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Abstract
At present, the multiple drug resistance of Acinetobacter baumannii outbreaks worldwide and has intensified the trend, especially in the intensive care unit and burn ward. Generic drug resistant Acinetobacter baumannii is known as the 21st century
gram-negative bacterium “MRSA”, “Superbugs”. In recent years, researches have shown that this is associated with pathogenic
bacteria to form biofilms. In this paper, the status of Acinetobacter baumannii infection, biofilm formation, resistance mechanism and prevention in recent years were summarized.
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Acinetobacter baumannii is a non-fermentable Gramnegative bacillus commonly found in nature and the human body, and is one of the most common opportunistic
pathogens in nosocomial infections. Acinetobacter baumannii has been increasing in clinical isolates in recent
years, reaching as high as 90% in burn wards, and multidrug resistant strains are increasing.[1] The rate of resistance
to commonly used antibiotics reached 84.96%.[2] The mortality rate after Acinetobacter baumannii infection increased
year by year and the mortality rate in ICU patients was 10%43%.[3] Experts from the US Centers for Disease Control
and Prevention estimate that 65% of human infections are
associated with bacterial biofilm (BBF) infection. 42% of
the strains have been clinically detected to form biofilms, of
which 73% Acinetobacter baumannii shows multidrug resistance.[4]

1

Acinetobacter baumannii biofilm formation and drug resistance mechanism

In order to adapt to the living environment, bacteria are adsorbed on the surface of inert or active materials to form

BBF.[5] Biofilm is the growth mode of bacteria and planktonic state, and its biological characteristics are significantly
different from those of planktonic bacteria. First of all, real
formation and resistance mechanism of BBF with structural,
coordination and function, can protect the membrane of bacteria in the antibacterial which makes it difficult for drugs to
play a role, resulting in chronic infection or recurrent, difficult to cure, or even develop into sepsis.[6] The formation of
BBF is a dynamic process in which bacteria first adhere to
the surface of human tissues or objects and then exchange
information with each other through the acylation of serine lactones,[7] leading to the accumulation of bacteria of
the same type. At the same time, extracellular polysaccharide (EPS) form micro-colonies, and multiple microcolonies fuse with each other to form mature biofilms with
liquid channels connected to each other. Some of the mature
biofilms shed or release planktonic bacteria. These planktonic bacteria continue to adhere, mature and form a biofilm
in a suitable environment. Feng et al.[8] used an automatic
flow cell system and micro fluidic channel connected to an
imaging system, and clearly observed the cycling of Acinetobacter baumannii biofilm on glass. Repeated cycle of the
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above stage resulted in repeated infections.

