health Service grant CA-01234
from the National Cancer Institute.”

Recognition of personal assistance should be given as a sep-
arate paragraph, as should any statements disclaiming en-
dorsement or approval of the views reflected in the paper or of
a product mentioned therein.

Appendixes. Appendixes that contain additional material
to aid the reader are permitted. Titles, authors, and reference
sections that are distinct from those of the primary article are
not allowed. If it is not feasible to list the author(s) of the
appendix in the byline or the Acknowledgments section of the
primary article, rewrite the appendix so that it can be consid-
ered for publication as an independent article, either full-
length paper or Short-Form (formerly Note) style. Equations,
tables, and figures should be labeled with the letter “A” preced-
ing the numeral to distinguish them from those cited in the
main body of the text.

References. Effective January 2013, ASM has adopted the
citation-sequence system of references in which references are
cited in numerical order as they appear in the text (ASM no
longer uses the citation-name system with an alphabetized ref-
erence list). For example, the first reference cited in an article is
numbered 1 and listed first in References. In addition, ASM no
longer allows the abbreviation of author lines in entries in the
References section; “et al.” may not be used in lieu of any au-
thor names, regardless of the number.

(i) References listed in the References section. The Refer-
ences section must include all journal articles (both print and
online), books and book chapters (both print and online), pat-
ents, theses and dissertations, published conference proceed-
ings, meeting abstracts from published abstract books or
journal supplements, letters (to the editor), and company pub-
lications, as well as in-press journal articles, book chapters, and
books (publication title must be given). References should be
cited in numerical order as they appear in the text (citation-
sequence system). Provide the names of all the authors for
each reference, as the author line will not be abbreviated and
“et al.” will not be used. All listed references must be cited
parenthetically by number in the text. Since title and byline
information that is downloaded from PubMed does not always
show accents, italics, or special characters, authors should refer
to the PDF files or hard-copy versions of the articles and incor-
porate the necessary corrections in the submitted manuscript.
Abbreviate journal names according to the PubMed Journals
Database (National Library of Medicine, National Institutes of
Health; available at http://www.ncbi.nlm.nih.gov/nlmcatalog
/journals), the primary source for ASM style.

Follow the styles shown in the examples below for print
references.

1. Caserta E, Haemig HAH, Manias DA, Tomsic J, Grundy
FJ, Henkin TM, Dunny GM. 2012. In vivo and in vitro
analyses of regulation of the pheromone-responsive prgQ
promoter by the PrgX pheromone receptor protein. J.
Bacteriol. 194:3386 –3394.
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2. Falagas ME, Kasiakou SK. 2006. Use of international
units when dosing colistin will help decrease confusion
related to various formulations of the drug around the
world. Antimicrob. Agents Chemother. 50:2274 –2275.
(Letter.) {“Letter” or “Letter to the editor” is allowed but not
required at the end of such an entry.}

3. Cox CS, Brown BR, Smith JC. J. Gen. Genet., in press.*
{Article title is optional; journal title is mandatory.}

4. da Costa MS, Nobre MF, Rainey FA. 2001. Genus I. Ther-
mus Brock and Freeze 1969, 295,AL emend. Nobre, Trüper
and da Costa 1996b, 605, p 404 – 414. In Boone DR, Cas-
tenholz RW, Garrity GM (ed), Bergey’s manual of system-
atic bacteriology, 2nd ed, vol 1. Springer, New York, NY.

5. Stratagene. 2006. Yeast DNA isolation system: instruction
manual. Stratagene, La Jolla, CA. {Use the company name
as the author if none is provided for a company publication.}

6. Forman MS, Valsamakis A. 2011. Specimen collection,
transport, and processing: virology, p 1276 –1288. In Ver-
salovic J, Carroll KC, Jorgensen JH, Funke G, Landry ML,
Warnock DW (ed), Manual of clinical microbiology, 10th
ed, vol 2. ASM Press, Washington, DC.

7. Fitzgerald G, Shaw D. In Waters AE (ed), Clinical micro-
biology, in press. EFH Publishing Co, Boston, MA.*
{Chapter title is optional.}

8. Garcı́a CO, Paira S, Burgos R, Molina J, Molina JF, Calvo
C, Vega L, Jara LJ, Garcı́a-Kutzbach A, Cuellar ML,
Espinoza LR. 1996. Detection of Salmonella DNA in syno-
vial membrane and synovial fluid from Latin American
patients using the polymerase chain reaction. Arthritis
Rheum. 39(Suppl 9):S185. {Meeting abstract published in
journal supplement.}

9. Smith D, Johnson C, Maier M, Maurer JJ. 2005. Distribu-
tion of fimbrial, phage and plasmid associated virulence
genes among poultry Salmonella enterica serovars, abstr
P-038, p 445. Abstr. 105th Gen. Meet. Am. Soc. Microbiol.
American Society for Microbiology, Washington, DC.
{Abstract title is optional.}

10. Rotimi VO, Salako NO, Mohaddas EM, Philip LP. 2005.
Abstr. 45th Intersci. Conf. Antimicrob. Agents Che-
mother., abstr D-1658. {Abstract title is optional.}

11. Green PN, Hood D, Dow CS. 1984. Taxonomic status of
some methylotrophic bacteria, p 251–254. In Crawford
RL, Hanson RS (ed), Microbial growth on C1 compounds.
Proceedings of the 4th International Symposium. Ameri-
can Society for Microbiology, Washington, DC.

12. O’Malley DR. 1998. Ph.D. thesis. University of California,
Los Angeles, CA. {Title is optional.}

13. Odell JC. April 1970. Process for batch culturing. US pat-
ent 484,363,770. {Include the name of the patented item/
process if possible; the patent number is mandatory.}

14. Elder BL, Sharp SE. 2003. Cumitech 39, Competency as-
sessment in the clinical laboratory. Coordinating ed,
Sharp SE. ASM Press, Washington, DC.

*A reference to an in-press ASM publication should state the
control number (e.g., JCM00577-13) if it is a journal article or
the name of the publication if it is a book.

Online-only references must provide essentially the same
information that print references do. For online journal arti-

cles, posting or revision dates may replace the year of publica-
tion; a DOI (preferred) or URL is required for articles with
nontraditional page numbers or electronic article identifiers.

1. Winnick S, Lucas DO, Hartman AL, Toll D. 2005. How do
you improve compliance? Pediatrics 115:e718 – e724.

2. Smith FX, Merianos HJ, Brunger AT, Engelman DM.
2001. Polar residues drive association of polyleucine trans-
membrane helices. Proc. Natl. Acad. Sci. U. S. A. 98:2250 –
2255. doi:10.1073/pnas.041593698.

3. Dionne MS, Schneider DS. 2002. Screening the fruitfly im-
mune system. Genome Biol. 3:REVIEWS1010. http:
//genomebiology.com/2002/3/4/reviews/1010.

4. Gregory ST. 2 September 2009, posting date. Chapter 2.5.4,
Structural basis for the decoding mechanism. In Böck A, et
al (ed), EcoSal—Escherichia coli and Salmonella: cellular
and molecular biology. ASM Press, Washington, DC. doi:
10.1128/ecosal.2.5.4. {Note that each chapter has its own post-
ing date.}

Note: a posting or accession date is required for any online
reference that is periodically updated or changed.

(ii) References cited in the text. References to unpublished
data, manuscripts submitted for publication, unpublished
conference presentations (e.g., a report or poster that has not
appeared in published conference proceedings), personal
communications, patent applications and patents pending,
computer software, databases, and websites should be made
parenthetically in the text as follows.

. . . similar results (R. B. Layton and C. C. Weathers, un-
published data).

. . . system was used (J. L. McInerney, A. F. Holden, and
P. N. Brighton, submitted for publication).

