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Resumo 

Pseudomonadota são reconhecidos como importantes portos de resistência aos antibióticos, e 

algumas delas também são bactérias ubíquas capazes de sobreviver em múltiplos ambientes. 

Objetivos- compreender se bactérias do filo Pseudomonadota, que são colonizadores comuns 

de uma pele humana saudável, podem ser portadoras de resistência a antibióticos e se a sua 

sobrevivência pode ser afetada pelo uso de cosméticos ou agentes antimicrobianos e a 

resistência a carbapenemos entre espécies de Acinetobacter é afetada pela filogenómica. Para 

responder a esta questão, foi realizada uma análise da diversidade bacteriana da pele humana 

saudável com base em dados metagenómicos disponíveis em bases de dados públicas, e 

identificado os géneros e espécies mais comuns de Pseudomonadota. Dessa análise, 

identificou-se o género Acinetobacter como um dos mais frequentes na pele humana, a saber, 

as espécies Acinetobacter johnsonii, Acinetobacter lwoffii e Acinetobacter junii. Os genomas 

dessas três espécies foram recolhidos de bases de dados públicas (n=232) e comparados em 

termos de perfis de resistência a antibióticos e virulência, visando entender se os perfis de 

resistência/virulência são determinados pela espécie ou por outros fatores, como a filogenia ou 

a origem dos isolados (clínica, clinicamente associada e ambiental) podem interferir. Com base 

na comparação de genomas foi possível concluir que são importantes portadores de genes de 

resistência a antibióticos. Os isolados de origem ambiental apresentaram maior diversidade de 

genes de resistência, enquanto os isolados de origem clínica apresentam menores perfis de 

resistência mas maior abundância. Os genomas blaNDM positivos (n=23) foram processados 

para compreender o ambiente genómico do gene da carbapenemase e se ele varia de acordo 

com a espécie ou a origem da estirpe. Foi observado que o gene blaNDM estava associado 

principalmente a elementos genéticos móveis, nomeadamente a família IS66, e associado a 

outros genes de resistência (p.e. aminoglicosideos, macrólidos). Alguns isolados de 

Acinetobacter da coleção de culturas do laboratório, todos de origem ambiental, foram testados 

quanto à sua tolerância a antissépticos (peróxido de hidrogénio, iodo, lixivia) e cosméticos, 

utilizando o método de difusão em disco. Para esses isolados não foi possível inferir qualquer 

correlação entre o perfil de resistência aos antibióticos e a tolerância aos compostos cosméticos, 

mas observou-se alguma variância entre as estirpes na tolerância ao peróxido de hidrogénio. 

No futuro, seria interessante estender estes testes a isolados de diferentes origens (p. e., isolados 

cutâneos) e testar concentrações mais elevadas dos cosméticos. 

Palavras-chave: Origem, Espécie, Resistência aos carbapenemos, Filogenómica, Fenotípica 
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Abstract  

Pseudomonadota are recognized as important harbours of antibiotic resistance, and some of 

them are also ubiquitous bacteria able to survive in multiple environments. The aim of this 

study was to understand if bacteria of the phylum Pseudomonadota that are common colonizers 

of a healthy human skin may be carriers of antibiotic resistance, and if their survival may be 

affected by the use of cosmetics or antimicrobial agents and if carbapenems resistance among 

Acinetobacter species is affected by phylogenomics. To answer this question, it was first done 

an analysis of the human healthy skin bacterial diversity based on metagenomic data available 

in public databases, and identified the most common Pseudomonadota genera and species. 

From this analysis, was identified the genus Acinetobacter as one of the most frequent in human 

skin, namely the species Acinetobacter johnsonii, Acinetobacter lwoffii and Acinetobacter 

junii. The genomes of those three species were collected from public databases (n=232) and 

compared in terms of antibiotic resistance and virulence profiles, aiming to understand if the 

resistance/virulence profiles were determined by the species or if other factors, such as the 

phylogeny or the strains origin (clinical, clinical associated, and environmental) may interfere. 

Based on this genome’s comparison it was possible to conclude that they are important carriers 

of antibiotic resistance genes. The strains from environmental origin presented a higher 

diversity of resistance genes, while the strains from clinical origin have poorer profiles of 

resistance but higher abundance. The blaNDM positive genomes (n=23) were processed to 

understand the genomic environment of the carbapenemase gene and if it varies according to 

the species or the strain origin. It was observed that the blaNDM gene was mainly associated to 

mobile genetic elements, namely the IS66 family, and associated with other genes of resistance 

(e.g. aminoglycosides, macrolides). Some Acinetobacter isolates in the laboratory culture 

collection, all from environmental origin, were tested for their tolerance to antiseptics 

(hydrogen peroxide, iodine, bleach, water) and cosmetics, using the disk diffusion method. For 

these isolates it was not possible to infer any correlation between the antibiotic resistance 

profile and the tolerance to cosmetic compounds, but it was observed some variance between 

strains in the tolerance to hydrogen peroxide. In the future, it would be interesting to extend 

these tests to strains from different origins (e.g. skin isolates) and test higher concentration of 

the cosmetics.  

Keywords: Origin, Species, Carbapenems resistance, Filogenomics, Phenotypic 
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1. Introduction 

 

 

1.1.The Human skin 

 

The human skin extends to a total of 1.8 m² with various folds with special niches in which a 

variety of microorganisms, including bacteria, fungi, viruses and mites live (Grice & Segre, 

2011). The main function of human skin is to provide a strong physical barrier that resists 

penetration by microorganisms and potential toxins, while retaining moisture and nutrients in 

the body. It also represents an interface to the external environment and most colonized 

symbiotic microorganisms are harmless and protects against invasion by pathogenic or harmful 

organisms. These microorganisms may also play a role in educating skin immune system for 

better immunity (Grice & Segre, 2011). 

 

Disturbances affecting the host-microorganism relationship can be endogenous in nature (e.g. 

genetic variation that selects a particular microbial community) or exogenous in nature (e.g. 

hand washing). Microbiologists, immunologists, and dermatologists have collaborated with 

genomic scientists to develop a more comprehensive characterization of the skin microbiota, 

to understand skin health, diseases, and infections (Grice & Segre, 2011). A balanced skin 

microbiome is known to play an important role in skin health, as any alterations lead to the 

overgrowth of pathogenic strains linked to various skin diseases (Kim et al., 2018; Kong et al., 

2012).  

 

Skin diseases are closely related to skin microorganisms and these two elements can regulate 

each other (Cundell, 2018). For example, the skin can release neurohormones such as peptides 

and catecholamines that alter the activity of skin microorganisms. Research has also shown 

that skin microorganisms can release neurohormonal compounds such as histamine, glutamic 

acid and R-aminobutyric acid to improve the physiological condition of the skin (Cundell, 

2018). Various factors, including the use of antibiotics, cosmetics, soaps, personal care 

products, and living conditions such as life styles and alimentations can have influence on the 

skin microbiome (Perez et al., 2016).  
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1.2. Bacterial diversity in human skin 

 

Skin microbial communities have been studied using culture-based methods. Because this 

approach selects microorganisms that thrive under artificial growth conditions, the overall 

diversity of the community is underestimated. For example, the cutaneous genus 

Staphylococcus is easier to culture than the Cutibacterium or Corynebacterium species, which 

have often been underestimated in culture-based studies (Byrd et al., 2018). To circumvent 

cultural biases and capture the full diversity of the microbiome, researchers began using next 

generation sequencing (NGS) methods (Byrd et al., 2018). 

 

There are two main methodologies used for NGS: shotgun metagenomics and 16S rDNA 

sequencing (Laudadio et al., 2018). Shotgun metagenomics involves the sequencing of 

bacterial DNA taken from whole microbial community. The sequencing reads are analysed 

with metagenomics databases as reference, assigning them to a particular taxon. 16S rDNA 

sequencing relies on the polymerase chain reaction (PCR) amplification of specific region of 

the 16S rRNA gene, utilizing degenerated primers allowing amplification of rDNA from large 

species list (Laudadio et al., 2018). 

 

Both methods have some limitations. The 16S rRNA gene amplicon sequencing is well-

typified, means that yields enough information about microbial communities’ arrangement, 

using a short fragment of the gene (∼300 bp). Taxa are designated on the basis of single region 

of the bacterial genome, and primer bias can result in over- or under-representation of specific 

taxa. Shotgun metagenomics needs more coverage (10–30 million of reads) and complicated 

data analysis. Thus, by collecting sequence information about whole genomic regions, shotgun 

metagenomics allows a more accurate definition at the species level (Laudadio et al.,2018).  

 

The bacterial diversity in human skin varies due to various factors like age, sex, site, climate, 

geographical site, immune conditions like previous infections, environmental factors (e.g. 

smoking or food habits), and certain conditions like diseases of the host (Grice & Segre, 2011; 

Bay et al., 2020). On the skin surface, Actinomycetota, Pseudomonadota, Bacillota and 

Bacteroidota are described as the most common inhabitants of skin (Table 1). Interpersonal 

variation occurs between individuals. The most consistent sites with bacterial community were 
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inside the ear, nostril and inguinal crease. The antecubital fossa, back, nare and plantar heel are 

more similar to the same site on another individual, than other areas (Oh et al., 2017). 

The bacterial diversity varies according to the moisture content, sebum level in human skin. 

Sebum lubricates the skin, and contains no dissolved oxygen, hence it helps in the growth of 

facultative anaerobes like Cutibacterium acnes, a common skin commensal bacterium (Grice 

& Segre, 2011). While Corynebacterium and Staphylococcus species are found in moist areas, 

Micrococcus, Enhydrobacter, and Streptococcus species in dry areas (Callewaert et al., 2020). 

 

The decrease in the skin pH may inhibit common pathogens, like Staphylococcus aureus and 

Streptococcus pyogenes and helps the growth of coagulase-negative staphylococci and 

corynebacteria (Grice and Segre, 2011). The age is also an important factor in microbial 

colonisation (Howard et al., 2022). Skin microbiota is established in first years of life, as a 

newborn baby explores its surrounding. During puberty, and the changes observed in sweat, 

sebum and hormone production, affects the change in composition later in life (Howard et al., 

2022). From young to old age, are observed some changes: (i) a decrease in the relative 

abundance of Cutibacterium and Lactobacillus at all the buttock, face, forearm body sites; (ii) 

an increase in the relative abundance of Corynebacterium and Enhydrobacter at the facial 

sampling site; (iii) an increase in the relative abundance of Streptococcus and Anaerococcus 

and a decrease in the relative abundance of Staphylococcus at the buttocks sampling site 

(Howard et al., 2022). 

 

Environmental factors specific to the individual, such as occupation, clothing choice, antibiotic 

usage, or cosmetics use affect the bacterial composition (Grice and Segre, 2011). Some studies 

investigated the effect of some conditions in the skin microbiota, such as swimming in the 

ocean, playing a derby, or cosmetics application. The predominating phyla on the skin change 

after ocean swimming with Actinomycetota decreasing from 34% to 6.7%, Bacillota decreasing 

from 32.3% to 9.4%, Pseudomonadota keeping stable (24.8% to 24%), and 

Bacteroidota increasing from 7% to 41.8% (Nielsen & Jiang, 2021). After playing roller derby, 

it was detected in the players skin Arthrobacter and Xanthomonas organisms, that are usually 

associated with the plant and soil communities (Meadow et al., 2013). The cosmetics 

application, increases the skin hydration increasing the bacterial diversity. For example, the 

abundance of Cutibacterium may be modulated by the cosmetics (Moskovicz et al., 2020). 
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Table 1. Bacterial diversity of a healthy human skin, based on what is described in the literature  

 

Reference  Year Methodology  Major bacterial groups Observations 

Grice & Segre, 2011 (“The skin microbiome”) 

https://doi.org/10.1038/nrmicro2537 

 

2011 CI: 16S ribosomal RNA 

sequencing  

Actinomycetota, Pseudomonadota, 

Bacillota 

 

Cutibacterium spp. (in sebaceous areas); 

Corynebacterium and Staphylococcus spp. 

