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" Microbiology Laboratory, Department of ABSTRACT
Q;ig?:‘ﬂgf:;r:‘;ﬁ'ctgt%ggzgif“ Magalhaes, Introduction: The difficulty in treating Acinetobacter baumannii infections due to its
’ ’ ' high rate of resistance to antibiotics has led to the study of mechanisms inherent to the
pathogen itself that can be used as effective targets in the treatment. Host Factor |
Protein (Hfg) is an RNA chaperone generally necessary to assist in the connection
between sRNAs and their mRNA target acting in the regulation of different genes,
studies carried out in a range of bacterial species have shown that Hfq acts in a
pleiotropic manner, contributing to virulence and response stress. Aim: To summarize
current knowledge about the role of the Hfqg RNA chaperone in the virulence and
antibiotic resistance of Acinetobacter baumannii. Outlining: This is an integrative
review developed from articles published in any language on Science Direct and PubMed
platforms. Data collection and analysis were carried out between the period of April
2020 and February 2021. Results: Hfg shown to play important roles in cell growth,
OMVs, metabolism of carbon sources, tolerance to physical and chemical stress,
virulence through biofilm formation, fimbriae modulation, among others. Implications:
Our work shows data that strengthen the role of Hfq in different aspects of virulence
and environmental adaptation, including antimicrobial resistance of this pathogen,
warning about the importance of Hfq as a possible future effective target in the
treatment of these infections.
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An update on the role of Hfg RNA Chaperone in resistance and virulence of Acinetobacter baumannii

INTRODUCTION

Acinetobacter baumannii is a Gram-negative
bacillus recognized for its ability to cause serious
nosocomial infections and has emerged as one one of
the most relevant pathogens for health-associated
infections worldwide. The high levels of resistance of
this bacterium has been attributed to its great ability
to adapt and survive under adverse conditions.
Furthermore, A. baumannii is able to express
virulence factors that facilitate bacterial infection
and the expression of determinants that trigger
resistance.'*

The post-transcriptional regulation of protein
translation by means of small RNAs (sRNAs), which
function as small non-coding RNA molecules and are
normally involved in the environmental stress
response to preserve cellular response to
environmental stress to  preserve  cellular
homeostasis, have received increasing attention in
bacterial studies. In Gram-negative bacteria, Hfq, an
understudied RNA chaperone, is an important part of
the interaction between mRNA and sRNA.57 Hfq plays
crucial roles in the regulatory mechanisms that occur
after RNA transcription that occur between the sRNA
and the target mRNA. It was first detected in
Escherichia coli in the 1960s and is considered a
regulator of RNA transcription involved in responses
to stressful conditions, iron homeostasis, and outer
membrane synthesis. This chaperone is typically
responsible for modulating motility and promoting
resistance to cellular stresses, however, hfq
mutations result in a spread of species-dependent
phenotypic changes.®"

Studies on Hfq of bacterial pathogens,
including A.baumannii, have detected, after deletion
of the complete gene or part of it, disadvantages for
the bacterium itself, including attenuation of
virulence, defects in secretory sistems expression,
reduction of invasion and dissemination through host
mammal organs, defects of motility and decreased
expression of several virulence factors." ™ It is very

likely that the Hfg RNA chaperone is implicated in

regulation of these important processes through
sRNAs." However, although the Hfq chaperone plays
critical roles in cellular stress resistance, the
correlation between its expression and stress-related
molecules in A. baumannii still needs further studies.

This review summarizes the current knowledge
on the role of the Hfq RNA chaperone in the virulence
and antibiotic resistance of A. baumannii, an

increasing important human opportunist pathogen.

METHOD

This is an integrative review study, with the
objective of gathering results obtained in previous
studies, in a systematic and comprehensive way. The
study was developed from the analysis of scientific
reports published in scientific journals from Science
Direct and PubMed databases. The articles were
selected by applying the keywords: “Hfq and
Acinetobacter baumannii”, “Hfq and Gram-negative
bacteria”. The databases were accessed from April 2,
2020, to February 23, 2021.

The guiding questions we sought to answer
were: does the RNA Hfq chaperone play roles in the
resistance and virulence of A. baumannii? What are
these roles and what are their impacts?

The inclusion criteria were studies available in full, in
any language. As exclusion criteria: those that did not
correspond to the object of the study were excluded.

