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Abstract
Background  Acinetobacter baumannii resistant strains lead to increased mortality, treatment costs, and an increase 
in the length of hospitalization. Nowadays, nanoparticles are considered a substitute for antibiotics. This study aimed 
to determine the MIC of Silver (Ag) and Zinc Oxide (ZnO) Nanoparticles (NPs) on Biofilm-Producing Acinetobacter 
baumannii and determine the relationship between MIC and frequency of efflux pump genes in cutaneous 
specimens in Shiraz, Southwest Iran in 2021–2022.

Methods  In this study, specimens were collected from April 2021 to June 2022 at Namazi and Faqihi Hospitals in 
Shiraz. Investigation of biofilm production in multidrug resistance (MDR) isolates was done by the microtiter plate 
method. Synthesized nanoparticles were characterized by UV–vis spectrum, X-ray diffraction (XRD), and electron 
microscopy. The MIC of AgNPs and ZnONPs for isolates was done using the method described in the CLSI guideline 
(2018). The antibacterial effect of MIC of NPs on inanimate objects was done by colony counts. The prevalence of 
efflux pump genes (adeR, adeC, adeA, abeM, adeK, adeI) was also investigated by PCR technique.

Results  The highest ceftriaxone resistance (68%) and lowest colistin resistance (7%) were identified. 57% of isolates 
were MDR. In addition, 71.9% could produce biofilm and 28.1% of isolates could not produce biofilm. The average 
size of AgNPs and ZnONPs in the present study is 48 and < 70 nm, respectively. The nanoparticles were spherical. The 
MIC and the MBC of the ZnONPs were in the range of 125 to 250 µg/mL respectively. Also, for AgNPs, the MIC and the 
MBC were in the range of 62.5 to 250 µg/ml, respectively. AbeM gene had the highest frequency and the AdeK gene 
had the lowest frequency. Statistical analysis showed that there is a relationship between the frequency of adeA, adeC, 
and adeM genes with the MIC of AgNPs and ZnONPs.
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Background
Acinetobacter baumannii is a bacteria related to nosoco-
mial-acquired infection, principally in the Intensive Care 
Units (ICU) that contain bacteremia, meningitis, urinary 
tract infection, pneumonia and wound infections [1, 2]. 
Virulence factors such as biofilm are factors that con-
tribute to the spread of pathogenic bacteria [3]. Reports 
have shown an increase in multi, extensive and pan- drug 
resistance (MDR, XDR, and PDR) in Acinetobacter bau-
mannii, some of which are even resistant to colistin [1, 
4]. Studies have shown virulence factors, such as biofilm 
genes, play a significant role in the high level of treatment 
failure between wound infections produced by A. bau-
mannii isolates [5]. Evidence suggests that the ability of 
A. baumannii to form biofilms increases antibiotic resis-
tance/tolerance as well as persistence in hospital settings 
[6]. The antibacterial mechanisms of nanoparticles (NPs) 
are not completely understood, but accepted mechanisms 
include oxidative stress induction, metal ion release, non-
oxidative mechanisms, cell membrane damage, DNA 
damage, and free radical generation [7]. Moreover, the 
antimicrobial properties of NPs depend on different fac-
tors such as their synthesis method, NPs size, morphol-
ogy, etc [8]. Therefore, considering the importance of 
human skin and the need to disinfect hospital surfaces 
and medical equipment and tools to remove resistant 
bacteria, this study is aimed at determining efflux pump 
genes and the effect of silver nanoparticles and zinc oxide 
on Biofilm-producing Acinetobacter baumannii  isolates 
from skin samples (Wound pus) in Shiraz, Southwest of 
Iran.

Methods
Synthesis of nanoparticles
A chemical reduction method was used to synthesize 
AgNPs. Ascorbic acid was used as a reducing agent 
and sodium citrate as a stabilizing agent. First, ascorbic 
acid was dissolved in 64  ml of distilled water and then 
49.52  mg of sodium citrate was added to it. Then we 
adjusted the pH to 10.5 with NaOH. In the next step, 
we added silver salt (AgNo3) dissolved in distilled water 
(10  mg in 64 ul) to the solution. We allowed AgNPs to 
form on the hot plate for 30  min at a temperature of 
30 C. In the last step, centrifugation was performed at 
10,000 rpm for 40 min and falcon sediment was used [9]. 
In this study, ZnONPs powder was purchased from the 
Burhan nanoscale innovators company of the Ferdowsi 
University of Mashhad and used. These nanoparticles 

have been characterized using UV-Vis, XRD, and trans-
mission electron microscopy (TEM) methods. In this 
study, ZnONPs with spherical shape and less than 70 nm 
size were used. This study was approved by the Eth-
ics Committee of Shiraz University of Medical Sciences 
(Ethics code: IR.SUMS.REC.1400.876).