(in moist areas) 

 

Healthy skin 

Byrd et al., 2018 (“The human skin 

microbiome”) 

https://doi.org/10.1038/nrmicro.2017.157 

2018 CI:16S ribosomal RNA 

sequencing 

Actinomycetota, Pseudomonadota, 

Bacillota 

 

Cutibacterium acnes, Corynebacterium 

Staphylococcus epidermidis and 

Staphylococcus aureus 

Healthy skin 

Oh et al., 2016 (“Temporal stability of the 

human skin microbiome”) 

https://doi.org/10.1016/j.cell.2016.04.008 

2016 CI: Metagenomic 

shotgun sequencing 

Actinomycetota, Pseudomonadota, 

Bacillota 

 

Cutibacterium acnes and Cutibacterium 

phage (in sebaceous sites, moist popliteal 

crease), Staphylococcus epidermidis (in 

Plantar heel), Staphylococcus hominis, 

Staphylococcus epidermidis 

Healthy skin 

Howard et al., 2022 (“Aging-associated changes 

in the adult human skin microbiome”) 

https://doi.org/10.1016/j.jid.2021.11.029 

2022 CI:16S ribosomal RNA 

gene sequencing  

Actinomycetota, Pseudomonadota, 

Bacillota 

 

Cutibacterium, Lactobacillus, 

Enhydrobacter, Acinetobacter, 

Corynebacterium, Staphylococcus, and 

Streptococcus 

Healthy skin 

https://doi.org/10.1038/nrmicro2537
https://doi.org/10.1038/nrmicro.2017.157
https://doi.org/10.1016/j.cell.2016.04.008
https://doi.org/10.1016/j.jid.2021.11.029
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Bay et al., 2020 (“Universal Dermal 

Microbiome in Human Skin”) 

https://doi.org/10.1128/mBio.02945-19 

2020 CI: 16S  

ribosomal RNA 

sequencing 

Actinomycetota, Pseudomonadota, 

Bacillota 

 

Corynebacterium spp., Staphylococcus 

spp., Streptococcus spp., Micrococcus spp. 

Healthy skin 

Callewaert et al., 2020 (“Skin Microbiome and 

its Interplay with the Environment”) 

https://doi.org/10.1007/s40257-020-00551-x 

2020 CI: Metagenomic 

sequencing. 

Actinomycetota, Pseudomonadota, 

Bacillota 

 

Cutibacterium (in sebaceous sites), 

Corynebacterium, Staphylococcus spp. (in 

moist areas), Micrococcus, Enhydrobacter 

and Streptococcus spp. (in dry areas) 

Healthy skin  

Nielsen & Jiang,2019 (“Alterations of the 

human skin microbiome after ocean water 

exposure”) 

https://doi.org/10.1016/j.marpolbul.2019.06.047 

2019 CI: 16S ribosomal RNA 

sequencing 

Actinomycetota, Bacillota, Bacteroidota, 

followed by Pseudomonadota 

Post-swim in 

healthy skin 

Meadow et al., 2013 (“Significant changes in 

the skin microbiome mediated by the sport of 

roller derby”) 

https://doi.org/10.7717/peerj.53 

2013 CI: 16S ribosomal RNA  

sequencing 

Actinomycetota, Pseudomonadota, 

Bacillota 

 

Corynebacterium, Micrococcus, 

Staphylococcus, and Acinetobacter. 

Arthrobacter and Xanthomonas (in Post-

bout samples) 

Before and after 

roller derby sport 

in healthy skin 

Moskovicz et al., 2020 (“Extrinsic Factors 

Shaping the Skin Microbiome”) 

https://doi.org/10.3390/microorganisms8071023 

 

2020 CI:16S ribosomal RNA 

sequencing 

Actinomycetota, Pseudomonadota, 

Bacillota, Bacteroidota 

 

Corynebacterium (in moist skin) 

Cutibacterium and Staphylococcus (in 

sebaceous skin), Betaproteobacteria and 

Flavobacteriales (most on dry skin) 

Healthy skin 

https://doi.org/10.1128/mBio.02945-19
https://doi.org/10.1007/s40257-020-00551-x
https://doi.org/10.1007/s40257-020-00551-x
https://doi.org/10.7717/peerj.53
https://doi.org/10.3390/microorganisms8071023
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1.3. Pseudomonadota diversity in healthy human skin 

 

Human skin is colonized by a complex microbial community, long thought to be composed of 

gram-positive bacteria such as staphylococci, micrococci, corynebacteria, with Cutibacterium 

spp. dominating (Cosseau & Bertrand, 2016). Besides known bacteria, culture-independent 

approaches demonstrate that Gram-negative bacteria, especially Pseudomonadota, represent 

major component of microbial community diversity (Cosseau & Bertrand, 2016). An analysis 

of the healthy skin microbiota, based on the 16S rRNA gene amplicon, sequenced on Illumina 

MiSeq platform, revealed the following structure: Bacillota (40.7%), Bacteroidota (34.7%), 

Pseudomonadota (6.1%), Synergistota (3.9%), Fusobacteriota (3.5%), Actinomycetota (3.4%), 

Spirochaetota (1.2%), and Cyanobacteria (0.5%) (Ramadan et al., 2016).  

Despite their detection in numerous metagenomic studies and under various pathophysiological 

conditions, cutaneous Pseudomonadota remained poorly described, mainly due to the lack of 

available isolates and NGS-generated sequences were generally too short to obtain precise 

species affiliation (Cosseau & Bertrand, 2016). In Table 2 are listed some of the 

Pseudomonadota genera previously reported in human skin. 

Pseudomonadota abundance was significantly higher in the older group (Kim et al., 2021). 

Cheek moisture content was significantly higher among the elderly, being positively associated 

with the occurrence of Enhydrobacter, wich was most abundant in older age group. 

Pseudomonadota, including Pseudomonas and Acinetobacter, are epidermal microbial 

communities found in longer existence and they are involved in opportunistic pathogenic skin 

infections (Peng & Biswas, 2020). Workers in farms containing various animals were 

associated with higher abundances of epidermal Pseudomonadota, mainly Pseudomonas and 

Acinetobacter, but lower Actinomycetota particularly Corynebacterium and Cutibacterium due 

to frequent operations on various livestock. Hence microbial dysbiosis leads to various 

epidermal illness like acne or eczema.  
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Table 2. Pseudomonadota diversity in healthy human skin, based on the literature 

Class Genus References 

Alpha-

Proteobacteria 

Agrobacterium  Cosseau & Bertrand, 2016; Diptaraj & Chaudhari, 2020 

Aurantimonas  Cosseau & Bertrand, 2016 

Bradyrhizobium Cosseau & Bertrand, 2016 

Novosphingobium  Diptaraj & Chaudhari, 2020  

Paracoccus  Cosseau & Bertrand, 2016; Kim et al., 2021; Peng & Biswas, 

2020; Mukherjee et al., 2016; Diptaraj & Chaudhari, 2020 

Rhizobium Peng & Biswas, 2020 

Roseomonas Mukherjee et al., 2016 

Sphingomonas Cosseau & Bertrand, 2016; Peng & Biswas, 2020; Diptaraj & 

Chaudhari, 2020 

Tardiphaga Kim et al., 2021 
   

Beta- 

Proteobacteria 

Acidovorax Cosseau & Bertrand, 2016 

Burkholderia Peng & Biswas , 2020 

Cupriavidus Diptaraj & Chaudhari, 2020 

Lautropia Diptaraj & Chaudhari, 2020; Mukherjee et al., 2016 

Massilia Peng & Biswas, 2020 

Neisseria Cosseau & Bertrand, 2016; Diptaraj & Chaudhari, 2020; 

Mukherjee et al., 2016 

Pelomonas Cosseau & Bertrand, 2016 

Tepidimonas Mukherjee et al., 2016 
   

Gamma-

Proteobacteria 

Acinetobacter Cosseau & Bertrand, 2016; Peng & Biswas, 2020; Ramadan et al., 

2016; Luqman et al., 2020 

Aeromonas Cosseau & Bertrand, 2016 

Alcanivorax Cosseau & Bertrand, 2016 

Enhydrobacter Diptaraj & Chaudhari, 2020; Peng & Biswas, 2020; Mukherjee et 

al., 2016; Kim et al., 2021 

Enterobacter Cosseau & Bertrand, 2016 

Erwinia Diptaraj & Chaudhari, 2020 

Escherichia Ramadan et al., 2016 

Haemophilus Mukherjee et al., 2016; Diptaraj & Chaudhari, 2020; Cosseau & 

Bertrand, 2016 

Halomonas Kim et al., 2021 

Idiomarina Cosseau & Bertrand, 2016 

Klebsiella Cosseau & Bertrand, 2016 

Luteimonas Ramadan et al., 2016 

Marinobacter Cosseau & Bertrand, 2016 

Moraxella Cosseau & Bertrand, 2016; Diptaraj & Chaudhari, 2020 

Morganella Kim et al., 2021 

Pantoea Kim et al., 2021; Peng & Biswas, 2020 

Pasteurella Cosseau & Bertrand, 2016 

Pseudomonas Cosseau & Bertrand, 2016; Luqman et al., 2020; Ramadan et al., 

2016; Peng & Biswas, 2020; Mukherjee et al., 2016; Diptaraj & 

Chaudhari, 2020 

Serratia Cosseau & Bertrand, 2016; Ramadan et al., 2016; Diptaraj & 

Chaudhari, 2020; Peng & Biswas, 2020 

Shewanella Diptaraj & Chaudhari, 2020 

Stenotrophomonas Cosseau & Bertrand, 2016; Peng & Biswas, 2020 
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1.4 How cosmetics can affect the skin bacterial diversity profile  

 

Although skin is frequently exposed to various topical care products, it has the capacity to 

remove contaminants from its surface and prevent bacteria from entering the body and cause 

infection. Disequilibrium of skin microbiota is known to cause some diseases, including for 

example acne, eczema, rosacea, and psoriasis (Bouslimani et al., 2019). Daily use of skin care 

products can modify the diversity of skin microorganisms by adding active ingredients, that 

have a beneficial or inhibitory effect to certain microorganisms and, with prolonged or regular 

use, produce healing effects (Paluszak et al., 2011). The application of Sodium Lauryl Sulfate 

(SLS), a cleansing agent, was observed to increase the abundance of Actinomycetota, Bacillota, 

and Pseudomonadota, microorganisms with a protective effect against UV (Okombi et al., 

2021). The treatment with fermented oils, containing several antioxidants, showed an increase 

in the biodiversity indicating healthier microbial ecosystem (Ciardiello et al., 2020). In subjects 

with acne, the application of Rhodomyrtus tomentosa Fruit Extract, a antibacterial, showed 

reduced the abundance of Cutibacterium acnes and Cutibacterium granulosum, with a 

reduction of the inflammatory lesions (Gervason et al., 2020). These and other examples are 

detailed in Table 3, with a special focus on the effects observed in Pseudomonadota. 
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 Table 3. Effect of cosmetics on bacteria diversity, especially bacteria of the phylum 

Pseudomonadota, of a healthy and acne human skin 

 

 

Note: all the studies did the bacteria diversity analysis based on a culture-independent 

methods (16S rRNA gene sequencing)                     

 

 Reference Cosmetics effects on Bacteria  

(Increase, Decrease, Same) 

Condition  

Okombi et al., 2021 

https://doi.org/10.3390/c

osmetics8010006 

INCREASE: Pantoea, Enhydrobacter 

DECREASE: Acinetobacter, 

Pseudomonas, Paracoccus 

Sodium Lauryl Sulphate on  

Healthy skin 

Cui et al., 2023 

https://doi.org/10.3389/fc

imb.2023.1210724 

 

INCREASE: Ralstonia 

DECREASE: Neisseria, Comamonas, 

Acinetobacter, Pseudomonas, 

Alcaligenes, Janthinobacterium, 

Diaphorobacter 

Tremella, Dendrobium, Snow 

lotus polysaccharides on 

Healthy skin Forehead  

Filaire et al., 2019 

https://doi.org/10.3390/c

osmetics6040069 

DECREASE: Acinetobacter Halymenia Durvillei on 

Sensitive skin 

Ciardiello et al., 2020 

https://doi.org/10.3390/c

osmetics7020034 

DECREASE: Acinetobacter, 

Pseudomonas 

Shiunko and Artemisia Oils  

on Healthy skin 

Gervason et al., 2020 

https://doi.org/10.3390/c

osmetics7030053 

INCREASE: Paracoccus Rhodomyrtus Tomentosa 

extract on Acne skin 

Hong et al., 2020 

https://doi.org/ 

10.3390/jpm10030091 

INCREASE: Sphingomonas, 

Burkholderia 

DECREASE: Enhydrobacter 

Probiotics Serum on 

Healthy skin 

Hwang et al., 2021 

https://doi.org/ 

10.1002/mbo3.1236 

DECREASE: Acinetobacter, 

Sphingomonas, Haemophilus, 

 

INCREASE: Moraxella, Neisseria, 

Pseudomonas 

Secret essence Skincare 

product on 

Healthy skin 

Chaiyasut et al., 2022 

https://doi.org/10.3390/a

pp122312483 

 

 

 

 

INCREASE: Mesorhizobium, 

Legionella, Stenotrophomonas 

 

DECREASE: Pseudomonas, 

Acinetobacter, Haemophilus, 

Roseomonas, Paracoccus, 

Sphingomonas, Enhydrobacter 

Paraprobiotics Moisturiser  

On Healthy skin 

Lee et al., 2018 

https://doi.org/10.1002/m

bo3.557  

 

 

DECREASE: Paracoccus, 

Pseudomonas, Haemophilus, 

Burkholderia 

 

INCREASE: Neisseria, Enhydrobacter, 

Cupriavidus, Acinetobacter, Ralstonia 

High Hydration cosmetic 

On Healthy skin  

https://doi.org/10.3390/cosmetics8010006
https://doi.org/10.3390/cosmetics8010006
https://doi.org/10.3389/fcimb.2023.1210724
https://doi.org/10.3389/fcimb.2023.1210724
https://doi.org/10.3390/cosmetics6040069
https://doi.org/10.3390/cosmetics6040069
https://doi.org/10.3390/cosmetics7020034
https://doi.org/10.3390/cosmetics7020034
https://doi.org/10.3390/cosmetics7030053
https://doi.org/10.3390/cosmetics7030053
https://doi.org/%2010.3390/jpm10030091%0a%0a
https://doi.org/%2010.3390/jpm10030091%0a%0a
https://doi.org/%2010.1002/mbo3.1236
https://doi.org/%2010.1002/mbo3.1236
https://doi.org/10.3390/app122312483
https://doi.org/10.3390/app122312483
https://doi.org/10.1002/mbo3.557%20%0a%0a
https://doi.org/10.1002/mbo3.557%20%0a%0a
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1.5 Acinetobacter spp.  