The search results were filtered using the
inclusion and exclusion criteria. The pre-selected
studies went through the reading of titles and
abstracts and then the full and carefully reading of
the selected articles was carried out. After analyzing
the results of the selected articles, our discussion was
elaborated by considering their relationships with

other available scientific references.

RESULTS
Seven studies were selected to compose the
review, as they present results that are convenient to

the guiding question (Figure 1).
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The analysis of the
compose the review is shown in chart 1, including the
authors, year, journal and country where the study

was carried out,

Figure 1 - Flowchart for selecting the articles included in the study.

Studies identified in databases using the
keywords "Hfq and Acinetobacter baumannii'
and "Hfq and Gram-negative bacteria"

:

Science Direct

497 articles

Y

R

PubMed

769 articles

Y

Articles excluded in the preselection process

561 articles

A

Articles selected for reading of
the abstract

705 articles

Articles excluded after reading of

the abstract

502 articles

Y

Articles selected for full reading

203 articles

v

Studies included in quantitative
synthesis

7 articles

Source: Study data.

studies selected to

as well as the objective and

conclusions of each study. Three of the selected

studies were carried out by a German group, two

from the United States of America, one from a Indian
and one from a Portuguese group. All articles were
published in international journals, four were articles

of review and three were original articles.

Chart 1 - Analysis of the seven studies selected to compose the review.

Authors

Year / Journal

Country

Aim

Conclusions

Vogel J, Luisi
BF

2011 / Nature

Germany

Describe the structural
and functional
characteristics of Hfgq and
discuss possible ways in
which this RNA chaperone
can promote interactions
to generate specific
regulatory responses in
vivo.

The main role of the Hfq chaperone is to act in
bacterial regulation, however, the specific roles of
this protein are still not fully understood, and
further studies on its function are needed. Studies
such as a global map of Hfq interaction sites in vivo
could establish whether there is a variation in the
concentration of Hfq in the bacterial cell, in
addition to clarifying the interactions in the
regulation of Hfq with other cellular factors.

Sharma A,
Dubey V,
Sharma R,
Devnath K,
Gupta VK,

2018 / Journal
of Biological
Chemistry

Indian

Understand the influence
of the C-terminal tail of A.
baumannii Hfq.

The flexible C-terminal tail present in A. baumannii
Hfq is an integral functional part of this protein,
being necessary for high-affinity RNA binding.
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Akhter J, et
al.
Kuo HY, Chao Clarify the role of A In this, which was the first study to illustrate the
HH, Liao PC, 2017 / bau%wannii Hfq in ' functional role of Hfq in A. baumannii, it was
Hsu L, Chang Frontiers in United States - a possible to observe that this chaperone plays a
. : virulence and stress : . :
KC, Tung CH, Microbiology fundamental role in controlling environmental
responses. . s
et al. adaptation and bacterial virulence.
Review and gather
understanding of the role
Fehqnao JR, of Hfq in regulatmg.tralts The role of Hfq in the post-transcriptional
Grilo AM, related to secretion ) . . .
. 2016 / Future N regulation of genes involved in cellular processes in
Guerreiro S, . - Portugal systems, alternative sigma - 2. A A
Microbiology bacteria of clinical importance is critical, especially
Sousa SA, factors, outer membrane . . . .
x . . its role in the production of virulence factors.
Leitao JH. proteins, polysaccharides
and iron metabolism in
bacterial virulence.
Study Acinetobacter
baylyi Hfq, which, due to | A reduction in the growth of A. baylyi was observed
its elongated C-terminal | after deletion of the complete hfg ORF. Additionally,
Schilling D, 2009 / Journal German tail, results in a protein the deletion or overexpression of the Hfq protein
Gerischer U. of Bacteriology Y almost twice the size of triggered the loss of bacterial cell chain assembly,
other however, the glycine-rich domain was not
gammaproteobacterial responsible for the observed changes.
Hfgs.
Review the results of
Updegrove 2017 / Current d1fferenF studies in order Hfq is a regulator that affects the stability of sSRNAs,
T . to elucidate the role of . . .
TB, Zhang A, Opinion in United States . . and acts by enabling the base pairing of sSRNA with
- : Hfq in RNA base pairing,
Storza G. Microbiology . : target mRNAs.
with a main focus on
Gram-negative pathogens.
Gather knowledge about
the functions of Hfq in . . . .
Chao Y, Vogel 2012 ./ Furrent bacterial pathogens and Hfq is a global regulqtor responSIble.for.mte.rfermg,
Opinion in Germany o beneficially or not, in gene expression in different
J. - : highlight some useful -
Microbiology . bacterial pathogens.
experimental approaches
to study these roles.
Source: Study data.
DISCUSSION the hfq gene was initially identified and silenced in E.
The Hfq RNA Chaperone coli, studies have demonstrated the great advantages
The chaperone Hfq RNA (Host Factor | offered by the Hfgq for the adaptation of the