UV–Vis spectroscopy
The AgNPs were characterized by Unico UV-2100 Spec-
trophotometer. The scanning range for the samples was 
300–500  nm. The double distilled water was used as a 
blank reference [10].

X‑ray diffraction analysis
The X-ray diffraction data for AgNPs were obtained by 
X-ray diffractometer (ASENWARE, AW-XDM300 with 
Cu Kα radiation sources (λ = 0.154 nm) by operating volt-
age 18 kV and the range of diffraction angle were set as 
10°-80°) [10].

Scanning electron microscopy
The morphology and size of the Ag particle were deter-
mined using a scanning electron microscope (SEM), 
(X13, Philips, America Leo 1430vp) [10].

Isolation of A. baumannii
Isolates of A. baumannii were provided by the Clinical 
Laboratory of the Faghihi and Namazi Hospital, Shiraz, 
Iran. All isolates were collected from wound cultures 
(Wound pus). Isolates were cultured on EMB and blood 
agar and after 24 h incubation at 24 °C the colonies were 
observed.

Identification of A. baumannii
Single colonies were subjected to Gram staining for mor-
phological characterization. Colonies of Gram-negative 
rod-shaped coccobacillus cells were used to confirm with 
urease, oxidase, OF (Oxidative-fermentation), citrate, 
catalase and TSI tests. Genotypic confirmation of the iso-
lates was done by PCR for blaoxa-51 gene. A fragment 
(353  bp) of blaoxa-51 gene was amplified by specific 
primer pairs which were reported previously, Forward, 
5′-​T​A​A​T​G​C​T​T​T​G​A​T​C​G​G​C​C​T​T​G − 3′, and Reverse, 5′-​
T​G​G​A​T​T​G​C​A​C​T​T​C​A​T​C​T​T​G​G − 3′ [11].

Conclusion  According to the results of the present study, inanimate objects such as scalpels in contact with 
AgNPs (6000 µg/ml for 240 min) or ZnONPs (5000 µg/ml for 120 min) can be free of biofilm producing Acinetobacter 
baumannii  with efflux pump genes.
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Antimicrobial susceptibility tests
Antibiotic susceptibility testing
The antibiogram test was done by Kirby-Bauer method 
for gentamicin (30  mg), colistin (30  µg), imipenem 
(10  µg), meropenem (10  µg), ciprofloxacin (5  µg), ami-
kacin (30  mg), cefepime (30  mg), Trimethoprim–
sulfamethoxazole (30  mg), Ceftazidime (30  mg), 
Ceftriaxone (30  mg), and Tetracycline (10  µg) (Hime-
dia, India), according to standard guideline of CLSI. E. 
coli ATCC 25,922 and Pseudomonas aeruginosa ATCC 
27,853, were used as the control. Results were recorded as 
sensitive(S), intermediate (I) and resistant(R) on the basis 
of Clinical and Laboratory Standard Institute (CLSI). Iso-
lates with multidrug resistance (MDR) were also identi-
fied. Biofilm production was investigated in isolates with 
multidrug resistance.

Biofilm assay
The micro titer plate technique was conducted as before 
described. Briefly, 200  µl of bacterial suspension grown 
in trypticase soy broth (TSB), supplemented with 1% 
glucose and diluted. A total of 1:100 was poured into the 
wells of sterile flat-bottomed 96-well polystyrene tissue 
culture plates (200 µl of TSB supplemented with 1% glu-
cose was used as the negative control) and incubated 24 h 
at 37 °C. All tests were performed in triplicate. Washing 
was then performed three times for each well with sterile 
phosphate-buffered saline (PBS; pH 7.2). After that, the 
fixation step was done by air drying. Subsequently, the 
adherent biofilm layer was stained by crystal violet for 
15  min at room temperature. This was followed by the 
washing steps. Then the plates were air dried and resolu-
bilized with ethanol (95%) for 30 min. Finally, the optical 
density (OD) of each well was measured at 570 nm, and 
average OD value of negative controls and samples was 
calculated. Interpretation of results was described as fol-
lows [12]:

ODs ≤ ODc = no biofilm producer; ODc ≤ ODs ≤ 2 
× ODc = weak biofilm producer; 2 × ODc ≤ ODs ≤ 4× 

ODc = moderate biofilm producer; 4 × 
ODc < ODs = strong biofilm producer (ODc = OD control 
negative, ODs = OD samples). Pseudomonas aeruginosa 
ATCC 27,853 was used as the biofilm producer control 
strain.