 

Acinetobacter are nearly 3% of all bacteria in intensive care units, and nearly 55% of them 

show resistance to commonly used antibiotics (Tsay et al., 2020). Acinetobacter are Gram-

negative bacteria, that have characteristic of being present everywhere and are commensals of 

human skin. Acinetobacter spp. are organisms naturally present in human skin and can be 

around 35-45% of bacteria present in a healthy skin (Yavankar et al., 2007). Few species of 

Acinetobacter are skin commensals and few species are cause of serious nosocomial diseases 

(Patil & Chopade, 2001). There are nearly 50 species of Acinetobacter, most of them being non 

disease causing environmental organisms. The pathogenic species are Acinetobacter 

baumannii, Acinetobacter calcoaceticus and Acinetobacter lwoffii. While Acinetobacter 

haemolyticus, Acinetobacter johnsonii, Acinetobacter junii, Acinetobacter nosocomialis, 

Acinetobacter pittii, Acinetobacter schindleri, and Acinetobacter ursingii cause diseases in 

very few scenario (Wong et al., 2017).  

 

Nosocomial diseases caused by Acinetobacter spp. are commonly seen all over the world. 

Diseases caused by Acinetobacter in hospitalized patients have been found to infect almost all 

vital parts of human body (Patil & Chopade, 2001). Acinetobacter forms biofilms and are 

common in intensive care patients and hospital equipments like catheter or ventilation devices 

(Gedefie et al., 2021). Acinetobacter have been studied in detail and have been found to have 

commonly used anti-microbial- and metal-resistance plasmids (Patil & Chopade, 2001). The 

reason why Acinetobacter are considered a problem in clinical settings is because of this high 

percentage of antibiotics resistance (Tsay et al., 2020). The antibiotic resistance is so effective 

because of the low permeability to these drugs and efflux pumps like AdeABC, AdeIJK that 

can actively efflux these drugs (Wong et al., 2017). Our focus is on Acinetobacter junii, 

Acinetobacter johnsonii and Acinetobacter lwoffii as they are among the common commensals 

of skin ( Seifert et al., 1997). 

 

The mechanisms how Acinetobacter enter or exit hospital environments are not clearly known 

and the natural reservoir source of multidrug resistant Acinetobacter are not proven. It is 

estimated that the digestive tracts of the hospital patients become the reservoir for these 

multidrug resistant Acinetobacter from where they get discharged into wastewater environment 

(Hrenovic et al.,2014). Usually, drug resistance in Acinetobacter strains from tap water is 

scarce, but some non-wildtype Acinetobacter (drug resistance) for tetracycline, meropenem, 
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and ceftazidime were reported in tap water, suggesting the potential of some Acinetobacter 

spp. to acquire and disseminate resistance via drinking water (Narciso-da-Rocha et al., 2012). 

 

 

1.6 Thesis objectives 

The objective of this study was to understand if bacteria of the phylum Pseudomonadota 

that are common colonizers of a healthy human skin may be carriers of antibiotic 

resistance, and if their survival may be affected by the use of cosmetics or antimicrobial 

agents.  

This study postulates that 1) Analysis of evolution and response of Pseudomonadota 

phylum Acinetobacter to cosmetics 2) carbapenem resistance among Acinetobacter 

species is affected by phylogenomics, with uniqueness within clinical, clinical associated, 

environment origin isolates and uniqueness within species. 
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2. Materials and Methods  

 

2.1. Analysis of the Human skin bacterial diversity 

 

The bacterial diversity of healthy human skin was investigated based on 16S rRNA gene 

sequence data deposited in public databases. For that, it was searched in the public database 

MGnify (https://www.ebi.ac.uk/metagenomics, accessed on 20th October 2023) for human skin 

microbiomes. From the search resulted 15 studies. From those, were selected the three studies 

that analysed the healthy skin microbiota (MGYS00000520; MGYS00001295; 

MGYS00005037). These studies analysed the bacterial diversity of skin of mostly healthy 

subjects, under normal conditions without any cosmetic, drug skin, effects (Table 4). From 

those, three studies on the skin bacterial microbiome were selected, based on study which has 

more samples and samples involving healthy individuals. For the three studies was downloaded 

the taxonomic annotation data of each study in the .xls format. In total, were analysed 204 

samples (2 samples from MGYS00000520; 96 samples from MGYS00001295; and 106 

samples from MGYS00005037), excluding the samples that were not from healthy individuals 

or that were analysed after the exposition to any stress. Taxonomic annotation was in number 

of reads per operational taxonomic unit (OTU). To normalise the data, the relative abundance 

(number of reads of the OTU per total number of reads of the sample) of each OTU was 

calculated.   

 

 

Table 4. Publicly available bacterial studies included in this work. 

MGnify accession 

Number 

Study title Subjects involved 

MGYS00000520 Metagenomes study from 

palm of two individuals 

Metagenome study of skin bacteria of palms of 

two healthy individuals  

MGYS00001295 Human Skin bacterial 

and fungal microbiota 

analysis 

Skin bacterial microbiota from 11 healthy and 13 

dandruff subjects, comparing scalp and forehead 

from both lesional and non-lesional skin sites.  

MGYS00005037 

 

Human Skin Microbiome 

Metagenome 

Human skin microbiome of 46 male and 248 

female healthy volunteers.  

 

 

https://www.ebi.ac.uk/metagenomics
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The taxa average values of relative abundance of all three studies was unified. From here were 

identified the genus from Pseudomonadota phylum that are more common in healthy human 

skin following the criteria: 1) Presence in the three studies; and 2) genus with a relative 

abundance >1%. The list of significant selected genus is made. The most common genus of 

Pseudomonadota in human healthy skin were represented in a phylogenetic tree. For the 

phylogenetic construction, the 16S rRNA gene sequence of the type species of each selected 

genus, was collected from the NCBI public database with the help of the List of Prokaryotic 

names with Standing in Nomenclature (LPSN, https://www.bacterio.net/) in FASTA format. 

The MEGA Software (Version 10.2) was used to align the sequences, using the MUSCLE 

algorithm, and construct the dendrogram.  

 

 

2.2 Acinetobacter spp. genomes comparison 

 

After the analysis of the human healthy skin bacterial diversity, three species of Acinetobacter 

were identified as always present in human healthy skin (identified in the three studies): A. 

junii, A. johnsonii and A. lwoffii. For these three species were collected all the genomes 

available in the public NCBI genomes database 

(https://www.ncbi.nlm.nih.gov/datasets/genome/) on 2nd January 2024: Acinetobacter junii (n= 

107), Acinetobacter johnsonii (n=113), and Acinetobacter lwoffii (n=72). Of these, only the 

genomes with a known origin (Acinetobacter junii, n= 91; Acinetobacter johnsonii, n=101; and 

Acinetobacter lwoffii, n=53) were included in the study. The strains were classified according 

to the origin as clinical, clinical associated (when isolated from clinical environments, e.g. 

hospital surfaces), or environmental. 

For all the genomes was determined the multilocus sequence type (MLST), with MLST finder 

(https://cge.food.dtu.dk/services/MLST/) and the Average nucleotide identity (ANI) with ANI 

matrix calculator. Wherever there were possible duplicates, as determined by same 

origin/institution, high ANI value (>99.5%) and same MLST or same MLST gene variants, 

duplicates were excluded. After duplicates removal, a total of 232 genomes were selected to 

proceed: 86 Acinetobacter junii genomes (clinical n= 46, clinical associated n=6, 

environmental n=34), 95 Acinetobacter johnsonii genomes (clinical n=20, clinical associated 

n=6, environmental n=69), and 51 Acinetobacter lwoffii genomes (clinical n=19, clinical 

associated n=3, environmental n=29). Antibiotic resistance genes and virulence factors were 

annotated for all these genomes with ResFinder (https://genepi.food.dtu.dk/resfinder) and the 

https://www.bacterio.net/
https://www.ncbi.nlm.nih.gov/datasets/genome/
https://cge.food.dtu.dk/services/MLST/
https://genepi.food.dtu.dk/resfinder
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Virulence factors database (https://.mgc.ac.cn/cgi-bin/VFs/v5/main.cgi), respectively. The 

profiles of antibiotic resistance with relative gene abundance and virulence were compared 

considering the species and origin of the isolates.  

 

2.3 blaNDM positive genomes  

From the 232 genomes, 23 were blaNDM positive: Acinetobacter junii, 9 genomes (clinical n= 

2, clinical associated n=2, environmental n=5), Acinetobacter johnsonii, 13 genomes (clinical 

n=1, clinical associated n=1, environmental n=11), and Acinetobacter lwoffii, 1 genome 

(clinical associated n=1). For these 23 genomes, antibiotic resistance genes with gene 

abundance was compared with species and origin of isolates. For wgMLST dendogram 

analysis, except for  Acinetobacter johnsonii environment genome GCA_013186005.1 which 

had only rplB 128, with rest 22 genomes, was constructed a dendrogram with Hierarchical 

cluster using IBM SPSS Statistics Software (29 version), based on the gene variants of the 

MLST scheme (cpn60, fusA, gltA, pyrG, recA, rplB, rpoB genes), to understand the 

phylogenetic relationship of the blaNDM positive isolates.  

The 23 blaNDM positive genomes were processed for functional annotation using RASTtk 

pipeline (https://rast.nmpdr.org/rast.cgi), to identify the location of the carbapenemase gene. 

For the region of interest, around 3000 bp were sectioned before and after the blaNDM gene. 

This region of interest was analysed for insertion sequence, transposon associated DNA 

endonuclease, transposase using IS finder (https://isfinder.biotoul.fr/blast.php), and aligned 

using the MEGA Software (Version 10.2) with MUSCLE algorithm. Then phylogeny is 

selected, neighbouring tree method is done with default settings and Phylogeny tree is created.  

 

2.4 Acinetobacter profiles of tolerance to antimicrobials and cosmetics  

From the Bacterial Ecology Lab culture collection were selected some isolates of the A. junii, 

A. johnsonii and A. lwoffii to perform tests of tolerance to antibiotics and cosmetics. These 

strains were tested using the disk diffusion method with the antiseptics (hydrogen peroxide 3%, 

iodine 5%, bleach5%) and cosmetics.  Water is used as negative control. The antibiograms were 

performed on Mueller-Hinton agar and incubated for 24h at 30ºC.  

 

 

 

 

 

https://.mgc.ac.cn/cgi-bin/VFs/v5/main.cgi
https://rast.nmpdr.org/rast.cgi
file:///C:/Users/servo/OneDrive/Desktop/THESIS%20VERSION/(https:/isfinder.biotoul.fr/blast.php)
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3 Results and Discussion 

 

3.1 Healthy human skin bacterial diversity 

 

Three studies, comprising 204 samples, were considered for the analysis of the healthy human 

skin microbiota. From this analysis it was possible to conclude that the most abundant phylum 

was Bacillota, which is in agreement with literature (Pérez-Losada et al., 2023). Skin 

microbiota included the phyla Bacillota (40.7%), Bacteroidota (34.7%), Pseudomonadota 

(6.1%), Synergistota (3.9%), Fusobacteriota (3.5%), Actinomycetota (3.4%), Spirochaetota 

(1.2%), Cyanobacteria (0.5%) and other minoritary (6%) (Figure 1). 

  

 

Figure 1. Most abundant phyla in human healthy skin samples. 