. . . as described previously (M. G. Gordon and F. L. Ratt-
ner, presented at the Fourth Symposium on Food Mi-
crobiology, Overton, IL, 13 to 15 June 1989). {For non-
published abstracts and posters, etc.}

. . . this new process (V. R. Smoll, 20 June 1999, Austra-
lian Patent Office). {For non-U.S. patent applications,
give the date of publication of the application.}

. . . available in the GenBank database (http://www.ncbi
.nlm.nih.gov/Genbank/index.html).

. . . using ABC software (version 2.2; Department of Mi-
crobiology, State University [http://www.state.micro
.edu]).

URLs for companies that produce any of the products men-
tioned in your study or for products being sold may not be
included in the article. However, company URLs that permit
access to scientific data related to the study or to shareware
used in the study are permitted.

(iii) References related to supplemental material. Refer-
ences that are related only to supplemental material hosted by
ASM or posted on a personal/institutional website should not
be listed in the References section of an article; include them
with the supplemental material itself.
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(iv) Referencing ASM Accepts (publish-ahead-of-print)
manuscripts. Citations of ASM Accepts manuscripts should
look like the following example.

Wang GG, Pasillas MP, Kamps MP. 15 May 2006. Persis-
tent transactivation by Meis1 replaces Hox function in
myeloid leukemogenesis models: evidence for co-occu-
pancy of Meis1-Pbx and Hox-Pbx complexes on promot-
ers of leukemia-associated genes. Mol. Cell. Biol. doi:
10.1128/MCB.00586-06.

Other journals may use different styles for their publish-
ahead-of-print manuscripts, but citation entries must include
the following information: author name(s), posting date, title,
journal title, and volume and page numbers and/or DOI. The
following is an example:

Zhou FX, Merianos HJ, Brunger AT, Engelman DM. 13
February 2001, posting date. Polar residues drive associ-
ation of polyleucine transmembrane helices. Proc. Natl.
Acad. Sci. U. S. A. doi:10.1073/pnas.041593698.

Short-Form Papers

The Short-Form format is intended for the presentation of
brief observations that do not warrant full-length papers.
However, Short-Form papers should contain firm data; obser-
vations alone are not acceptable. Submit Short-Form papers in
the same way as full-length papers. They receive the same re-
view, they are not published more rapidly than full-length pa-
pers, and they are not considered preliminary communica-
tions.

The title, running title (not to exceed 54 characters and
spaces), byline, and correspondent footnote should be pre-
pared as for a full-length paper. Each Short-Form paper must
have an abstract of no more than 50 words. Do not use section
headings in the body of the Short Form; combine methods,
results, and discussion in a single section. Paragraph lead-ins
are permissible. The text should be kept to a minimum and if
possible should not exceed 1,000 words; the number of figures
and tables should also be kept to a minimum. Materials and
methods should be described in the text, not in figure legends
or table footnotes. Present acknowledgments as in full-length
papers. The References section is identical to that of full-length
papers.

Minireviews

Minireviews are expected to be focused discussions of defined
topics relevant to clinical microbiologists. In general, they are
to be submitted only following invitation by the editor in chief
of JCM. Unsolicited Minireviews are discouraged. A topical
outline should be provided to the editor in chief for approval
prior to submission of the completed Minireview manuscript
in the eJP online manuscript submission and peer review sys-
tem.

Minireviews are not expected to be comprehensive reviews
of the literature but rather focused discussions of specific top-
ics. A standard title page should be provided. This is followed
by an abstract of 100 words or less and then the text of the

Minireview, which should not exceed 12 double-spaced man-
uscript pages in length, exclusive of tables, figures, photo-
graphs, and references. Up to three tables, figures, or photo-
graphs, total, may be included. References should be limited to
no more than 30. Minireviews will be reviewed by two JCM
editors, with the aim of expedited processing. In general, it is
hoped that, barring the necessity of major revisions, accepted
Minireviews will appear in print within 3 months of their sub-
mission and online ahead of print 6 to 8 weeks earlier.

Author bios. A short biographical sketch and photograph of
the principal author of the minireview should be submitted
along with the final version of the manuscript. These will be
published at the end of the article.

• The text limit is 150 words and should include WHO
you are (your name), WHERE you received your edu-
cation, WHAT positions you have held and at WHICH
institutions, WHERE you are now (your current insti-
tution), WHY you have this interest, and HOW LONG
you have been in this area.

• The photo should be a black-and-white head shot of
passport size. It will be reduced to approximately 1.125
inches wide by 1.375 inches high. The photo must meet
the production criteria for regular figures and should
be checked for production quality by using Rapid In-
spector, provided at the following URL: http://
rapidinspector.cadmus.com/RapidInspector/zmw
/index.jsp.

• To submit, upload the text and photo with your mod-
ified manuscript in the submission and review system.
Include the biographical text after the References sec-
tion of your manuscript, in the same file. Upload the
head shot in the submission system as a “Minireview
Bio Photo”; include the author’s name or enough of it
for identification in the photo’s file name.

Contact the scientific editor if you have questions about what
to write. Contact the production editor if you have questions
about submitting your files.

Commentaries

Commentaries are invited communications concerning topics
relevant to the readership of JCM and are intended to engender
discussion. Reviews of the literature, methods and other
how-to papers, and responses targeted at a specific published
paper are not appropriate. Commentaries are subject to re-
view.

The length may not exceed four printed pages, and the for-
mat is like that of a Minireview (see above) except that Com-
mentaries do not have abstracts. (In the submission form, use
“NA” or “Not applicable” in the space provided for the ab-
stract.)

Point-Counterpoint

Point-Counterpoint is a feature of JCM in which two experts
present opposing views on a contemporary issue in the labora-
tory diagnosis of infectious diseases. This feature will be the
lead article in the issue of JCM in which it appears. Participa-
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tion as an author of a Point-Counterpoint feature is by invita-
tion only.

A JCM editor will write a brief introductory piece of approx-
imately 200 words outlining why a specific issue is important
and then present the issue in the form of a question. The two
experts will then each write a commentary, no more than 1,000
words in length, in which they present evidence in support of
either the pro or con view. One table or one figure may be
included. Since these discussions will be evidence based, au-
thors may also cite up to 10 references. Unpublished or in-
press data which reflect the current practice in their laboratory
may be used but should not be the sole basis for their position.

Authors should send commentaries directly back to the JCM
editor within 30 days of receipt of the introductory statement.
Following receipt of both the pro and con commentaries, the
editor will review the submissions and may return them to the
author(s) with comments and/or suggested revisions. If revi-
sions are required, the author(s) will have 14 days to craft a
revised commentary, which will be sent directly back to the
editor. Upon receipt of final commentaries, the JCM editor will
write a brief summary consisting of no more than six one-
sentence bullet points, outlining where the experts agree (no
more than three points) and disagree (no more than three
points). The JCM editor will then upload the introduction,
both commentaries, and the summary in eJP.

Case Reports

While a full-length article or a Short-Form paper (formerly a
Note) may contain a case report section when the report is
incidental to the rest of the paper, a specific Case Report format
must be used when the report constitutes the entire article.

A Case Report must include an abstract of no more than 50
words. The text starts with presentation of the case under the
section heading “Case Report”; there is no introductory text
before the Case Report heading. After the case is presented, the
rest of the text follows in a separate section after a ruled line to
separate the sections. No separate head is used for this short
discussion section, but paragraph lead-ins are permitted. The
total number of tables and figures (combined) must not exceed
3. For an example of a correctly formatted Case Report, see
J. Clin. Microbiol. 39:1678 –1679, 2001.

Photo Quiz

A Photo Quiz submission should present the findings of some
relevant, interesting, and new observation pertinent to the
practice of clinical microbiology in which a photograph is par-
ticularly useful in conveying important information and
where the observation can serve as the basis for both a question
and an answer. The photograph may be of a micrograph, some
other laboratory material, a clinical lesion, or the results of an
imaging study.