MIC of AgNPs and ZnONPs
Susceptibility of biofilm-producing Acinetobacter bau-
mannii isolates against AgNPs and ZnONPs were 
evaluated by microbroth dilution method which was 
developed based on Clinical and Laboratory Standard 
Institute (CLSI) approved techniques. 100  µl of MHB 
was added to the 12 to 1 well. Then 100 µl of nanopar-
ticle stock solution (1000 ug/mL for AgNPs and 2000 ug/
mL for ZnONPs) was poured into well 12 and serial dilu-
tion was prepared from well 12 to 3. Then, 5 µl of bacte-
ria whit a concentration of 107 CFU/mL were added to 
all the wells except the negative control well. Finally, the 
microplate was incubated at 37 C for 24 h. The first dilu-
tion in which no growth was observed was considered 
MIC [13].

MBC of AgNPs and ZnONPs
When the MIC determination for each NPs, 50 ul from 
all the wells which showed no visible bacterial growth 
were inoculated on MH agar plates and incubated for 
24 h at 37 C. When 99.9% of the bacterial population is 
killed at the lowest concentration of a nanoparticle agent, 
it is called an MBC endpoint [13].

Antibacterial effect on inanimate objects
Nanoparticles were prepared in sterile distilled water. For 
this aim we used ZnONPs (4000, 5000 and 6000 µg/mL) 
and AgNPs (4000, 5000 and 6000 µg/ml) concentrations. 
Medical scalpels, which were contaminated with Aci-
netobacter baumannii, were studied for decontamination 
with these concentrations of nanoparticles. They were 
exposed to nanoparticles at room temperature for 15, 30, 
60, 120 and 240 min. Then colony forming unites (CFU) 
was done by culturing in blood agar and EMB at 37c for 
24 h. Lack of growth (99.9%) was the criterion for us.

DNA extraction and polymerase chain reaction (PCR)
The DNA extracted by boiling method. First, 3–5 colo-
nies were inoculated into a microtube containing 1000 µl 
of Tris buffer. The next step was heating (hot plate for 
15  min at 95  °C) and then centrifugation (14,000  rpm 
for 10 min). The supernatant was used as DNA [14]. The 
detection of efflux pump genes was performed using PCR 
for MDR isolates. Primers for this study are shown in 
Table 1 [15, 16]. The frequency of these genes as well as 
the statistical relationship between their prevalence and 
the concentration of nanoparticles were investigated.

Table 1  Primers used for amplification of the efflux pump genes 
examined
Gene Primer Size (bp) Tm
adeR F: ​A​T​G​T​T​T​G​A​T​C​A​T​T​C​T​T​T​T​T​C​T​T​T​T​G

R: ​T​T​A​A​T​T​A​A​C​A​T​T​T​G​A​A​A​T​A​T​G
687 47

adeC F: ​T​A​C​A​C​A​T​G​C​G​C​A​T​A​T​T​G​G​T​G
R: ​C​G​T​A​A​A​A​T​A​A​C​T​A​T​C​C​A​C​T​C​C

117 52

adeA F: ​A​T​C​G​C​T​A​A​C​A​A​A​G​G​C​T​T​G​A​A
R: ​C​G​C​C​C​C​C​T​C​A​G​C​T​A​T​A​G​A​A

159 52

adeI F: ​C​A​A​A​T​G​C​A​A​A​T​G​T​A​G​A​T​C​T​T​G​G
R: ​A​A​A​C​T​G​C​C​T​T​T​A​C​T​T​A​G​T​T​G

210 56

adeK F: ​T​T​G​A​T​A​G​T​T​A​C​T​T​G​A​C​T​G​T​T​C
R: ​G​G​T​T​G​G​T​G​A​A​C​C​A​C​T​G​T​A​T​C

162 50

abeM F: ​T​A​T​T​A​C​T​T​A​C​C​T​T​G​C​A​A​C​G​C​A​G
R: ​G​T​G​G​T​T​G​C​A​A​T​C​A​T​G​A​T​G​C​C​A

283 55
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Statistical analysis
Totally antimicrobial tests were performed in triplicate 
and data were statistically analyzed by software Statisti-
cal Package for the Social Sciences (IBM, SPSS Statistics, 
and Version 25). Independent sample T-test was used 
for analysis. P-value less than 0.05 was considered as 
significant.