 

 

As described in the literature we observed that the phyla Bacteroidota and Bacillota are the 

predominant in healthy human skin (Ramadan et al., 2016). After these two phyla, 

Pseudomonadota is also an abundant phylum, and among them were highlighted the genera 

Acinetobacter for their frequent presence in skin samples. 

We focused our study in the three species of Acinetobacter more commonly observed in healthy 

skin samples: A. johnsonii, A. junii and A. lwoffii. 

Pseudomonadota are among the most abundant phyla, although it was not among the top 

bacteria present in human skin. Our interest in this phylum is justified by their relevance in 

terms of antibiotic resistance. A high diversity of genus belonging to the Pseudomonadota 
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phylum were identified in the human skin samples. Among them some were more frequent 

being identified in the three studies samples (Figure 3, genera highlighted in yellow). The 

calculation of the genus relative abundance gave a clearer picture that the percentage of 

Acinetobacter was reduced in comparison to other genera, but some species of Acinetobacter 

are very commonly described as colonizers of the human skin. Also, Acinetobacter are 

commonly associated with resistance to antimicrobials, and are ubiquitous bacteria for example 

in aquatic habitats (Vaz-Moreira et al., 2014). Three species of Acinetobacter were consistently 

identified in the skin microbiota: A. junii, A. johnsonii and A. lwoffi. For that reason, we decided 

to proceed the study with focus on those three Acinetobacter species. For the selection, it was 

also relevant to select species for which we had available isolates in the laboratory culture 

collection to perform the microbiology tests. The phylogenetic tree was analysed for 

Acinetobacter (Figure 2), the Acinetobacter had a genetic change which was significantly 

correlated with all notable genomes which was in similar evolutionary timeline, suggesting that 

it had indistinguishable evolutionary relationship with all other important genomes.  
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Figure 2. Phylogenetic tree, based on the 16S rRNA gene, of the Pseudomonadota genera 

diversity observed in healthy human skin, represented by the type species of each genus. 

The genus consistently identified in the three studies are highlighted in yellow. 
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3.2 Acinetobacter spp. genomes comparison 

 

After exclusion of the possible repetitions of the genomes, a total of 232 genomes was 

considered for the genomes comparison. The 232 genomes were classified as clinical, clinical 

associated or environmental according to the origin of the Acinetobacter junii, Acinetobacter 

johnsonii, and Acinetobacter lwoffii strains (Figure 3). The clinical isolates were taken from 

human specimens like sputum, blood, urine, faeces while clinical associated cases were taken 

from hospital sink, hospital basin, hospital floors and surfaces. The environmental isolates were 

taken from areas like lakes, sewages, river. The most common origin for A. johnsonii and A. 

lwoffi was the environmental, while for A. junii was the clinical.  

 

 

Figure 3. Origin of the Acinetobacter strains used for the genomes comparison. 

 

Acinetobacter johnsonii, Acinetobacter lwoffii, Acinetobacter junii are found in human skin as 

commensal. All these three species cause blood infections via catheter if hospital acquired 

infection occur. (Dijkshoorn et al., 2007). Acinetobacter junii, clinically more relevant, have 

been recorded to cause sepsis in newborn in hospital via infected intravenous fluids (Beaufort 

et al.,2007). In a study, It has caused bacteremia in 43 patients in a tertiary care center in 

northern Taiwan, in which 2 patients went for shock,  where 35% of cases were resistant to 

colistin ( Tsai et Al., 2012). These Acinetobacter forms biofilms, hence more horizontal mobile 

genetic elements transfer, thereby capable of transferring the virulence factors, increased 

survival and multidrug antibiotics resistance genes to other disease causing pathogens. 

(Mendes et al., 2023). The Acinetobacter junii species samples analysed from a Shanghai 
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hospital in China from August 2011 to August 2016, showed around 35% resistance to 

Gentamicin with around 4% resistance to Carbapenems (Tang et al.,2017). There was a case 

of blaNDM-1 positive Acinetobacter junii in a 37 year old hospital patient with leg ulcer in 

Argentina (Montaña et al., 2023). 

 

Acinetobacter johnsonii has been identified as a chronic pathogen for chronic rhinosinusitis 

(Cleland et al.,2016), meningitis (Mónica P Gutiérrez-Gaitán,2022) and is also used for 

malathion biodegradation (Shan et al., 2008).   Acinetobacter johnsonii Aj2199 had been 

identified to have more number of mobile genetic elements, with around 10 resistance genes 

blaPER2, blaOXA58, blaTEM-1, strA, strB, ereA, sul1, aacC2, msrE and mphE, thereby showing it 

could be a source for horizontal gene transfer for all other clinical relevant pathogens (Sabrina 

Montaña et al.,2022). Acinetobacter johnsonii isolates XBB1 and XBC1 were found in hospital 

sewage carrying blaNDM gene by Tn125 transposon suggesting carbapenem resistance (Zong et 

al., 2013). Acinetobacter johnsonii MA19 isolated from malathion soils, was successfully used 

to remove malathion from polluted wastewater (Shan et al., 2008). Acinetobacter johnsonii are 

found in environments like soil, wastewater (Hrenovic et al.,2014). 

 

Acinetobacter lwoffii had involved organs like lungs, urinary tract, a case of gastroenteritis 

(Regalado et al., 2009), a case of peritonitis was reported (Yasar Tas et al., 2017). 

Acinetobacter lwoffii is a known soil bacterium that is found in forest soil, agricultural land 

soil, lake, sea water (Rakitin et al.,2021). Acinetobacter lwoffii was able to survive with toxic 

metals like mercury, arsenic due to larger and more plasmids with multiple resistance genes 

with a study done with frozen permafrost isolates (Mindlin et al.,2016) and survive post 

desiccation 21days (Houang et al.,1998). Acinetobacter lwoffii samples gives an antimicrobial 

resistance with gentamicin (29%) and Carbapenems (around 12-15%) (Tang et al.,2017). 37-

year-old Chinese female with urinary tract infection was diagnosed with blaNDM positive 

Acinetobacter lwoffii, resistant to imipenem and meropenem, showing attention need (Hu et 

al.,2012). 

 

 

 

 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Monta%C3%B1a%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Monta%C3%B1a%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hrenovic%20J%5BAuthor%5D
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3.2.1 Antibiotic resistance genes profiles 

A high diversity of antibiotic resistance genes was identified in the genomes of the selected 

Acinetobacter genomes. Most of them were associated with resistance to beta-lactam, 

aminoglycosides, tetracyclines and macrolides (Figure 4). The beta-lactams resistance formed 

around 44% of total antibiotics resistance genes, which was significantly higher comparing to 

other drugs resistance genes. Aminoglycosides resistance genes occupied nearly 27.5% of the 

total genes whereas the Macrolides, Tetracycline, and quinolone resistance genes represented 

around 17% of the total antibiotic’s resistance genes. Comparison of inter origin and inter 

species of 232 Acinetobacter genomes was brought by seeing the diversity of antibiotic 

resistance genes in them, relative abundance of antibiotic resistance genes and analyse of the 

clinically significant antibiotic resistance genes in them.  

On comparing all the genomes considering the origin (Figure 4A), the clinical strains presented 

aminoglycoside resistance genes with 16 resistance genes out of 19 aminoglycoside resistance 

genes (84%), 75% of the tetracycline resistance genes (9 genes out of 12 genes), and macrolides 

(3 genes of 4 genes, 75%). For Beta lactam was observed a diversity of 23 genes out of 31 beta 

lactam genes identified (74%). Genes conferring resistance to other antibiotic classes were also 

frequent in clinical strains (85%).  

The trend of lower relative abundance was observed in clinical genomes with aac(6′)-Ib 

(1.29%), tetM (0.43%), blaNDM (1.29%), blaTEM-1 (0.43%), blaOXA-58 (2.58%), floR (1.29%), 

sul2 (3.87%), sul1(3.44%). This pattern disagreed with the environmental genomes which had 

higher relative abundance and diversity, indicating that the pattern of resistance in the 

environmental isolates is more conserved. The clinical associated strains followed a different 

trend with lesser diversity (aminoglycosides 31%, beta lactam 38% with exception of 

macrolides 75%) and lower relative gene abundance with aph(3')-Via (1.72%), msr(E) 

(2.58%), mph(E) (2.58%), blaPER-1(0.43%), blaNDM-1(1.72%), floR(0.86%), aac (6′)-Ib 

(1.72%), tetM (0%), blaNDM (1.72%). blaTEM-1 (0.43%), blaOXA-58 (0.86%), floR (0.86%), sul2 

(1.72%), sul1(1.72%) for clinical associated genomes.  

Similarly on comparing the three species of Acinetobacter (Figure 4B), it became clear that 

Acinetobacter lwoffii had higher number in relative gene abundance of antibiotic resistance 

genes than Acinetobacter junii and lower  genes  than Acinetobacter junii, with much the same 

design for clinically remarkable antibiotic resistance genes. The Acinetobacter johnsonii had a 

soaring diversity and inflated relative resistance gene abundance. 
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Figure 4 A. Comparison between clinical (TC), clinical associated (TCA) and 

environmental (TE) origin isolates of all Acinetobacter genomes for antibiotic resistance 

genes 

 

COMPARISON BETWEEN ACINETOBACTER SPECIES ISOLATES

Aminoglycosides Tetracycline , 
Macrolides, Quinolone

Beta - Lactam
Others

Acinetobacter junii
26 

Acinetobacter 
johnsonii 53

Acinetobacter 
lwoffii 29 

16

R
e
l
a
t
I
v
e

G
e
n
e

A
b
u
n
d
a
n
c
e
%

0

2

4

6

8

10

12

14

16

18

aa
dA

2
ap

h(
3'

)-V
ia

aa
c(

6'
)-I

b3
ap

h(
6)

-Id
ap

h(
3'

')-
Ib

aa
c(

3)
-II

d
ap

h(
3'

)-V
I

an
t(2

'')
-Ia

,
aa

dA
1

aa
dA

2b
ap

h(
3'

)-I
Ia

ap
h(

4)
-Ia

 a
ac

(3
)-I

V
ap

h(
3'

)-I
a

aa
dA

24
aa

c(
3)

-Ii
a

 a
ac

(6
')-

Iia
aa

dA
5

ap
h(

3'
)-V

ib
te

t(G
)

 te
t(X

3)
te

t(3
9)

te
t(X

6)
te

t(M
)

te
t(A

)
te

t(Y
)

m
sr

(E
)

 m
ph

(E
)

m
ph

(A
)

er
e(

A)
qn

rV
C6

bl
aO

XA
-3

33
bl

aO
XA

-2
11

bl
aO

XA
-2

81
bl

aO
XA

-5
8

bl
aO

XA
-3

73
bl

aO
XA

-3
34

bl
aP

ER
-2

bl
aT

EM
-1

B
bl

aP
ER

-1
bl

aO
XA

-3
09

bl
aO

XA
-2

35
bl

aO
XA

-2
99

bl
aO

XA
-2

80
bl

aI
M

P-
1

bl
aI

M
P-

15
bl

aO
XA

 1
64

bl
aN

DM
-1

bl
aZ

bl
aO

XA
-2

3
bl

aO
XA

-2
12

bl
aC

AR
B-

2
bl

aO
XA

-4
20

bl
aO

XA
-2

83
bl

aO
XA

-3
62

bl
aO

XA
-2

82
bl

aO
XA

-4
96

bl
aO

XA
-1

46
 b

la
O

XA
-3

35
bl

aO
XA

-3
61

bl
aO

XA
-2

85
bl

aO
XA

-1
34

 fl
oR

 c
m

lB
1

 A
RR

-3
 su

l1
 ln

u(
G

)
su

l2
ca

tB
8

Chart Title

Acinetobacter Junii Acinetobacter johnsonii Acinetobacter lwoffii

 

Figure 4B. Comparison of the antibiotic resistance profiles of the Acinetobacter junii, 

Acinetobacter johnsonii, and Acinetobacter lwoffi genomes. 
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Some genes were common to the different species and environments such as aminoglycosides 

resistance genes, macrolides and beta-lactams. 21 genes were identified in all the origins 

(Figure 4A, Venn diagram), and 16 genes in the three species under study (Figure 4B, Venn 

diagram). Among these ubiquitous genes was the carbapenemase NDM-1, a gene with high 

clinical relevance. 