Protein) is a highly conserved protein present in

Gram-negative and positive pathogens that
collaborates in the efficiency of the regulatory
functions of different sRNAs, affecting the responses
to stress, virulence and impairment in the growth of
several clinically important pathogens, being the best
characterized bacterial protein for this role.'®
Identified in the 1960s in Esherichia coli, the
RNA-binding protein Hfg was initially presented as
necessary for the replication of the bacteriophage QB
and in the 1970s it was biochemically characterized

as an abundant nucleic acid-binding protein, showing

resistance to high temperatures, with a high
preference for RNA with high rates of AU. Hfq was
characterized as a member of the Like-Sm

RNA-binding proteins family, found in eukaryotes,

bacteria and archaea.”'*%2! Since the 1990s, when

bacterium under stress conditions, where the hfg null
mutant presented a pleiotropic phenotype that
includes defective growth rates, change in cell size,
susceptibility to stress, defective oxidation of carbon
sources, reduced fitness, increased sensitivity,
attenuated virulence, and difficulty responding to
stress. Furthermore, the translation of several
cellular mRNAs was found to be regulated by Hfq.
Currently, it is known that Hfq acts as a chaperone of
bacterial cells,
small sRNAs and their mRNA targets, so that Hfq

interferes with the expression of different mRNAs,

facilitating base pairing between

positively or negatively.’1720.2223

Hfg is a highly conserved protein,
approximately half of bacterial genomes have Hfq
homologs. The N-terminal portion of this protein is

generally highly conserved between amino acids 1
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and 66 in most pathogens, a region responsible for
RNA binding and protein interactions. However, the
C-terminus of Hfg from different bacteria varies
significantly in length and sequence (Figure 2). The
largest Hfq proteins are present in members of the

Moraxellaceae family of gammaproteobacteria. The

length of the Hfg chaperone varies considerably in
different species, in Acinetobacter species, Hfq has
168 to 174 amino acids, for Psychrobacter species its
size is from 183 to 203 amino acids and up to 210

amino acids for Moraxella catarrhalis.®**

Figure 2 - Multiple sequence alignment of Hfq amino acids from different bacterial species.

Source: The autors.

Caption: Multiple sequence alignment visualized with BioEdit Sequence Alignment Editor (v 7.0.5.3). Capital letters indicate amino
acids. The numbers indicate the size of the Hfq protein sequence. Asterisks indicate the end of the amino acid sequence. The
glycine-rich amino acid repetitive pattern of the A. baumannii Hfq sequence is marked by a red box.

Structure of Hfq

Hfq, like the other members of the Sm/Lsm
protein family, is characterized by its ring-shaped
quaternary architecture that allows interactions with
other macromolecules and acts by mediating the
binding of sRNAs with their target mRNA.32%% Each
Hfq subunit is composed of a short, variable
N-terminal helix, which is generally four amino acids
long, five highly twisted and curved antiparallel
B-strands, terminating in an unstructured C-terminal
carboxy region. Hfq is a hexamer that has three RNA
binding surfaces: proximal, distal, and lateral face,
along with a C-terminal tail, necessary for contact
between two RNA molecules.?%%