Results
UV–Vis spectroscopy
Figure  1 shows the UV–vis spectra of the prepared 
AgNPs. A strong peak specific for the synthesis of AgNPs 
was obtained at 410 nm which was specific to AgNPs.

X‑ray diffraction analysis
The crystalline nature of the AgNPs was performed by 
XRD. As can be seen in Fig.  2, characteristic diffrac-
tion peak of AgNPs was appeared at ~ 38°, 44° and 63° of 
2-theta.

Electron microscopy
Figure 3 depicts the SEM micrographs of the AgNPs. The 
Characterization of AgNPs was confirmed using SEM 
(X13, Philips, America Leo 1430vp) that the average size 
of the nanoparticles is about 48 nm and they are spheri-
cal. In this study, ZnONPs with spherical shape and less 
than 70 nm size used.

Fig. 2  XRD spectra of AgNPs

 

Fig. 1  UV–vis spectra of AgNPs
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Isolation of A. Baumannii
Out of 122 isolates identified by biochemical tests, 100 
isolates were finally confirmed by PCR. Out of 100 stud-
ied isolates, 57% were from men and 43% from women 
(1–94 years old). Most isolates have been isolated from 
the intensive care unit (47%). No significant relationship 
was observed between wards, age and antibiotic resis-
tance (p < 0.05). Oxa-51 (353 bp) gene was the genotypic 
confirmation of the isolates.

Antibiotics susceptibility test
Highest Ceftriaxone resistance (68%) and lowest Colistin 
resistance (7%) were identified. 57% isolates were MDR. 
Resistance to Piperacillin /Tazobactam, Meropenem and 
Imipenem was 62%. Also, 26% resistance to Tetracycline 
was observed.

Biofilm assay
In our study, 71.9% could produce biofilm and 28.1% of 
isolates could not produce biofilm. 56.1% isolates were 
strong, 8.7% were medium and 7.1% were weak biofilm 
producing.

MIC and MBC of AgNPs and ZnONPs
The MIC and the MBC of the ZnONPs were in the range 
of 125 µg/ml to 250 µg/mL, respectively. Also, for AgNPs, 
the MIC and the MBC were in the range of 62.5 µg/mL 
to 250  µg/mL, respectively. In the present study, MBC 
for AgNPs and ZnONPs was the same concentration that 
was obtained for the MIC. The MIC and MBC showed 
that A. baumannii is more sensitive to AgNPs than to 
ZnONPs. Statistical analysis showed that there is a direct 
relationship between the strength of biofilm production 

and the MIC of nanoparticles, and isolates with strong 
biofilm had higher MIC (p = 0.000). Also, no significant 
relationship was observed between antibiotic resistance 
and the MIC.

Antibacterial effect on inanimate objects
The results for ZnONPs showed that no growth was 
observed after 120  min at a concentration of 5000  µg/
ml ZnONPs. However, at a concentration of 4000  µg/
ml, growth was observed after 240  min. Also, AgNPs 
at a 6000 µg/ml (240 min) were able to inhibit bacteria, 
and growth was observed at a concentration of 6000 for 
120 min.

Polymerase chain reaction (PCR)
abeM gene had the highest frequency and the adeK gene 
had the lowest frequency (Table  2). Statistical analysis 
showed that there is a relationship between the frequency 
of adeA, adeC and adeM genes and the MIC level of NPs. 
As you can see in Table 3, these genes were more preva-
lent at higher MIC of nanoparticles, and with decreas-
ing MIC, their prevalence decreased and it is statistically 
significant.

Table 2  Frequency of studied genes
Gene Positive (%) Negative (%)
abeM 54 (94.73%) 3 (5.26%)
adeA 51 (89.47%) 6 (10.52%)
adeC 46 (80.70%) 11 (19.29%)
adeI 30 (52.63%) 27 (47.36%)
adeR 28 (49.12%) 29 (50.87%)
adeK 8 (14.03%) 49 (85.96%)

