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Conteúdos Principais: 
n  Distribuição dos Procariotos 

n  Filogenia principais grupos 

n  Projeto Microbioma Humano 

q Neisseria meningitidis 

n  Bactérias mais comuns do ambiente hospitalar 

n  Microbioma do Trato Gastro Intestinal 

n  Exercícios 

q Staphylococcus aureus



Distribuição dos procariotos 

Habitat Número de 
procariotos (x 1028) 

Carbono total em 
procariotos (x 1015 g) 

Sub-superfície 
Oceano 355 303 

Sub-superfície 
Terrestre 25-250 22-215 

Solo 26 26 

Oceanos, lagos e 
rios 12 2,2 

Corpo Humano 0,00004 



Filogenia: principais grupos 





Projeto Microbioma Humano 

q  Um consórcio que envolve 45 Instituições de pesquisa e iniciado em 
2008. Tem como objetivo caracterizar as comunidades microbianas 
encontradas em várias partes do corpo humano e analisar o papel 
desses micróbios na saúde humana e nas patologias.  

O Que é o Projeto Microbioma Humano?  

u  Estão sendo analisadas 30,000 
amostras de 48 locais do corpo 
humano .  



Microbioma Humano 
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sequence similarity, guanine–cytosine content and DNA–
DNA hybridisation),34–36 and compared with the 
phylogenetically closest species that have standing in 
nomenclature. Subsequently, if they are able to show a 
suffi  cient degree of specifi c features, these new species 
need to be validated by the International Committee on 
Systematics of Prokaryotes, and the validated names and 
combinations should be reported in the International 
Journal of Systematic and Evolutionary Microbiology.

However, at the time of writing, no consensus exists for 
the genetic criteria that should be used in the taxonomic 
classifi cation of bacterial species.34,37 Genetic criteria have 
several drawbacks that make them inapplicable to many 
bacterial species and genera.38 In this context, we have 
proposed a new notion termed taxonogenomics to 
describe novel bacterial species,21 based on a polyphasic 
approach that adds the MALDI-TOF-MS spectrum to the 
classic phenotypic characteristics, and includes the 
whole-genome sequence analysis (fi gure 1).38 This 
method has enabled the valid reporting of 13 species 
isolated in our laboratory using culturomics,21 including 
Aeromicrobium massiliense,39 Alistipes timonensis,40 
Anaerococcus senegalensis,41 Brevibacillus massiliensis,42 
Brevibacterium senegalense,43 Enterobacter massiliensis,44 
Herbaspirillum massiliense,45 Kurthia massiliensis,46 
Paenibacillus senegalensis,47 Cellulomonas massiliensis,48 
Peptoniphilus timonensis,49 Clostridium senegalense,50 and 
Senegalimassilia anaerobia.51

The repertoire of prokaryotes in human beings 
One major goal of the scientifi c community is the 
characterisation of the human microbiota and its 
relations with human diseases.52 Our human 
prokaryotic repertoire is the fi rst step in the 
understanding of the specifi c species implicated in 
human diseases. In the prokaryotic species described 
and included in our database, we identifi ed that 
2172 species have been isolated at least once from 
human beings. These species were from 12 diff erent 
bacterial phyla and one archaeal taxon (Euryarchaeota). 
Most species isolated in human beings (93·5%) were 
members of four bacterial phyla: Firmicutes, 
Proteobacteria, Actinobacteria, and Bacteroidetes.

A third (31·1%) of species isolated from human 
beings belong to the Firmicutes phylum, with most of 
these belonging to the families Bacillaceae (15·7%) and 
Clostridiaceae (11·4%). The most variable phylum, 
Proteobacteria, contains many species of major 
importance in human diseases and contributes to 
natural ecosystem functions; a third (29·5%) of species 
isolated from human beings belong to the Proteo-
bacteria phylum, and 20% belong to the family Entero-
bacteriaceae. The phylum Actinobacteria represents 
25·9% of species isolated in human beings, with most 
(24·2%) belonging to the family Mycobacteriaceae. 
Finally, 7·1% of the species isolated in human beings 
belong to the phylum Bacteroidetes, including almost a 

third (29%) that belong to the family Prevotellaceae 
(fi gure 2).

The rare taxa identifi ed in human beings included 
Spirochaetes, Tenericutes, Fusobacteria, Chlamydiae,  and 
Synergistetes, which together represent 5·9% of species 
isolated at least once from human beings. Moreover, three 
phyla were represented by only one species isolated from 
humans: Akkermansia muciniphila from the phylum 
Verrucomicrobia was isolated from the human gut 
microbiota,53 and Victivallis vadensis, an anaerobe also 
isolated from human faeces,54 which belongs to the 
Lentisphaerae phylum. Additionally, Deinococcus aquaticus, 
a species belonging to the phylum Deinococcus-Thermus, 
was isolated in 2012 in our laboratory for the fi rst time in 
human stool from a Senegalese person.55

