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RESUMO 

 

Identificação e caracterização genotípica e fenotípica de Arcobacter spp. isolados em 

queijo minas frescal e leite bovino cru 

 

Arcobacter é considerado um patógeno emergente de origem alimentar; associado a 

gastroenterites, diarréia persistente e bacteremia em humanos. Em animais pode provocar 

aborto, infertilidade e diarréia. O isolamento a partir de animais assintomáticos também é 

frequente, acreditando-se que possam ser seu reservatório natural. Alimentos de origem animal 

provavelmente são a principal rota de transmissão para humanos. Estudos realizados em 

pacientes com gastroenterite indicam que Arcobacter está na quarta posição dos patógeno com 

maior número de isolado, tendo sido reportado em diferentes países. Atualmente, no Brasil há 

uma grande ocorrência de doenças gastrointestinais sem identificação do agente etiológico. O 

isolamento de Arcobacter em queijo Minas frescal e leite bovino cru no estado de São Paulo, 

Brasil, identificou a ocorrência de um gênero anteriormente ignorado ou desconhecido. Neste 

trabalho, foram analisadas 98 amostras de queijo Minas frescal e 103 amostras de leite bovino 

cru, mostrando uma ocorrência de 10.2% e 16.5% respectivamente, todos os isolados foram 

identificados como A. butzleri, a presença de Arcobacter foi correlacionada com a umidade do 

queijo e com os coliformes totais e a contagem total de mesofilos no leite. Posteriormente, 36 

cepas de A. butzleri, foram analisadas quanto à virulência, resistência aos antibióticos e a 

formação de biofilmes em microplaca. Finalmente, em oito destes isolados foi avaliada a 

formação de biofilmes sobre diferentes superfícies de contato comumente utilizadas em 

laticínios e a influência de outros fatores na produção de biofilmes de A. butzleri. Observou-se 

alta diversidade genotípica, sensibilidade aos antibióticos Ciproploxacino, eritromicina e 

azitromicina. As cepas provenientes de leite cru foram as que apresentaram maior formação de 

biofilmes. A superfície de contato com maior adesão celular foi o aço inoxidável, utilizando 

Mueller Hinton como caldo de cultivo. Com a informação aqui obtida sobre os isolados de 

Arcobacter permite-se o desenvolvimento de estratégias mais eficientes para evitar a 

contaminação em alimentos prontos para o consumo como o queijo Minas frescal, verificar o 

tratamento térmico adequado, e verificar a limpeza e sanitização correta em tempos e aplicação 

de sanitizantes corretos. Pesquisas mais aprofundadas sobre a presença e atividade do gênero 

Arcobacter é necessária na cadeia completa de produtos lácteos, uma vez que o mesmo tem 

sido identificado com frequência nesses alimentos. 

 

Palavras-chave: Patógeno emergente, Produtos lácteos, Biofilmes, Genes de virulencia,  

Superfícies de contato 
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ABSTRACT 

 

Isolation, identification and genotypic and phenotypic characterization of  

Arcobacter spp. isolated from Minas frescal cheese and raw milk 

 

 

Arcobacter is considered an emerging foodborne pathogen which is associated 

with gastroenteritis, persistent diarrhea and bacteremia in humans. Similarly, in animals, 

it can cause abortion, infertility and diarrhea. Isolation of this pathogen from 

asymptomatic animals is also frequent as they are  natural reservoirs. Animal foods are 

probably the main route of transmission to humans. Studies carried out in different 

countries have indicated that patients with gastroenteritis caused by Arcobacter is the 

fourth most common isolate. Currently, in Brazil, there is a great occurrence of 

gastrointestinal diseases without identification of the etiologic agent. Arcobacter was 

isolated from Minas frescal cheese and raw bovine milk in São Paulo, Brazil In this work, 

98 samples of Minas frescal cheese and 103 samples of raw bovine milk were analyzed 

and data showed 10.2% and 16.5%  occurrence respectively. All isolates were identified 

as A. butzleri and the presence of Arcobacter was correlated with the moisture (cheese) 

and total coliforms and mesophilic bacteria counts (milk). Subsequently, 36 strains of A. 

butzleri were analyzed for virulence, resistance to antibiotics and the formation of 

biofilms. Then, the formation of biofilms in eight isolates was observed on different 

contact surfaces commonly used in dairy procesing plants. Finally, the influence of other 

factors on the production of A. butzleri biofilm was evaluated. High genotypic diversity, 

sensitivity to ciproploxacin antibiotics, erythromycin and azithromycin were observed. 

Strains from raw milk showed the highest biofilm formation ability. Stainless steel 

presented the  greatest cellular adhesion. With the information obtained about Arcobacter 

isolates, it is possible to develop better strategies to avoid contamination in ready-to-eat 

foods, such as Minas fresal cheese, and to provide valuable information on  proper heat 

treatment conditions, cleanliness and sanitation. Further research concerning the presence 

and activity of the Arcobacter genus is necessary in the whole dairy product chain.  

 

Keywords: Emerging pathogen, Dairy products, Biofilms, Virulence-associated genes, 

Contact surfacesse 

  



11 
 

 

  



 12 
 

INTRODUCTION 

Arcobacter is an emerging pathogen initially isolated in the 70s using semi-solid 

leptospira medium (Beran, 1994; Ellis, Neill, O’Brien, Ferguson, & Hanna, 1977; Ellis, Neill, 

O’Brien, & Hanna, 1978; Neill, Ellis, & O’Brien, 1979). Arcobacter was named Campylobacter 

cryaerophilus because of its small curved rod shape, which is very similar to Campylobacter 

(Neill, Campbell, O’Brien, Weatherup, & Ellis, 1985; Solnick & Vandamme, 2001). After more 

than 10 years, in 1991, successive biochemical tests were required to differentiate 

Campylobacter strains and form a new genus, the so-called Arcobacter (Vandamme & De Ley, 

1991; Vandamme et al., 1991, 1992). 

Arcobacter species are associated with diarrhea in cattle, mastitis, abortions, infertility, 

and in humans they are associated with gastroenteritis and enteritis (Vandamme & De Ley, 

1991; Vandamme et al., 1991, 1992). Four species are considered emerging foodborne 

pathogens: A. butzleri, A. cryaerophilus, A. skirrowii and A. cibarius (McGregor & Wright, 

2015; Sasi Jyothsna, Rahul, Ramaprasad, Sasikala, & Ramana, 2013). These species are also 

frequently isolated from asymptomatic animals, who are natural reservoirs.  

Through new generation sequencing, a high incidence of Arcobacter was observed in 

water samples (Collado & Figueras, 2011; Ghaju Shrestha et al., 2017). The International 

Commission on Microbiological Specifications for Foods (ICMSF) has considered A. butzleri 

an emerging pathogen because of its potential risk to human health. However, there are still few 

studies focusing on the pathogenicity of Arcobacter species (Cardoen et al., 2009). 

Thus, increasing efforts to ensure food safety come in response to the increasing number 

of problems associated with food consumption and consumer concerns. Foodborne diseases are 

responsible for economic and social losses and have become increasingly important in public 

health (WHO, 2015). In Brazil, 66.8% of foodborne diseases are not identified (UVHA/MS, 

2016), thus it is important to trace emerging pathogens, such as A. butzleri. Additionally, the 

lack of epidemiological data on Arcobacter spp. has implications for the control of the spread 

and treatment of possible health outcomes caused by this pathogen. 

The objective of the present investigation was to evaluate the occurrence of Arcobacter 

in Minas frescal cheese and raw milk, relating its presence with some physicochemical and 

microbiological characteristics. Isolates were identified by PCR, PCR-RLFP, sequencing of the 

16S rRNA and/or rpoB gene, genotypical characterization (ERIC-PCR, genes associated with 

virulence) and phenotypic characterization (resistance to antibiotics, biofilms formation on 

contact surfaces). 
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This investigation contributed with new information about an emerging pathogen still 

ignored in raw milk and dairy products. The data obtained will aid in the understanding of some 

factors that may be involved in the contamination of Minas frescal cheese. The generated data 

will provide insights on the presence of genes associated with resistance, resistance to 

antibiotics, and biofilm formation ability.  
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CHAPTER 1: LITERATURE REVIEW 

1.1. Arcobacter genus 

 Taxonomy 

Arcobacter and Campylobacter genera are closely related and are members of the 

Campylobacteraceae family. Waite et al. (2017)  proposed to create the Arcobacteraceae 

family. Helicobacter, which belongs to the Helicobacteraceae family, is closely related to the 

two families mentioned above. The Scientific classification of bacteria is described below. 

 

 

 

Figure 1. Taxonomy of Arcobacter spp. 

 

The genus Arcobacter has been created in 1991 from the subdivision of Campylobacter 

species into three large rRNA homology groups. One of these groups, composed of 

Campylobacter aerotolerant species,  the creation of a new genus composed of Arcobacter 

nitrofigilis and Arcobacter cryaerophilus (Vandamme et al., 1991). Since then, the number of 

species has progressively increased from six species in 2008 to more than twenty-four in 2019 

(http://www.bacterio.net/arcobacter.html). The species identified to date are presented in Table 

1. Most species described so far have been isolated from seafood, livestock, marine 

environments and sewage. Arcobacter species are aerotolerant and able to grow at low 

temperatures (15 °C). Only five species have been identified in humans: A. butzleri, A. 

cryaerophilus, A. thereius, A. skirrowii and Malacobacter (Arcobacter) mytili (Banting & 
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Figueras Salvat, 2017; Vasiljevic et al., 2019). From these species, A. butzleri and A. 

cryaerophilus are probably the most clinically significant ones (Banting and Figueras  2017). 

 

Table 1. List of Arcobacter species and their origin (continued) 

N° Arcobacter species First time isolated from Reference 

1. A. nitrofigilis Roots of Spartina alterniflora (McClung, Patriquin, & Davis, 1983) 

2. A. cryaerophilus Bovine abortus fetus (Neill et al., 1985) 

3. A. butzleri Human feces (Kiehlbauch et al., 1991) 

4. A. skirrowii Sheep feces (Vandamme et al., 1992) 

5. A. sulfidicus Coastal seawater (Wirsen et al., 2002) 

6. A. cibarius Chicken meat (Kurt Houf, De Zutter, Verbeke, Van 

Hoof, & Vandamme, 2003) 

7. A. halophilus Hypersaline lagoon (Donachie, Bowman, On, & Alam, 

2005) 

8. A. mytili  Mussels (Collado, Cleenwerck, Van Trappen, 

De Vos, & Figueras, 2009) 

9. A. thereius  Porcine abortion (K Houf et al., 2009) 

10. A. marinus  Seawater, seaweed and a starfish (Kim, Hwang, & Cho, 2010) 

11. A. trophiarium Pig feces (De Smet, De Zutter, & Houf, 2011) 

12. A. defluvii  Sewage samples (Collado & Figueras, 2011) 

13 A. molluscorum  Shellfish (Maria José Figueras, Collado, et al., 

2011; Maria José Figueras, Levican, 

Collado, Inza, & Yustes, 2011) 

14 A. ellisii sp Shellfish (Maria José Figueras, Collado, et al., 

2011; Maria José Figueras, Levican, et 

al., 2011) 

15 A. venerupissp Shellfish (Levican et al., 2012) 

16 A. bivalviorum Shellfish (Levican et al., 2012) 

17 A. cloacae Sewage (Levican, Alkeskas, Günter, Forsythe, 

& Figueras, 2013) 

18 A. suis sp Pork meat (Levican et al., 2013) 

 Note: Adapted from (Ramees et al., 2017) 
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Table 1. List of Arcobacter species and their origin (culmination) 

N° Arcobacter species First time isolated from Reference 

19 A. anaerophilussp Estuarine sediment (Sasi Jyothsna et al., 2013) 

20 A. ebronensis  Mussels (Levican, Rubio-Arcos, Martinez-

Murcia, Collado, & Figueras, 2015) 

21 A. aquimarinus  Sea water (Levican et al., 2015) 

22 A. lanthieri  Cattle and pig manure (Whiteduck-Léveillée et al., 2015) 

23 A. pacificus Seawater (Zhang, Yu, Wang, Yu, & Zhang, 2016) 

24 A. acticola Seawater (Park, Jung, Kim, & Yoon, 2016) 

25 A. porcinus Pig and ducks (M. J. Figueras, Pérez-Cataluña, Salas-

Massó, Levican, & Collado, 2017) 

26 A.  lekithochrous  Great scallop (Pecten maximus) 

larvae and tank seawater 

(Diéguez, Balboa, Magnesen, & 

Romalde, 2017) 

27 A. lacus Wastewater treatment plant 

 

(Pérez-Cataluña, Salas-Massó, & 

Figueras, 2019) 

28 A. caeni wastewater treatment plant 

 

(Pérez-Cataluña et al., 2019) 

29 A. peruensis 

 

Coastal waters (Callbeck et al., 2019) 

Note: Adapted from (Ramees et al., 2017) 

 

 

Description of the genus Arcobacter 

 

The morphology of Arcobacter spp. is very similar to that of Campylobacter spp. Both 

genera are gram negative and present non-sporogenic rods, usually curved, helical or with 

typical “S” or “seagull wing” arrangement, with approximately 0.2-0.9 µm of width and 0.5-3 

µm in length. They grow in both microaerobic and aerobic atmosphere between  15 and 37 °C, 

and species can grow at 30 °C after primary isolation from a microaerobic atmosphere 

(Snelling, Matsuda, Moore, & Dooley, 2006).  