 

From 124 isolates, collected from clinical samples in two teaching hospitals in Ahvaz, 

distribution of qnrA (52.6%), qnrS (3.2%), tetA (93.5%), tetB (69.2%) and sul1 genes (6.42%) 

were observed. Our results go in hand with study showing environmental group has more 

diverse antibiotic resistance genes with high relative abundance. This goes in hand positively 

with a study where wastewater treatment process in Kokšov-Bakša was a potential source from 

which antibiotic resistance spreads (Kisková et al., 2023). Our study has positive correlation 

with the study Acinetobacter spreads surprisingly high beta lactam resistance in environment 

posing threat (Hubeny et al., 2022). These results in our study implicated there were similarity 

within a group based on the origin but are distinct and have differences between corresponding 

groups, which was also seen in species level. Acinetobacter johnsonii had lofty presentation in 

whole genomes species inspection, whereas Acinetobacter junii and Acinetobacter lwoffii had 

a different demonstration. This study has positive association with a study showing 

Acinetobacter johnsonii had many important antibiotic resistance genes and have horizontal 

transfer capacity (Castillo-Ramirez et al., 2020).   

 

 

3.2.2 Virulence factors profiles 

 

The virulence factors profiles of the 232 Acinetobacter genomes were analysed. The clinical 

strains showed that they lacked the unique virulence factors and pili of environmental origin, 

(Table 5A). The clinical associated strains mimicked clinical strains virulence pattern. 

Environmental strains, on the other hand, showed a diverse range of pilR, pilG, pilJ pili 

virulence genes, virulence associated proteins, Lvh Legionella secretion system virulence gene 

(Table 5A).  

The Inter-species analysis showed that Acinetobacter junii had more LPS O-antigen virulence, 

while Acinetobacter lwoffii had a unique capsule and a cell surface gene (Table 5B). 
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Table 5A. Comparison of virulence factors profile between clinical, clinical associated 

and environmental genomes 

Clinical Clinical 

associated 

Environmental 

Lack of unique pili 

and virulence factors 

associated with 

environment origin 

strains. Shares SodCl 

gene with 

environment strains. 

Shares common 

virulence factors 

of clinical 

strains 

Diverse of pilR, pilG, pilJ unique pili 

virulence gene. 

Virulence associated proteins vapA4, 

Bacillibactin dhbE 

Lvh Legionella secretion system 

virulence gene. 

 

 

 

 

 

Table 5B. Comparison of virulence factors profile between species Acinetobacter junii, 

Acinetobacter johnsonii, and Acinetobacter lwoffii genomes  

Acinetobacter junii Acinetobacter johnsonii Acinetobacter 

lwoffii 

More LPS O-antigen 

virulence gene than 

Acinetobacter johnsonii and 

Acinetobacter lwoffii. 

Nitrate reductase narH 

virulence gene 

Virulence associated proteins, 

vapA4 

Biotin metabolism bioB 

virulence gene 

Bacillibactin dhbE, 

SodCl virulence gene 

pili R, pili J, pili G, tapW 

pili virulence gene are seen 

Capsule 

biosynthesis and 

transport, kpsT 

virulence gene. 

Cell surface GPL 

locus rmt4 

virulence gene. 
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These results indicated that there is uniqueness in clinical origin pili virulence containing 

strains, proving its ability as a clinically significant pathogen. The virulence gene for 

environment strains was distinct and showed its ability to mediate cells interactions, DNA 

uptake with unique secretion system gene, neutral pH phagosome helping vapA4 gene, iron 

transferring Bacillibactin gene. Our study adds positive light to this study which shows 

environmental strains have more virulence factors (Tobin et al.,2023). Environmental 

Acinetobacter baumannii isolate DSM30011 may serve as source for potential virulence factors 

more divergent than clinical strains (Repizo et al., 2017). Similarly, Acinetobacter johnsonii 

showed pil R, pilG, pilJ pili virulence genes, dhbE bacillibactin gene, stress adaptation SodCl 

virulence gene. Acinetobacter junii is clinically relevant with more LPS O-antigens, which 

helps evade host immune response (Shadan et al., 2023).  

 

 

3.3 blaNDM positive genomes 

For the reasons described before, the clinical relevance and ubiquitous presence in the three 

Acinetobacter species and origins, were selected the genomes of the blaNDM positive strains 

(n=23) to proceed with a deepest genomic analysis of these isolates, aiming to understand if 

the gene is present in the same genomic environment independently of the species and origin. 

The 23 blaNDM positive genomes of Acinetobacter junii (n=9 genomes), Acinetobacter 

johnsonii (n=13 genomes), and Acinetobacter lwoffii (n=1 genome), have rich profiles of 

antibiotic resistance with the aminoglycosides contributing around 25% of all antibiotic 

resistance genes, Macrolides, tetracycline, and quinolone (20%), beta-lactams (37%) and 

others (17%) (Figure 8A).  

Considering the origin, the environmental blaNDM positive strains revealed a lofty diversity with 

higher gene abundance for aph(3')-Via (6 genes), aac(6')-Ib3 (7 genes), aph(6)-Id (9 genes), 

aph(3'')-Ib (8 genes), aph(3')-VI (6 genes), tet(X3) (5 genes), tet(39) (4 genes), msr(E) (8 

genes), mph(E) (13 genes), aac(6′)-Ib (7 genes), tetA(2 genes), floR (4 genes), sul2 (10 genes), 

sul1(6 genes). The clinical blaNDM positive genomes conflicted this result with smaller diversity 

for antibiotic resistance genes, smaller relative abundance percentage and also for clinically 

significant antibiotic resistance genes. The clinical associated blaNDM positive genomes 

followed a distinct path with moderate relative abundance , with lesser gene diversity. In the 

same way, the species of blaNDM genomes of Acinetobacter, the Acinetobacter lwoffii had a 
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squatted relative gene abundance with stubby gene diversity than Acinetobacter junii. 

Acinetobacter johnsonii dominated the picture, as seen in figure 8B. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5A. Comparison of the antibiotic resistance genes profiles of blaNDM positive 

genomes considering the origin of the isolates: clinical, clinical associated or 

environmental. 
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Figure 5B. Comparison of the antibiotic resistance profiles of the blaNDM positive 

Acinetobacter junii, Acinetobacter johnsonii, and Acinetobacter lwoffii genomes 

considering the species. 

 

The Carbapenem resistant blaNDM Acinetobacter displayed that environment genomes and 

blaNDM clinical genomes disagreed with same course. Acinetobacter junii presented a halfway 

picture in blaNDM species approach. Our study findings goes in hand that environmental 

Acinetobacter species may serve as reservoir (Tobin et al., 2024). This study gives positive 

value to carbapenemase Acinetobacter from environment sources like wastewater treatment 

plants, biogas management system with strong spread to clinical MDR strains (Pulami et 

al.,2022). Similarly Acinetobacter johnsonii with blaNDM resistance is important source of 

dissemination of clinical strains (Zong et al., 2013). This pattern suggested inter origin and 

inter species based differences in both Acinetobacter with and without acquired carbapenemase 

gene was based on phylogeny. This showed how groups, based on phylogeny, acquire and 

determined drug resistance (Ranjbar et al., 2020).  

 

The virulence factor analysis in blaNDM positive genomes showed that there were some 

distinctions between clinical, clinical associated and environmental origin strains. Nitrate 

reductase (narH), Bartonella virulence associated proteins vapA4, Bacillibactin dhbE, SodCl 

gene was seen in environmental strains (Table 6A). The clinical origin as well as clinical 
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associated strains on the other hand showed a diverse of pilT2, pilU, pilA and pilE. This study 

goes in hand with environmental Acinetobacter study with diverse virulence genes found 

capable of causing virulent antibiotic resistant infections( Doughari et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

Table 6A. Comparison of virulence factors profile for blaNDM positive genomes from 

clinical, clinical associated and environmental origin  

Clinical Clinical associated Environmental 

diverse of pilT2, 

pilU, pilA and pilE 

diverse of pilT2, 

pilU, pilA and pilE 

pilR, pilG virulence gene for Type IV 

pili. 

Nitrate reductase(narH)  

Virulence associated proteins vapA4, 

Bacillibactin dhbE,  SodCl gene 

 

There were some differences regarding inter-species comparison of blaNDM positive genomes. 

The LPS O-antigen virulence gene was commonly found in Acinetobacter junii, whereas its 

frequency was less in Acinetobacter johnsonii. The Catalase-peroxidase katG virulence gene 

was more commonly found in Acinetobacter johnsonii than Acinetobacter junii. Bartonella 

virulence associated proteins vapA4, Bacillibactin dhbE, SodCl gene are present in 

Acinetobacter johnsonii (Table 6B). The Acinetobacter lwoffii blaNDM genome cannot be 

commented as it was a single genome.  
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Table 6B. Comparison of virulence factors profile for blaNDM positive genomes from 

Acinetobacter junii, Acinetobacter johnsonii, Acinetobacter lwoffi isolates  

Acinetobacter junii Acinetobacter johnsonii Acinetobacter 

lwoffii 

More LPS O-antigen 

virulence gene 

More Catalase-peroxidase katG 

virulence gene than Acinetobacter 

junii. 

Bartonella virulence associated 

proteins vapA4, 

Bacillibactin dhbE, SodCl gene 

Cannot be 

commented with 

a single genome 

 

 

Acinetobacter junii which had more clinical isolations has more LPS-O antigen, which was 

important cause septic shock in patients, via toll like receptor-4 activation, whose ligand was 

LPS antigen (Moffatt et al., 2013). This uniqueness seen in carbapenemase gene acquired 

Acinetobacter where the virulence changed according to where it was isolated and which 

species it was from, suggesting phylogeny relationship. These results indicated there was a 

connection between virulence and phylogeny and based on the necessity, genetic background 

helped in formation of virulence factor clone, thereby making them pathogenic (Picard et al., 

1999). Particular phylogeny groups had particular virulence which help them to be clinically 

significant pathogens (Rezatofighi et al., 2021). 

 

Aiming to understand the phylogenetic relationship among the blaNDM positive strains, it was 

attempted to do an analysis based on the comparison of the conserved genes with wgMLST 

Dendrogram for 22 genomes. The dendrogram results gave close distance relationship between 

a total of 7 blaNDM positive Acinetobacter genomes formed a cluster for environmental origin 

samples, while clinical origin also has same distance cluster (Figure 6).  

 

Considering the blaNDM gene Acinetobacter inter-species analysis, it showed that Acinetobacter 

johnsonii formed 6 close distance clusters. On the other hand, Acinetobacter junii formed two 

pairs of 2 genome cluster. So with this analysis, we can say though there are some similarities 

within origin and species, one big conclusion we can get is inter-origin and inter-species 

differences is not seen in wgMLST dendrogram analysis. 
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Figure 6. wgMLST Dendrogram analysis for the blaNDM positive genomes 

 

Our study implicated that origin and species group is not associated with phylogeny based on 

this MLST analysis. These MLST like for these variable target genes that helped to 

differentiate various strains based on evolution (Losada et al., 2013), can also help in 

providing knowledge into their phylogeny behaviour. MLST analysis done with the DNA 

sequences of various housekeeping genes helped in bringing out the phenotypic relationship 

between the studied genomes (Boers et al.,2012). This knowledge into the MLST based 

genetic structure of the isolates helped us to better understand their pathogenicity and other 

phylogenetic functions (Martino et al., 2011).   

 

3.4 blaNDM gene environment 

The location of the gene blaNDM was studied for the 21 out of the 23 genomes. Two blaNDM 

positive genomes were excluded from the analysis due to not significant scores, values, origin. 

For the remaining 21 genomes inter-origin comparison showed that the genomes of clinical 

origin have the insertion sequences of family IS4, IS3, IS66 (Table 7). The clinical associated 
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genomes show the insertion sequences of family IS66 (for 3 genomes), IS1202. The 

environmental genomes reveal IS66 (for 5 genomes), IS1595, IS3 ( for 3 genomes), IS4, IS21, 

IS5 (for 2 genomes), IS982. 

The inter species analysis conveyed that the Acinetobacter junii had three common IS66 out of 

eight insertion sequences family while Acinetobacter johnsonii revealed five IS66 family 

sequences out of ten. 

 

 

Table7. Insertion sequence, transposon associated DNA endonuclease, transposase 

analysis of blaNDM positive genomes   

Genome Insertion sequence IS Family Acinetobacter high 

Score bits and 

Significant E value 

GCA_029839935.1 A. 

junii  

Environmental 

ISAba16- 

65% (ORF1), 98% 

(ORF2) and 96% 

(ORF3) 

IS66  high Score(bits)-

4377 

E value- 0.0 

GCA_003939355.2 A. 

junii  

Clinical associated 

ISAba17- 

61% (ORF1), 78% 

(ORF2) and 67% 

(ORF3) 

IS66  high 

Score(bits)-5095 

E value-0.0 

GCA_029841885.1 A. 

junii Environmental 

ISAba16- 

65% (ORF1), 98% 

(ORF2) and 96%(ORF3) 

 

IS66  high 

Score(bits)-4329 

E value-0.0 

GCA_021384305.1 A. 

junii  

Clinical associated 

ISApi2  

Found in  

GR13-type plasmid 

p2012N21-164-1 in pdif 

site and flanked by a 5 

bp target site. 