The proximal face of Hfg is extremely
conserved and binds to uridines at the ends of the
bacterial sSRNA. The distal face binds to the 5-UTR
untranslated regions of mMRNAs and sRNAs. The
positively charged side of Hfq binds to a uridine-rich
sequence of some sRNAs and mRNAs and plays a role
in duplex structure formation and RNA exchange. The
C-terminal tail varies substantially in sequence and

size, being untidy and flexible. To date, studies

investigating its cellular function of Hfq still yield
conflicting conclusions. However, studies suggest that
the C-terminal tail portion is important for

interaction with some sRNAs. 23252729

Bacterial Hfq and its functions

Several mechanisms of regulation mediated
by Hfq has been proposed. This RNA chaperone can
stabilize and promote interactions between sRNAs
and mRNAs, these interactions can work by activating
or preventing protein synthesis through alterations
that will remodel the mRNA regions that contain the
Ribosome Binding Site (RBS) and the start codon. Hfq
can repress protein synthesis by binding to the 5'
region of the target mRNA, making it unavailable for
sRNA binding, preventing translation initiation. Hfq
can also stimulate translation, helping to bind an
SRNA to the 5 region of its target mRNA, this
prevents the formation of a secondary structure that
hinders and prevents binding to the ribosome. Hfq
may also protect sRNAs from fragmentation by
ribonucleases or cooperate in a way that promotes

efficient mRNA fragmentation by associating with
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RNase E and sRNA. Finally, Hfq can interact with the
PAP | protein, stimulating its activity, making the 3’
ends of the mRNA accessible for polyadenylation to
promote RNA turnover. In previous studies, it was
observed that when Hfq is absent, poly-A levels are
reduced. In all cases, the information encoded in the
RNA will be decisive to define the Hfq's mechanism of
action,®?7:3031

The most important portion for target
recognition of an sRNA is its 5' end, which is normally
small in Gram-negative bacteria, less than 10
nucleotides in length and triggering a low stability of
duplex bonds as they are imperfectly complementary
to the target mRNA. Hfq can work around the
situation by creating more stable complexes that
work by strengthening sRNA-mRNA bonds, allowing
the sRNA to complete its regulatory activity. There
are a few possible ways for Hfg to act as an aid in
forming these bonds, either by increasing the sRNA
recognition rate with its target mRNA or by making
the sRNA-mRNA duplexes more stable due to their
presence. It has also been shown that Hfg can induce
alterations in the RNA structure to favor the
formation of duplexes.®?

In bacteria, most of the sRNAs that bind to
Hfq are critical in stress responses. An example are
the sRNAs that control the expression of RNA
polymerase, sigma S (RpoS or o¢38), which are
regulatory proteins activated in response to
environmental conditions and act in the regulation of
genes expressionthat promotes bacterial survival
under different stressors. Previous studies have shown
that a loop formed in RpoS mRNA blocks the binding
to RBS. Hfg can reverse the formation of this looping
by binding to an upstream domain of RpoS mRNA,
facilitating pairing and up-regulating RpoS expression.
In previous studies, low expression of RpoS was
observed in a mutant lacking the hfg gene (Ahfq),
and many of the observed phenotypic effects were
attributed to defects in RpoS expression. 212232

Hfq also regulates the stress response

mediated by RpoE (RNA polymerase, extracytoplasmic

E), a sigma factor necessary for the response to
extracytoplasmic stress, activated in situations such
as heat shock (mutants with the silenced rpoE gene
are unable to grow at temperatures above 42 degrees
Celsius) and controls the expression of approximately
100 different genes. Hfq, together with other
members of the RpoE regulon, controls the expression
of OMPs and other components of the bacterial
envelope, thus ensuring their integrity. The hfg
deletion, in turn, causes severe activation of RpoE,
along with uncontrolled OMP expression and
increased envelope stress.'"'31?

The destabilization of the mRNA responsible
for encoding ompA is also related to Hfq. OmpA is
one of the main proteins that act and are found in
large amounts in the outer membrane of
Gram-negative bacteria, having important roles in
pathogenicity, including invasion, adhesion and
survival in the host organism, being even considered
as target proteins for the creation of vaccines. The
stability of the OmpA mRNA encoding is inversely
proportional to the rate of cell growth. In the
stationary phase of slow-growing cells, Hfq
accumulates and competes with ribosomes for the 5'
untranslated region of the mRNA, repressing ribosome
binding and protecting against RNAseE degradation,
resulting in mRNA degradation.?