Optimum growth of Arcobacter occurs under microaerophilic conditions (3-10% O2) 

but the presence of hydrogen is not required. Arcobacter anaerophilus is anaerobic (Sasi 

Jyothsna et al., 2013) and  grows in the presence of 1-2% NaCl and 1% (weight / volume) of 

vibrio static compound. 
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A B 

  

Figure 2. Typical colonies of A. butzleri in blood agar (A) and Arcobacter agar (B) 

Arcobacter are oxidase and catalase positive, and some species are able to produce H2S. 

Amino acids and organic acids are used as carbon sources instead of carbohydrates, (Sasi 

Jyothsna et al., 2013). They can survive at 4 °C, which is commonly found in retail and food 

processing establishments, but at 55 °C  they are inactivated (Atanassova, Kessen, Reich, & 

Klein, 2008). Recently, Arcobacter halophilus and Arcobacter marinus were isolated from 

seawater and shellfish using Arcobacter broth supplemented with Cefoperazone, Amphotericin 

B and Teicoplanin (CAT) added with 2.5% NaCl (w / v) followed by streaking in marine agar. 

The introduction of this protocol made it possible to identify 40% more positive samples in 

seawater compared to the conventional method without the NaCl supplementation (Salas-

Massó, Andree, Furones, & Figueras, 2016). This result emphasized the need for differentiated 

isolation procedures. Because Arcobacter is considered a difficult microorganism, the 

molecular identification of this species is currently the most recommended methodology 

(McVey, Kennedy, & Chengappa, 2013). 

There is little information on Arcobacter virulence factors. Available research has 

evaluated adherence, pathogen invasion, toxin secretion, and Interleukin 8 (IL-8) production, 

factors that play an important role in eukaryotic cell infection (Collado & Figueras, 2011; 

Ferreira, Queiroz, Oleastro, & Domingues, 2015). A. cryaerophilus and A. butzleri are the two 

most exploited species for adhesive and invasive capacities, showing that they could be the 

causative agents of electrolyte and fluid accumulation (Fernández, Paillacar, Gajardo, & 

Riquelme, 1995). Tsang et al. 1996 reported the property of hemagglutinin in A. butzleri, which 

allows interaction with red blood cells and bacterial adhesion. 
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1.2. Clinical relevance of Arcobacter 

 

 Arcobacter infections are often confused with the outcomes of Campylobacter 

infection, which suggests an incidence underestimation of Arcobacter infections in 

consequence to the use of inappropriate methods for the detection and identification (Figueras 

et al., 2014). 

Arcobacter is a potentially zoonotic genus and can be transmitted by contaminated food 

and water and the survival in the air has been recorded. Poultry and pigs are the most cited 

vehicles in the transmission chain. Epidemiological data have been poorly elucidated and 

require further specific studies. Arcobacter species are considered a potential pathogen for 

humans, especially children  (Zerpa Larrauri et al., 2014). In studies conducted between 2008 

and 2013, with 6,774 patients with symptoms of acute gastroenteritis and / or gastroenteritis, 

Arcobacter was the fourth most isolated pathogen (Van den Abeele, Vogelaers, Van Hende, & 

Houf, 2014). 

Arcobacter genus has been reported in Belgium, Chile, Spain, the United States, France, 

Italy, New Zealand, Portugal and South Africa, among others. Feces and blood from individuals 

who have had gastroenteritis and bacteremia are the main focus of research.  Arcobacter has 

also been isolated from tissues of bovine and porcine fetuses resulting from abortions, animal 

feces, poultry and pig carcasses, marine and terrestrial animal products, seawater, hypersaline 

lagoons and sewer pipes (Collado & Figueras, 2011). Almost no information is available 

regarding the correlation between Arcobacter genes and the underlying virulence mechanisms. 

Some studies have been developed in this context, but there is no formal definition of functional 

virulence when compared to Campylobacter species. However, several studies have shown the 

adhesion, invasion and cytotoxicity of Arcobacter pathogenic species in different cell lines 

(Collado & Figueras, 2011). In addition, it has recently been shown that Arcobacter species 

have several putative virulence genes that are similar to those of Campylobacter jejuni 

(Douidah, De Zutter, Vandamme, & Houf, 2010; Karadas et al., 2013; Levican, Collado, 

Yustes, Aguilar, & Figueras, 2014). 

 

1.3. Arcobacter in dairy products  

 

The dairy chain is complex and has a high probability of contamination by Arcobacter, 

mainly related to the unit operations used in the manufacture system and the high-water activity 

of end products, in addition to the high nutritional value that makes it suitable for 
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contamination. In multiple studies, Arcobacter has been identified in milk tanks, milking 

devices, barn floors and cattle feces (Serraino et al., 2013; Wesley et al., 2000; Yesilmen, Vural, 

Erkan, & Yildirim, 2014).  

the high incidence of Arcobacter in dairy products and processing plants is a public 

health  concern  (Giacometti et al., 2015; Yesilmen et al., 2014). Nonetheless there are still few 

publications that report the presence of Arcobacter in dairy products (Table 2). 

 

Table 2. Arcobacter spp. occurrence in raw milk and dairy products (continued) 

Isolated Species Country Samples collected from Occurrence (%) 

(n = total samples) 

Reference  

A. butzleri Northern 

Ireland 

tank raw milk 46 (n=101) (Scullion, 

Harrington, & 

Madden, 2006) 

A. butzleri 

A. skirrowii 

Turkey raw milk 6 (n = 50)  (Ertas, Dogruer, 

Gonulalan, 

Guner, & Ulger, 

2010) 

A. butzleri,  

A. cryaerophilus 

Malaysia  raw milk 5.8 (n = 86) (Shah, Saleha, 

Murugaiyah, 

Zunita, & 

Memon, 2012) 

A. butzleri  

A. cryaerophilus  

A. skirrowii 

Northern 

Spain 

raw milk 73.3 (n = 12) (Nieva-

Echevarria et al., 

2013) 

A.butzleri  

A. cryaerophilus 

Italy Milk Filters 85.7 (n=49) (Serraino et al., 

2013) 

A. butzleri Italy Surfaces with and without 

food contact, cheese, raw 

milk, cheese molds 

49.5 (n=59) (Giacometti et 

al., 2013) 

A.butzleri  

A. cryaerophilus 

Finland raw milk 15 (n=177) (Revez, 

Huuskonen, 

Ruusunen, 

Lindström, & 

Hänninen, 2013) 

A.butzleri  

A. cryaerophilus 

Italy Surfaces with and without 

food contact, cheese, 

environment, water 

29.3 (n=75) (Serraino & 

Giacometti, 

2014) 

Arcobacter spp Turkey Raw milk 36 (n = 50) (Yesilmen et al., 

2014) 

Arcobacter spp Turkey fresh cheese 56 (n = 56) (Yesilmen et al., 

2014) 

A. butzleri   

 

Italy raw milk, milking system 80 (n=10) (Giacometti et 

al., 2015) 
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Table 2. Arcobacter spp. occurrence in raw milk and dairy products (culmination) 

Isolated Species Country Samples collected from Occurrence (%) 

(n = total samples) 

Reference  

A. butzleri;  

A. skirrowii; 

 A. cryaerophilus. 

Turkey Raw milk 23.9 (n=46) (Elmali, Can, 

Elmali, & Can, 

2016) 

A.butzleri  

A. cryaerophilus 

India Raw milk, cheese 22 (n=50) (Modi & Chatur, 

2018) 

A.butzleri  

 

Italy Raw milk  8 (n=37) (Traversa et al., 

2019) 

 

On the other hand, the presence of Arcobacter in raw milk has been more investigated 

since 2006. Figure 3 shows the reports and countries in which Arcobacter has been identified 

and isolated from milk and dairy products. In Brazil, there are specific studies about the 

occurrence of Arcobacter in in slaughterhouses and processing plants of chicken and pig. There 

are some studies concerning the occurrence of bacteria in retail products and commercialization 

points (Oliveira, 2016; Oliveira et al., 2001), but no publications are available in dairy products 

. Pianta et al. (2007) analyzed 188 raw bovine milk samples collected from 11 dairy farms 

located in different cities of Rio Grande do Sul, Brazil, and results showed a prevalence of 5%. 

 

 

Figure 3. Distribution of Arcobacter in raw milk and dairy products around the world 
Note: Green (Northern Ireland, Spain, Finland, Malaysia, Brazil). Pink (Italy, Turkey, India).  

Reference: Table 2 
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ABSTRACT 

Some Arcobacter species are considered emerging food-borne pathogens. However, their 

prevalence in dairy products is not well known. Therefore, the aim of the current research is to 

know the occurrence of Arcobacter species in Minas frescal cheese and raw cow milk and its 

potential association with physicochemical and microbiological parameters. Two hundred and 

one food samples (cheese, n = 98 and milk, n = 103) collected between 2016 and 2017 in São 

Paulo State, Brazil, were analyzed. Arcobacter was isolated using an enrichment broth with 

further filtration over Arcobacter agar. Colonies were characterized by ERIC-PCR, m-PCR and 

PCR-RFLP and, when was necessary, sequencing of 16S rRNA and rpoB genes were also 

assessed. Additionally, cheese samples were evaluated in relation to total coliform (TC), 

thermotolerant coliforms (TtC), coagulase positive staphylococci (CoPS) count and moisture. 

Raw milk samples were assessed for aerobic mesophilic bacteria count, TC, TtC, Dornic 

acidity, proteins, fats, lactose, defatted dry extract, total solids and somatic cell counts. The 

occurrence of Arcobacter was 10.2% (10/98) and 16.5% (17/103) in cheese and milk samples, 

respectively. All isolates were identified as Arcobacter butzleri. On the other hand, Multiple 

Factorial Analysis showed correlation between the presence of this species and the cheese 

moisture, while this pathogen was correlated with high counts of mesophilic microorganisms 

and TC in raw milk. No other evaluated parameter in cheese (TC, CoPS) and milk (TtC, Dornic 

acidity, proteins, fats, lactose, defatted dry extract, total solids and somatic cell counts) showed 

significant correlation. To date, this is the first report on A. butzleri in Minas frescal cheese, 

therefore its presence in dairy products could be considered a potential public health concern. 