IS1202 High Score(bits)- 

153 

E value- 3e-36 

GCA_029842155.1 A. 

junii Environmental 

ISAju1  IS1595 High Score(bits)- 

143 

E value- 1e-31 

GCA_018336855.1 A. 

junii  

Clinical 

ISAba33 IS4 High Score(bits)-

2244 

E value-0.0 
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Third ORF is a 

considered ORFAB 

transposase 

GCA_030016975.1 A. 

junii  

Clinical 

ISAcsp12  

Third ORF is a 

considered ORFAB 

transposase 

IS3 High Score(bits)- 

40.1 

E value- 0.99 

GCA_002165245.3 A. 

junii Environmental 

ISAba14  

Third ORF is a 

considered ORFAB 

transposase 

IS3 High Score(bits)-

2399 

E value-0.0 

GCA_004296305.1 A. 

junii Environmental 

InSignificance 

scores,values, origin 

  

GCA_030867405.1 A. 

johnsonii Clinical 

ISAjo6  

 

IS66 High Score(bits)-

4766 

E value-0.0 

GCA_008180305.1 A. 

johnsonii 

Environmental 

ISAlw10 IS4 High Score(bits)- 

2730 

E value-0.0 

GCA_003939325.2 A. 

johnsonii Clinical 

associated 

ISAjo4 

found in the GR13-type 

plasmid pAJ_082-3, 

flanked by 8 bp target 

site. 

IS66 High Score(bits)-

4900 

E value-0.0 

GCA_029843525.1 A. 

johnsonii 

Environmental 

ISAba25 

99%(ORF1), 

100%(ORF2) and 95% 

(ORF3) 

IS66 High Score(bits)-

4314 

E value-0.0 

GCA_029839745.1 A. 

johnsonii 

Environmental 

ISAjo6 IS66 High Score(bits)-

3903 

E value-0.0 

GCA_029843655.1 A. 

johnsonii 

Environmental 

ISAba8 IS21 High Score(bits)-

3487 

E value-0.0 

GCA_009789205.1 A. 

johnsonii 

Environmental 

ISAba66- 

Found in the GR13-type 

plasmids pE47_002 and 

pBspH2, flanked by a 3 

bp target site. The third 

ORF is considered 

ORFAB transposase. 

IS3 High Score(bits)- 

577 

E value-8e-165 

GCA_029841405.1 A. 

johnsonii 

Environmental 

ISAba12 IS5 High Score(bits)- 

615 

E value- 2e-173 

GCA_029843465.1 A. 

johnsonii 

Environmental 

ISAjo3 

ISAjo3 was found in the 

A. johnsonii GR13-type 

plasmid pXBB1-8. 

IS3 High Score(bits)- 

38.2 

E value- 7.5 
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Copies flanked by 4 bp 

target site 

GCA_004211815.1 A. 

johnsonii 

Environmental 

Insignificant values 

scores origin  

  

GCA_029841675.1 

johnsonii Environment 

ISAba68  

GR13-type plasmid, 

flanked by 9 bp target 

site 

IS5 High 

Score(bits)- 42.1 

E value- 0.30 

GCA_019334405.1 A. 

johnsonii 

Environmental 

ISAcsp2 IS982 High 

Score(bits)- 771 

E value-0.0 

GCA_013186005.1 A. 

johnsonii 

Environmental 

ISAlw34 IS66 High Score(bits)-

3927 

E value-0.0 

GCA_004151415.2 A. 

lwoffi  

Clinical associated 

ISAba17 IS66 High Score(bits)- 

4587 

E value-0.0 

 

  

With two insignificant insertion sequences, the number of genomes analysed may be less, to 

get significant correlations for inter-origin and inter-species insertion sequences and 

phylogeny. ISAba125 of IS30 family has universally known to harbour carbapenemase blaNDM  

gene (Tolemon et al.,2012). The transposon Tn125 is one of key vehicles of transmission of 

blaNDM genes (Poiral et al.,2012) . The IS3 families is responsible for carbapenem resistant 

strains and successful dissemination of carbapenemase resistance in a study in India 

(Vijayakumar et al., 2013). The ISaba14 belonging to IS3 family is responsible for 

carbapenemase blaNDM  Acinetobacter strains from USA patient (Hamed et al., 2022). The IS26 

is known to cause carbapenemase dissemination in Acinetobacter in a blaNDM study (Jones et 

al., 2014). Regarding the evolution of blaNDM gene, it was first isolated in a Swedish patient in 

New Delhi, 2008 in a Klebsiella pneumoniae (Yong et al., 2009). First report of blaNDM in 

Acinetobacter was reported in 2012 in civilians wounded in civil war in Syria (Rafei et al., 

2012). The fast spread of blaNDM with incompatible plasmid groups joined together like IncF, 

IncA/C and IncX (Wu et al., 2019). In last few years emerging new blaNDM plasmids with new 

structures have been discovered  (Li et al., 2022). 

 

The presence of ble hints the hypothesis that blaNDM–1 arrived from Acinetobacter, while the 

presence of  TnpA suggests blaNDM–1 may have got from transposition and remained for greater 

period in Klebsiella strains(Xiang et al.,2020). The insertion sequence was salient because the 
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gene expression played an important role in transposition activity like translation commence 

signal, RNA transcription, Tpase stability, host factors (Mahillon & Chandler., 1998), that 

finally decided the organism pathogenicity and virulence. The Insertion sequence showed 

homology between bacteria when they have phylogenetic closeness between them and there 

was also genus specific insertion sequence (Ouahrani et al., 1993). Even a composition of 

simple lipid A and the similarity in them signal us an evolutionary intimacy between these 

bacteria (Moreno et al., 1990).  

 

The functional annotations of the blaNDM positive genomes showed other Antibiotics resistance 

genes (ARG) like Macrolide phosphotransferase genes, Aminoglycoside 

nucleotidyltransferase, Aminoglycoside acetyl transferase, Tetracycline inactivating enzyme 

that were found similar and cotransporting among blaNDM genomes in same genetic element. 

The inter-origin analysis of Clinical, Clinical associated and Environment genomes had shown 

that the blaNDM genetic element had similar Aminoglycoside, Macrolide resistance, while 

Tetracycline and Bleomycin resistance occuring in Environment origin genomes. The inter-

species analysis of Acinetobacter junii, Acinetobacter johnsonii, Acinetobacter lwoffii 

genomes of blaNDM genetic element display similar Aminoglycoside, Macrolide resistance, 

with Tetracycline and Bleomycin resistance occurring in Acinetobacter johnsonii samples.  
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Figure.7  Alignment of the blaNDM  genes  
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Table8 -  Other Antibiotics resistance 

S.N

o 

Genomes Origin and 

Species 

Genetic element Other Antibiotics resistance 

carried 

1 GCA 

29839935 

Acinetobacter 

junii 

Enviromental 

NZ_JAOCBN010

000002.1 

Macrolides specific efflux 

protein 

MacA,Aminoglycoside3,39 

phosphotransferase, APH 

2 GCA 

3939355 

Acinetobacter 

junii Clinical 

Associated 

NZ_CP078043.1 Macrolides specific efflux 

protein 

MacA,Aminoglycoside3,39 

phosphotransferase, APH, 

Chloramphenicol 

3 GCA 

29841885 

Acinetobacter 

junii 

Enviromental 

NZ_JAOCFJ0100

00001.1 

Macrolide 

phosphlotransferase,Mph(E),A

minoglycoside3,39 

phosphotransferase, APH 

4 GCA 

21384305 

Acinetobacter 

junii Clinical 

associated 

NZ_JAHNFA010

000086.1 

- 

5 GCA 

29842155 

Acinetobacter 

junii 

Environmental 

 

NZ_JAOCFW010

000046.1 

Aminoglycoside3,39 

phosphotransferase, APH 

6 GCA 

18336855 

Acinetobacter 

junii Clinical 

NZ_CP059559.1 Aminoglycoside3,39 

phosphotransferase, APH 

7 GCA 

30016975 

Acinetobacter 

junii Clinical 

NZ_JASDED010

000082.1 

- 

8 GCA 

2165245 

Acinetobacter 

junii 

Enviromental 

NZ_CP028800.2 Macrolides specific efflux 

protein MacA 
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9 GCA 

4296305 

Acinetobacter 

junii 

Enviromental 

NZ_SGST010000

61.1 

- 

10 GCA 

30867405 

Acinetobacter 

johnsonii 

Clinical 

NZ_CP121779.1 Aminoglycoside3,39 

phosphotransferase, APH 

11 GCA 

8180305 

Acinetobacter 

johnsonii 

Enviromental 

NZ_CP043307.1 

NZ_CP043309.1 

Macrolide phosphotransferase 

Mph(E),Aminoglycoside3,39 

phosphotransferase, APH 

12 GCA 

3939325 

Acinetobacter 

johnsonii 

Clinical 

associated 

NZ_CP079793.1 Macrolide phosphotransferase 

Mph(E), Aminoglycoside3,39 

phosphotransferase, APH 

13 GCA 

29843525 

 

Acinetobacter 

johnsonii 

Enviromental 

NZ_JAOCIL0100

00002.1 

Macrolides 

phosphotransferase Mph(E), 

,Aminoglycoside3,39 

phosphotransferase, APH 

14 GCA 

29839745 

Acinetobacter 

johnsonii 

Enviromental 

NZ_JAOCBE010

000002 

Macrolides specific efflux 

protein 

MacA,Aminoglycoside3,39 

phosphotransferase, APH, 

Teracycline inactivating 

enyme Tet(X) 

15 GCA 

29843655 

Acinetobacter 

johnsonii 

Enviromental 

NZ_JAOCIS0100

00002.1 

Aminoglycoside3,39 

phosphotransferase, 

APH,Teracycline inactivating 

enyme Tet(X), Macrolides 

specific efflux protein MacA 

16 GCA 

9789205 

 

Acinetobacter 

johnsonii 

Enviromental 

NZ_WSRY01000

026.1 

- 
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17 GCA 

29841405 

Acinetobacter 

johnsonii 

Enviromental 

NZ_JAOCEJ0100

00052.1 

Aminoglycoside3,39 

phosphotransferase, APH 

bleomycin resistance protein 

18 GCA 

29843465 

Acinetobacter 

johnsonii 

Enviromental 

NZ_JAOCIJ0100

00063.1 

Aminoglycoside3,39 

phosphotransferase, APH, 

bleomycin resistance protein 

19 GCA 

4211815 

Acinetobacter 

johnsonii 

Enviromental 

SGVZ01000005 

.1 

Bleomycin resistance protein 

20 GCA 

29841675 

Acinetobacter 

johnsonii 

Enviromental 

JAOCEX0100000

92.1 

Bleomycin resistance protein 

21 GCA 

19334405 

Acinetobacter 

johnsonii 

Enviromental 

CP079750.1 Aminoglycoside3,39 

phosphotransferase, APH 

Bleomycin resistance protein 

22 GCA 

13186005 

Acinetobacter 

johnsonii 

Enviromental 

JABAGU010000

003.1 

Aminoglycoside acetyl 

transferase AAC(3), 

Tetracycline Résistance 

Protein Tet(X) 

23 GCA 

4151415 

Acinetobacter 

lwoffii Clinical 

associated 

CP078046.1 Aminoglycoside3,39 

phosphotransferase, APH 

 

 

The fasta analysis results hinted that in origin and species of carbapenem defending 

Acinetobacter genomes, there was resemblance within origin and within species, but contrasts 

persisted between the different origin and species. The evolutionary adaptation occurred when 

the genes are stimulated, for the organism to survive in that selective environment (Arnold et 

al., 2001). These results implicated that there may be changes in phylogenetic lineages when 

the external environment changed over time. So, the adaptation phenotypic behaviour only 

stimulated the switch in evolutionary changes in traits (Revell et al., 2009). 
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3.5 Acinetobacter profiles of tolerance to antimicrobials and cosmetics 

 

A set of 32 strains of Acinetobacter johnsonii (10 strains), lwoffii (13strains) and junii strains 

(9 strains) from the lab culture collection were tested for their tolerance to some antimicrobials, 

aiming to understand if the tolerance to different groups of antimicrobials (e.g. antibiotics, 

antiseptics) could be associated with a higher tolerance to cosmetics. All the strains were 

already characterized for their profiles of tolerance to a set of 12 antibiotics, and were now 

tested for antiseptics (hydrogen peroxide, iodine, bleach) and cosmetics (Ecoskin 3% m/v, 

Naturstar antimicrobial 0.6% - 5% m/v, Carboxymethylhalocellulose ( CMH ) 2-4% m/v, 

Ectoin 1-2% m/v , Bovine Lactoferrin). Water was used as negative control. 