The identification of the functions performed
by the Hfg RNA chaperone during infectious processes
is largely facilitated by the study of null-hfqg mutants,
since observing what happens to the organism in the
absence of the gene of interest is the best way to
discover its function. Studies of Ahfg mutants showed
growth deficiency and increased susceptibility to
stressful conditions. Hfq was also shown to be
necessary for the suitability and virulence of almost
all bacterial pathogens, especially in Gram-negative
bacteria. Ahfg mutants tend to have a phenotype of
sensitivity to host defense mechanisms and
attenuated virulence, resulting in a failure to survive

in the  hostile and challenging environments
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encountered in the host environment, e.g. oxidative
stress.®

It was in the Gram-negative bacterium
Yersinia enterocolitica that the role of Hfg in
controlling virulence was first implicated due to its
role in the production of enterotoxins from this
microorganism. In other studies, Hfq has also been
implicated in the production of exotoxin from
Pseudomonas aeruginosa and the production of
hemolysin from Vibrio parahaemolyticus, however
the mechanisms that lead to these actions remain
unknown. Hfq also controls virulence gene expression
and synthesis of a crucial regulator to produce
virulence factors in Vibrio cholerae and Pseudomonas
aeruginosa.®' 143

A study carried out with Ahfg mutants of
pathogens belonging to thirty-four different species,
mostly Gram-negative bacteria, showed that, in most
cases, pleiotropic phenotypes are observed in the
absence of Hfg in the bacterial organism, such
phenotypes compromise pathogen survival under
stress conditions, as well as impaired biofilm

formation and decreased virulence.?

The Hfq RNA chaperone and Acinetobacter
baumannii

The A. baumannii hfg gene encodes a protein
of 168 amino acids, almost twice as long as other
bacterial Hfgs, this is a consequence of an unusually
elongated C-terminal portion rich in glycine residues
that consists of a strictly repeated amino acid pattern
unique to Acinetobacter species, in turn, the
alignment of the hfg sequence of the N-terminus
revealed a significant level of similarity with other
bacterial species, with conserved regions of amino
acids between 1 and 66 known to be involved in RNA
binding.

The C-terminal region of A. baumannii has a
distinct repetitive pattern of amino acids GGFGGQ
starting at amino acid 104 (Figure 1), which
presented itself as an important component of Hfq

for conferring flexibility and assisting these proteins

in binding and interacting RNA with others protein
partners, in addition, through experiments with
truncated Hfq proteins it was possible to observe that
the absence of the C-terminal portion rich in glycine
brought disadvantages for the bacteria with respect
to growth, tolerance to stress (oxidative, thermal,
acid and osmotic), carbon metabolism,
self-regulation of Hfq expression and virulence.®
Furthermore, the Hfgq sequence reveals a
relationship between its C-terminal portion and the
family of eukaryotic glycine-rich proteins (GRP), the
members of this family of proteins, as in A.
baumannii, have an RNA recognition domain located
in the In the N-terminal portion and a glycine-rich
domain in the C-terminal portion, this glycine-rich
tail confers flexibility and assists these proteins in
binding RNA and interacting with other partner
proteins. Interestingly, GRPs are recognized as central
to RNA interaction and stress adaptation, as is Hfq,
these observations may suggest an evolutionary
relationship between prokaryotic and eukaryotic LSm
proteins and considering the structure and function of
Hfq, the presence of a C-Tail terminal that assists in
interactions seems to be an obvious advantage.®3
Experiments that silenced the hfg gene from
strains of A. baumannii and Acinetobacter baylyi, a
member of the same genus, also demonstrated that
this chaperone has important functions for the
bacterium itself. After deletion of hfq, defects and
delays in cell growth of up to 7h, decreased levels of
bacterial outer membrane vesicles (OMVs), deficiency
in the metabolism of various carbon sources,
including sugars, organic acids, amino acids,
nucleosides, among others, were observed , drastic
decrease in tolerance to physical and chemical
stressors that can easily be found in hospital
environments, such as temperature, pH, osmotic
pressure and oxidative stress with consequent
deficiency in the modulation of the expression of
genes involved in stress tolerance, such as basD,

bGUAy USPA, among 0therS.6’7’24
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Hfq is also involved in the virulence of A.
baumannii, being a vital factor for the survival of the
pathogen under desiccation, for the formation of
biofilms and in the modulation of fimbriae, which in
the absence of the gene encoding this chaperone are
reduced in compared to a wild-type strain. In
addition, silencing the gene encoding Hfq led to a
reduction of about 1 log in adhesion of A. baumannii

cells to eukaryotic cell membranes.®7”%4

CONCLUSION

The data presented in this study gather
evidence that implies Hfq as a central regulator of
numerous functions of virulence and environmental
adaptation in A. baumannii. The information exposed
in this work allows this SRNA to be considered as a
possible factor of significant virulence and resistance.