A Photo Quiz consists of two parts: (i) a case presentation
featuring a photograph depicting some unusual and/or infor-
mative finding in clinical microbiology and (ii) an answer to
the quiz. The case presentation and the answer must be sub-
mitted as two separate articles. Note that authors and affilia-
tions are listed below the title.

Photo Quiz case presentation. The text in the Photo Quiz

case presentation should be limited to 200 to 300 words. The
header for the case presentation should read “Photo Quiz.”

Please include a photograph about 39 picas (6.5 inches) wide
and 28 picas (4.625 inches) high. Since photos appearing with
published Photo Quizzes appear on the cover of the journal, a
high-resolution TIFF or EPS file is preferred. A short legend for
the photo must be provided, and the photo must be cited in the
case presentation. Refer to a recently published Photo Quiz for
correct formatting.

Answer to Photo Quiz. The text of the answer to the Photo
Quiz should also be limited to 200 to 300 words. The header to
the answer should read “Answer to Photo Quiz.” Four to six
references may be cited at the end of the Photo Quiz answer.

Submission. The Photo Quiz case presentation should be
submitted in the “Photo Quiz” manuscript category. The
Photo Quiz answer should be submitted in the “Photo Quiz
Answer” manuscript category.

Letters to the Editor

Two types of Letters to the Editor may be submitted. The first
type (Comment Letter) is intended for comments on final,
typeset articles published in the journal (not on publish-
ahead-of-print manuscripts) and must cite published refer-
ences to support the writer’s argument. The second type (New-
Data Letter) may report new, concise findings that are not
appropriate for publication as full-length papers or Short-
Form papers.

Letters may be no more than 500 words long and must be
typed double spaced. Refer to a recently published Letter for
correct formatting. Note that authors and affiliations are listed
below the title.

All Letters to the Editor must be submitted electronically,
and the type of Letter (New Data or Comment) must be se-
lected from the drop-down list in the submission form. For
Letters commenting on published articles, the cover letter
should state the volume and issue in which the article was
published, the title of the article, and the last name of the first
author. In the Abstract section of the submission form, put
“Not Applicable.” Letters to the Editor do not have abstracts.
Both types of Letter must have a title, which must appear on the
manuscript and on the submission form. Figures and tables
should be kept to a minimum.

If the Letter is related to a published article, it will be sent to
the editor who handled the article in question. If the editor
believes that publication is warranted, he/she will solicit a reply
from the corresponding author of the article and give approval
for publication.

New-Data Letters will be assigned to an editor according to
subject matter and will be reviewed by that editor and/or a
reviewer.

Please note that some indexing/abstracting services do not
include Letters to the Editor in their databases.

Fast-Track Communications

The Fast-Track route is intended for accelerated review of
short communications that are of significant interest to clinical
microbiologists. Manuscripts are limited to 750 words, one
figure, one table, and 10 or fewer references. The format should
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be the same as that of a New-Data Letter (see “Letters to the
Editor,” above). Fast-Track articles should be submitted via
the eJP online manuscript submission and peer review system.

A Fast-Track submission is subject to approval as such by
the editor in chief. If approved for the Fast-Track route, the
manuscript will be assigned to an appropriate JCM editor and
reviewed, according to the same standards applied for tradi-
tional manuscripts, within 1 week. If accepted, the manuscript
will be scheduled for the next available issue and edited. An
acceptance letter and copyright agreement will be mailed to the
corresponding author. Proofs will be made available electron-
ically as for regular articles.

A Fast-Track submission that is not approved for the Fast-
Track route will be handled as a New-Data Letter according to
normal procedures.

Errata

The Erratum section provides a means of correcting errors that
occurred during the writing, typing, editing, or publication
(e.g., a misspelling, a dropped word or line, or mislabeling in a
figure) of a published article. Submit Errata via the eJP online
manuscript submission and peer review system (see “Submis-
sion, Review, and Publication Processes”). In the Abstract sec-
tion of the submission form (a required field), put “Not Appli-
cable.” Upload the text of your Erratum as a Microsoft Word
file. Please see a recent issue for correct formatting.

Authors’ Corrections

The Author’s Correction section provides a means of correct-
ing errors of omission (e.g., author names or citations) and
errors of a scientific nature that do not alter the overall basic
results or conclusions of a published article (e.g., an incorrect
unit of measurement or order of magnitude used throughout,
contamination of one of numerous cultures, or misidentifica-
tion of a mutant strain, causing erroneous data for only a [non-
critical] portion of the study). Note that the addition of new
data is not permitted.

For corrections of a scientific nature or issues involving au-
thorship, including contributions and use or ownership of data
and/or materials, all disputing parties must agree, in writing, to
publication of the Correction. For omission of an author’s
name, letters must be signed by the authors of the article and
the author whose name was omitted. The editor who handled
the article will be consulted if necessary.

Submit an Author’s Correction via the eJP online manu-
script submission and peer review system (see “Submission,
Review, and Publication Processes”). Select Author’s Correc-
tion as the manuscript type. In the Abstract section of the sub-
mission form (a required field), put “Not Applicable.” Upload
the text of your Author’s Correction as a Microsoft Word file.
Please see a recent issue for correct formatting. Signed letters of
agreement must be supplied as supplemental material for in-
formation only (scanned PDF files).

Retractions

Retractions are reserved for major errors or breaches of ethics
that, for example, may call into question the source of the data

or the validity of the results and conclusions of an article. Sub-
mit Retractions via the eJP online manuscript submission and
peer review system (see “Submission, Review, and Publication
Processes”). In the Abstract section of the submission form (a
required field), put “Not Applicable.” Upload the text of your
Retraction as a Microsoft Word file. Letters of agreement
signed by all of the authors must be supplied as supplemental
material for information only (scanned PDF files). The Retrac-
tion will be assigned to the editor in chief of the journal, and the
editor who handled the paper and the chairperson of the ASM
Publications Board will be consulted. If all parties agree to the
publication and content of the Retraction, it will be sent to the
Journals Department for publication.

ILLUSTRATIONS AND TABLES

Illustrations

Image manipulation. Computer-generated images may be
processed only minimally. Processing (e.g., changing contrast,
brightness, or color balance) is acceptable only if applied to all
parts of the image, as well as to the controls, equally, and de-
scriptions of all such adjustments and the tools used (both
hardware and software) must be provided in the manuscript.
Also, ASM considers unacknowledged spliced images to be
data manipulation and therefore a potential ethical violation.
Unprocessed data and files must be retained by the authors and
be provided to the editor on request.

File types and formats. Illustrations may be continuous-
tone images, line drawings, or composites. Color graphics may
be submitted, but the cost of printing in color must be borne by
the author. Suggestions about how to reduce costs and ensure
accurate color reproduction are given below.

On initial submission, illustrations should be supplied as
PDF files, with the legend beneath each image, to assist review.
At the modification stage, production quality digital files must
be provided, and the legends should appear in the manuscript
text file. The legends are copyedited and typeset for final pub-
lication, not included as part of the figure itself. All graphics
submitted with modified manuscripts must be bitmap, gray-
scale, or in the RGB (preferred) or CMYK color mode. See
“Color illustrations.” Halftone images (those with various
densities or shades) must be grayscale, not bitmap. JCM ac-
cepts TIFF or EPS files but discourages PowerPoint for either
black-and-white or color images.

For instructions on creating acceptable EPS and TIFF files,
refer to the Cadmus digital art website, http://art.cadmus.com
/da/index.jsp. PowerPoint requires users to pay close attention
to the fonts used in their images (see the section on fonts be-
low). If instructions for fonts are not followed exactly, images
prepared for publication are subject to missing characters, im-
properly converted characters, or shifting/obscuring of ele-
ments or text in the figure. For proper font use in PowerPoint
images, refer to the Cadmus digital art website, http://art
.cadmus.com/da/instructions/ppt_disclaimer.jsp.