 

Keywords: Emerging pathogen, Microbiological and physicochemical analysis, Somatic cell counts, 

Milk components 

 

Highlights 

1. The occurrence of Arcobacter butzleri was 10.2% in Minas frescal cheese and 16.5% 

in raw cow milk 

2. First report of Arcobacter in Minas frescal cheese in the state of São Paulo, Brazil.  

3. High mesophilic bacteria and total coliforms count correlates with presence of A. 

butzleri, in raw cow milk samples 
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2.1  INTRODUCTION 

The first published clinical report of Arcobacter isolation dates back to the 1970s in 

samples from pork abortions (Ellis, Neill, O’Brien, Ferguson, & Hanna, 1977). Since then, a 

significant advance in the taxonomy and epidemiology of this genus has been evidenced by the 

increase of related publications (Hsu & Lee, 2015). 

The genus Arcobacter includes some species (A. butzleri, A. cryaerophilus, A. skirrowii, and A. 

thereius) considered as emerging human pathogens (Banting & Figueras, 2017; Vandenberg et 

al., 2004). Those species can trigger several gastrointestinal disorders in humans, such as 

chronic diarrhea and bacteremia (Ferreira, Júlio, Queiroz, Domingues, & Oleastro, 2014; Webb 

et al., 2016). Arcobacter butzleri is the most clinically significant species for humans (Banting 

& Figueras, 2017) and it was classified as a serious hazard to human’s health by the 

International Commission on Microbiological Specifications for Foods in 2002 (ICMSF, 2002). 

Arcobacter species have been isolated from different matrices, such as water and foods of 

animal origin -milk, meat products and shellfish (Collado & Figueras, 2011; Ghaju Shrestha et 

al., 2017). 

In the dairy production chain, Arcobacter species have been isolated from different 

sources, such as cow fecal samples, raw milk and fresh cheese (Merga et al., 2011; Yesilmen, 

Vural, Erkan, & Yildirim, 2014). There are several possibilities for Arcobacter contamination 

in the dairy industry because the operations in this chain production are quite complex 

(Giacometti et al., 2015; Serraino & Giacometti, 2014). Arcobacter contamination has been 

investigated in bulk milk tanks (Elmali, Can, Elmali, & Can, 2016; Ertas, Dogruer, Gonulalan, 

Guner, & Ulger, 2010), milking equipment, barn floors, inline filters in milking machinery and, 

more recently, in cheese (Giacometti et al., 2015; Serraino et al., 2013; Serraino & Giacometti, 

2014). However, in comparison with other foods, studies on dairy products are scarce and 

restricted to a small number of countries (Hsu & Lee, 2015).  

The dairy sector is one of the main national social and economic activities in Brazil 

(Milanez et al., 2018), and taking into consideration that Brazil is the 5th largest producer of 

milk and the largest consumer of milk and dairy products in South America; regarding that 

information it is justifiable to investigate emerging pathogens in this production chain.  

Minas frescal cheese, also known as white or fresh cheese, is one of the most consumed 

cheeses in Brazil. It is produced in all Brazilian states mainly by small and medium size dairy 

plants (ABIQ, 2019). Therefore, the main goal of the current research is to determine the 

occurrence of Arcobacter species in retailed Minas frescal cheese and in raw cow milk used for 

production of dairy products in the Northeast region of São Paulo State, Brazil. 
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2.2  MATERIALS AND METHODS 

2.2.1 Sampling 

Ninety-eight Minas frescal cheese samples were collected between December/2016 and 

July/2017: five samples from a cheese processing plant and 93 samples from nine local markets. 

Additionally, samples of bulk tank milk (n=103) were collected in 27 dairy farms from different 

Brazilian cities (Piracicaba, Brotas, São Pedro and Torrinha – São Paulo State), between August 

and December 2017, in which three samples per farm were collected. Samples were collected 

under aseptic conditions and transported under cold storage temperature (4 °C) to be analyzed 

for their microbiological and physicochemical properties within 12 h (milk) and 24 h (cheese). 

 

2.2.2 Microbiological analysis  

Aerobic mesophilic bacteria count, total coliforms (TC), thermotolerant coliforms (TtC) 

and coagulase-positive staphylococci (CoPS) counts were carried out following the 

methodology described by Downes & Itō (2001). All analyses were conducted in the Laboratory 

of “Higiene e Laticinios” in the “Escola Superior de Agricultura Luiz de Queiroz” (ESALQ), 

Universidade de São Paulo (USP), Piracicaba-SP, Brazil. 

 

2.2.3 Physicochemical properties and somatic cell counts  

Dornic acidity of raw milk and moisture of Minas frescal cheese were analyzed according 

to Brazilian normative (Brazil, 2006). Milk components (proteins, fats, lactose, defatted dry 

matter and total solids) and somatic cell counts (SCC) were analyzed in “Clínica do Leite” in 

the “Departamento de Zootecnia”, ESALQ, USP, Piracicaba-SP, Brazil. The milk composition 

was estimated by the infrared method – PO ANA 009 and SCC was estimated using flow 

cytometry (model Bentley Soma count 300, Bentley Instruments Inc., Chaska, MN, USA). 

 

2.2.4 Arcobacter isolation 

For Arcobacter isolation, 10 g of cheese or 10 mL of raw cow milk were placed in a sterile 

sampling bag and homogenized for one min in a stomacher with 90 mL of Arcobacter 

Enrichment Broth (AEB) (1.8% peptone, 0.5% NaCl and 0.01% g yeast extract) supplemented 

with three antibiotics: Cefoperazone (16 mg)-Amphotericin B (10 mg)-Teicoplanin (64 mg) 

(CAT supplement). Inoculated AEB were incubated under aerobic conditions at 30 °C for 48 h 

(Shah, Saleha, Murugaiyah, Zunita, & Memon, 2012). After incubation, 0.4 mL of the enriched 

medium was inoculated on Arcobacter broth supplemented with 1.4% agar and CAT using the 

membrane filtration method. Cellulose acetate membrane filters with a diameter of 47 mm and 
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a pore size of 0.45 μm were used to remove other enteric bacteria (Atabay, Aydin, Houf, Sahin, 

& Vandamme, 2003). These filters were aseptically removed 1 h after inoculation and the plates 

were incubated under aerobic conditions for up five days examining the plates every day 

(Collado, Cleenwerck, Trappen, De Vos, & Figueras, 2009a). From each plate in which the 

bacterial growth was detected, three to five suspected colonies were confirmed by Gram strain 

and streaked on new plates. Typical Arcobacter colonies (2–3 mm in diameter, circular and 

convex, beige to off-white color) were stored in 15% glycerol at -80 °C.  

 

2.2.5 Molecular identification and typing 

The bacterial DNA was extracted using InstaGene™ DNA Purification Matrix (Bio-Rad, 

Hercules, CA, USA). Identification at genus level was carried out using the PCR method 

described by Harmon & Wesley (1996). Positive (A. butzleri LMG 10828T) and negative 

controls were included in every PCR run.  

To eliminate clonal redundant strains in further analyses, the isolates were genotyped with 

Enterobacterial Repetitive Intergenic Consensus PCR (ERIC-PCR). Only isolates with different 

genotypes were further identified using the multiplex PCR (m-PCR) method as described by 

Douidah, De Zutter, Vandamme, & Houf (2010) and by the 16S rRNA gene Restriction 

Fragment Length Polymorphism (16S rRNA-RFLP) method described by Figueras, Levican, 

& Collado (2012). Reference strains A. butzleri LMG 10828T, A. cryaerophilus LMG 9904T 

and A. skirrowii LMG 6621T; CECT 7203 A. cibarius, and LMG 24486T A. thereius were 

included in each analysis.  

The 16S rRNA or rpoB genes were amplified and sequenced using the universal primer 

and protocol as described by Harmon & Wesley (1996) and Collado, Cleenwerck, Trappen, De 

Vos, & Figueras (2009b), respectively, for strains that showed inconclusive identification using 

both identification methods, or when a different RFLP pattern defined for the type strains was 

obtained. The PCR products were purified using GenEluteTM PCR Clean-Up Kit (Sigma-

Aldrich), and the amplicons were sequenced bidirectionally using the same primers by an ABI 

Prism 3500 genetic analyzer (Applied Biosystems, Thermo Fisher Scientific, USA) with the 

BigDye terminator cycle sequencing kit (Applied Biosystems, Thermo Fisher Scientific, USA). 

DNA sequences were compared with the NCBI database using Blast Library to determine the 

identity of the species. 
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2.3 STATISTICAL ANALYSES  

The association between A. butzleri and the Minas frescal cheese characteristics and raw 

milk was studied using Multiple Factorial Analysis (MFA). For cheeses, the microbiological 

characteristics (TC, TtC and CoPS), physicochemical characteristics (moisture) and the 

presence of A. butzleri were included in the data matrix. For milk samples, microbiological 

characteristics (TC, TtC and aerobic mesophilic bacteria count), physicochemical 

characteristics (composition of milk, Dornic acidity), somatic cell count and the presence A. 

butzleri were considered. Statistical analyses were performed using XLSTAT 2018 software 

for Microsoft Excel® (Microsoft®, WA, USA). 

 

2.4 RESULTS  

The presence of Arcobacter was observed in 10.2% (10/98) of Minas frescal cheese 

samples and in 16.5% (17/103) of raw milk samples (Table 1). The isolates (n=84) were 

genotyped by ERIC-PCR, resulting in 12 and 17 different profiles in 29 Minas frescal cheese 

and 55 raw milk isolates, respectively. 

Sixteen isolates needed to be identified by sequencing the 16S rRNA gene, whereas three 

isolates (Q73C, LC34C, LC96G) were characterized by sequencing the rpoB gene. All isolates 

from both cheese and milk samples were identified as A. butzleri. 

Relationship between microbiological and physicochemical characteristics and the 

presence of A. butzleri in Minas frescal cheese 

According to the microbiological analysis performed on the Minas frescal cheese 

samples, 57.1% (4/7) exceeded 5x102 CFU/g of TtC (Table 2), which are the maximum limit 

tolerated by Brazilian legislation. In addition, it was observed that 42.9% (3/7) were greater 

than 5x102 CFU/g, which are the maximum limit allowed for CoPS (Brazil, 2001). The moisture 

of the cheeses was higher than 55% when Arcobacter was detected. 

Figure 1 shows the representation of dimension 1 and 2 of the MFA run with the 

physicochemical and microbiological parameters of the Minas frescal cheese samples. The first 

two dimensions explained up to 55% of the total variance. It was possible to observe that the A. 

buztleri isolates had a slight positive correlation with the moisture content of the cheese 

(RV=0.012). However, no correlation was found between the presence of A. buztleri and TC, 

TtC and CoPS (Figure 1A). The distribution of the samples in which A. butzleri was detected 

are shown in Figure 1B. A clear pattern is observed: cheese samples negative for A. butzleri are 

located in the 1st dimension, whereas cheese samples positive for A. butzleri are distributed in 
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the 1st and 4th quadrants. The MFA analysis was carried out only in 62 out of the 98 Minas 

frescal cheese samples. 

 

Relationship of the microbiological and physicochemical analyzes with the presence of A. 

butzleri in raw milk 

In Table 3, it is possible to observe that 82.4% (14/17) of the samples of raw milk 

analyzed positive for A. butzleri were above the allowed limits for mesophilic aerobic 

microorganisms (3.0 x105 CFU/mL) (Brazil, 2011). Similarly, 41.2% (7/17) of samples 

contaminated with A. butzleri exceeded the 5.0x105 cells/mL- which represents the maximum 

limit allowed for SCC. Regarding the milk components (proteins, fats, lactose, defatted dry 

extract and total solids) were within the parameters required by the same regulation (Brazil, 

2011).  