Fig. 3  SEM micrographs of the prepared AgNPs
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Discussion
Antibiotic-resistant isolates in medical centers cause 
an increase in mortality and treatment costs. Among 
the bacterial agents responsible for hospital infections, 
Acinetobacter is receiving a lot of attention due to its 
high resistance [17]. Today, nanoparticles are consid-
ered as an important alternative to antibiotic therapy 
[18]. Previous studies show that the synthesis methods 
of nanoparticles are different and chemical synthesis is 
one of the standard methods. Also, in other studies, like 
the present study, it has been shown that silver and zinc 
oxide nanoparticles are a suitable treatment option for 
multi-drug resistant Acinetobacter baumannii isolates 
[19, 20]. The data obtained for the characterization of 
nanoparticles (UV-vis, XRD and Electron microscopy), 
as in previous studies, are within the appropriate range 
and indicate the correct synthesis of nanoparticles. These 
data strongly confirm that the nanoparticles are cor-
rectly formed [21–24]. In this study, the lowest resistance 
was observed in colistin, tetracycline and gentamicin/
amikacin, respectively. In terms of biofilm production 
power, like other studies, all the isolates were not able 
to produce biofilm [25–27]. In the investigations carried 
out in Iran by Shokrollahiet al. and the study conducted 
by Łysakowska et al. in Poland, contrary to the present 
study, they showed that there is a significant relationship 
between MIC of nanoparticles and antibiotic resistance 
[28, 29]. In the study conducted by Hendiani et al. in Iran, 
like the study conducted in other parts of the world, in 
line with the present study, they concluded that there is 
a significant relationship between the power of biofilm 
production and the MIC of Ag and ZnO NPs [30–32].

The prevalence of investigated efflux pump genes has 
been different in different studies. However, in the study 
of Angoti et al., as in the present study, the frequency of 
adeM (98.3%) and adeA (88.5%) genes has been reported 
more [16]. In the study of Ranjbar et al. and also in the 
study of Jassim et al., they found the highest frequency 
to be related to the adeA and adeC gene [33, 34]. In this 
study, it was found that the genes that are more abun-
dant are related to isolates whose growth was inhibited 
by a higher concentration of nanoparticles, and the abun-
dance of these genes was related to the concentration of 
nanoparticles. This importance is in line with the studies 

conducted in other regions and it can be assumed that 
the bacteria increase these genes to deal with the higher 
concentration of nanoparticles or take steps to deal with 
the nanoparticle [35–37]. Based on the evidence obtained 
from this study, colistin has good in vitro activity against 
A. baumannii isolates. Therefore, this antibiotic, like 
other studies [38], can be used as a last treatment option 
for patients with MDR/XDR A. baumannii. Therefore, 
due to the high resistance to other antibiotics, the opti-
mal use of polymyxin is necessary and they can be pre-
scribed in combination with other antibiotics in order 
to greater effectiveness. The findings of this study can 
lead to the production of nanoparticles with an antimi-
crobial purpose, and economically, they can be cost-
effective compared to antibiotic therapy. Nanoparticles 
can be synthesized from plant extracts. They are easy to 
synthesize and are more environmentally sustainable. In 
addition, they can be produced on a large scale [39, 40]. 
Therefore, they are more economical than antibiotics.

Conclusion
ZnONPs and AgNPs were considered a new and promis-
ing nanoparticle for bacterial infections. In recent years, 
many studies have been conducted to find the mecha-
nisms of action of these nanoparticles. The results of this 
study have a suggestion and a message that silver and 
zinc oxide nanoparticles can remove biofilm produc-
ing  Acinetobacter baumannii  with efflux pump genes 
from inanimate objects.

Abbreviations
Ag	� Silver
ZnO	� Zinc Oxide
NPs	� Nanoparticles
XRD	� X-ray diffraction
CLSI	� Clinical & Laboratory Standards Institute
CFU	� Colony-forming units
PCR	� Polymerase chain reaction
SEM	� scanning electron microscopy
MIC	� Minimum inhibitory concentration
MDR	� multidrug resistance

Acknowledgements
This study is a research project approved by the Shiraz University of Medical 
Sciences. We are thankful to the Vice-Chancellor of the Research and 
Postgraduate Education of Shiraz University of Medical Sciences, as well as all 
the people who helped us collect the samples and carry out this work.

Table 3  The relationship between the frequency of efflux pump genes with the MIC of NPs (%)
Gene AgNP MIC = 250

(N = 15)
AgNP MIC = 125
(N = 24)

AgNP MIC = 62.5
(N = 2)

P- Value ZnO NP MIC = 250
(N = 34)

ZnO NP MIC = 125
(N = 7)

P- Value

adeA 15 (100%) 18 (75%) 0 (0%) 0.000 32 (94.11%) 3 (42.85) 0.000
adeR 2 (13.33%) 12 (50%) 0 (0%) 0.684 10 (29.41%) 5 (71.42%) 0.079
adeK 1 (6.66%) 6 (25%) 0 (0%) 0.752 2 (5.88%) 1 (14.28%) 0.058
adeI 9 (60%) 19 (79.16%) 1 (50%) 0.544 12 (35.29%) 5 (71.42%) 0.344
adeC 15 (100%) 18 (75%) 0 (0%) 0.000 33 (97.05%) 2 (28.57%) 0.000
abeM 15 (100%) 20 (83.33%) 1 (50%) 0.000 34 (100%) 3 (42.85) 0.000