We strongly recommend that before returning their mod-
ified manuscripts, authors check the acceptability of their
digital images for production by running their files through
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Rapid Inspector, a tool provided at the following URL: http:
//rapidinspector.cadmus.com/RapidInspector/zmw/index.jsp.
Rapid Inspector is an easy-to-use, Web-based application that iden-
tifies file characteristics that may render the image unusable for pro-
duction.

If you have additional questions about using the Rapid In-
spector preflighting tool, please send an e-mail inquiry to
digitalart@cadmus.com.

Minimum resolution. It is extremely important that a high
enough resolution is used. All separate images that you import
into a figure file must be at the correct resolution before they
are placed. (For instance, placing a 72-dpi image in a 300-dpi
EPS file will not result in the placed image meeting the mini-
mum requirements for file resolution.) Note, however, that the
higher the resolution, the larger the file and the longer the
upload time. Publication quality will not be improved by using
a resolution higher than the minimum. Minimum resolutions
are as follows:

300 dpi for grayscale and color
600 dpi for combination art (lettering and images)
1,200 dpi for line art

Size. All graphics should be submitted at their intended
publication size; that is, the image uploaded should be 100%
of its print dimensions so that no reduction or enlargement is
necessary. Resolution must be at the required level at the sub-
mitted size. Include only the significant portion of an illustra-
tion. White space must be cropped from the image, and excess
space between panel labels and the image must be eliminated.

Maximum width for a 1-column figure: 20.6 picas (ca. 8.7
cm)

Maximum width for a 2-column figure: 42 picas (ca. 17.8
cm)

Minimum width for a 2-column figure: 26 picas (11.1 cm)
Maximum height for a standard figure: 54.7 picas (ca.

23.2 cm)
Maximum height for an oversized figure (no running

title): 57.4 picas (ca. 24.3 cm)

Contrast. Illustrations must contain sufficient contrast to
be viewed easily on a monitor or on the printed page.

Labeling and assembly. All final lettering and labeling
must be incorporated into the figures. On initial submission,
illustrations should be provided as PDF files, with the legend
beneath each image, to assist review. At the modification stage,
production quality digital figure files must be provided, and
the legends should appear in the manuscript text file. Put the
figure number well outside the boundaries of the image itself.
(Numbering may need to be changed at the copyediting stage.)
Each figure must be uploaded as a separate file, and any mul-
tipanel figures must be assembled into one file; i.e., rather than
uploading a separate file for each panel in a figure, assemble all
panels in one piece and supply them as one file.

Fonts. To avoid font problems, set all type in one of the
following fonts: Arial, Helvetica, Times Roman, European PI,

Mathematical PI, or Symbol. Courier may be used but should
be limited to nucleotide or amino acid sequences, where a non-
proportional (monospace) font is required. All fonts other
than these must be converted to paths (or outlines) in the ap-
plication with which they were created. For proper font use in
PowerPoint images, refer to the Cadmus digital art website,
http://art.cadmus.com/da/instructions/ppt_disclaimer.jsp.

Color illustrations. Color costs must be borne by the au-
thor. See “Publication Fees.” All figures submitted in color
will be processed as color. Adherence to the following guide-
lines will help to minimize costs and to ensure color reproduc-
tion that is as accurate as possible.

The final online version is considered the version of record
for JCM and all other ASM journals. To maximize online re-
production, color illustrations should be supplied in the RGB
color mode as either (i) RGB TIFF images with a resolution of
at least 300 pixels per inch (raster files, consisting of pixels) or
(ii) Illustrator-compatible EPS files with RGB color elements
(vector files, consisting of lines, fonts, fills, and images). CMYK
files are also accepted. Other than in color space, CMYK files
must meet the same production criteria as RGB files. The RGB
color space is the native color space of computer monitors and
of most of the equipment and software used to capture scien-
tific data, and it can display a wider range of colors (especially
bright fluorescent hues) than the CMYK (cyan, magenta, yel-
low, black) color space used by print devices that put ink (or
toner) on paper. For the print version (and reprints), ASM’s
print provider will automatically create CMYK versions of
color illustrations from the supplied RGB versions. Color in
the print journal may not match that in the online journal of
record because of the smaller range of colors capable of being
reproduced by CMYK inks on a printing press. For additional
information on RGB versus CMYK color, refer to the Cadmus
digital art site, http://art.cadmus.com/da/guidelines_rgb.jsp.

Drawings

Submit graphs, charts, complicated chemical or mathematical
formulas, diagrams, and other drawings as finished products
not requiring additional artwork or typesetting. All elements,
including letters, numbers, and symbols, must be easily read-
able, and both axes of a graph must be labeled. Keep in mind
that the journal is published both in print and online and that
the same electronic files submitted by the authors are used to
produce both.

When creating line art, please use the following guidelines:

(i) All art must be submitted at its intended publication
size. For acceptable dimensions, see “Size,” above.

(ii) Avoid using screens (i.e., shading) in line art. It can be
difficult and time-consuming to reproduce these images with-
out moiré patterns. Various pattern backgrounds are prefera-
ble to screens as long as the patterns are not imported from
another application. If you must use images containing
screens,

(a) Generate the image at line screens of 85 lines per inch
or less.
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(b) When applying multiple shades of gray, differentiate
the gray levels by at least 20%.

(c) Never use levels of gray below 5% or above 95%, as
they are likely to fade out or become totally black when
output.

(iii) Use thick, solid lines that are no finer than 1 point in
thickness.

(iv) No type should be smaller than 6 points at the final
publication size.

(v) Avoid layering type directly over shaded or textured ar-
eas.

(vi) Avoid the use of reversed type (white lettering on a black
background).

(vii) Avoid heavy letters, which tend to close up, and un-
usual symbols, which the printer may not be able to reproduce
in the legend.

(viii) If colors are used, avoid using similar shades of the
same color and avoid very light colors.

In figure ordinate and abscissa scales (as well as table column
headings), avoid the ambiguous use of numbers with expo-
nents. Usually, it is preferable to use the appropriate Système
International d’Unités (SI) symbols (! for 10"6, m for 10"3, k
for 103, and M for 106, etc.). Thus, a representation of 20,000
cpm on a figure ordinate should be made by the number 20
accompanied by the label kcpm. A complete listing of SI sym-
bols can be found in the International Union of Pure and Ap-
plied Chemistry (IUPAC) publication Quantities, Units and
Symbols in Physical Chemistry (RSC Publishing, Cambridge,
United Kingdom, 2007); an abbreviated list is available at http:
//old.iupac.org/reports/1993/homann/index.html.

When powers of 10 must be used, the journal requires that
the exponent power be associated with the number shown. In
representing 20,000 cells per ml, the numeral of the ordinate
should be “2” and the label should be “104 cells per ml” (not
“cells per ml # 10"4”). Likewise, an enzyme activity of 0.06
U/ml might be shown as 6 accompanied by the label 10"2

U/ml. The preferred designation is 60 mU/ml (milliunits per
milliliter).

Presentation of Nucleic Acid Sequences

Long nucleic acid sequences must be presented as figures in the
following format to conserve space. Print the sequence in lines
of approximately 100 to 120 nucleotides in a nonproportional
(monospace) font that is easily legible when published with a
line length of 6 inches (ca. 15.2 cm). If possible, lines of nucleic
acid sequence should be further subdivided into blocks of 10 or
20 nucleotides by spaces within the sequence or by marks
above it. Uppercase and lowercase letters may be used to des-
ignate the exon-intron structure or transcribed regions, etc., if
the lowercase letters remain legible at a 6-inch (ca. 15.2-cm)
line length. Number the sequence line by line; place numerals

representing the first base of each line to the left of the lines.
Minimize spacing between lines of sequence, leaving room
only for annotation of the sequence. Annotation may include
boldface, underlining, brackets, and boxes, etc. Encoded
amino acid sequences may be presented, if necessary, immedi-
ately above or below the first nucleotide of each codon, by
using the single-letter amino acid symbols. Comparisons of
multiple nucleic acid sequences should conform as nearly as
possible to the same format.