Anaerobic bacteria are normally seen on human skin 
and in mucosal sites such as the oral cavity, the intestine, 
and the vagina.56 Despite the large number of anaerobic 
bacteria in the human microfl ora, which is their main 
reservoir, relatively few are involved in human infections. 
However, anaerobic bacteria do have a substantial role in 
human infections that are associated with high 
mortality.56 From the 2172 species isolated in human 
beings, we noted 386 species that are strictly anaerobic 
(17·8%) with a large proportion of these species 
belonging to the phylum Firmicutes (221 species, 
57·3%). Some species were more frequently involved in 
human infections (such as Bacteroides spp, 
Clostridium spp, and anaerobic Gram-positive cocci),57 
whereas other species, such as Ruminococcus spp, were 
rarely or never reported to be involved in infection.58

For the online 
prokaryotic repertoire see
http://hpr.mediterranee-
infection.com

Figure 2: Bacterial species classifi ed by phylum that are detected in 
human beings
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Microbioma trato gastrointestinal 

q  Do nascimento aos 3 anos de idade é o período em que ocorre a 
colonização do trato gastro-intestinal de forma contínua e progressiva, 
com aumento gradual da diversidade filogenética.  

Qual é o período do desenvolvimento humano que ocorre a formação 
do microbiota do trato gastrointestinal?  

q  A introdução dos alimentos sólidos está associado com o aumento da 
abundância de Bacteroidetes e uma mudança que facilita a utilização do 
lactato, carbodidrato, biosíntese de vitamina e degradação de 
xenobióticos.  

q  A colonização do microbioma humano inicia-se algumas horas após o 
parto.  

q  A amamentação influencia o tipo de colonização intestinal.  



Bactérias mais comuns ambiente hospitalar 

q Acinetobacter baumannii 

q Candida albican 

q Candida parapsilosis 

q Enterococcus faecalis 

q E. coli 

q Klebsiella pneumoniae 

q Staphlococcus aureus 

q Staphylococcus coagulase 

q Stenotrophomonas maltophilia 



Staphylococcus aureus 
European nucleotide archive 

Firmicutes   

Bacilli 

Bacillales 

Staphylococcaceae 

Staphlococcus 



Staphylococcus aureus 

u  Principal causa de infecção bacteriana nos países desenvolvidos.  

q  Staphylococcus aureus: problema clínico crescente devido o 
desenvolvimento agressivo de resistência a antibióticos.  

reconstructed genomes with an N50 > 50,000. We ob-
tained high-quality genomes (N50 > 50,000 and less than
150 contigs) for 135 of the 160 patients enrolled. Ge-
nomes belonging to the remaining 25 patients were ex-
cluded from further analyses. Genomes were annotated
with Prokka version 1.11 [50] using default parameters
and adding --addgenes and --usegenus options.

Genome alignment/phylogenetic analysis
The sets of 1464 concatenated genes used as input for con-
structing whole cohort (Fig. 1) and strain (Fig. 2) phylogen-
etic trees were generated using Roary version 3.4.2 [51].
Maximum likelihood trees were inferred with RAxML ver-
sion 8.0.26 [52] using a GTR replacement model with four
discrete categories of Gamma. Support at nodes was esti-
mated using 100 bootstrap pseudo-replicates (option “-f
a”). The phylogenetic tree in Additional file 2: Figure S1
was inferred using the presence-absence binary matrix of
the core and accessory genes computed with Roary version
3.4.2 [51] in RAxML version 8.0.26 [52] with option “-m

BINGAMMA”. Phylogenetic analyses were conducted
using only one single isolate per patient; when multiple
isolates from different timepoints of the same patient
were available, the reconstructed genome with the
highest N50 and the lowest number of contigs was
selected. In most cases (n = 30), patients maintained
the same ST over time; in discrepant cases (n = 2), we
selected the most prevalent clone.

In silico sequence type (ST), SCCmec, and spa-type
identification
In order to assign SCCmec type also to equivocal cases
and to confirm PCR-based SCCmec typing, the same set
of primers [45] and other primer sets [53, 54] were
mapped to reconstructed genomes by BLAST [55]. In
most cases, the two methods were consistent. In dis-
cordant cases, PCR was repeated. Sequence typing and
spa-typing were conducted using MetaMLST [56] and
the DNAGear software [57] respectively.

Fig. 1 Phylogenetic tree of the whole cohort. Phylogenetic tree based on the 1464 core genes (1,194,183 bases) of the 135 single-patient S. aureus
isolates. STs are distinguished by means of numbers and background colours in the inner ring. Sample type, operative unit, PVL presence, and SCCmec
type are colour-coded in the following rings. On the outermost ring, the number of virulence genes is reported as bar plot (total considered = 79)

Manara et al. Genome Medicine           (2018) 10:82 Page 4 of 19

Manara et al 2018 Genome Medicine 10: 82 
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16S rRNA S. aureus 

  