Page 7 of 8Kakian et al. BMC Infectious Diseases          (2024) 24:593 

Author contributions
Farshad Kakian, Mohammad Motamedifar: design of the study. Mohammad 
Motamedifar, Esmaeil Mirzaei, Nawal Arasteh: acquisition of data. Farshad 
Kakian, Mohammad Motamedifar, Esmaeil Mirzaei, Nawal Arasteh: evaluation 
of data, preparation of the manuscript. Farshad Kakian, Nawal Arasteh, 
Mohammad Motamedifar, Esmaeil Mirzaei: assessment of data. All authors 
read and approved the final manuscript.

Funding
This work is a part of Ms. N. Arasteh M.Sc. thesis that performed in Shiraz 
University of Medical Sciences under the supervision of Prof. M. Motamedifar 
and supported by the grant for research projects by number of 24459. Also, 
the funding organization had the role of supervising and approving of design 
the study and collection, analysis and interpretation of data.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Shiraz University of 
Medical Sciences (Ethics code: IR.SUMS.REC.1400.876). All the participants 
signed the informed consent. For people under 16 years of age, informed 
consent was obtained from their parents or legal guardians. We followed all 
the ethical principles of the World Medical Association Declaration of Helsinki 
for medical research involving human subjects. Participants were ensured that 
their data will be processed by Iran’s data protection laws, which ensure their 
confidentiality.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Bacteriology and Virology, School of Medicine, Shiraz 
University of Medical Sciences, Shiraz, Iran
2Department of Medical Nanotechnology, School of Advanced Medical 
Sciences and Technologies, Shiraz University of Medical Sciences, Shiraz, 
Iran
3HIV/AIDS Research Center, Institute of Health, Shiraz University of 
Medical Sciences, Shiraz, Iran

Received: 2 August 2023 / Accepted: 4 June 2024

References
1.	 Keerasuntonpong A, Samakeenich C, Tribuddharat C, et al. Epidemiology 

of Acinetobacter baumannii infections in Siriraj Hospital 2002. Siriraj Med J. 
2018;58:951–4.

2.	 Ben-Chetrit E, Wiener-Well Y, Lesho E, et al. An intervention to control an 
ICU outbreak of carbapenem-resistant Acinetobacter baumannii: long-term 
impact for the ICU and hospital. Crit Care. 2018;22:319.

3.	 Chapartegui-González I, Lázaro-Díez M, Bravo Z, et al. Acinetobacter 
baumannii maintains its virulence after long-time starvation. PLoS ONE. 
2018;13:e0201961.

4.	 Poulakou G, Renieris G, Sabrakos L, et al. Daptomycin as adjunctive treatment 
for experimental infection by Acinetobacter baumannii with resistance to 
colistin. Int J Antimicrob Agents. 2019;53:190–4.

5.	 Zeighami H, Valadkhani F, Shapouri R, et al. Virulence characteristics of 
multidrug resistant biofilm forming Acinetobacter baumannii isolated from 
intensive care unit patients. BMC Infect Dis. 2019;19:629.

6.	 Greene C, Vadlamudi G, Newton D, et al. The influence of biofilm forma-
tion and multidrug resistance on environmental survival of clinical and 
environmental isolates of Acinetobacter baumannii. Am J Infect Control. 
2016;44:e65–71.

7.	 Wang L, Hu C, Shao L. The antimicrobial activity of nanoparticles: present 
situation and prospects for the future. Int Nanomed. 2017;12:1227.

8.	 Talebian N, Amininezhad SM, Doudi M. Controllable synthesis of ZnO 
nanoparticles and their morphology-dependent antibacterial and optical 
properties. J Photochem Photobiol B: Biol. 2013;5:120:66–73.

9.	 Qin Y, Ji X, Jing J, Liu H, Wu H, Yang W. Size control over spherical silver 
nanoparticles by ascorbic acid reduction. Colloids and Surfaces A: Physico-
chem Eng Asp. 2010; 3;372(1–3):172-6.

10.	 Zaki S, El-Kady MF, Abd-El-Haleem D. Biosynthesis and structural char-
acterization of silver nanoparticles from bacterial isolates. Mater res bull. 
2011;1;46(10):1571–6.

11.	 Amudhan SM, Sekar U, Arunagiri K, Sekar B. OXA beta-lactamase-mediated 
carbapenem resistance in Acinetobacter baumannii. Ind J Med Microbiol. 
2011;29(3):269–74.