Figure Legends

On initial submission, to assist review, the legend should be
incorporated in the image file and appear beneath the figure.
At the modification stage, figure legends must instead appear
in the manuscript text file.

Legends should provide enough information so that the fig-
ure is understandable without frequent reference to the text.
However, detailed experimental methods must be described in
the Materials and Methods section, not in a figure legend. A
method that is unique to one of several experiments may be
reported in a legend only if the discussion is very brief (one or
two sentences). Define all symbols used in the figure and define
all abbreviations that are not used in the text.

Tables

Tables that contain artwork, chemical structures, or shading
must be submitted as illustrations in an acceptable format at
the modification stage. The preferred format for regular tables
is Microsoft Word; however, WordPerfect and Acrobat PDF
are also acceptable. Note that a straight Excel file is not cur-
rently an acceptable format. Excel files must be either embed-
ded in a Word or WordPerfect document or converted to PDF
before being uploaded.

Tables should be formatted as follows. Arrange the data so
that columns of like material read down, not across. The
headings should be sufficiently clear so that the meaning of the
data is understandable without reference to the text. See the
“Abbreviations” section of these Instructions for those that
should be used in tables. Explanatory footnotes are acceptable,
but more-extensive table “legends” are not. Footnotes should
not include detailed descriptions of the experiment. Tables
must include enough information to warrant table format;
those with fewer than six pieces of data will be incorporated
into the text by the copy editor. Table 1 is an example of a
well-constructed table.

NOMENCLATURE

Chemical and Biochemical Nomenclature

The recognized authority for the names of chemical com-
pounds is Chemical Abstracts (CAS; http://www.cas.org/) and
its indexes. The Merck Index, 14th ed. (Merck & Co., Inc.,
Whitehouse Station, NJ, 2006), is also an excellent source. For
biochemical terminology, including abbreviations and symbols,
consult Biochemical Nomenclature and Related Documents
(Portland Press, London, United Kingdom, 1992), available at
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http://www.chem.qmul.ac.uk/iupac/bibliog/white.html, and
the instructions to authors of the Journal of Biological Chemis-
try and the Archives of Biochemistry and Biophysics.

Do not express molecular weight in daltons; molecular
weight is a unitless ratio. Molecular mass is expressed in dal-
tons.

For enzymes, use the recommended (trivial) name assigned
by the Nomenclature Committee of the International Union of
Biochemistry (IUB) as described in Enzyme Nomenclature (Ac-
ademic Press, Inc., New York, NY, 1992) and at http://www
.chem.qmul.ac.uk/iubmb/enzyme/. If a nonrecommended
name is used, place the proper (trivial) name in parentheses at
first use in the abstract and text. Use the EC number when one
has been assigned. Authors of papers describing enzymological
studies should review the standards of the STRENDA Commis-
sion for information required for adequate description of experi-
mental conditions and for reporting enzyme activity data (http:
//www.beilstein-institut.de/en/projekte/strenda/guidelines/).

For nomenclature of restriction enzymes, DNA methyl-
transferases, homing endonucleases, and their genes, refer to
the article by Roberts et al. (Nucleic Acids Res. 31:1805–1812,
2003).

Drugs

Whenever possible, use generic names of drugs; the use of trade
names is not permitted.

Nomenclature of Microorganisms

Binary names, consisting of a generic name and a specific epi-
thet (e.g., Escherichia coli), must be used for all microorgan-
isms. Names of categories at or above the genus level may be
used alone, but specific and subspecific epithets may not. A
specific epithet must be preceded by a generic name, written
out in full the first time it is used in a paper. Thereafter, the
generic name should be abbreviated to the initial capital letter
(e.g., E. coli), provided there can be no confusion with other
genera used in the paper. Names of all taxa (kingdoms, phyla,
classes, orders, families, genera, species, and subspecies) are
printed in italics and should be italicized in the manuscript;
strain designations and numbers are not. Vernacular (com-

mon) names should be in lowercase roman type (e.g., strepto-
coccus, brucella). For Salmonella, genus, species, and subspe-
cies names should be rendered in standard form: Salmonella
enterica at first use, S. enterica thereafter; Salmonella enterica
subsp. arizonae at first use, S. enterica subsp. arizonae thereaf-
ter. Names of serovars should be in roman type with the first
letter capitalized: Salmonella enterica serovar Typhimurium.
After the first use, the serovar may also be given without a
species name: Salmonella Typhimurium, S. Typhimurium, or
Salmonella serovar Typhimurium. For other information re-
garding serovar designations, see Antigenic Formulae of the Sal-
monella Serovars, 9th ed. (P. A. D. Grimont and F.-X. Weill,
WHO Collaborating Centre for Reference and Research on
Salmonella, Institut Pasteur, Paris, France, 2007; see http:
//www.pasteur.fr/ip/portal/action/WebdriveActionEvent/oid/
01s-000036-089). For a summary of the current standards for
Salmonella nomenclature and the Kaufmann-White criteria,
see the article by Brenner et al. (J. Clin. Microbiol. 38:2465–
2467, 2000), the opinion of the Judicial Commission of the
International Committee on Systematics of Prokaryotes (Int. J.
Syst. Evol. Microbiol. 55:519 –520, 2005), and the article by
Tindall et al. (Int. J. Syst. Evol. Microbiol. 55:521–524, 2005).

The spelling of bacterial names should follow the Approved
Lists of Bacterial Names (Amended) & Index of the Bacterial and
Yeast Nomenclatural Changes (V. B. D. Skerman et al., ed.,
American Society for Microbiology, Washington, DC, 1989) and
the validation lists and notification lists published in the
International Journal of Systematic and Evolutionary Micro-
biology (formerly the International Journal of Systematic Bacte-
riology) since January 1989. In addition, two sites on the World
Wide Web list current approved bacterial names: Bacterial No-
menclature Up-to-Date (http://www.dsmz.de/bacterial-diversity
/prokaryotic-nomenclature-up-to-date.html) and List of Pro-
karyotic Names with Standing in Nomenclature (http://www
.bacterio.cict.fr/). If there is reason to use a name that does not
have standing in nomenclature, the name should be enclosed
in quotation marks in the title and at its first use in the abstract
and the text and an appropriate statement concerning the no-
menclatural status of the name should be made in the text.
“Candidatus” species should always be set in quotation marks.

For guidelines regarding new names and descriptions of new
genera and species, see the articles by Tindall (Int. J. Syst. Bac-
teriol. 49:1309 –1312, 1999) and Stackebrandt et al. (Int. J. Syst.
Evol. Microbiol. 52:1043–1047, 2002). To validate new names
and/or combinations, authors must submit three copies of
their published article to the International Journal of Systematic
and Evolutionary Microbiology.

It is recommended that a strain be deposited in at least two
recognized culture collections in different countries when that
strain is necessary for the description of a new taxon (Int. J.
Syst. Evol. Microbiol. 50:2239 –2244, 2000).

Since the classification of fungi is not complete, it is the
responsibility of the author to determine the accepted bino-
mial for a given organism. Sources for these names include The
Yeasts: a Taxonomic Study, 5th ed. (C. P. Kurtzman, J. W. Fell,
and T. Boekhout, ed., Elsevier Science, Amsterdam, Nether-
lands, 2011), and Dictionary of the Fungi, 10th ed. (P. M. Kirk,
P. F. Cannon, D. W. Minter, and J. A. Stalpers, ed., CABI In-
ternational, Wallingford, Oxfordshire, United Kingdom,

TABLE 1 Correlation between detection of V-Z viral antibody by
neutralization and detection by EIA and IAHAa

Assay and
antibody
result

No. of samples that were
V-Z virus-neutralizing
antibody

Correlation
(%)Positiveb Negative

EIA
Positive 50 4

94
Negative 3 64

IAHA
Positivec 37 0

87
Negative 16 68

a Sera from individuals without evidence of a current V-Z virus infection.
b Titer of !1:4.
c Titer of !1:8.
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2008); see also http://www.speciesfungorum.org/Names
/Fundic.asp.