reduces the bactericidal ability. This is also the reason why
bacteria are not easily removed after biofilm formation. The
multi-resistant strain of Acinetobacter baumannii owns Oglycosylation system and capsule synthesis. It is essential
1.1 Expression of unique gene of bacteria in biofilm
to resist antibiotics in the formation of biofilms. If PglC
Acinetobacter baumannii biofilm bacteria can express more is induced, the initial glycosyltransferase prevents the synthan 50% of specific protein products different from plank- thesis of glycoproteins and capsules. The abnormal biofilm
tonic bacteria, resulting in a unique biofilm phenotype. structure and virulence of mice can further reduce the geThe biofilm formation of Acinetobacter baumannii is re- netic and metabolic burden of bacterial cells and enhance
lated to the up-regulation of genes such as metal ions, plas- the activity of bacteria by sharing polysaccharides.[19, 20]
mids, transposons and integrons, and the expression of outer
membrane proteins.[9] It has been reported that in biofilm
closed systems, biological signal induced gene expression
levels can be increased by 20 times. The expression of 1.3 Change of living environment in biofilm
intI1 mRNA increases in Acinetobacter baumannii under The typical characteristic of the biofilm is the micro step
the biofilm state. Class 1 integron and 16S rRNA methy- gradient of the nutrient concentration, which is closely relase genes are together to promote gene movement and lated to its drug resistance. Many studies have shown that
spread, so that bacteria highly express biofilm-related gene the existence of biofilm and lack of nutrition and oxygen in
sequence. The gene csuC, csuD, csuE, ompA, blaPER-1, the membrane of Acinetobacter baumannii result in differabaI,[10] six genes of pilus synthetic system,[11] new geno- ent bacterial growth rate inside and outside the membrane.
typic ST25 and ST78[12] play an important role in the adhesion and formation of the biofilm of Acinetobacter bau- In the use of antibiotics for treatment, bacteria out of biofilm
mannii. Xiang J et al.[13] found that the formation of the with rapid growth are most sensitive and first killed. The
biofilm and the increase in the thickness of the clinical strain sensitivity of bacteria with slow growth in the membrane
[21]
Until
of Acinetobacter baumannii may be associated with the in- decreases and enters into the “hibernation” state.
the
drug
stops
functioning,
residual
bacteria
quickly
multicrease of pgaB transcriptional level. Moreover, the expression of quorum sensing gene AbaI may enhance the expres- plies to form a new biofilm by use of dead ones as a nusion of pgaB gene, resulting in the formation of extracellu- trient source, which stimulates the recurrence of infection.
lar matrix and biofilm and resistance development of Acine- In addition, there is also significant different in pH value
tobacter baumannii. However, some scholars believe that between inside and outside of biofilm, mainly due to the
AbaI gene is not the only determinant of Acinetobacter bau- accumulation of acidic metabolites to reduce drug sensitivmannii biofilm formation though it is widely present in clin- ity. Changes in osmotic pressure also make a difference in
ical strains of Acinetobacter baumannii.[14] The expression the proportion of bacterial outer membrane proteins, resulta decrease in the permeability of biofilms to antibiof membrane protein Bap[15] mainly maintains the integrity ing in[22]
otics.
These factors may be important reasons of mulof the outer membrane. T2 protein family of ribonuclease
tidrug
resistance
caused by Acinetobacter baumannii.
can promote Acinetobacter baumannii adhesion and motil[16]
ity, and promote the formation of biofilm.
It is thought
that there is no significant correlation between the biofilm
forming ability of Acinetobacter baumannii and genotype. 1.4 Biofilm sensing
Biofilm formation may be regulated by other genetic factors or environmental factors.[17] At present, there is no fi- Quorum sensing (QS) refers to a series of behaviors in
nal conclusion regarding Acinetobacter baumannii biofilm which bacteria exchange, sense, transport and coordigene mechanism of resistance and its relationship with the nate group behavior by secreting one or several chemical molecules of small molecular weight. QS systems are
gene, which needs to be further studied.
widely distributed in bacteria, characterized by diversity
and complexity. Acinetobacter baumannii biofilm is regulated by the QS system induced by N-acyl-homoserine lac1.2 Permeability barrier role of biofilm
tones (AHLs) molecules. The exchange of information beEPS plays an important role in the formation and pathogen- tween bacteria through AHL molecules produced by a sinesis of biofilm. Its main components are alginate and an- gle bacterium causes a large accumulation of homologous
tibiotic hydrolytic enzymes immobilized on biofilms, which bacteria. When the number of bacteria reaches a critical
prevent the entry of antibacterial agents into the target and level, AHL becomes an effective sensing signal that prompts
reduce the antibacterial activity.[18] Most of EPS is nega- the production of a large number of intercellular adhesins
tively charged, which absorbs the positively charged amino in the polysaccharides, and the biofilm is formed by emside chains in polypeptide chains, hinders the penetration of bedding the micro-colonies.[23] However, Stacy et al.[24]
hydrophilic antibiotics into the cell bodies, and significantly demonstrated that Acinetobacter baumannii used non-NPublished by New Century Science Press
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acylserine lactones in decaying population induction. Bacteria, through the QS system, could coordinate with each
other in the same species as well as the number of other
species to regulate their own behavior, and the interaction between different strains resulted in multiple infections.
Liou et al.[25] confirmed that the sensor kinase BfmS was
also involved in biofilm formation. When the sensor kinase
BfmS was absent, biofilm formation was significantly reduced, which provided a new theory for further research on
biofilm control.

terials such as hydrophilic polymer materials and catheter
surface coated with silver ions, chlorhexidine,[27] titanium
dioxide nanoparticles, hydrogel-coated ionic fluoroplastics,
etc., can inhibit the value of Acinetobacter baumannii and
prevente the formation of biofilms.[28] The monoclonal antibody generated from the EPS of Acinetobacter baumannii can destroy EPS. It not only reduces the adhesion of
bacteria but also increases the permeability of antibiotics
to the biofilm. The growth of Acinetobacter baumannii is
not affected no matter the QS system of Acinetobacter baumannii is weakened or destroyed. However, the communication between Acinetobacter baumannii and group QS is
blocked, so that Acinetobacter baumannii can not be used
1.5 Immune escape
as a group to regulate the formation of biofilm. It can effecThe formation of Acinetobacter baumannii biofilm can tively improve the killing and scavenging effects of antibiescape the body’s immune function. The expression otics and immune system. Closantel, penicillin secondary
of complement transformation, neutrophil respiration and metabolites (patulin and penicillic acid), halogenated furamacrophage phagocytosis induced by biofilm significantly none, methyl alkanoic acid salt, garlic extract, red algae and
decreases.[26] The Acinetobacter baumannii in biofilms can grapefruit juice can destroy the QS system through differgrow under the protection of alginate, and it is not easy to be ent mechanism.[28, 29] Studies have found that c-di-GMP is
removed. At the same time, the biofilm bacteria can stim- an important second messenger in the Acinetobacter bauulate the body to produce more antibodies, which makes mannii signal transduction process. It plays an important
it easier to form immune complexes with the correspond- role in the formation of biomembrane. Low concentration
ing soluble antigen to damage the surrounding body tissues, of exogenous c-di-GMP contributes to produce motility and
even aggravate the damage.
toxicity factors, prevent bacterial adhesion and inhibit the
[30]
In short, the resistance of Acinetobacter baumannii biofilm formation of Acinetobacter baumannii biofilms, but high
of c-di-GMP can promote the biofilm formais not single, but a result of many mechanisms though the concentrations
[31]
tion.
The
effect
of c-di-GMP on Acinetobacter baumantheory has not yet been fully elucidated. With the further
nii
biofilm
requires
a deeper study. Gaseous nitric oxide
study of the related researches, the mechanism of the resis(gNO)
is
shown
to
be
effective in inhibiting Acinetobacter
tance to the biofilm will be veiled.
baumannii biofilm formation after 24 h of application. The
effect of gNO release is time- and speed-dependent, which
is better than other currently used antimicrobial agents.[32]
2 Prevention and control of drug resis- The antimicrobial peptide Kappacin, antimicrobial peptide
[33]
biofilm degrading enzyme, serine
tance mechanism of Acinetobacter bau- LL-37 and fragment,
[34]
protease
PKF
and
quorum-quenching
lactonase[35] can
mannii biofilm
eliminate Acinetobacter baumannii biofilm matrix and kill
Acinetobacter baumannii biofilm has drawn more and more bacteria in the biofilm at the same time. In the case of
attention as the detection rate of Acinetobacter baumannii acute infections, different forms of inhibition of Acinetobacincreases as well as the rate of drug resistance. How to ter baumannii biofilms should be used, along with the ratiosolve the biofilm resistance has become a hot research topic nal use of antibiotics based on the drug’s susceptibility to
at present. Some scholars think that inhibition of bacte- bacteria,[36] which delays both drug resistance and chronic
rial signaling system and regulation of activated genes,[23] infection without turning them into chronic state and hinders
prevention and treatment of biofilm formation are the most its formation.
promising breakthroughs to eliminate Acinetobacter baumannii biofilms, and the biofilms must be destroyed in time.
2.2
2.1