12.	 Moghadam SO, Pourmand MR, Aminharati F. Biofilm formation and antimi-
crobial resistance in methicillin-resistant Staphylococcus aurous isolated from 
burn patients, Iran. J Infect Developing Ctries. 2014;8(12):1511–7.

13.	 Parvekar P, Palaskar J, Metgud S, Maria R, Smita Dutta. The minimum inhibi-
tory concentration (MIC) and minimum bactericidal concentration (MBC) of 
silver nanoparticles against Staphylococcus aureus. Biomaterial Investigations 
Dentistry. 2020;7(1):105–109111.

14.	 Kakian F, Abadi MSS, Gholipour A, Fadaie M, Zamanzad B, Khairi S, Parchami S, 
Damavandi MS. Evaluating the prevalence of virulence genes of Escherichia 
coli in patients affected by urinary tract infection. Gene Rep. 2019;16:100433.

15.	 Modarresi F, Azizi O, Shakibaie MR, Motamedifar M, Valibeigi B, Mansouri S. 
Effect of iron on expression of efflux pump (adeABC) and quorum sensing 
(luxI, luxR) genes in clinical isolates of Acinetobacter baumannii. Apmis. 
2015;123(11):959–68.

16.	 Angoti G, Bandehpour M, Goudarzi H, Hajizadeh M, Zarringhalam Moghad-
dam M, Kouchaki A. Detection of efflux pump genes (adeA, adeB, adeC and 
abeM) in Acinetobacter baumannii isolated from hospitalize patients, North-
West of Iran. Infect Epidemiol Microbiol. 2016;2(4):8–11.

17.	 Gonzalez-Villoria, Ana Maria, Veronica Valverde-Garduno. Antibiotic-resistant 
Acinetobacter baumannii increasing success remains a challenge as a nosoco-
mial pathogen. Journal of Pathogens. 2016;(2016).

18.	 Franci G, Falanga A, Galdiero S, Palomba L, Rai M, Morelli G, Galdiero 
M. Silver nanoparticles as potential antibacterial agents. Molecules. 
2015;20(5):8856–74.

19.	 Guzmán MG, Dille J, Godet S. Synthesis of silver nanoparticles by chemical 
reduction method and their antibacterial activity. Int J Chem Biomol Eng. 
2009;2(3):104–11.

20.	 Tiwari V, Mishra N, Gadani K, Solanki PS, Shah NA, Tiwari M. Mechanism of 
anti-bacterial activity of zinc oxide nanoparticle against carbapenem-resis-
tant Acinetobacter baumannii. Frontiers in microbiology. 2018;9:1218.

21.	 Dinc M, Metin O, Ozkar S. Water soluble polymer stabilized iron (0) nano-
clusters: a cost-effective and magnetically recoverable catalyst in hydrogen 
generation from the hydrolysis of sodium borohydride and ammonia borane. 
Catal Today. 2012;183(1):10–6.

22.	 Qin G, Fan L, Watanabe A. Effect of copper nanoparticle addition on the elec-
trical and optical properties of thin films prepared from silver nanoparticles. J 
Mater Sci. 2015;50(1):49–56.

23.	 Tan G, Li W, Cheng J, Wang Z, Wei S, Jin Y, et al. Magnetic iron oxide modified 
pyropheophorbide-a fluorescence nanoparticles as photosensitizers for 
photodynamic therapy against ovarian cancer (SKOV-3) cells. Photochem 
Photobiol Sci. 2016;15(12):1567–78.

24.	 Hou X, Zaks T, Langer R, Dong Y. Lipid nanoparticles for mRNA delivery. Nat 
Reviews Mater. 2021;6:1078–94.

25.	 Shahcheraghi F, Abbasalipour M, Feizabadi M, Ebrahimipour G, Akbari N. 
Isolation and genetic characterization of metallo-β-lactamase and carbape-
namase producing strains of Acinetobacter baumannii from patients at Tehran 
hospitals. Ir J Microbiol. 2011;3(2):68.

26.	 Hassan A, Usman J, Kaleem F, Omair M, Khalid A, Iqbal M. Evaluation of differ-
ent detection methods of biofilm formation in the clinical isolates. Br J Infect 
Dis. 2011;15(4):305–11.

27.	 Dheepa M, Rashme VL, Appalaraju B. Comparision of biofilm production and 
multiple drug resistance in clinical isolates of Acinetobacter Baumanii from a 
tertiary care hospital in South India. Int J Pharm Biomed Sci. 2011;2(4):103–7.