Names used for viruses should be those approved by the
International Committee on Taxonomy of Viruses (ICTV)
and reported on the ICTV Virus Taxonomy website (http:
//www.ictvonline.org/index.asp). In addition, the recommen-
dations of the ICTV regarding the use of species names should
generally be followed: when the entire species is discussed as a
taxonomic entity, the species name, as with other taxa, is italic
and has the first letter and any proper nouns capitalized (e.g.,
Tobacco mosaic virus, Murray Valley encephalitis virus). When
the behavior or manipulation of individual viruses is dis-
cussed, the vernacular (e.g., tobacco mosaic virus, Murray Val-
ley encephalitis virus) should be used. If desired, synonyms
may be added parenthetically when the name is first men-
tioned. Approved generic (or group) and family names may
also be used.

Microorganisms, viruses, and plasmids should be given des-
ignations consisting of letters and serial numbers. It is gener-
ally advisable to include a worker’s initials or a descriptive sym-
bol of locale or laboratory, etc., in the designation. Each new
strain, mutant, isolate, or derivative should be given a new
(serial) designation. This designation should be distinct from
those of the genotype and phenotype, and italicized genotypic
and phenotypic symbols should not be included. Plasmids are
named with a lowercase “p” followed by the designation in
uppercase letters and numbers. To avoid the use of the same
designation as that of a widely used strain or plasmid, check the
designation against a publication database such as Medline.

Genetic Nomenclature

To facilitate accurate communication, it is important that stan-
dard genetic nomenclature be used whenever possible and that
deviations or proposals for new naming systems be endorsed
by an appropriate authoritative body. Review and/or publi-
cation of submitted manuscripts that contain new or nonstan-
dard nomenclature may be delayed by the editor or the Jour-
nals Department so that they may be reviewed.

Bacteria. The genetic properties of bacteria are described in
terms of phenotypes and genotypes. The phenotype describes
the observable properties of an organism. The genotype refers
to the genetic constitution of an organism, usually in reference
to some standard wild type. Use the recommendations of De-
merec et al. (Genetics 54:61– 64, 1966) as a guide to the use of
these terms. If your manuscript contains information includ-
ing genetic nomenclature, please refer to the Instructions to
Authors of the Journal of Bacteriology.

“Mutant” versus “mutation.” Keep in mind the distinc-
tion between a mutation (an alteration of the primary se-
quence of the genetic material) and a mutant (a strain carrying
one or more mutations). One may speak about the mapping of
a mutation, but one cannot map a mutant. Likewise, a mutant
has no genetic locus, only a phenotype.

“Homology” versus “similarity.” For use of terms that de-
scribe relationships between genes, consult the articles by

Theissen (Nature 415:741, 2002) and Fitch (Trends Genet. 16:
227–231, 2000). “Homology” implies a relationship between
genes that have a common evolutionary origin; partial homol-
ogy is not recognized. When sequence comparisons are dis-
cussed, it is more appropriate to use the term “percent se-
quence similarity” or “percent sequence identity,” as
appropriate.

Tetracycline resistance determinants. The nomenclature
for tetracycline resistance determinants is based on the pro-
posal of Levy et al. (Antimicrob. Agents Chemother. 43:1523–
1524, 1999). The style for such determinants is, e.g., Tet B; the
space helps distinguish the determinant designation from that
for phenotypes and proteins (TetB). The above-referenced ar-
ticle also gives the correct format for genes, proteins, and de-
terminants in this family.

Locus tags. Locus tags are systematic, unique identifiers
that are assigned to each gene in GenBank. All genes men-
tioned in a manuscript should be traceable to their sequences
by the reader, and locus tags may be used for this purpose in
manuscripts to identify uncharacterized genes. In addition,
authors should check GenBank to make sure that they are us-
ing the correct, up-to-date format for locus tags (e.g., upper-
case versus lowercase letters and the presence or absence of an
underscore, etc.). Locus tag formats vary between different or-
ganisms and also may be updated for a given organism, so it is
important to check GenBank at the time of manuscript prep-
aration.

Viruses. The genetic nomenclature for viruses differs from
that for bacteria. In most instances, viruses have no phenotype,
since they have no metabolism outside host cells. Therefore,
distinctions between phenotype and genotype cannot be made.
Superscripts are used to indicate hybrid genomes. Genetic
symbols may be one, two, or three letters.

Eukaryotes. FlyBase (http://flybase.org/) is the genetic no-
menclature authority for Drosophila melanogaster. WormBase
(http://wormbase.org/#01-23-6) is the genetic nomenclature
authority for Caenorhabditis elegans. When naming genes for
Aspergillus species, the nomenclature guidelines posted at
http://www.aspergillus.org.uk/indexhome.htm?secure/seq
uence_info/nomenclature.htm should be followed, and the
Aspergillus Genome Database (http://www.aspgd.org/) should
be searched to ensure that any new name is not already in
use. The Saccharomyces Genome Database (http://www
.yeastgenome.org/) and the Candida Genome Database http:
//www.candidagenome.org/) are authorities for Saccharomyces
cerevisiae and Candida albicans genetic nomenclature, respec-
tively. For more information about the genetic nomenclature
of eukaryotes, see the Instructions to Authors for Eukaryotic
Cell and Molecular and Cellular Biology.

ABBREVIATIONS AND CONVENTIONS

Verb Tense

ASM strongly recommends that for clarity you use the past tense
to narrate particular events in the past, including the procedures,
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observations, and data of the study that you are reporting. Use
the present tense for your own general conclusions, the con-
clusions of previous researchers, and generally accepted facts.
Thus, most of the abstract, Materials and Methods, and Results
will be in the past tense, and most of the introduction and some
of the Discussion will be in the present tense.

Be aware that it may be necessary to vary the tense in a single
sentence. For example, it is correct to say “White (30) demon-
strated that XYZ cells grow at pH 6.8,” “Figure 2 shows that
ABC cells failed to grow at room temperature,” and “Air was
removed from the chamber and the mice died, which proves
that mice require air.” In reporting statistics and calculations, it
is correct to say “The values for the ABC cells are statistically
significant, indicating that the drug inhibited . . .”

For an in-depth discussion of tense in scientific writing, see
How To Write and Publish a Scientific Paper, 7th ed.

Abbreviations

General. Abbreviations should be used as an aid to the reader,
rather than as a convenience for the author, and therefore their
use should be limited. Abbreviations other than those recom-
mended by the IUPAC-IUB (Biochemical Nomenclature and
Related Documents, 1992) should be used only when a case can
be made for necessity, such as in tables and figures.

It is often possible to use pronouns or to paraphrase a long
word after its first use (e.g., “the drug” or “the substrate”).
Standard chemical symbols and trivial names or their symbols
(folate, Ala, and Leu, etc.) may also be used.

Define each abbreviation and introduce it in parentheses the
first time it is used; e.g., “Cultures were grown in Eagle minimal
essential medium (MEM).” Generally, eliminate abbreviations
that are not used at least three times in the text (including
tables and figure legends).