Nucleic Acids Research, 2016, Vol. 44, No. 21 10497

Figure 3. Structural differences at the RNA and the protein levels between representative bacterial species. (A) Cartoon rendering of ribosomal proteins
from the SSU. In this and subsequent panels, the regions highlighted in red correspond to structural variability (insertions, deletions or alternative fold,
shown in red) between the 70S ribosomes from S. aureus, B. subtilis, E. coli and T. thermophilus. (B) Same as (A) for the LSU. (C) Cartoon rendering of the
three-dimensional structure of the 16S rRNA. (D) Same as (C) for the 5S and 23S rRNAs. (E) Secondary structure diagram of the model shown in (C). (F)
Secondary structure diagram of the model shown in (D). A detailed description of all the differences between ribosomal proteins and RNAs are provided
as Supplementary Tables S2 and S3.
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S. aureus sensível a vancomycin 

Howden et al 2010 Clin. Microb. Rev. 23: 99 





Neisseria meningitidis 
q  Neisseria meningitidis: serogrupo B – principal causa de meningite e 

septicemia em crianças e adolescentes.  

Pittsburgh Department of Epidemiology Small Grants Program.
This project has also been funded in part with federal funds from the
National Institute of Allergy and Infectious Diseases, National Institutes
of Health, Department of Health and Human Services under contract
number HHSN272200900009C.

2.9. Role of funding source

Funding sources played no role in study design; in the collection,
analysis, and interpretation of data; in the writing of the report; and in
the decision to submit the paper for publication.

3. Results

TheHajj clone (strain ID:M7124), and six otherW ST-11 strains that
were sequenced using PacBio provided very high quality reference se-
quences (Supplementary Table 1), with excellent resolution of capsular
genes and other highly repetitive genomic regions.

W ST-11 strains in this studywere closely related to serogroup C ST-
11 strains and clustered into twomain groups based on genetic related-
ness to the Hajj clone. Out of 270 total strains, 125 (46.3%) were most
closely related to the Hajj clone based on antigen-encoding gene pro-
files (Fig. 2, Supplementary Table 2), presence of recombinant alleles

Fig. 2. Antigen-encoding gene profiles of 270 invasive serogroupW and historical serogroup C ST-11 strains. On the left is ClonalFrame consensus tree constructed using concatenated full
length antigen-encoding gene sequences from porA, porB, fetA, nadA, nhba and fHbp genes. Color chart in the center depicts antigen gene allelic differences among W ST-11 strains
compared toM7124 allele. Year(s) reflect earliest andmost recent isolation dates for strains with the listed antigen-encoding gene profile; Numbers in parentheses indicate total number
of strains with identical antigen-encoding gene profile to the adjacent strain for profiles shared bymore than one strain. On the right, green open trianglesmark Cluster 1 strains, red open
squaresmark Cluster 2 and blue open circlesmark serogroup C ST-11 strains. Antigen-encoding gene allele numberswere obtained fromwww.pubmlst.org/neisseria. Scale bar represents
time (coalescent units).

Table 1
Homologous recombination regions associated with Hajj specific SNPs. Start and end indicate up- and downstream recombination breakpoints. Numbers and annotations are relative to
the Hajj clone reference strain, M7124. Known virulence genes are shown in bold. No. of SNPs — Number of highly discriminatory SNPs within genomic region. Closest match— Closest
match based on BLASTn query on PubMLST database (http://pubmlst.org/neisseria/).

Genomic location of Hajj specific SNPs

Recombinant
region

Start End Size
(kb)

No. of
SNPs

Annotations Closest match

1 329041 330204 1.2 5 Phosphopantetheine adenylyltransferase, coaD; ribosomal large subunit
pseudouridine synthase D

Neisseria cinerea

2 628712 632970 4.3 13 Fructose-bisphosphate aldolase, fba; factor H binding protein, fHbp; glycoprotease
family protein; ribosomal-protein-alanine acetyltransferase, rimI; uracil DNA
glycosylase; Orotate phosphoribosyltransferase, pyrE; MJ0042 family finger-like
domain protein; amino-acid N-acetyltransferase, argA

Neisseria meningitidis serogroup
B ST-639 (cc32)

3 896826 900840 4.0 13 Argininosuccinate lyase, argH; UTP-Glucose-1-phosphate uridyl transferase, galU;
purine NTP pyrophosphatase, rdgB; dATP pyrophosphohydrolase, ntpA; inorganic
pyrophosphatase, ppa

Neisseria spp. ST-6263 (cc -)

4 1844312 1846343 2.0 15 Nitric oxide reductase, nor; nitrite reductase, aniA Neisseria meningitidis ST-461 (cc461)

1450 M.M. Mustapha et al. / EBioMedicine 2 (2015) 1447–1455

Mustapha et al 2015 EBioMedicine 2:1447 



Neisseria meningitidis 
Proteobacteria 

Betaproteobacteria 

Neisseriales 

Neisseriaceae 

Neisseria 



Exercícios 

q Determine: Filo, Classe, Ordem e Família das principais 

bactérias de ambiente hospitalar 

q Qual o Filo mais abundante? 

q Qual o tamanho do 16S rRNA das principais bactérias de 

ambiente hospitalar? 
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