The Acinetobacter strains with antibiogram showed that water had no reactions, while the 

highest inhibition was caused by Hydrogen peroxide (Table 9) , with lineant hampering by 

compound Iodine, while Bleach had a modest response . 

 

 

Table 9 – Antibiogram results 

Strains Water(cm)  Hydrogen 

peroxide(cm)  

Iodine 

(cm) 

Bleach (cm) Cosmetics 

Acinetobacter 

junii  

     

E.Coli 

Reference 

0 2.3 1.2 1.4 No inhibition 

observed 

EF1 0 3 1.3 2 No inhibition 

observed 

EF6 0 3.4 1.7 2.5 No inhibition 

observed 

EF8 Inhibition not 

measurable 

due to 

repeated poor 

growth 

    

EF14 0 3.4 1.4 2 No inhibition 

observed 
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EF19 0 3.4 1.6 2.2 No inhibition 

observed 

E. coli 

Reference 

0 2.2 1.1 1.1 No inhibition 

observed 

BT34 0 3.4 1.4 1.4 No inhibition 

observed 

A2R10 0 2.5 1.4 0.8 No inhibition 

observed 

BF26 0 3.8 2.5 3 No inhibition 

observed 

BF53 0 3.5 1.2 1.5 No inhibition 

observed 

Acinetobacter 

johnsonii 

     

E. coli 

Reference 

0 2.5 1.1 1.6 No inhibition 

observed 

T3CT9 0 3.5 1.6 2.5 No inhibition 

observed 

T3CP1 0 4 2 3 No inhibition 

observed 

T7AP9 0 3 1.2 1.8 No inhibition 

observed 

T7BP10 0 2.2 1.1 1.5 No inhibition 

observed 

E. coli reference 0 2 1.1 1.5 No inhibition 

observed 

T5CP2 0 3.7 1.3 2.2 No inhibition 

observed 

T5CP3 0 3.5 1.6 2 No inhibition 

observed 

T3BR8 0 1.3 1.1 1.6 No inhibition 

observed 
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T3BR9 0 2.2 1.2 1.7 No inhibition 

observed 

T7BR14 0 2.6 1.8 2.5 No inhibition 

observed 

T3CR2 0 3.3 1.2 1.2 No inhibition 

observed 

Acinetobacter 

lwoffii 

     

E. coli 

Reference 

0 2.5 1.1 1.6 No inhibition 

observed 

T10AT20 0 3.1 1.4 2.5 No inhibition 

observed 

T5CT5 0 2.5 1.1 2.1 No inhibition 

observed 

T1BT10 0 2.3 1.3 2.3 No inhibition 

observed 

E. coli reference 0 2 1.1 1.5 No inhibition 

observed 

T5BT15 0 1.8 1.5 2.7 No inhibition 

observed 

T6BT3 0 2 1.1 2.1 No inhibition 

observed 

T7BT2 0 2 1.1 1.6 No inhibition 

observed 

T5BT12 0 1.8 1.6 2.6 No inhibition 

observed 

T8BT11 0 2.1 1.3 2.6 No inhibition 

observed 

T10BT5 0 2 1.4 1.7 No inhibition 

observed 

T5BP20 0 2.1 1.4 1.7 No inhibition 

observed 
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T10BP2 0 2.1 1.6 2.3 No inhibition 

observed 

T8BR19 0 1.9 1.3 2.3 No inhibition 

observed 

T9BR1 Original 

source 

Contaminated 

    

 

 

 

 

Though Acinetobacter occured at a diluted abundance, it was significant in terms of 

phylogenetic evolutionship which is alike the most other notable genus. The reactions of 

Acinetobacter junii, Acinetobacter johnsonii, Acinetobacter lwoffii to certain anti septics 

showed the phenotypic behaviour of Acinetobacter with cosmetic compounds mimicking 

human skin microbiome. These results added positivity to other similar studies like the study 

done which showed Acinetobacter species changes the immune response with T helper cells 

and other immune cells and modulated composition of skin microbiota. (Fyhrquist et al., 2014). 

 

4 Conclusions 

With this study we could conclude that Acinetobacter, namely A. johnsonii, A. junii and A. 

lwoffii are among the most common Pseudomonadota present in healthy human skin. Based on 

a genome’s comparison of strains of those three species it was also possible to conclude that 

they are important carriers of antibiotic resistance genes. Acinetobacter junii had more clinical 

relevance, with more LPS virulence antigens. The strains from environmental origin presented 

a higher diversity of resistance genes and virulence, while the strains from clinical origin have 

poorer profiles of resistance but higher abundance. Acinetobacter johnsonii is important source 

for dissemination for resistance for cases. These were observed for blaNDM positive cases also. 

Some of the genes detected in the genomes under study are of clinical relevance, as for example 

the blaNDM-1 gene, responsible for resistance to carbapenems that was observed to be common 

to the three Acinetobacter species and also to the different origins (clinical, clinical associated, 

and environmental). The blaNDM-1 gene was mainly associated to mobile genetic elements, 

namely the IS66 family, and associated with other genes of resistance (e.g.Aminoglycosides, 

Macrolides). 
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With the Acinetobacter available in the lab culture collection, all from environmental origin, 

was not possible to infer any correlation between the antibiotic resistance profile and the 

tolerance to cosmetic compounds, but it was observed some variance between strains in the 

tolerance to hydrogen peroxide.  

 

 

 

 

5 Future work 

 

Our study findings gives green signal and promotes additional positivity with identical results 

of similar studies. This study further adds support to current phylogenetic research studies. 

With some limitations such as fewer blaNDM strains were able to be collected from NCBI 

genomes, technical difficulties to test more cosmetics in Acinetobacter strains, future works is 

suggested to be carried on additional cosmetics, and to test on strains of clinical origin (if 

possible isolated from skin and carbapenem resistant), on larger timescale. One 

recommendation, which would like to give for future research, is to conduct with various other 

antibiotic resistant strains, to help us to better understand the bacteria phenotype and phylogeny 

traits.  Hence future research should be done on a mega scale. 
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6 Appendices and Annexes- 

 

Appendices 
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Antibiotic Resistance genes of all Acinetobacter Genomes   
Acinetobacter junii Isolation aph(3')-Via aac(6')-Ib3 blaOXA-235 blaPER-1 , msr(E)  mph(E)  floR  ARR-3  sul1 qacE blaOXA-58  blaOXA-420   tet(X3) 

GCA_003939335.2 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029839935.1 Environment 1 1 1 0 1 1 0 1 0 1 0 0 1 

GCA_003939355.2 CA 1 1 0 0 1 1 1 1 1 1 1 0 0 

GCA_029841885.1 Environment 1 1 0 0 1 1 0 1 1 1 0 0 0 

GCA_003939835.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029843865.1 Environment 0 0 0 0 1 1 0 0 0 0 0 0 0 

GCA_029842755.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003940305.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029841115.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021384305.1 CA 0 0 0 0 1 1 0 0 0 0 1 0 0 

GCA_029842155.1 Environment 0 0 0 0 1 1 1 0 0 0 0 1 0 

GCA_029840725.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_016888805.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_018336855.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_018281725.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_016743155.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_900444875.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368765.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000831735.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009001395.1 Clinical 0 1 0 0 1 1 0 0 1 1 1 0 0 

GCA_016502415.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009014175.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009004055.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003957055.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009013435.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008979805.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031461105.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008984045.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008980005.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008999855.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_030016975.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009014455.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008980735.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_027854915.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012375.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009013555.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_025513885.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008999055.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030056035.1 
 

Clinical 0 0 0 0 1 1 0 0 1 1 0 0 0 

GCA_000775815.1 
 

Clinical 0 1 0 0 1 1 0 0 1 1 1 0 0 

GCA_009013895.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008988725.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_902374105.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_025562355.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012295.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012455.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008996015.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009011915.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008988745.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008981685.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009004095.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009004115.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008983685.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008981205.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012575.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368745.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_958369725.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963517235.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032480795.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_001941805.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002165245.3 Environment 0 0 0 0 1 1 0 0 0 0 0 0 0 

GCA_030665425.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_002761875.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021491935.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368665.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000430225.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_012271855.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004123275.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004296305.1 
 

Environment 0 0 0 0 1 1 0 0 0 0 1 0 0 

GCA_004921845.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000813495.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004920505.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003293755.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003293735.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003293765.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_019048765.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002328335.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031996545.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_937927325.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_016790125.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003484365.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_027321245.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002387225.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002380985.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003452175.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_023255055.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 
Acinetobacter junii Isolation aadA2b sul2 aph(6)-Id aph(3'')-Ib aac(3)-IId aph(3')-VI blaNDM-1 ant(2'')-Ia, tet(G) blaIMP-1 catB8 blaIMP-15 aadA1 blaCARB-2 tet(39) 

GCA_003939335.2 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029839935.1 Environment 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 

GCA_003939355.2 CA 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 

GCA_029841885.1 Environment 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

GCA_003939835.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_029843865.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842755.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003940305.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029841115.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021384305.1 CA 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 

GCA_029842155.1 Environment 1 0 0 0 0 1 1 1 1 0 0 0 0 1 0 

GCA_029840725.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_016888805.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_018336855.1 Clinical 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 

GCA_018281725.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_016743155.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_900444875.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368765.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000831735.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009001395.1 Clinical 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 

GCA_016502415.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009014175.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009004055.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003957055.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009013435.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008979805.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031461105.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008984045.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008980005.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008999855.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030016975.1 Clinical 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 

GCA_009014455.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008980735.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_027854915.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012375.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009013555.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_025513885.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_008999055.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030056035.1 
 

Clinical 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 

GCA_000775815.1 
 

Clinical 0 0 0 0 0 1 0 1 0 1 1 0 1 0 0 

GCA_009013895.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008988725.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_902374105.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_025562355.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012295.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012455.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008996015.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009011915.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008988745.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008981685.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009004095.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009004115.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008983685.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008981205.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012575.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368745.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_958369725.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963517235.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032480795.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_001941805.1 Environment 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002165245.3 Environment 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 

GCA_030665425.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002761875.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021491935.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368665.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000430225.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_012271855.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004123275.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004296305.1 
 

Environment 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 
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GCA_004921845.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000813495.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004920505.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003293755.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003293735.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003293765.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_019048765.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002328335.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031996545.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_937927325.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_016790125.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003484365.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_027321245.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002387225.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002380985.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003452175.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_023255055.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 
Acinetobacter johnsonii Isolation aph(3')-Via aac(6')-Ib3 blaOXA-280 blaPER-1 msr(E)  mph(E)  floR  cmlB1  ARR-3  sul1 qacE blaOXA-23  blaOXA-212  

GCA_000368805.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 

GCA_004337595.1 Environment 0 0 0 0 0 0 0 0 0 0 0 1 1 

GCA_021496365.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_003952785.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030867405.1 Clinical 1 1 0 1 1 1 0 1 1 1 1 0 0 

GCA_020162195.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_015602645.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_017068175.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008180305.1 Environment 1 0 0 0 1 1 1 1 0 0 0 0 0 

GCA_003335165.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021432745.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_021496345.1 Environment 0 0 0 0 1 0 0 0 0 0 0 0 1 

GCA_021496295.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003939325.2 CA 1 1 0 0 1 1 0 0 1 1 1 0 0 

GCA_001484935.1 Environment 1 1 0 1 1 1 0 1 1 1 1 0 0 

GCA_900444855.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000949655.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368045.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029843525.1 environment. 1 1 0 0 1 1 0 0 1 1 1 0 1 

GCA_029839745.1 environment. 1 1 0 0 1 1 0 0 1 1 1 0 0 

GCA_029843655.1 environment. 1 1 0 0 1 1 0 0 1 1 1 0 0 

GCA_900162715.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009828985.1 Clinical 0 0 0 0 1 1 1 0 0 0 0 0 1 

GCA_009789205.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_029839405.1 environment. 0 0 0 0 1 1 0 0 0 0 0 0 0 

GCA_031157845.1 Environment 0 0 0 0 1 1 0 1 0 0 0 0 0 

GCA_029842765.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009823385.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842705.1 environment. 0 0 0 0 1 1 1 0 0 0 0 0 0 

GCA_001483265.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_033023695.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_029842825.1 environment. 0 0 0 0 0 0 0 0 0 1 1 0 0 

GCA_029841405.1 environment. 0 1 0 1 1 1 0 0 1 1 1 0 1 

GCA_947498685.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_029845205.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029839085.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_029842835.1 environment. 0 0 0 0 1 1 0 0 0 0 0 0 0 

GCA_029843465.1 environment. 0 0 0 0 1 1 0 0 0 0 0 0 1 

GCA_029840405.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_030325455.1 Clinical 0 0 0 0 1 1 1 0 0 0 0 0 1 

GCA_029842585.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029840425.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029843005.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_029838425.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004211815.1 Environment 0 0 0 0 1 1 1 1 0 0 0 0 0 