Not requiring introduction. In addition to abbreviations
for Système International d’Unités (SI) units of measurement,
other common units (e.g., bp, kb, and Da), and chemical sym-
bols for the elements, the following should be used without
definition in the title, abstract, text, figure legends, and tables:
DNA (deoxyribonucleic acid); cDNA (complementary DNA);
RNA (ribonucleic acid); cRNA (complementary RNA); RNase
(ribonuclease); DNase (deoxyribonuclease); rRNA (ribosomal
RNA); mRNA (messenger RNA); tRNA (transfer RNA); AMP,
ADP, ATP, dAMP, ddATP, and GTP, etc. (for the respective 5!
phosphates of adenosine and other nucleosides) (add 2!-, 3!-,
or 5!- when needed for contrast); ATPase and dGTPase, etc.
(adenosine triphosphatase and deoxyguanosine triphospha-
tase, etc.); NAD (nicotinamide adenine dinucleotide); NAD"

(nicotinamide adenine dinucleotide, oxidized); NADH (nico-
tinamide adenine dinucleotide, reduced); NADP (nicotin-
amide adenine dinucleotide phosphate); NADPH (nicotin-
amide adenine dinucleotide phosphate, reduced); NADP"

(nicotinamide adenine dinucleotide phosphate, oxidized);
poly(A) and poly(dT), etc. (polyadenylic acid and polyde-
oxythymidylic acid, etc.); oligo(dT), etc. (oligodeoxythymi-
dylic acid, etc.); UV (ultraviolet); PFU (plaque-forming units);
CFU (colony-forming units); MIC (minimal inhibitory con-
centration); Tris [tris(hydroxymethyl)aminomethane]; DEAE

(diethylaminoethyl); EDTA (ethylenediaminetetraacetic acid);
EGTA [ethylene glycol-bis(#-aminoethyl ether)-N,N,N!,N!-
tetraacetic acid]; HEPES (N-2-hydroxyethylpiperazine-N!-2-
ethanesulfonic acid); PCR (polymerase chain reaction); and
AIDS (acquired immunodeficiency syndrome). Abbreviations
for cell lines (e.g., HeLa) also need not be defined.

The following abbreviations should be used without defini-
tion in tables:

amt (amount)
approx (approximately)
avg (average)
concn (concentration)
diam (diameter)
expt (experiment)
exptl (experimental)
ht (height)
mo (month)
mol wt (molecular weight)
no. (number)
prepn (preparation)
SD (standard deviation)

SE (standard error)
SEM (standard error of the

mean)
sp act (specific activity)
sp gr (specific gravity)
temp (temperature)
tr (trace)
vol (volume)
vs (versus)
wk (week)
wt (weight)
yr (year)

Drugs. Should an author decide to abbreviate the names of
antimicrobial agents in a manuscript, the following standard
abbreviations are strongly recommended.

Antibacterial agents. Amikacin, AMK; amoxicillin, AMX;
amoxicillin-clavulanic acid, AMC; ampicillin, AMP; ampicillin-
sulbactam, SAM; azithromycin, AZM; azlocillin, AZL; aztreo-
nam, ATM; carbenicillin, CAR; cefaclor, CEC; cefadroxil, CFR;
cefamandole, FAM; cefazolin, CFZ; cefdinir, CDR; cefditoren,
CDN; cefepime, FEP; cefetamet, FET; cefixime, CFM; cefmeta-
zole, CMZ; cefonicid, CID; cefoperazone, CFP; cefotaxime,
CTX; cefotetan, CTT; cefoxitin, FOX; cefpodoxime, CPD; cef-
prozil, CPR; ceftazidime, CAZ; ceftibuten, CTB; ceftizoxime,
ZOX; ceftriaxone, CRO; cefuroxime (axetil) and cefuroxime
(sodium), CXM; cephalexin, LEX; cephalothin, CEF; cephapi-
rin, HAP; cephradine, RAD; chloramphenicol, CHL; cinoxa-
cin, CIN; ciprofloxacin, CIP; clarithromycin, CLR; clinafloxa-
cin, CLX; clindamycin, CLI; daptomycin, DAP; dicloxacillin,
DCX; dirithromycin, DTM; doxycycline, DOX; enoxacin,
ENX; erythromycin, ERY; fleroxacin, FLE; fosfomycin, FOF;
gatifloxacin, GAT; gentamicin, GEN; grepafloxacin, GRX; imi-
penem, IPM; kanamycin, KAN; levofloxacin, LVX; linezolid,
LZD; lomefloxacin, LOM; loracarbef, LOR; meropenem,
MEM; methicillin, MET; mezlocillin, MEZ; minocycline,
MIN; moxalactam, MOX; moxifloxacin, MXF; nafcillin, NAF;
nalidixic acid, NAL; netilmicin, NET; nitrofurantoin, NIT;
norfloxacin, NOR; ofloxacin, OFX; oxacillin, OXA; penicillin,
PEN; piperacillin, PIP; piperacillin-tazobactam, TZP; quinu-
pristin-dalfopristin (Synercid), Q-D; rifabutin, RFB; rifampin,
RIF; rifapentine, RFP; sparfloxacin, SPX; spectinomycin, SPT;
streptomycin, STR; teicoplanin, TEC; telithromycin, TEL; tet-
racycline, TET; ticarcillin, TIC; ticarcillin-clavulanic acid,
TIM; tobramycin, TOB; trimethoprim, TMP; trimethoprim-
sulfamethoxazole, SXT; trovafloxacin, TVA; and vancomycin,
VAN.

!-Lactamase inhibitors. Clavulanic acid, CLA; sulbactam,
SUL; and tazobactam, TZB.
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Antifungal agents. Amphotericin B, AMB; clotrimazole,
CLT; flucytosine, 5FC; fluconazole, FLC; itraconazole, ITC;
ketoconazole, KTC; nystatin, NYT; terbinafine, TRB; and vori-
conazole, VRC.

Antiviral agents. Acyclovir, ACV; cidofovir, CDV; famci-
clovir, FCV; foscarnet, FOS; ganciclovir, GCV; penciclovir,
PCV; valacyclovir, VCV; and zidovudine, AZT.

Reporting Numerical Data

Standard metric units are used for reporting length, weight, and
volume. For these units and for molarity, use the prefixes m, !, n,
and p for 10"3, 10"6, 10"9, and 10"12, respectively. Likewise,
use the prefix k for 103. Avoid compound prefixes such as m!
or !!. Use !g/ml or !g/g in place of the ambiguous ppm.
Units of temperature are presented as follows: 37°C or 324 K.

When fractions are used to express units such as enzymatic
activities, it is preferable to use whole units, such as “g” or
“min,” in the denominator instead of fractional or multiple
units, such as !g or 10 min. For example, “pmol/min” is pref-
erable to “nmol/10 min,” and “!mol/g” is preferable to “nmol/
!g.” It is also preferable that an unambiguous form, such as
exponential notation, be used; for example, “!mol g"1 min"1”
is preferable to “!mol/g/min.” Always report numerical data
in the appropriate SI units.

Representation of data as accurate to more than two signif-
icant figures must be justified by presentation of appropriate
statistical analyses.

For a review of some common errors associated with statistical
analyses and reports, plus guidelines on how to avoid them, see
the article by Olsen (Infect. Immun. 71:6689–6692, 2003).

For a review of basic statistical considerations for virology
experiments, see the article by Richardson and Overbaugh
(J. Virol. 79:669 – 676, 2005).

Statistics

Statistical analysis of data is a crucial component of scientific
publication. Authors who are unsure of proper statistical anal-
ysis should have their manuscripts checked by a qualified stat-
istician.

The following is a list of important items that must be con-
sidered before manuscript submission. Deficiencies in any of
these areas may delay review and/or publication.

(i) Statistical analyses were performed on all quantitative
data regardless of how significant the differences look in the
tables or figures.

(ii) Data were appropriately analyzed as parametric (nor-
mally distributed) or nonparametric data.

(iii) Parametric and nonparametric data are presented ap-
propriately. Means and standard deviations or standard errors
are appropriate means of presenting data analyzed by paramet-
ric analyses (i.e., t test and analysis of variance [ANOVA]), but
only medians and surrounding levels (quartiles, quintiles, and
10th and 90th percentiles, etc.) are appropriate for nonpara-
metric statistics (Mann-Whitney test and Kruskal-Wallis test,
etc.). Means have no meaning in nonparametric analyses.