Destruction of the formed biofilm of Acinetobacter baumannii

Inhibition of Acinetobacter baumannii biofilm
formation

The mature biofilm is 10-1,000 times stronger than that of
the planktonic bacteria. Formed biofilm of Acinetobacter
The biofilm formation and maturation of Acinetobacter bau- baumannii is more difficult to obliterate, so how to demannii relies on the adhesion of microorganism to the sur- stroy the biofilm and make it sensitive to antibiotics again
face of the carrier and the copolymerization between mi- is very important. Macrolides drugs have a damaging efcroorganisms, so inhibition of initial adhesion and aggrega- fect on the biofilm. A small dose of 14-, 15-membered ring
tion of bacteria is more critical. Application of new ma- macrolide antibiotics such as erythromycin, clarithromycin,
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roxithromycin, azithromycin, fosfomycin[37] can destroy
Acinetobacter baumannii biofilm structure and promote the
penetration of sensitive antimicrobial agents. Therefore,
the combination of sensitive antibiotics and small dose of
macrolide can be more effective for the refractory infection of Acinetobacter baumannii biofilm. Ethanol, sodium
chloride and soybean oil, cetyl chloride are able to destroy
the Acinetobacter baumannii biofilm.[38] Physical methods
such as electric current, ultrasonic vibration, high-frequency
pulse and heating can destroy the mature Acinetobacter baumannii biofilm to increase the antibiotic sensitivity to bacteria. Low frequency (0.4 MHz) ultrasound can promote the
penetration of oxygen molecules and nutrients in the biofilm
and accelerate the release of bacterial metabolites, resulting
in the recovery of low-metabolizing bacteria and the restoration of sensitivity to antibiotics.[39] Chinese herbal medicine
can also inhibit the formation of Acinetobacter baumannii
biofilm. When combined with antibiotics, the antibacterial
capacity of antibiotics is enhanced. In recent years, some
achievements have been made in the single-flavored Chinese
medicine, the compound preparation of Chinese traditional
medicine, the monomer and its derivatives of the active ingredients of Chinese medicine. Flos lonicerae, Wuwei xiaodu pulvis, Shuanghuanglian, Chinese gallnut extract and
ginseng monomer[40–42] have the effect of inhibiting or destroying the biofilm. The bacteriophage AB7-IBB1, AB7-

IBB2 and OligoG[27, 43–45] can promote dissociation and release of biofilm. Nanoparticles break the existing mechanism of resistance, including the reduction of drug absorption and the inhibition of the formation of Acinetobacter baumannii biofilm.[46] Immune enhancer transfer factor, gamma globulin, thymidine, levamisole can improve the
body’s ability to erase the formation of BBF bacteria.
In summary, the status of Acinetobacter baumannii infection is not optimistic. It is a comprehensive and arduous
task to prevent and treat Acinetobacter baumannii infection in biofilm formation. We should strengthen the concept of prevention as the mainstay in combination of prevention and treatment, and pay more attention to prevention and rational use of antibiotics. Rational use of antibiotics, combined with various methods to prevent and cure
the biofilm formation of Acinetobacter baumannii, and remove the biofilm formed in time. Moreover, further study
to explore the mechanisms of BBF resistance is required especially gene-oriented mechanisms, which can be more effective treatment of Acinetobacter baumannii caused by a
variety of infections.
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