MFA was performed using the physicochemical and microbiological parameters of the 

raw milk samples, and results are shown in Figure 2. Overall, MFA explained 51.43% of the 

total variance using the first 2 dimensions. The presence of A. butzleri was correlated (RV = 

0.12) with the aerobic mesophilic counts and TC, which means that the samples positive for A. 

butzleri showed high counts of aerobic mesophilic and TC (Figure 2A). However, no 

correlation was found between A. butzleri and TtC. Moreover, no correlation was observed 

between A. butzleri and SCC, chemical composition and Dornic acidity. It was possible to 

observe the correlation between the SCC and the milk composition (RV = 0.22), which is 

already known and widely reported (Lindmark-Månsson, Bränning, Aldén, & Paulsson, 2006; 

Malek dos Reis, Barreiro, Mestieri, Porcionato, & dos Santos, 2013). In Figure 2A, the position 

(dimensions 1 and 2) of the raw milk positive for A. butzleri is shown. In the 1st and 4th 

quadrants, the negative samples for A. butzleri are grouped, implying they present similar 

characteristics in terms of physicochemical parameters. On the other hand, positive samples for 

A. butzleri are spread over the 2nd and 3rd quadrants. To facilitate the presentation of the results 

in Figures 1B and 2B, positive samples for A. butzleri are highlighted and within an ellipse. 

 

2.5  DISCUSSION  

2.5.1 A. butzleri on Minas frescal cheese and raw milk 

Research has shown that A. butzleri followed by A. cryaerophilus and A. skirrowii are the 

most frequently species isolated from milk and dairy products (Giacometti et al., 2013; Serraino 

& Giacometti, 2014; Yesilmen et al., 2014). These data agree with those found in the present 
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investigation (Table 1), considering that all isolates obtained from Minas frescal cheese and 

raw milk were identified as A. butzleri. 

To date, this is the first report of A. butzleri isolated from Minas frescal cheese in São 

Paulo, Brazil. This product is a fresh cheese with a high moisture content (> 55%) and is 

consumed as a ready to eat snack, and for the preparation of sandwich, salads, and other dishes. 

The current legislation regarding the manufacture of Minas frescal cheese in Brazil requires the 

pasteurization of milk to avoid the presence of pathogens (Brazil, 2001). However, as shown in 

Table 1, it was possible to isolate Arcobacter in 10.2% of the cheese samples. Yesilmen et al., 

(2014) isolated Arcobacter in 56% (28/50) from fresh village cheese produced with raw milk 

in Turkey. All analyzed cheeses had sanitary inspection stamp on the package. Thus, it is 

assumed that these samples were produced with pasteurized milk. 

 Giacometti et al. (2014) did not find Arcobacter in cheese samples produced with 

pasteurized milk in Italy. Based on these observations, we may infer that the milk used to 

manufacture the cheese samples studied herein probably did not undergo an adequate heat 

treatment or a post-pasteurization contamination occurred (Hilton, Mackey, Hargreaves, & 

Forsythe, 2001). 

All Minas frescal cheese samples positive for A. butzleri had a moisture content higher 

than 55% (Table 2). The high moisture allied to the availability of nutrients in cheeses can 

promote a suitable environment for survival and growth of A. butzleri. In fact, Giacometti et 

al., (2015) observed the growth of A. butzleri and A. cryaerophilus in a similar type of fresh 

cheese (ricotta), showing that at 6 °C the bacterial population remained stable; on the other 

hand, the bacterial population increased when cheeses were stored at 12 °C. 

Additionally, by means of the MFA, it was not possible to find a correlation between the 

presence of A. butzleri and TC, TtC and CopS in the cheese samples analyzed. However, these 

results should be interpreted considering the low number of samples analyzed, implying that 

further studies with a larger sample set should be conducted to better elucidate the correlation 

between the presence of A. butzleri in the Minas frescal cheese and other physicochemical and 

microbiological factors.  

High counts of TC, TtC and CopS indicates process failures, such as cross contamination 

by inadequate flow in the processing cheese plants, insufficient time and temperatures of 

pasteurization, poor hygiene of the manipulators, abuse of storage temperature (Tortorello, 

2003). Failures in hygiene procedures and microbial biofilms can also be a cause of post-heat 

treatment contamination (Marchand et al., 2012). Regarding the raw milk samples, 16.5% 

(16/103) were positive for A. butzleri, which is above the prevalence reported by Ertas et al., 
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(2010) and Revez, Huuskonen, Ruusunen, Lindström, & Hänninen, (2013) in Turkey and 

Finland, respectively. The source of contamination of cheese is diverse. Milk is usually 

contaminated with microbial pathogens because of endogenous contamination – mastitis or 

from exogenous sources, such as the contamination during or after milking (e.g., feces 

contamination on the skin, udder/tits, environment) (Verraes et al., 2015).  

The presence of Arcobacter in raw milk has been widely reported in multiple publications 

around the world (Shah et al., 2012; Van den Abeele, Vogelaers, Van Hende, & Houf, 2014). 

An investigation carried out by Logan, Neill, & Mackie, (1982) indicates that A. cryaerophilus 

could be a causative agent of mastitis; however, this hypothesis has not yet been proven. The 

only previous Brazilian report of Arcobacter in milk samples was made by Pianta, Passos, 

Hepp, & Oliveira, (2007), who obtained a lower prevalence (3.2%) compared to the data 

obtained in the current research. However, it is important to consider that those authors analyzed 

milk from subclinical mastitis cows. 

Multivariate statistical analysis has been used to correlate data from different natures. By 

using MFA, it is possible to find a correlation between the presence of A. butzleri with the TC 

and the mesophilic count in the raw milk analyzed. Our results suggest that the presence of A. 

butzleri could have an environmental origin. The bacterium adapts to environmental conditions 

and its niche can be barnyard animals (Merga et al., 2013; Merga et al., 2011). 

In fact, A. butzleri is quite common in cow feces (Kabeya et al., 2003; Shah et al., 2013; 

Vilar et al., 2010). Their prevalence ranged from 4 to around 40%, depending on the 

methodology used for detection (Golla et al., 2002; Grove-White, Leatherbarrow, Cripps, 

Diggle, & French, 2014; Vilar et al., 2010). Technical errors in the milking process, precarious 

hygiene conditions, and other factors may increase the risk of milk contamination by bacteria 

from environmental or fecal origin. However, in the present investigation, no correlation was 

found between the presence of A. butzleri and TtC, which could be a clear evidence of fecal 

contamination. Nevertheless, the correlation between A. butzleri with total coliforms (Figure 2) 

could lead to reinforce that the presence of A. butzleri is caused by environmental conditions. 

However, in other environments, such as water, seawater and sewage, the correlation 

between Arcobacter and high counts of total coliforms was already reported (Collado, Inza, 

Guarro, & Figueras, 2008). Similarly, Lee, Agidi, Marion, & Lee, (2012) observed a significant 

correlation between Arcobacter and the human-specific fecal marker, HuBAc, on the beaches 

of the lake Erie located in Ohio, USA. In foods, Salas-Massó, Figueras, Andree, & Furones, 

(2018) indicated that the presence of E. coli can predict the presence of pathogenic Arcobacter 

species in shellfish samples harvested from water with temperatures lower than 26.2 °C. It is 
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important to clarify, that this phenomenon has not been well elucidated because of the 

complexity of bacterial communities and due to the limited use of specific bacterial groups as 

indicators of Arcobacter species (Hsu, Mitsch, Martin, & Lee, 2017; Leight, Crump, & Hood, 

2018). 

The quality of milk is always associated with its physicochemical composition as well as 

its microbiological quality (Oliver, Jayarao, & Almeida, 2005). As shown in Table 3, milks that 

were positive for A. butzleri presented high somatic cell counts (> 5.0 x105 somatic cells/mL), 

exceeding the limits of 105 somatic cells/mL, thus indicating contaminated udders (Lindmark-

Månsson et al., 2006). By analyzing MFA (Figure 2A), the factor SCC did not show a 

correlation with the presence of A. butzleri, which reinforces the hypothesis that the presence 

of A. butzleri in raw milk could have an environmental origin.  

As already stated by other authors (Hamann & Kromker, 1997; Schukken, Wilson, 

Welcome, Garrison-Tikofsky, & Gonzalez, 2003), the somatic cells count always have a 

correlation with the chemical composition of the milk, which is observed in Figure 2A. In 

relation to Dornic acidity, which is also an important indicator of microbiological quality 

(Gargouri, Hamed, & Elfeki, 2013), no correlation was found with A. butzleri. 

To guarantee microbiological quality, milk should be maintained at refrigerated 

temperatures after proper pasteurization (USDA, 2019). The current Brazilian regulation 

(Brazil, 2011) stipulates that the raw milk tanks should be kept at 4 – 7 °C in dairy farms, to 

avoid the multiplication of pathogenic microorganisms. Giacometti et al., (2014) observed that 

when UHT milk was stored at 6 °C, the A. butzleri remained stable, whereas when the storage 

temperature was increased to 20 °C, A. butzleri counts increased considerably. 

 

2.6 CONCLUSION 

This work shows the occurrence of A. butzleri in Minas frescal cheese and raw milk in 

the state of São Paulo, Brazil. This is the first published report on A. butzleri isolation in 

Brazilian frescal cheese. The occurrence of A. butzleri can be a public health problem 

considering that it is a ready to eat product. It is important to highlight that infectious dose and 

the behavior of this bacterium in food are not yet well comprehended. Additionally, the results 

of the present investigation point out the need to control A. butzleri from the post-milking 

period. A continuous microbiological control of milk should be carried out in the whole chain 

of production and distribution of the Minas frescal cheese.  
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Table 1. Occurrence of A. butzleri isolated from Minas frescal cheese and raw milk  

Samples N° of identified colonies 
Identified species and genotypes 

A.butzleri 

Type samples Positives (%) Arcobacter spp Non-Arcobacter N° Colonies 
N° of ERIC 

patterns 

cheese 

(n=98) 
10 (10.2) 29 93 15 12 

raw milk 

(n=103) 
17 (16.5) 55 104 21 17 

Total 

(n=201) 
27 (13.4) 84 197 36 29 
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Table 2.  Samples of Minas frescal cheese positive to A. butzleri 

 
Note: UD= Undetermined. NMP= most probable number. CoPS: Coagulase-positive staphylococci. In bold, samples that are above the limit tolerated by Brazilian 

legislation (BRAZIL, 2001).  