GCA_001632325.1 Clinical 0 0 1   1 1 0 1 0 1 1 0 0 

GCA_003940285.1 CA 1 1 0 1 1 1 0 0 1 1 1 0 1 

GCA_029841175.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_027675825.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_025717035.1 Environment 0 0 0 0 1 1 0 0 0 0 0 0 0 

GCA_029841075.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029841675.1 environment. 0 1 1 0 1 1 1 1 1 1 1 0 0 

GCA_025513415.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029836775.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032841755.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021735885.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_009012975.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_029844685.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000302335.1 
 

CA 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000301735.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_023822225.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_019334405.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029168455.1 Clinical 0 0 0 0 1 1 0 1 0 1 0 0 1 

GCA_029168395.1 Clinical 1 0 0 0 1 1 1 0 0 1 1 0 0 

GCA_028614115.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 

GCA_028614535.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_013186005.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032078225.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 

GCA_963528365.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963523135.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_031981085.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002333325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963517035.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_943787325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_946478025.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_963529475.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_937872055.1 Environment 0 0 0 0 1 1 0 1 0 0 0 0 1 

GCA_003523415.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_003241525.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_943912695.1 Clinical 0 0 1 0 0 0 0 0 0 0 0 0 0 

GCA_950067465.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_016790205.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_950068975.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031978345.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003446165.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_032102905.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002365955.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_937980675.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_020741955.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031999705.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_003240765.1 CA 0 0 0 0 1 1 0 0 0 0 0 0 0 

GCA_950070875.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032084265.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_023257685.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 
Acinetobacter johnsonii Isolation  tet(X3) sul2 aph(6)-Id aph(3'')-Ib aac(3)-IId aph(3')-VI blaNDM-1 ant(2'')-Ia, blaIMP-1 catB8 tet(39) blaOXA-333 blaOXA-211 blaOXA-281 blaOXA-58 

GCA_000368805.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004337595.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496365.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003952785.1 Environment 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

GCA_021496325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_030867405.1 Clinical 0 1 0 0 1 1 1 0 0 0 1 0 0 1 1 

GCA_020162195.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_015602645.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_017068175.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008180305.1 Environment 0 1 1 0 0 0 1 0 0 0 0 0 0 0 1 
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GCA_003335165.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021432745.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_021496345.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496295.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_003939325.2 CA 0 1 1 1 0 0 1 0 0 0 0 0 1 0 0 

GCA_001484935.1 Environment 0 1 1 1 1 0 0 0 0 0 0 0 0 1 1 

GCA_900444855.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_000949655.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_000368045.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_029843525.1 environment. 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 

GCA_029839745.1 environment. 1 1 1 1 0 0 1 0 0 0 1 0 1 0 1 

GCA_029843655.1 environment. 1 1 1 1 0 0 1 0 0 0 0 0 1 0 0 

GCA_900162715.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009828985.1 Clinical 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 

GCA_009789205.1 Environment 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 

GCA_029839405.1 environment. 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

GCA_031157845.1 Environment 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 

GCA_029842765.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_009823385.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_029842705.1 environment. 0 1 1 1 0 0 0 0 0 0 1 0 1 0 0 

GCA_001483265.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_033023695.1 Environment 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

GCA_029842825.1 environment. 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 

GCA_029841405.1 environment. 0 1 1 1 0 1 1 0 0 0 1 0 0 0 0 

GCA_947498685.1 Environment 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029845205.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_029839085.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842835.1 environment. 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 

GCA_029843465.1 environment. 0 0 0 0 0 1 1 0 0 0 1 0 0 0 1 

GCA_029840405.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030325455.1 Clinical 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 

GCA_029842585.1 environment. 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 
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GCA_029840425.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_029843005.1 environment. 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_029838425.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004211815.1 Environment 0 1 1 1 1 1 1 0 0 0 0 0 0 1 1 

GCA_001632325.1 Clinical 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 

GCA_003940285.1 CA 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 

GCA_029841175.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_027675825.1 Clinical 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_025717035.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_029841075.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_029841675.1 environment. 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 

GCA_025513415.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_029836775.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032841755.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_021735885.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012975.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029844685.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000302335.1 
 

CA 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_000301735.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_023822225.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_019334405.1 Environment 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 

GCA_029168455.1 Clinical 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 

GCA_029168395.1 Clinical 0 1 1 1 1 0 0 0 1 0 0 0 0 0 1 

GCA_028614115.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_028614535.1 Environment 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 

GCA_013186005.1 
 

Environment 1 1 0 0 1 0 1 0 0 0 0 0 0 0 1 

GCA_032078225.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963528365.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_963523135.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031981085.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002333325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_963517035.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_943787325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_946478025.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963529475.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_937872055.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_003523415.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003241525.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_943912695.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_950067465.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_016790205.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_950068975.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031978345.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003446165.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032102905.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002365955.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_937980675.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_020741955.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031999705.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003240765.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_950070875.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032084265.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_023257685.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 
Acinetobacter johnsonii Isolation blaOXA-373 aph(3')-IIa blaOXA-334 tet(X6) aph(4)-Ia  aac(3)-IV aph(3')-Ia aadA24 aac(3)-Iia tet(M) blaPER-2 blaTEM-1B ere(A) blaOXA-309 

GCA_000368805.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004337595.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496365.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003952785.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030867405.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_020162195.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_015602645.1 CA 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_017068175.1 environment. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008180305.1 Environment 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003335165.1 Environment 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021432745.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496345.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496295.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003939325.2 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_001484935.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_900444855.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000949655.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368045.1 
 

Clinical 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029843525.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029839745.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029843655.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_900162715.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_009828985.1 Clinical 0 0 0 1 1 1 1 0 0 0 0 0 0 0 

GCA_009789205.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029839405.1 environment. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031157845.1 Environment 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842765.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009823385.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842705.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_001483265.1 Environment 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_033023695.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842825.1 environment. 1 0 0 0 0 0 0 1 0 0 0 0 0 0 

GCA_029841405.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_947498685.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029845205.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029839085.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842835.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029843465.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029840405.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_030325455.1 Clinical 0 0 0 1 0 0 1 0 0 1 0 0 0 0 

GCA_029842585.1 environment. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029840425.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029843005.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029838425.1 environment. 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_004211815.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_001632325.1 Clinical 0 0 0 0 0 0 0 0 1 0 1 1 1 0 

GCA_003940285.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029841175.1 environment. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_027675825.1 Clinical 0 0 1 0 0 0 1 0 0 0 0 0 0 0 

GCA_025717035.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029841075.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029841675.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_025513415.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029836775.1 
 

environment. 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_032841755.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021735885.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012975.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029844685.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_000302335.1 
 

CA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000301735.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_023822225.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_019334405.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029168455.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029168395.1 Clinical 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_028614115.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_028614535.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_013186005.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032078225.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963528365.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963523135.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031981085.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
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GCA_002333325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963517035.1 Clinical 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_943787325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_946478025.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_963529475.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_937872055.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003523415.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003241525.1 CA 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_943912695.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_950067465.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_016790205.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_950068975.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_031978345.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_003446165.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032102905.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002365955.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_937980675.1 Environment 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_020741955.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031999705.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003240765.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_950070875.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032084265.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_023257685.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 
Acinetobacter johnsonii Isolation blaOXA-235 blaOXA-299 tet(A)  aac(6')-Iia aadA5 blaOXA 164  lnu(G) mph(A) blaZ qnrVC6 tet(Y) aph(3')-Vib blaOXA 146 

GCA_000368805.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004337595.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496365.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003952785.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030867405.1 Clinical 0 0 0 0 0 0 0 0 0 1 0 0 0 
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GCA_020162195.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_015602645.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_017068175.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_008180305.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003335165.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021432745.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496345.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021496295.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003939325.2 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_001484935.1 Environment 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_900444855.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000949655.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368045.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029843525.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029839745.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029843655.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_900162715.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009828985.1 Clinical 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_009789205.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029839405.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031157845.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842765.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009823385.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842705.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_001483265.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_033023695.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842825.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029841405.1 environment. 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_947498685.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029845205.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029839085.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842835.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_029843465.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029840405.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030325455.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029842585.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029840425.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029843005.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029838425.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004211815.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_001632325.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003940285.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 1 

GCA_029841175.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_027675825.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_025717035.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029841075.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029841675.1 environment. 1 0 1 0 0 0 0 0 0 0 0 0 0 

GCA_025513415.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029836775.1 
 

environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032841755.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_021735885.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009012975.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_029844685.1 environment. 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000302335.1 
 

CA 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000301735.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_023822225.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_019334405.1 Environment 0 1 1 0 0 0 0 0 0 0 0 0 0 

GCA_029168455.1 Clinical 0 0 0 1 1 1 0 0 0 0 0 0 0 

GCA_029168395.1 Clinical 0 0 0 1 1 1 0 0 0 0 0 0 0 

GCA_028614115.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_028614535.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_013186005.1 
 

Environment 0 0 0 0 0 0 1 0 0 0 0 0 0 

GCA_032078225.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963528365.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_963523135.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031981085.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002333325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963517035.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_943787325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_946478025.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963529475.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_937872055.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003523415.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003241525.1 CA 0 0 0 0 0 0 0 1 1 0 0 0 0 

GCA_943912695.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_950067465.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_016790205.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_950068975.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031978345.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003446165.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032102905.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002365955.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_937980675.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_020741955.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031999705.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_003240765.1 CA 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_950070875.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032084265.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_023257685.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 
Acinetobacter lwoffii Isolation aph(3')-Via aac(6')-Ib3 blaOXA-283 blaPER-1 , msr(E)  mph(E)  floR  cmlB1  ARR-3  sul1 qacE blaOXA-362  blaOXA-282  blaOXA-58  

GCA_019343495.1 Environment 1 1 1 1 1 1 1 1 1 1 1 0 0 0 

GCA_019787645.1 Environment 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_019787625.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_015602705.1 CE 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
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GCA_013349125.1 
 

Clinical 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_011058205.1 Environment 0 0 0 0 0 0 0 0 0 0 0 1 0 1 

GCA 12393445.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129635.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA 24129855 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129435.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129115.1 
 

Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA 22967985 Clinical 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_024129715.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_024129685.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_902363005.1 Clinical 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129355.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129595.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_014769185.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129735.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030678775.1 Environment 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_025514015.1 Clinical 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

GCA_025515075.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_025513955.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030678755.1 
 

Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030678665.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_005924195.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_000369145.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000369125.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368165.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_000301755.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_004151415.2 CE 1 1 0 0 1 1 1 0 1 1 1 0 0 0 

GCA_002119785.3 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_009829005.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963516025.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

GCA_007678965.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002321025.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_963518635.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002332985.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_013530545.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_020742465.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_945638835.1 CE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_943912775.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_031992985.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_963529775.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032087195.1 Environment 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_003519025.1 
 

Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032106985.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032107325.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032107605.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032098625.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

GCA_032013825.1 Environment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 
Acinetobacter lwoffii Isolation blaOXA-

496  

 

tet(39) 

 blaOXA-

23 

 blaOXA-

335 

aadA2 blaOXA-

285 

sul2 blaOXA-

361 

aph(6)-

Id 

aph(3'')-

Ib 

aac(3)-

IId 

aph(3')-

VI 

 blaOXA-

235 

blaNDM-

1 

blaOXA-

134 

blaOXA-

146 

GCA_019343495.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_019787645.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_019787625.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_015602705.1 CE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_013349

125.1 

 
Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_011058205.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA 

12393445.1 

 
Clinical 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129635.1 Environmen

t 

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA 24129855 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129435.1 Environmen

t 

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129

115.1 

 
Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA 22967985 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129715.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129685.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



 

.                                                                         

     

                                                                        

76 

 

GCA_902363005.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129355.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129595.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_014769185.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_024129735.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030678775.1 Environmen

t 

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_025514015.1 Clinical 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 

GCA_025515

075.1 

 
Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_025513955.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_030678

755.1 

 
Environmen

t 

0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 

GCA_030678665.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_005924195.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000369145.1 Clinical 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 

GCA_000369125.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_000368165.1 Clinical 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

GCA_000301755.1 Clinical 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 

GCA_004151415.2 CE 1 0 0 0 0 0 1 0 1 1 1 1 1 1 0 0 

GCA_002119785.3 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_009829005.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963516

025.1 

 
Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_007678965.1 Environmen

t 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002321025.1 Environmen

t 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963518635.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_002332985.1 Environmen

t 

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

GCA_013530545.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_020742465.1 Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_945638835.1 CE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_943912

775.1 

 
Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

GCA_031992985.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_963529775.1 Clinical 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032087195.1 Environmen

t 

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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GCA_003519

025.1 

 
Clinical 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032106985.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032107325.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032107605.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032098625.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GCA_032013825.1 Environmen

t 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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