Additional studies are needed in order to better

Hfq has also been involved in antibiotic characterize this molecule and its functioning

resistance. A 2-fold reduction in the minimum mechanism so that its use is considered as a possible

inhibitory concentration (MIC) of nalidixic acid and drug target effective against infections by A.

gentamicin was observed after deletion of hfg, and baumannii.

the resistance was recovered after its

complementation. On the other hand, there was an
increase in resistance to meropenem in strains with

Ahfg mutants when compared to wild cells.®”*

RESUMO

Introducdo: A dificuldade no tratamento das infeccdes por Acinetobacter baumannii devido ao seu alto indice de resisténcia aos
antibidticos tem levado ao estudo de mecanismos inerentes ao proprio patégeno que podem ser utilizados como alvos eficazes
no tratamento. A proteina do fator | do hospedeiro (Hfq) € uma chaperona de RNA geralmente necessaria para auxiliar na
conexao entre sRNAs e seu mRNA alvo atuando na regulacdo de diferentes genes, estudos realizados em uma variedade de
espécies bacterianas tém demonstrado que o Hfg atua de forma pleiotropica, contribuindo para a viruléncia e a resposta
estresse. Objetivo: Resumir o conhecimento atual sobre o papel da chaperona Hfg RNA na viruléncia e resisténcia a antibiéticos
de Acinetobacter baumannii. Delineamento: Esta € uma revisao integrativa desenvolvida a partir de artigos publicados em
qualquer idioma nas plataformas Science Direct e PubMed. A coleta e analise de dados foram realizadas entre o periodo de abril
de 2020 a fevereiro de 2021. Resultados: Hfg mostrou desempenhar papéis importantes no crescimento celular, OMVs,
metabolismo de fontes de carbono, tolerancia ao estresse fisico e quimico, viruléncia através da formacao de biofilme,
modulacédo de fimbrias, entre outros. Implicagées: Nosso trabalho mostra dados que fortalecem o papel do Hfq em diferentes
aspectos da viruléncia e adaptacdo ambiental, incluindo a resisténcia antimicrobiana desse patodgeno, alertando sobre a
importancia do Hfq como um futuro possivel alvo eficaz no tratamento dessas infeccoes.

DESCRITORES
Viruléncia; Resisténcia a Medicamentos; Acinetobacter baumannii; Revisao; Chaperona; Fator Proteico 1 do Hospedeiro.

RESUMEN

Introduccién: La dificultad en el tratamiento de las infecciones por Acinetobacter baumannii debido a su alta tasa de
resistencia antibiotica ha llevado al estudio de mecanismos inherentes al propio patogeno que puedan ser utilizados como dianas
efectivas en el tratamiento. La proteina del factor | del huésped (Hfq) es una chaperona de ARN generalmente necesaria para
ayudar en la conexion entre los ARNs y su ARNm objetivo que actla en la regulacion de diferentes genes, los estudios realizados
en una variedad de especies bacterianas han demostrado que Hfq actua en una diferente forma pleiotrépica, que contribuye a la
virulencia y la respuesta al estrés. Objetivo: Resumir el conocimiento actual sobre el papel de la chaperona de ARN Hfg en la
virulencia y la resistencia a los antibidticos de Acinetobacter baumannii. Delineacion: Esta es una revision integradora
desarrollada a partir de articulos publicados en cualquier idioma en las plataformas Science Direct y PubMed. La recopilacion y
el analisis de datos se llevaron a cabo desde abril de 2020 hasta febrero de 2021. Resultados: se ha demostrado que Hfq
desempena un papel importante en el crecimiento celular, las OMV, el metabolismo de las fuentes de carbono, la tolerancia al
estrés fisico y quimico, la virulencia a través de la formacion de biopeliculas, la modulacién de fimbrias, entre otros.
Implicaciones: Nuestro trabajo muestra datos que fortalecen el papel de Hfq en diferentes aspectos de la virulencia y
adaptacion ambiental, incluyendo la resistencia antimicrobiana de este patogeno, alertando sobre la importancia de Hfq como
posible diana efectiva futura en el tratamiento de estas infecciones.

DESCRIPTORES
Virulencia; Resistencia a Medicamentos; Acinetobacter baumannii; Revision; Proteina de Factor 1 del Huésped.
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