 

Sample 

 code 

Total Coliforms MPN/g Thermotolerant coliforms 

 MPN/g 

CoPS CFU/g Moisture 

% 

Q5 UD UD UD UD 

Q27 UD UD UD UD 

Q33 UD UD UD UD 

Q61 1.6 x103  7.8 x 102  1.3 x106  88.1±1.53 

Q72 8.1 x 102  8.1 x 102  4.1 x107  76.9±1.05 

Q73 2.4 x103  24 x 102  < 10  85.3±1.36 

Q74 1.7 x10  1.7x10  < 10  71.9±2.25 

Q75 4.5  <1.8  < 10  80.0±5.21 

Q78 2.4 x 103  1.4 x103  8.9 x106  59.7±1.63 

Q79 2.4 x 103  1.0 x103 < 10  69.8±6.61 
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Table 3.  Samples of raw milk positive to A. butzleri 

Sample 

code 

Dornic 

acidity 

Total 

Coliforms  

MPN/mL 

Thermotolerant 

coliforms 

 MPN /mL 

Aerobic mesophilic 

bacteria count  

CFU/mL 

fat (% 

m/m) 

Protein 

(% 

m/m) 

Lactose 

(% 

m/m) 

ST (% 

m/m) 

Solids- 

not-fat 

(% 

m/m) 

SCC/ m 

L22 16.0±0.00 >1.1x104 1.4x10 1.8x105±0.51 3.75 3.40 4.36 12.54 8.79 5.2 x105 

L23 16.0±0.47 >1.1x104 <3 7.2x106±1.20 2.06 3.16 4.52 10.71 8.65 8.5 x104 

L24 13.0±0.81 9.2x10 2.3x10 7.3x103±2.33 3.35 3.07 4.65 12.07 8.72 2.4 x105 

L27 15.0±0.00 >1.1x104 2.3x10 5.3x106±0.61 3.81 3.28 4.55 12.64 8.83 1.1 x106 

L28 15.0±0.47 >1.1x104 3.6 2.5x106±0.82 3.02 3.09 4.71 11.80 8.78 5.3 x105 

L29 14.5±0.23 >1.1x104 <3 2.8x106±0.54 2.91 2.69 4.10 10.69 7.78 2.2 x105 

L34 15.0±0.00 4.30x102 <3 6.6 x105±0.39 3.95 3.17 4.35 12.51 8.56 5.4 x105 

L40 16.0±0.00 >1.1x104 3.6 6.3x107±1.34 4.83 3.70 4.01 13.62 8.79 1.5 x106 

L46 16.0±0.00 1.1x104 <3 7.3x105±0.91 3.10 3.34 4.55 12.00 8.90 5.3 x104 

L47 16.0±0.00 4.3x10 4.3x10 1.2x105±1.33 3.02 3.20 4.70 11.90 8.88 4.6 x104 

L48 17.0±0.47 >1.1x103 <3 4.5x 105±0.22 3.33 3.26 4.72 12.28 8.95 7.7 x104 

L63 14.0±0.23 1.1x103 3.6 3.6x 105±0.40 3.43 2.96 4.35 11.72 8.29 5.4 x105 

L70 15.0±0.00 >1.1x103 3.6 1.4x 106±0.27 2.70 3.31 4.44 11.44 8.74 1.7 x105 

L79 14.0±0.23 3.8x102 3.6 1.3x107±1.69 3.10 2.73 4.00 10.89 7.79 2.8 x105 

L82 17.0±0.47 2.4x103 <3 1.5x107±0.71 2.82 3.15 4.59 11.50 8.68 2.6 x105 

L96 11.5±0.47 2.4x103 2.4x102 3.1x107±0.54 1.98 2.49 3.23 8.86 6.88 5.0 x105 

L101 15.5±0.23 1.1x103 9.2 2.8x106±0.92 3.51 3.11 4.36 12.01 8.50 5.5 x105 

Note: NMP= Most Probable Number, CFU= Colony Forming Unit, ST=, SCC=Somatic Cell Count. In bold, samples that are above the limit tolerated by Brazilian legislation 

(BRAZIL, 2011). 
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Figure 1.  Multiple factor analysis (MFA) of Minas frescal cheese samples for dimensions 1 and 2. (A) Red lines represent the microbiological 

analyses, blue line represents the physical analyses and green line represent the positive A. butzleri samples. (B) Position of positive samples for 

A.butzleri. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article). Note: CoPS= 

Coagulase-positive staphylococci.  
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A B 

 
 

 

Figure 2. Multiple factor analysis (MFA) of raw milk samples for dimensions 1 and 2. (A) Red lines represent the physicochemical analyses, blue 

lines represent the microbiological analyses, green line represent samples positive for A. butzleri and purple line represent somatic cell count. (B) 

Position of positive samples for A. butzleri. (For interpretation of the references to color in this figure legend, the reader is referred to the web 

version of this article).  Note: SCC= somatic cell count. 

 

 

 

Dornic acidity fat protein

lactose

total solids 

defatted dry 

extract 

total coliform

thermotolerant

coliforms

aerobic 

mesophilic

A.butzleri log SCC

-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

D
in

 2
 (

2
3

,1
9

 %
)

Din 1 (28,24 %)

L4
L5
L6L10L13L15

L16
L18

L19
L20

L21

L22

L23

L24

L25

L26

L27

L28

L29

L30
L31

L32

L33

L34

L35

L36
L37

L38

L39

L40

L41

L42

L43

L44 L45

L46

L47

L48

L49

L50
L51

L52

L53

L54

L55

L56 L57L58

L59

L60

-3

-2

-1

0

1

2

3

4

5

-5 -4 -3 -2 -1 0 1 2 3 4 5 6

D
in

 2
 (

2
3
,1

9
 %

)

Din 1 (28,24 %)

I II 

III IV 



54 

  



55 
 

 

CHAPTER 3: Biofilm formation on contact surfaces and different media of Arcobacter 

butzleri isolates from dairy products 

 

Authors: Melina L.M Cruzado-Bravo1, Giovana V. Barancelli1, Erick Saldaña2, Giovanni 

Henrique Mariano1, Nicolle F.A Padovani1, Luis Collado3, Carmen J. Contreras-Castillo1 

 

Affiliations: 

1. Universidade de São Paulo, Escola Superior de Agricultura “Luiz de Queiroz”, 

Departamento de Agroindústria, Alimentos e Nutrição, Av. Pádua Dias 11, 13418-900 

Piracicaba, São Paulo, Brazil 

2.  Facultad de Ingeniería Agroindustrial, Universidad Nacional de Moquegua (UNAM), 

Moquegua, Peru. 

3. Universidad Austral de Chile, Institute of Biochemistry and Microbiology, Faculty of 

Sciences, Isla Teja, Valdivia, Chile. 

 

 

 

 

 

 

Corresponding author: 

Carmen Josefina Contreras Castillo  

Universidade de São Paulo, Escola Superior de Agricultura “Luiz de Queiroz”, Departamento 

de Agroindústria, Alimentos e Nutrição, Av. Pádua Dias 11, 13418-900 Piracicaba, São 

Paulo, Brazil 

Address: Avenida Padua Dias 11 CEP 13418-900, Piracicaba, São Paulo, Brazil, Phone +55 

19 99909844, fax +55 19 346006 

E-mail: ccastil@usp.br, mcruzado@usp.br 

 

 

 

 

 

 

mailto:mcruzado@usp.br


56 

ABSTRACT 

Biofilms are complex microbial ecosystems formed by one or more species of microorganisms 

and are a latent problem of contamination in the food industry. Arcobacter butzleri is considered 

an emerging human pathogen, since can trigger several gastrointestinal disorders in humans, 

such as chronic diarrhea and bacteremia. The objective of this research was to evaluate the 

formation of A. butzleri biofilms and their association with some intrinsic and extreme factors. 

Biofilm formation was quantified in 96-well microplate evaluating cell concentration (106, 107 

and 108 UFC/mL) and time of incubation (48 h and 96 h) for 36 A. butzleri strains isolated from 

Minas frescal cheese and raw milk in São Paulo State, Brazil. The presence of virulence genes 

cadF, ciaB, cj1349, irgA, hecA, hecB, mviN, pldA, tlyA and iroE, was detected by PCR. The 

antibiotics penicillin G (PEN), tetracycline (TET), neomycin (NEO), ciprofloxacin (CIP), 

erythromycin (E), and azithromycin (AZI) were tested by disk diffusion technique according to 

CLSI. Subsequently, eight selected field strains and LMG 10828T, were evaluated to assess 

biofilms formation on two contact surfaces (stainless steel and polypropylene), with two culture 

broths: whey and Mueller Hinton (MH) and time of incubation (48 h and 96 h). The milk strains 

showed the highest biofilm formation, while at 48 h it was possible to quantify more biofilms 

than at 96 h, additionally the greatest biofilms formation was at the concentration 108 CFU/mL. 

All strains presented the genes pldA, ciaB, cadF, tlyA and mviN, while the lowest prevalences 

were for irgA and iroE. The greatest antibiotics resistance was for PEN (94.4%), while 100% 

of the strains were sensitive for CIP and AZI, and more than 90% of the strains were sensitive 

to TET, NEO and E. Greatest formation of biofilms was observed on stainless steel and using 

MH as a culture broth. The two methodologies used to quantify biofilms had a similarity of 

80%. This study provides information about biofilm formation of A. butzleri, evidence their 

virulence potential based on genes presence and antibiotic resistance. The results justify further 

research with respect to Arcobacter biolfilm role in food safety. 

 

Key words: surface contact, dairy products, food safety, emerging human pathogen 
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Highlights 

1. Strains from raw milk showed more biofilm formation than those from cheese 

2. Virulence genes pldA, ciaB, cadF, tlyA and mviN were presented in all strains.   

3. Relative frequency of the genes evaluated was slightly related to the resistance to the 

antibiotics evaluated but not to the formation of biofilms. 

4. Strains were able to use the whey to form biofilms on contact surfaces, being larger on 

stainless steel coupons. 

 

3.1 INTRODUCTION 

A natural process in which microorganisms inhabit are biofilms, in fact, 99% of the 

microorganisms on the Earth are estimated to exist in sessile aggregates, and more than 80% of 

the bacterial habitats have been estimated to comprise biofilms (Mizan et al. 2015). If we can 

make an analogy, biofilm would be the cities that humans building to live protected and in 

community. Just as we have roads, to communicate bacterial biofilms have channels and three-

dimensional structures that allow the entry of nutrients, for their survival as a community. 

Due to the ability that microorganisms have to adhere to inert surfaces used in different 

environments, such as the area of human and animal medicine, in food processing and water 

treatment (Harro et al. 2010), this represents a public health concern especially if pathogens are 

present. It is noted that many foodborne outbreaks have been associated with biofilms (Srey et 

al. 2013).  

The emergent pathogen Arcobacter butzleri can trigger several gastrointestinal 

disorders in humans, such as chronic diarrhea and bacteremia and is the best known of the 29 

species conforming this genus. The Arcobacter morphology is taxonomically similar to 

Campylobacter, i,e: is a small curved or spiral cells, motile and non-sporulated. However, 

arcobacters differ from campylobacters by their ability to grow in aerobic environment and at 

lower temperatures (15 °C compared with 30 °C) (Mansfield & Forsythe 2000). 

The presence of A. butzleri has already been widely reported in raw cow's milk, dairy 

products, processing plants and from fresh cheeses (Serraino et al. 2013; Yesilmen et al. 2014; 

Shirzad Aski et al. 2016). An important point would be to understand how this pathogen would 

enter to the dairy processing plants. Recent studies, have demonstrated the presence of A. 

butzleri in raw milk and therefore this would be the way of enter to the dairy production 

(Traversa et al. 2019; Cruzado-Bravo et al. 2020). Subsequently, due to probable failures in the 

process, such as cross-contamination, inadequate heat treatment makes it possible to isolate A. 

butzleri in dairy products ready for consumption. 
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Despite the increase in the number of A. butzleri studies , the pathogenicity of this 

species have been little explored (Miller et al. 2007; Douidah, de Zutter, et al. 2012; Karadas et 

al. 2013). The complete genome sequence of the strain RM4018 showed several putative 

virulence genes, some of them presenting homology with determinants of Campylobacter jejuni 

(Miller et al. 2007). The presence of  cadF, ciaB, cj1349, irgA, hecA, hecB, mviN, pldA, tlyA, 

iroE genes have been explored in strains isolated from milk and dairy products (Ferreira et al. 

2013; Girbau et al. 2015; Piva et al. 2017; Traversa et al. 2019)  and has been observed high 

presence of genes cadF, ciaB, cj1349, mviN, pldA and tlyA. 

Another important point in the characterization of new isolates is to know their 

sensitivity or resistance to the antibiotics used in milk production and in human infections 

treatments. In relation with this, recent publications showed low resistance in isolates of A. 

butzleri from cows, milk, retail food, as sensitive to erythromycin and ciprofloxacin which are 

the first and second -line antibiotics used in Campylobacteriosis treatments respectively 

(Yesilmen et al. 2014; Shirzad Aski et al. 2016; Vicente-Martins et al. 2018). 