28.	 Łysakowska ME, Ciebiada-Adamiec A, Klimek L, Sienkiewicz M. The activity 
of silver nanoparticles (Axonnite) on clinical and environmental strains of 
Acinetobacter spp. Burns. 2015;41(2):364–371.



Page 8 of 8Kakian et al. BMC Infectious Diseases          (2024) 24:593 

29.	 Shokrollahi B, Bafroee AST, Saleh T. Effect of Zinc Oxide nanoparticles on 
loaded antibiotics against Multidrug-Resistant Acinetobacter spp. Avicenna J 
Clin Microbiol Infect. 2021;8(2):51–6.

30.	 Hendiani S, AHYA AA, Mohammadi P, KHARAZI S. Synthesis of silver nanopar-
ticles and its synergistic effects in combination with imipenem and two 
biocides against biofilm producing Acinetobacter baumannii. 2015.

31.	 Singh R, Vora J, Nadhe SB, Wadhwani SA, Shedbalkar UU, Chopade BA. Anti-
bacterial activities of bacteriagenic silver nanoparticles against nosocomial 
Acinetobacter baumannii. J Nanosci Nanotechnol. 2018;18(6):3806–15.

32.	 Mahamuni-Badiger PP, Patil PM, Badiger MV, Patel PR, Thorat-Gadgil BS, 
Pandit A, Bohara RA. Biofilm formation to inhibition: role of zinc oxide-based 
nanoparticles. Mater Sci Engineering: C. 2020;108:110319.

33.	 Ranjbar R, Zayeri S, Afshar D. High frequency of adeA, adeB and adeC 
genes among Acinetobacter baumannii isolates. Iran J Public Health. 
2020;49(8):1539.

34.	 Jassim KA, Ghaima KK, Saadedin SMK. AdeABC efflux pump genes in mul-
tidrug resistant Acinetobacter baumannii isolates. Avicenna J Clin Microbiol 
Infect. 2016;3(4):40898–40898.

35.	 McNeilly O, Mann R, Hamidian M, Gunawan C. Emerging concern for silver 
nanoparticle resistance in Acinetobacter baumannii and other bacteria. Front 
Microbiol. 2021;12:652863.

36.	 Zhang Y, Xu R, Xiang Y, Lu Y, Jia M, Huang J, Xu Z, Cao J, Xiong W, Yang Z. Addi-
tion of nanoparticles increases the abundance of mobile genetic elements 

and changes microbial community in the sludge anaerobic digestion system. 
J Hazard Mater. 2021;405:124206.

37.	 Wang H, Min C, Xia F, Xia Y, Tang M, Li J, Hu Y, Zou M. Metagenomic analysis 
reveals the short-term influences on conjugation of blaNDM-1 and microbi-
ome in hospital wastewater by silver nanoparticles at environmental-related 
concentration. Environ Res. 2023;228:115866.

38.	 Razavi Nikoo, Hadi A, Ardebili, Mardaneh J. Systematic review of antimicrobial 
resistance of clinical Acinetobacter baumannii isolates in Iran: an update. 
Microb Drug Resist. 2017;23(6):744–56.

39.	 Chandraker SK, Ghosh MK, Lal M, Shukla R. A review on plant-mediated 
synthesis of silver nanoparticles, their characterization and applications. Nano 
Express. 2021;2(2):022008.

40.	 Narayanan M, Divya S, Natarajan D, Senthil-Nathan S, Kandasamy S, Chinnath-
ambi A, et al. Green synthesis of silver nanoparticles from aqueous extract of 
Ctenolepis Garcini L. and assess their possible biological applications. Process 
Biochem. 2021;107:91–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Study of MIC of silver and zinc oxide nanoparticles, strong and cost-effective antibacterial against biofilm-producing ﻿Acinetobacter baumannii﻿ in Shiraz, Southwest of Iran
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Synthesis of nanoparticles
	﻿UV–Vis spectroscopy
	﻿X‑ray diffraction analysis
	﻿Scanning electron microscopy
	﻿Isolation of ﻿A. baumannii﻿
	﻿Identification of ﻿A. baumannii﻿


	﻿Antimicrobial susceptibility tests
	﻿Antibiotic susceptibility testing
	﻿Biofilm assay
	﻿MIC of AgNPs and ZnONPs
	﻿MBC of AgNPs and ZnONPs
	﻿Antibacterial effect on inanimate objects
	﻿DNA extraction and polymerase chain reaction (PCR)

	﻿Statistical analysis
	﻿Results