(iv) For any data in which there are more than two compar-
isons (i.e., between one control and more than one experimen-
tal group), an analysis must be done for multigroup compari-

sons. Such an analysis would usually be an ANOVA for
parametric data or a Kruskal-Wallis test for nonparametric
data. t tests cannot be used when more than two groups are
being compared (except as indicated below). Failure to use
multigroup tests generates type 1 errors: concluding that two
data sets within the overall data set being compared are differ-
ent when in fact they are not. Exception: some statisticians
argue that two-group comparisons can be used on multigroup
data if the expected outcomes are appropriately anticipated
before the experiment. For example, data generated by individ-
ually testing two unrelated factors for their effects on a target
with only a single, untreated target as a control could be ap-
propriately analyzed by t tests instead of ANOVA.

(v) For all appropriate multigroup comparisons, two P val-
ues must be generated and provided in the manuscript. The
main P value applies to the overall data set and indicates that
within that data set at least two groups differ from each other.
The overall P value does not indicate which two groups are
different. The main P value and the overall P value should be
computed by using a post hoc test. For ANOVA, these post hoc
tests are usually Dunnett’s test (used to compare multiple
experimental groups to a single control), the Fisher protected
least significant difference (PLSD) test, the Tukey-Kramer test,
and the Games-Howell test. Others may be used. Note that
each post hoc test has certain underlying assumptions that may
not be applicable to the data under analysis. For a Kruskal-
Wallis nonparametric ANOVA, the Dunn procedure is appro-
priate to generate P values for two-group comparisons.

(vi) Data presented as endpoints (i.e., LD50 and ID50, etc.)
contain both the calculated value and a confidence interval
with a statistical significance associated with it (95%, 99%, or
similar confidence interval), calculated by logit or probit anal-
ysis. Simple LD50 values, such as Reed-Muench calculations,
may not be used alone.

(vii) When samples are taken multiple times from one ex-
perimental entity (i.e., multiple serum samples from one ani-
mal, gross pathology scores measured for the same animal over
time or growth curves, etc.), one cannot use analyses such as t
tests, ANOVA, or the Mann-Whitney test, etc., because these
tests assume that each measure is independent. An entity with
a high score on day 1 is more likely to have a high score on day
2 than is an entity with a low score. It is likely that some expert
statistical help will be needed for these situations, usually in-
volving regression analysis or survival analysis, etc.

(viii) Statistical significance and biological significance are
not the same. There is nothing magical about a P value of 0.05.
When results from large sample sizes are compared, a P value
of #0.05 will often be obtained, as P value is a function of both
sample size and effect size. If sample sizes are large, then more-
rigorous (i.e., smaller) P values may be desirable. If sample
sizes are small, P values of $0.05 may still be important. There
should be both statistical and biological significance to the re-
sults and conclusions in the manuscript.

For a review of some common errors associated with statis-
tical analyses and reports, plus guidelines on how to avoid them,
see the article by Olsen (Infect. Immun. 71:6689–6692, 2003).

For a review of basic statistical considerations for virology
experiments, see the article by Richardson and Overbaugh
(J. Virol. 79:669 – 676, 2005).

Instructions to Authors

20 August 2013, Instructions to Authors Journal of Clinical Microbiology jcm.asm.org



	 57	

	
	
	
	
	
	
	

Isotopically Labeled Compounds
For simple molecules, labeling is indicated in the chemical for-
mula (e.g., 14CO2, 3H2O, and H2

35SO4). Brackets are not used
when the isotopic symbol is attached to the name of a com-
pound that in its natural state does not contain the element
(e.g., 32S-ATP) or to a word that is not a specific chemical name
(e.g., 131I-labeled protein, 14C-amino acids, and 3H-ligands).

For specific chemicals, the symbol for the isotope intro-

duced is placed in square brackets directly preceding the part of
the name that describes the labeled entity. Note that configu-
ration symbols and modifiers precede the isotopic symbol. The
following examples illustrate correct usage:

[14C]urea
L-[methyl-14C]methionine
[2,3-3H]serine
[!-14C]lysine

UDP-[U-14C]glucose
E. coli [32P]DNA
fructose 1,6-[1-32P]bisphosphate
["-32P]ATP
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RESUMO 
 
Estudos prévios têm mostrado que as culturas do fluido de sonicação de implantes 

ortopédicos, tipo próteses articulares, melhoram o diagnóstico microbiológico das 

infecções associadas a implantes ortopédicos; entretanto, poucos destes estudos 

investigaram a aplicação da sonicação no diagnósticos microbiológicos das 

infecções associadas a implantes ortopédicos, tipo osteossíntese, dispositivos 

usados na fixação de fraturas. Nós comparamos as culturas do fluido de sonicação 

com as culturas de tecido peri-implante de 180 indivíduos com diferentes tipos e 

tamanhos de placas e parafusos (n= 156), implantes de coluna (n= 26), e hastes 

intramedulares (n= 3), dos quais 125 indivíduos tinham diagnóstico de infecção 

associada a osteossíntese (IAO) e 55 indivíduos sem infecção associada a implante 

ortopédico. A sensibilidade da cultura do fluido de sonicação foi de 90,4% e de 

56,8% para a cultura de tecido peri-implante convencionais (P <  0.05), e a 

especificidade foi de 90,9% e 96,4%, respectivamente. As culturas do fluido de 

sonicação detectaram mais micro-organismos que as culturas de tecido peri-

implante (113 versus 71; P < 0.001), além das infecções polimicrobianas, que foram 

diagnosticadas pelas culturas do fluido de sonicação em 20,8% dos casos e as 

culturas de tecido convencionais em apenas 8% (P < 0.001). O diagnóstico 

microbiológico foi alcançado exclusivamente pelas culturas do fluido de sonicação 

em 47 (37,6%) indivíduos, e entre eles, 18 (38,3%) tinham feito uso prévio de 

antibióticos (em até 14 dias antes da cirurgia da retirada do material de síntese), 

enquanto que em cinco (9,6%) dos indivíduos com infecção  as culturas de tecido 

convencionais foram positivas e as culturas do fluido de sonicação forma negativas. 

Entre 39 (31,2%) dos casos de IAOs que receberam antibióticos, a identificação dos 

microrganismos ocorreram em 38,5% e 82,1% das culturas de tecido convencionais 

e das culturas do fluido de sonicação, respectivamente (P < 0.049). Nós 

demostramos que a cultura do fluido de sonicação das osteossínteses removidas 

tem potencial de melhorar o diagnóstico microbiológico das IAOs.  
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ABSTRACT 
 
Previous studies have shown that sonication fluid cultures from removed orthopedic 

devices improved the microbiological diagnosis of orthopedic implant-associated 

infections; however, few of these investigations have applied sonication to the 

removed fracture fixation devices to evaluate its utility for the diagnosis of 

osteosynthesis-associated infection (OAI). We compared sonication fluid to 

conventional tissue cultures from 180 subjects with different sizes of plates and 

screws (n= 156), spinal implants (n= 26), and intramedullary nails (n= 3), of whom 

125 and 55 subjects had OAI and noninfected osteosynthesis (NIO), respectively. 

The sensitivity for detecting OAI was 90.4% for sonication fluid culture and 56.8% for 

periprosthetic tissue cultures (P < 0.05), and the specificities were 90.9% and 96.4%, 

respectively. Sonication fluid culture detected more pathogens than peri-implant 

tissue culture (113 versus 71; P < 0.001), while polymicrobial infections were 

diagnosed by sonication fluid cultures and tissue cultures in 20.8% and 8% (P < 

0.001), respectively. Microbiological diagnosis was achieved exclusively by 

sonication fluid cultures for 47 (37.6%) subjects, and among them, 18 (38.3%) had 

previously received antibiotics, whereas in five (9.6%) infected subjects, tissue 

culture was positive and the sonication fluid culture was negative. Among 39 (31.2%) 

OAI cases receiving antibiotics, the identification of the organisms occurred in 38.5% 

and 82.1% of the tissue and sonication fluid cultures, respectively (P < 0.049). We 

demonstrated that sonication fluid culture from removed osteosyntheses has the 

potential for improving the microbiological diagnosis of OAI.  

 
	