The present work aimed to characterize the pathogenic potential as well as antibiotic 

resistance of A. butzleri strains from raw cow milk and Minas frescal cheese in the São Paulo 

State, Brazil. For this purpose, the presence of ten genes associated with virulence was 

correlated with the resistance of six antibiotics with the production of biofilms in 96-well 

microplates. In addition, two methodologies were compared to quantify the production of 

biofilms formed on contact surfaces widely used in the dairy products industries. 

 

3.2 MAERIALS AND METHODS 

 

3.2.1 Isolates and growth conditions 

A total of 36 A. butzleri strains belonging to the bacterial collection from the Higiene e 

laticinios laboratory (Escola superior de Agricultura “Luiz de Queiroz”, São Paulo University) 

which were isolated from Minas frescal cheese (n=15) and raw milk (n=21) (Cruzado-Bravo et 

al. 2020) were here characterized.  The A. butzleri strain LMG 10828T was used as control.  

Bacteria were maintained at -80 °C, therefore to recover them two successive culture 

were made on blood agar base (Oxoid CM55, Hampshire, UK) supplemented with 5% (v/v) 

defibrinated sheep blood (Newprov, Curitiba, Brazil) and incubated at 30 °C under aerobic 

conditions for 48 h. 
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3.2.2  Screening strains of A. butzleri for the ability to form a biofilm 

The ability of 36 A. butzleri strains to form biofilms was assayed using a method 

previously described by Ferreira et al. (2013), with minor modifications. Inoculum preparation 

was performed using bacterial cells grown on blood agar base supplemented with 5% (v/v) 

defibrinated sheep blood (30 °C/48 h) under aerobic condition. Bacterial population was 

standardized using the McFarland scale (0.5; ~108 CFU/mL) and from that concentration 2 

successive dilutions were made in Mueller Hinton (MH) broth. Of these bacterial suspension 

(~108, ~107 and ~106 CFU/mL), 200 µL aliquot were placed in 96-well microtiter polystyrene 

plates and incubated for 48 h and 96 h at 25 °C in aerobic conditions. As a negative control it 

was used MH broth without bacterial inoculation.  

After incubation, staining with crystal violet (CV) was performed according to Teh et 

al. (2010), with some variations, after drying, the wells were stained with 200 µL of 0.1% of 

CV and left on the bench for 15 min. Then, the CV was removed, the wells were washed three 

times with sterile distilled water and dried for another 15 min at 42 °C. Then were resolubilized 

(200 µL) with a 33% (v/v) glacial acetic acid solution. After that, the solubilized CV were 

transferred to new 96-well plates and the optical density (OD) was measured at 600 nm using a 

plate reader (Vitor™ X3, Perkin Elmer, USA). The average of triplicates was used applied in 

further analysis. 

 

3.2.3 Detection of virulence genes  

 The bacterial DNA was extracted using InstaGene™ DNA Purification Matrix (Bio-Rad, 

Hercules, CA, USA). The DNA samples were stored at -20 °C until further analysis. 

Polymerase chain reaction (PCR) was performed to detect the genes cadF, ciaB, cj1349, irgA, 

hecA, hecB, mviN, pldA, tlyA and iroE.  

DNA amplification was carried out using 1X PCR buffer, 1U GoTaq® Hot Start 

Polymerase (Promega Corporation, Madison, USA), 1.3 - 2.0 mM MgCl2 (Promega 

Corporation, Madison, USA), 10 mol of each primer described for Douidah et al. (2012) and 

Karadas et al. ( 2013), 200 µM of deoxynucleotides (Promega Corporation, Madison, USA), 

template DNA (~ 40 ng), and ultrapure water to complete the volume to 25 µL.  Positive (A. 

butzleri LMG 10828T) and negative (ultrapure water) controls were used in every PCR run. The 

PCR conditions were the following; initial denaturation (94°C for 4 min), followed by 30 

amplification cycles consisting of 45 sec at 94°C (denaturation), 45 sec at 56°C (primer 

annealing), and 2 min at 72°C (primer extension). A primer extension step (72°C for 7 min) 

followed the final amplification cycle. 
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 Analysis of the PCR products were carried out by agarose gel 1.0% (1.2% w/v) with 

ethidium bromide (0.3 µg/mL) in TBE buffer 0.5X (45 mmol/L Tris-Borate; pH 8.0, 1mmol/L 

EDTA). Images of gels were captured using Image LabTM Software and Molecular Imager Gel 

DocTM XR (BioRad Laboratories, Hercules, CA, USA). 

 

3.2.4 Antimicrobial susceptibility testing 

The antimicrobial susceptibility of 36 A. butzleri isolates was tested by disk diffusion 

technique according to Clinical Laboratory Standards Institute (CLSI) guidelines (CLSI 2015) 

for Campylobacter jejuni/coli. The selected antibiotics were chosen based on their use in the 

dairy production and included penicillin G (PEN, 10 μg), tetracycline (TE, 30 µg), neomycin 

(NEO, 30 µg), ciprofloxacin (CIP, 5 µg), erythromycin (E, 15 µg), and azithromycin (AZI, 15 

µg ) (Laborclin, Brazil).  

The isolates were grown in blood agar base with 5% defibrinated sheep blood and 

incubated at 30° C under aerobic conditions for 48 h. Bacterial colonies from fresh pure culture 

were mixed with sterile saline solution (0.85%) to prepare the turbidity of each inoculum, which 

was adjusted to McFarland (0.5; ~108 CFU/mL) standards. Bacteria from each suspension were 

inoculated on Muller-Hinton agar with 5% defibrinated sheep blood using a sterile cotton-

tipped swab. After that antibiotic discs were dispensed, incubation of the plates took place in 

aerobic atmosphere at 30 °C for 48 h and the diameter of the inhibition zones was measured 

with calipers. Since there are no breakpoints for Arcobacter species, the zones of inhibition 

were recorded and interpreted according to CLSI guide lines (CLSI 2015) for Campylobacter 

jejuni/coli  and Enterobacteriaceae.  

 

3.2.5 Assay of biofilm formation on surfaces contact 

 Coupons, whey and bacterial suspension preparations 

For sanitary stainless-steel polish 304 and polypropylene coupons with 12 mm in 

diameter were used as surfaces for A. butzleri biofilm formation. The coupons were washed 

and sanitized as described by Cruzado-Bravo et al. (2019). 

 The whey used, was obtained from the production of fresh cheese, sterilized at 121 ° C 

for 15 min and filtered to remove residues, therefore, the whey for biofilm assay was transparent 

and similar to a common laboratory culture broth. 

Bacterial suspension preparation was performed in the same way as screening strains a 1 

mL aliquot of bacterial suspension (~108 CFU/mL) preparing in MH broth and whey separately 

was placed in a 24-well plate containing a cleaned and sterilized coupon. Microplates were 
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incubated at 25 °C for 48 h, and 96 h under aerobic conditions, and each treatment was 

developed in triplicate. For the treatments with 96 h of incubation, the culture broths were 

renewed after 48 h of incubation. 

 

Quantification of biofilm with crystal violet 

After incubation, the coupons stained with CV was performed according to Teh et al. 

(2010). Coupons were removed aseptically from a new 24-well plate and the same methodology 

for CV, was carried out. The solubilized CV (200 µL) were transferred to new 96-well plates 

and OD was measured.  

Bacterial counting of adhered cells and biofilm quantification 

The coupons were transferred to tubes with 5 mL of peptone water 0.1% (w/v). The 

coupons immersed in peptone water were subjected to sonication at 40 kHz (sonication bath, 

Sonicador Ultra Cleaner 800A, Unique®, São Paulo, Brazil) for 30 °C/3 min to detach cells 

from the inert support, by additional vortexing for one minute. The bacterial suspensions 

obtained were used for serial dilution. A volume of 0.01 mL was then plated on blood agar by 

the drop plate method. The procedure was carried out in triplicate and plates were incubated at 

30 °C/48 h. The bacterial count was performed according to the method using for Martin et al. 

(2016).  

 

 3.3 STATISTICAL ANALYSES   

To the production of A. butzleri biofilms in a 96-well microplate, an analysis of variance 

(ANOVA) for the optical density (OD) was applied considering a factorial design (37x3x2) 

was used, with strains (n = 37), cell concentration (~ 108, ~ 107 and ~ 106 CFU/mL) and 

incubation time (48 h and 96h) as source of variation. Significant factors (p≤0.05) were 

subjected to multiple comparisons using the Duncan test. The detection of genes was analyzed 

by the Cochran's Q test and Multiple McNemar (Bonferroni) test. Genetic relationships were 

assessed using Multiple Factor (MFA), the antibiotic’s resistance was depicted by Principal 

Component Analysis (PCA) and the frequency of genes was analyzed by Principal Coordinates 

Analysis (PCoA). For the contact surfaces biofilm formation, a factorial ANOVA (7x2x2x2) 

was also used, with strains (n = 7), growth media (MH, whey), contact surfaces (stainless steel 

and polystyrene) and incubation time (48 h and 96h) as factors. Significant factors (p≤0.05) 

were then subjected to multiple comparisons using the Duncan test. Biofilm production 

relationships between strains and method for evaluating biofilm formation were assessed using 
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MFA. Statistical analyses were performed using XLSTAT 2018 software for Microsoft Excel® 

(Microsoft®, WA, USA) and R environment (R Core Team, 2017). 

 

3.4  RESULTS  

The quantification of biofilm in 96-well microplate was performed with the 36 field 

strains from dairy products and the type strain (LMG 10828T) of the species A. butzleri, in the 

same way the presence of 10 virulence genes was investigated, as well as resistance test to six 

antibiotics. 

According to the ANOVA carried out on the OD obtained in the biofilm formation 

assays, we observed that there was a significant difference (p <0.05) between cell 

concentrations and incubation time for the strains used. Comparing the three cell 

concentrations, greater biofilm formation was observed at the concentration 108 CFU/mL 

demonstrated in Supplementary Table S1. In the case of incubation time, higher ODs were 

quantified at 48 h of incubation (Figure 1B). The strains with the highest production of biofilms 

were LC82A, Q78A, Q5, LC63A2, LC70C, LC63B1 and LMG 10828T while the strains with 

less formation were LC40A, LC46A and Q74D as shown in Figure 2.  

Supplementary Table S1 resumes the interaction between cell concentration and 

incubation time with respect to OD. Interactions with 108 CFU/mL were those that obtained the 

highest production of biofilms. 

Analyzing the relative frequency of virulence-associated genes present in A. butzleri, 

all field strains presented the pldA, ciaB, tlyA and mviN genes and less than 10% of the strains 

presented the irgA and iroE genes (Table 1). In Supplementary Figure 1SA, it can see how the 

genes which have greatest presence are grouped in the center of the quadrants, clearly 

distinguishing the less present genes 

On the other hand, antibiotic resistance was assessed using the diffusion disk method 

and breakpoints were analyzed according to the CLSI for Campylobacter jejuni/coli and 

Enterobacteriaceae. Table 2 shows the results of the antibiograms. All field strains were 

sensitive for AZI and CIP. Resistance to PEN was observed in 34 field strains (94.4%). The 

most resistant strains were from raw cow milk. Supplementary Figure 1SB represents the 

inhibition zone. It can be observed that the size of the closest inhibition zone was the NEO and 

AZI, and all strains were sensitive to those antibiotics, the proximity of the vectors indicates 

similar sensitivity. The most sensitive antibiotics are relatively close (ERI, AZI, NEO and CIP), 

while the PEN and TET inhibition zone that were lower and indicated resistance, are relatively 

far from the sensitive strain group. 



63 
 

 

In Supplementary Figure 2S, elaborated with the relative frequency of the genes, the 

inhibition zone and the OD obtained of the biofilm quantification in 96-well microplate, can be 

observed that the presence of the genes investigated and antibiotic resistance are close, 

indicating a slight correlation. However, it cannot be observe correlation with OD. 

 

Selection of strains for biofilm test on contact surfaces 

After the 96-well microplate biofilm test, antibiograms and virulence patterns, 8 field 

strains (cheese n = 4, raw milk n = 4) were selected, according to the statistical analysis shown 

in Figure 2. Of them, two field strains highly-forming biofilms and two strains of low biofilm 

formation were selected. This criterion was both field strains of Minas frescal cheese and raw 

milk, in addition the strain LMG 10828T was added to the biofilm test on contact surfaces. The 

detailed information of each strain is shown in Table 3. 

The versatility of the A. butzleri strains was evaluated by quantifying biofilms formed 

on contact surfaces using whey as a culture broth for their production.  

The data obtained, both from OD and cell count (log CFU/cm2) were analyzed by 5% 

ANOVA, as shown in Supplementary Table 2S. All the statistically analyzed factors were 

different except the culture medium in the case of the OD response variable. The strains 

LC63A2 and LMG10828T were the ones that showed the highest biofilm formation (OD) and 

for the cell count response variable was the LC63A2 and Q78A strains. The Q33A strain of 

Minas frescal cheese was the strain with the lowest biofilm formation. The arrangement of the 

strains obtained by means of the MFA analysis is shown in Supplementary Figure 3S, showing 

that the strains with the highest biofilm formation were located in I and IV quadrants. 

The growth medium had a clear influence on the formation of A. butzleri biofilms 

(Figure 3A) when the cell count was analyzed as a response variable. MH was the culture 

medium that presented the highest adhesion cell counts, while when analyzing OD as response 

variable, no significant difference was observed between the culture media. This indicates that 

the strains of A. butzleri can use efficiently or in the same way the nutrients present in the whey 

and the MH medium to develop the biofilms. 

Analyzing the incubation time factor and its effect on the cell count response variable, 

it was observed that with all strains the effect of time was significant (p <0.5), being the highest 

counts were obtained with 96 h incubation (Figure 3B). On the other hand, the effect of the time 

on OD as a response variable, had a different behavior: on average the greatest formation of 

biofilms at 48 h was in whey, while in 96 h it was in MH. In general, the formation of biofilms 

in 48 h was greater than in 96 h, analyzing the OD as a response variable.  
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The surfaces used also had a significant effect (Figure 3C), greater biofilm formation 

on stainless steel was observed. On average the strains reached 6.4 log CFU/cm2, while in 

polypropylene it was 5.5 log CFU/cm2. 

The comparison of the two response variables analyzed (OD and cell count) are shown 

in Figure 4, these variables were analyzed using MFA, in order to observe the correlation 

between both methodologies. As seen in Figure 4B, the two response variables had a correlation 

of 80% (RV = 0.8), which means that the two techniques are similar in 80% and allow to 

quantify and to obtaining highly similar results. 

 

3.5 DISCUSSION  

In the present study, 36 strains isolated from dairy products by Cruzado-Bravo et al. 

(2020) were characterized. For this, all strains were evaluated for the formation of biofilms in 

96-well microplate, resistance to antibiotics and the presence of genes associated with 

virulence. Subsequently, eight strains were selected to evaluate the biofilms formation on 

contact surfaces commonly used in the food industry with different culture media, incubation 

time. 

Considering that biofilms formation in surfaces is a normal behavior of microorganisms 

for survival, this become a critical problem in the food industry, since they can be a source of 

contamination. Eradication of this problem using sustainable and environmentally friendly 

techniques remains critically important, and therefore, it is receiving great attention from 

researchers around the world (Gule et al. 2016). In the same way, the number of investigations 

studying different bacterium and their ability to form biofilms has increased (Bridier et al. 

2015). Thus, the information obtained to address the problems of biofilms has been improving, 

as for example in the design of new materials that prevent or reduce the formation of biofilms, 

besides the hygiene techniques. Knowing the natural processes such as the structure of bacterial 

biofilms and factors that directly affect those processes such as time, temperature, type of 

microorganisms helps to improve this control. 

The results showed that in the case of A. butzleri the bacterial population had an effect 

on the production of biofilms, observing that the highest biomass production was with an initial 

population of 108 CFU/mL (Figure 1), similar results were found by Rosenberg et al. (2008), 

who analyzed the formation of Salmonella enterica biofilms in different concentrations of the 

inoculum. 

Which respect for the incubation time evaluation, on average, the greatest production of 

biofilms occurred at 48 h of incubation. However, in strains with high biofilm production, the 
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same amount of biomass was observed in both times evaluated. These results suggest that the 

limitation of nutrients could reduce the accumulation of biofilms in 96 h of incubation (Chen 

et al. 2013). These results can be attributed to the natural processes of biofilms, and their natural 

detachment (Mizan et al. 2015).   

 The presence of the ciaB, pldA, tlyA, mviN, tlyA, cj1349 and cadF genes is frequently 

reported in A. butzleri isolated from food, animals, environments as well as in clinical strains 

(Douidah, de Zutter, et al. 2012; Ferreira et al. 2013; Girbau et al. 2015). Similar results were 

obtained for the milk and cheese isolates analyzed in the present investigation as shown in Table 

1 and schematized by PCoA in Supplementary Figure 1SA. The genes detected are associated 

with adhesion (cadF, cj1349), invasion (ciaB), phospfolipase (pldA) and hemolysin (tlyA)  

(Miller et al. 2007). 

 On the other hand, the genes reported less frequently, to be depending on the origin of 

the isolates are iroE, irgA, hecA and hecB (Douidah, De Zutter, et al. 2012; Ferreira et al. 2013; 

Ferreira et al. 2017; Rathlavath et al. 2017). IroE is a siderophore esterase found also in 

uropathogenic Escherichia coli, irgA gene coding for an iron-regulated outer membrane 

protein; the gene hecA, a member of the filamentous hemagglutinin (FHA) family; and the gene 

hecB, coding for a hemolysin activation protein (Miller et al. 2007). As observed in Table 1, 

only one strain from Minas frescal cheese presented the irgA gene and 3/36 strains presented 

the iroE gene, unlike the isolates analyzed by Lehmann et al. (2015) from fish and poultry meat 

where about 35% and 40% of the strains studied had the irgA and iroE genes respectively, 

percentages higher than those reported in the present investigation.  

To evaluate antibiotic resistance, we used: beta lactam (penicillin), aminoglycosides 

(neomycin), quinolone (ciprofloxacin) and macrolides (erythromycin and azithromycin). The 

antibiotics PEN, TET and NEO, were selected because they are frequently used in dairy cows, 

in both prevention and curative treatments, while CIP and ERY, these antimicrobials were 

selected because they are the first-line drugs for the treatment of Campylobacter infection. 

 As can be seen in Table 2, 94.4% (34/36) of field strains were resistant to beta-lactam, 

similarly it was observed by Yesilmen et al. (2014), who reported 80% (8/10) of PEN resistance 

in raw milk (bovine origin)  and fresh village cheese samples. High resistance to this antibiotic 

may be associated with the presence of suspected β-lactamases described in A. butzleri using 

complete genome sequencing (Miller et al. 2007).  

The sensitivity to antibiotics ERY, CIP, TET and AZI in strains of A. butzleri from 

clinically healthy cattle, ready-to-eat packaged vegetables, beef, seafood, water, in-line milk 

has already been reported in more than 90% of isolates analyzed by Serraino et al. (2013); 
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Shirzad Aski et al. (2016) and Rathlavath et al. (2017). Similar results were obtained in the 

present investigation as shown in Table 2, with all field strains showing great sensitivity to 

mentioned antibiotics.  

Supplementary Figure 2S shows the MFA elaborated with the relative frequency of the 

genes, the size of the zone of inhibition and the OD obtained in the quantification of biofilms 

in 96-well microplate. We observe that the presence of the investigated genes and the resistance 

to antibiotics (zone of inhibition) are close, indicating a slight correlation that is, the size of the 

zones of inhibition presented by field strains, which were mostly greater than 25 mm, measures 

that suggest sensitivity to the antibiotics evaluated were slightly correlated with the presence of 

the ten genes investigated. Which, was already shown in other investigations (Douidah, de 

Zutter, et al. 2012; Ferreira et al. 2013; Karadas et al. 2013; Girbau et al. 2015; Ferreira et al. 

2019). In fact, a statistical analysis was not performed to observe this correlation, however, they 

show similar results to those presented in this research, such as the percentage of genes detected 

and high sensitivity to the same antibiotics that were analyzed. 

However, we do not observe a correlation with OD (Supplementary Figure 2S), it is 

likely that the factors that affect the formation of biofilms are not necessarily the genes analyzed 

in the present investigation, which suggests the presence of other mechanisms such as those 

suggested by Pereira-Medrano et al. (2013) who associate the presence of the flaA gene with 

greater adhesion and subsequent formation of biofilms. Additionally, the expression of the flaA 

gene is directly related to temperature (Meinersmann et al. 1997). 

Medina et al. (2019), suggest that the biphasic transcription of genes (ciaB, cadF, mviN, 

pldA) and flagellar genes (flaA, flab, flgH, motA) are necessary for A. butzleri to establish an 

endosymbiotic relationship with Acanthamoeba castellanii, and that after the established 

relationship, the transcription of these genes decrease, thereby inducing the importance of the 

expression of these genes for the survival and fixation of A. butzleri within the host cell.  

Biofilms formation on contact surfaces 

The A. butzleri strains used were isolated in milk and cheese, therefore, is important to 

take it to conditions that would be found in a dairy process plant.   

Two contact surfaces commonly used were selected, stainless steel and polypropylene, 

materials present both in the machinery and in the utensils used to produce cheese. We also 

evaluate how A. butzleri could take advantage of the residues present in the cheese processing 

environment, such as whey that is a by-product from cheese production. The whey was used as 

a culture broth and compared to a commercial media (MH broth), to observe the versatility and 

metabolic plasticity of the strains to use different culture media.  
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Supplementary Figure 3S show the disposition of the nine strains evaluated (8 field 

strains + 1 type strain) is schematized by MFA analysis. Can be observed that the strains found 

in I and IV quadrants are those that formed the largest number of biofilms (within the ellipse). 

The average and the statistical difference among them are shown in Table 3. The strains 

evaluated exhibited a significant difference, as observed by Ferreira et al. (2013); Girbau et al. 

(2017) and Ferreira et al. (2018), that found significant difference among the Arcobacter strains 

studied. The LMG 10828T strain, was also evaluated by Ferreira et al. (2013) and, as in the 

present investigation, showed high ability to form biofilm. Meanwhile, the field strain LC63A2 

from raw milk, also showed a great ability to biofilm. Interesting to point out that this is a strain 

resistant to three antibiotics tested (TET, PEN, ERI) and presents six genes investigated (pdlA, 

ciaB, cadF, tlyA, cjl349 and mviN).   

Among the extrinsic factors that affect the formation of bacterial biofilms is the culture 

medium (Phillips 2016). An investigation carried out by Moltz & Martin (2005), using L. 

monocytogenes, showed that the medium had a great effect when biofilms were quantified, 

showing that the nutritionally poor means were those with greater biomass obtained.  

On average biofilm formation was higher having MH as a culture medium (Figure 6A). 

However, we have shown that the A. butzleri strains evaluated were able to use the whey as a 

culture medium to biofilm formation. As it was already shown in the isolation of the strains 

used (Cruzado-Bravo et al. 2020), the presence of Arcobacter correlated slightly with the high 

moisture in the cheeses, as we know that moisture is from the whey, Arcobacter can use the 

nutrients present in the whey to maintain or increase its population.  

With the tests carried out on the eight field strains used, we show that A. butzleri can 

use the whey as a culture medium to increase its population. Whey is known to be a rich medium 

and residue that can remain in cheese processing plants if sanitation processes fail may favor 

de biofilm formation inside the plants. 

Incubation time (48 h and 96 h) to quantify the biofilms was significantly different 

(Table 5). When the biofilms on the contact surfaces were quantified, the culture broths were 

renewed at 48 h, in order to avoid nutrient depletion at 96 h of evaluation. In Figure 6B can be 

observed that with all strains the viable cell count was greater than 96 h of incubation, probably 

because the culture broth was renewed. Similar results were obtained (Assanta et al. 2002), 

which evaluated the biofilm formation of Arcobacter at different times (1, 4, 24, 48 and 72 h) 

at 4ºC and 20ºC, obtaining greater bacterial populations at 72 h of incubation. 

Kjeldgaard et al. (2009), showed that the strain type A. butzleri ATCC 49616T (=LMG 

10828T), was able to form biofilms on stainless steel using chicken meat juice medium (CMJ) 
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and Brain Heart Infusion (BHI) as a culture medium.  The authors were obtained cell count 

between 1.6 log CFU/cm2 and 4.6 log CFU/cm2, lower than those shown by field strains 

analyzed in the present investigation. We obtained cell counts > 2 log CFU/cm2, the strain 

LC63A2 (raw milk) presented up to 8 log CFU/cm2 of adhered cells on stainless steel (Figure 

3C). Our results, probably were because a higher incubation temperature was used and the 

initial bacterial population was also higher than that used by Kjeldgaard et al. (2009). 

Surface energy of the contact materials is another extremely important extrinsic factor  

that interferes in biofilm formation. Assanta et al. (2002), evaluated the biofilm of Arcobacter 

on stainless steel, plastic and copper, observing greater biofilms formation on stainless steel. 

The authors made the measurement of the surface energy of the materials used, and verified the 

highest surface energies in the following sequences: stainless steel > copper > plastic, which 

has a direct relationship with the biofilm formation. Similar results were obtained in the present 

investigation, as shown in Figure 3C, with greatest formation of biofilms observed in A. butzleri 

was on stainless steel. 

Due to this type of problems with high surface energy materials, the design of new 

materials is high, obviously taking into account the practicality, safety and durability of 

stainless steel, but especially in the type of coating (Gule et al. 2016).   

Therefore, the information obtained in this study with field strains contribute to better 

know the bacteria and its biofilm formation abilities that will allow us to further optimize the 

strategies to control this microbiological hazard in the dairy industries. 

 

3.6  CONCLUSION  

Bacterial biofilms are complex structures that confer protection and resistance to 

microorganisms, so this is challenging problem for the food industry in nowadays. In the case 

of emerging pathogens such as A. butzleri, the presence of biofilms represents a public health 

concern, taking into account that they can contaminate fresh cheeses and other ready-to-eat 

products. This study provides a better understanding on the bacteria and its biofilm formation 

characteristics and contribute with information to mitigate biofilm formation in food processing 

plants. The information obtained with the present investigation, such as the presence of 

virulence genes, resistance to antibiotics among other factors that would affect the formation 

of biofilms stress the need to develop better strategies, such as the design of new materials, 

cleaning and adequate sanitation in short times and with the right cleaning products. In addition, 

the results of this research indicate the need to characterize field strains of A. butzleri throughout 

the entire dairy chain. 
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List of Tables and Figures 

 

Table 1. Presence of virulence genes in A. butzleri from Minas frescal cheese and raw milk 

 

  Genes n (%) 

Strains origin ciaB pldA tlyA mviN cadF cjl349 hecB hecA iroE irgA 

cheese (n= 16) 15 (100) 15 (100) 15 (100) 15 (100) 15 (100) 14 (93.3) 3 (20) 2 (13.3) 1 (6.7) 1 (6.7) 

milk (n=21) 21 (100) 21 (100) 21 (100) 21 (100) 20 (95.2) 21 (100) 7 (33.3) 7 (3.3) 2 (9.5) 0 (0) 

Total (n= 36) 36 (100) a 36 (100) a 36 (100) a 36 (100) a 35 (97.2) a 35 (97.2) a 10 (27.8) b 9 (25) b 3 (8.3) b 1 (2.8) b 

Note: Difference statistically significant (P< .05) is indicated by different letter according to Cochran's Q test. 
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Table 2.   Antibiotic resistance in A. butzleri from Minas frescal cheese and raw milk 

 

Antibiotics 

(concentration)  

Minas frescal Cheese 
(n= 15) 

Raw milk 

(n = 21) 

Total 

(n= 36) 

R  

n (%)  
I 

 n (%) 
S  

n (%) 
R  

n (%)  
I 

 n (%) 
S  

n (%) 
R  

n (%)  
I 

 n (%) 
S  

n (%) 

Penicillin G (10 μg) 13 (86.7) - 2 (13.3) 21 (100) - - 34 (94.4) - 2 (5.5) 

Tetracycline (30 μg) - - 15 (100) 2 (9.5) - - 2 (5.5) - 34 (94.4) 

Neomycin (30 μg) - - 15 (100) 1 (4.8) 1 (4.8) 1 (4.8) 1 (2.8) 1 (2.8) 34 (94.4) 

Ciprofloxacin (5 μg) - - 15 (100) - - - - - 36 (100) 

Erythromycin (15 μg) - - 15 (100) 3 (14.3) - - 3 (8.3) - 33 (91.7) 

Azithromycin (15 μg) - - 15 (100) - - - - - 36 (100) 

Note: R= Resistant, I= Intermediate resistant, S= Sensitive 
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Table 3. Strains information used in the biofilm formation tests on contact surfaces and the average obtained with the two methodologies used to quantify 

biofilms 

Note: OD= optical density. PEN= penicillin G, TET= tetracycline, NEO= neomycin, CIP=ciprofloxacin, ERI= erythromycin, AZI=azithromycin. (*)=Difference statistically significant (P< 

.05) is indicated by different letter according to Duncan´s test

Code   origin  
Virulence patterns 

 

Antibiotics Biofilm on contact surfaces 

Resistance Intermediate Sensible average OD 
average Log 

UFC/cm2 

LMG 10828T 

 
clinical 

hecA pdlA irgA ciaB hecB 

cadF iroE tlyA cjl349 mviN 
PEN TET, ERI NEO, CIP, AZI 1.23±0.06 * 6.93±0.35   

LC 63A2 
raw 

milk 

pdlA ciaB cadF tlyA cjl349 

mviN 
TET, PEN, ERI  NEO, CIP, AZI 1.27±0.04 * 8.00±0.37 * 

Q5 cheese 
hecA pdlA irgA ciaB hecB 

cadF tlyA mviN 
  

TET, PEN, NEO, 

CIP, ERI AZI 
1.17±0.10  7.60±0.55 * 

Q78A cheese 
pdlA ciaB cadF tlyA cjl349 

mviN 
  

TET, PEN, NEO, 

CIP, ERI, AZI 
1.14±0.08  7.37±0.44 

LC 40A 
raw 

milk 

pdlA ciaB cadF tlyA cjl349 

mviN 
PEN  

TET, NEO, CIP, 

ERI, AZI 
1.08±0.12  4.67±1.47 

Q74d cheese 
pdlA ciaB cadF tlyA cjl349 

mviN 
PEN  

TET, NEO, CIP, 

ERI, AZI 
1.02±0.14  5.90±1.38 

LC 82A 
raw 

milk 

pdlA ciaB cadF tlyA cjl349 

mviN 
PEN  

TET, NEO, CIP, 

ERI, AZI 
0.98±0.05  4.31±1.61 

LC 46A 
raw 

milk 

hecA pdlA ciaB hecB cadF 

tlyA cjl349 mviN 
PEN  

TET, NEO, CIP, 

ERI, AZ 
0.95±0.04  4.76±1.61 ** 

Q33a cheese 
pdlA ciaB cadF tlyA cjl349 

mviN 
PEN  

TET, NEO, CIP, 

ERI, AZI 
0.82±0.09 ** 4.16±1.76 ** 
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Supplementary Material- Tables 

 

Table S1. Average optical density of the interaction of the factors cell concentration and time 

in the A. butzleri biofilm formation in 96-well microplate  

Factor interaction  

(cell concentration *time) 
OD Average 

 On 108 CFU/ml *48h 1.40±0.12 a 

108 CFU/ml*96h 1.37±0.03 a 

107 CFU/ml*48h 1.12±0.02 b 

106 CFU/ml*48h 1.10±0.04 b 

107 CFU/ml*96h 0.98±0.05 c 

106 CFU/ml*96h 0.89±0.02 d 

Note: Difference statistically significant (P< .05) is indicated by different letter according to Duncan´s test 

 

 

 

 

Table S2. ANOVA test for the factors evaluated in the biofilms formation on contact surfaces 

comparing the two methodologies used to quantify the biofilms formation  

Factor  
P*  

OD Log CFU/cm2 

Strain (n=9) <0.0001 <0.0001 

Broth media (whey, MH) 0.64 0.0004 

Time (48h, 96h) <0.001 <0.0001 

Contact surface (SS, PP) 0.006 <0.0001 

Note: OD= optical density, MH=Mueller Hinton broth, SS=stainless steel, PP=Polypropylene. P*= p value 

obtained by the ANOVA test.  
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Note: LC= milk Q=cheese 

Figure 1. Biofilms formation of A. butzleri strains in a 96-well plate with different cell concentrations and incubation times.  
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Note: Difference statistically significant (P< .05) is indicated by different letter according to Duncan´s test. LC= raw milk strain. Q = Cheese strain   

 

Figure 2.  Average biofilms formation of A. butzleri strains in a 96-well plate 

 

 

 

 

* * * * * * *

** ** **

0.0

0.3

0.5

0.8

1.0

1.3

1.5

1.8

2.0
O

D
 6

0
0
 n

m

strains



81 
 

 

Note: SS=stainless steel, PP=Polypropylene, OD=optical density 

Figure 3. Average biofilm formation of A. butzleri on surfaces contact with culture media and 

incubation time. 
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Note: CV=Crystal Violet 

Figure 4.  Average biofilm formation on contact surfaces considering cell count and crystal violet methodologies (A). MFA of the methodologies used in A. 

butzleri strains.  
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Supplementary Material- Figures 
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Figure 2S. MFA representing the correlation between the factors evaluated in the 36 strains of A. butzleri from dairy products. 
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Figure 1S.  Figure 1S. (A) PCoA on the frequency of genes, (B) PCA on the antibiotic’s resistance. 

 



85 
 

 

 
Figure 3S. MFA of A. butzleri strains of biofilm formation on contact surfaces 
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FINAL CONCLUSION  

The presence of Arcobacter in Minas Frescal cheese and raw cow milk in São Paulo 

State, is reported for the first time in the present investigation. The presence of the emerging 

pathogen A. butzleri in fresh cheeses ready for consumption can be a public health problem, 

given that it is a highly consumed cheese in Brazil. It is important to address the presence of 

these bacteria with the physicochemical and microbiological characteristics; with this we can 

suggest improvements in the processes and the way to address pollution problems  

The characterization of the isolates from milk and dairy products allowed to obtain 

information still unknown and unpublished, such as the presence of genes associated with 

virulence, resistance to antibiotics. Something very important we addressed the problem of A. 

butzleri biofilms. Bacterial biofilms remain a latent problem of contamination in the food 

industry, these biofilms are complex structures that confer protection, therefore, more 

resistance. 

 It is important to highlight that the infectious dose and the behavior of this bacteria in 

food is not yet well understood and it is necessary to continue exploring. In addition, the results 

of the present investigation indicate the need to control A. butzleri from the period after milking. 

Continuous microbiological control of milk should be carried out throughout the production 

and distribution chain of Minas frescal cheese and other high-consumption dairy products. 

Additionally, the strains isolated in the analyzed matrices needed to be much more 

explored, it would be ideal to perform the complete sequencing of the genomes and compare 

with other strains which would allow us to understand a little more about this emerging 

pathogen. 
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