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Abstract

B

ackground: Methicillin resistance in Staphylococcus aureus (MRSA) is creating crises in therapeutic
options for the treatment of S. aureus associated infections, worldwide. Nevertheless, Zinc oxide
nanoparticles (ZnO-NPs) are providing a source of an attractive broad-spectrum antibiotic. The aim of the
present study was to investigate the synergistic effects of ZnO-NPs and antibiotics against mecA positive MRSA
isolates.
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Methods: Antibiogram of S. aureus was determined by Kirby Baur disc diffusion assay. The minimum inhibitory
concentration (MIC) of antibiotics and ZnO-NPs was determined by using the broth dilution method. The mecA
gene in S. aureus was detected by PCR amplification with gene specific forward and reverse primers. The effects
of subinhibitory concentration of ZnO-NPs on conventional antibiotics was determined by combined disk
diffusion assay.
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Results: Out of two hundred clinical specimens, twenty-eight showed the growth of S. aureus. Antibiogram of
the isolates showed that S. aureus have acquired resistance to the majority of the conventional antibiotics.
However, no isolate showed resistance to vancomycin. The confirmed methicillin resistant S. aureus isolates
were sensitive to ZnO-NPs. The antibacterial activity of ZnO-NPs appeared in a dose and time dependent
manner since higher dose produced stronger effects in two hours than the effects produced from lower dose in
three hours. Furthermore, ZnO-NPs enhanced the antibacterial activity of levofloxacin significantly (p < 0.001).
Conclusions: S. aureus has acquired strong resistance to multiple antibiotics. ZnO-NPs have potential synergism
with levofloxacin antibiotic against the multiple drug resistant S. aureus including MRSA.
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Introduction
Staphylococcus aureus are Gram-positive bacteria that
cause a variety of infections including skin and soft
tissue, burn and wound infections in both community and
hospital settings [1]. S. aureus becomes resistant to βlactam antibiotics including methicillin and/or oxacillin
due to the independent acquisition of staphylococcal
cassette
chromosome
mec
(SCCmec)
[2].
Consequently, the infections caused by S. aureus have
become a challenge to public health worldwide.
However, a marked geographical variation in the burden
of MRSA has been found which is attributed to the
diversity of local clones of MRSA strains and the locality
wise differences in infection control programmes and
practices [3].
Due to clonal diversity among MRSA and their
specificity in the acquisition of SCCmec, it is essential
that the antibacterial activity of conventional antibiotics in
combination with alternative therapeutic options should
be investigated using the local clones of MRSA. One of
these options is to use ZnO-NPs for the treatment of
MRSA associated infections. ZnO-NPs have reportedly
shown activity against a wide range of bacteria [4]. The
antimicrobial activity of ZnO-NPs is associated with a
novel toxicity mechanism. Electron-spin resonance
measurements have revealed that an aqueous
suspension of ZnO-NPs produces amplified levels of
reactive oxygen species, namely hydroxyl radicals [5].
Recently, a complex mechanism of antimicrobial action
that involves multiple metabolic pathways has been
suggested for the anti MRSA activity of ZnO-NPs [6].
ZnO-NPs possess a number of dermatological
properties and are among the highly desirable anti
MRSA agents [7]. In fact, ZnO-NPs are under
consideration for the treatment of MRSA associated
infections. The specificity to the host cell, the lowest
activity against human cells while having selective
toxicity against target cells make them an ideal source of
anti MRSA agent.
Taken together, the clonal diversity among MRSA, the
challenge imposed by multidrug resistant MRSA strains
and the anti MRSA potential of ZnO-NPs, the present
study was designed to characterize local MRSA clones
and to evaluate the effects of ZnO-NPs on the
antibacterial properties of conventional antibiotics
including levofloxacin. Levofloxacin is a fluroquinolone
that can be used as an alternative option to treat MRSA
associated infection. However, levofloxacin resistance in
MRSA brings a catastrophe to public health [8].
Therefore, the potential of synergism of ZnO-NPs with
levofloxacin antibiotic may open doors for the future
research to investigate synergy and the mechanism of
synergism between these two antibacterial agents and
the development of the strategies of future combinational
therapy against a top priority pathogen, MRSA.

Bacterial strains, media, and growth conditions
All the media used in the present study, Muller Hinton
agar medium (MHA), Nutrient agar (NA) and Nutrient
broth (NB), and Mannitol salt agar (MSA), were
purchased from Oxoid, UK. Bacterial cultures were
grown aerobically at 35 ± 1ºC for 24 hours. ZnO-NPs was
purchased from Sigma, Aldrich.

Methods

Determination of the anti MRSA activity of ZnO-NPs
The antibacterial activity of ZnO-NPs was assessed
against the MRSA isolates (mecA positive) of the present
study (n=13) by a broth dilution method using NB
medium. Two concentrations of ZnO-NPs (100µg/µl and

This is a cross sectional study conducted during a period
of two years. The present study was approved from
advanced studies and research board, Quaid-i-Azam
University, Islamabad.

Isolation and the preliminary identification of S.
aureus isolates
In the present study, 28 S. aureus strains were isolated
from clinical samples such as pus swabs, throat swab,
ETT tips (n=200) collected from a diagnostic laboratory
connected with a tertiary care hospital of Rawalpindi,
Pakistan. The isolation of S. aureus was based on their
colony morphology on MSA medium. Identification was
done using Gram-staining and standard biochemical
tests such as mannitol fermentation, hemolysis, and
catalase, coagulase, urease, DNase production tests.
Antibiotic sensitivity patterns of S. aureus
The antibiotic susceptibility of the clinical isolates of S.
aureus (n=28) was determined using Kirby Baur disk
diffusion assay according to CLSI guidelines and Zone
of inhibition around an antibiotic disc was measured and
compared with “Disc diffusion supplement table” [9]. The
commercially available antibiotic discs used in the
present study and their concentrations are listed in table
1.
Detection of mecA gene
The template DNA of the all S. aureus strains (identified
as MRSA based on antibiotic susceptibility assay) was
obtained by using Wizard Genomic DNA extraction kit
(Promega Inc., Madison, WI, USA). The procedure for
DNA extraction was performed according to the
recommendations of manufacturer. The quantity and
quality of the extracted DNA was assessed using the
Nanodrop-2000 spectrophotometer and agarose gel
electrophoresis, respectively. PCR was performed using
MRSA template DNA and a pair of primers reported
previously [10]. The primers were mecA_1 (AAA-ATCGAT-GGT-AAA-GGT-TGG-C) and mecA_2 (AGT-TCTGCA-GTA-CCG-GAT-TTG-C), used to amplify 533bp
fragment corresponding to the mecA gene. A well
characterized MRSA strain from our laboratory was used
as a control strain [11].
Determination of the minimum inhibitory
concentration (MIC) of antibiotics
The MIC of ampicillin, cefotaxime and levofloxacin was
determined by an agar dilution method using the two-fold
dilutions of antibiotics. The final concentration of the
levofloxacin, cefotaxime and ampicillin in different plates
was 512, 256, 128, 64, 32, 16, 8, 4, 2, 1 and 0 µg/ml.
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200µg/µl) were prepared and sterilized. Sonication was
done to prepare uniform colloidal suspension. A single
colony of test MRSA strains was grown overnight with
shaking (200 rpm) at 35 ± 1ºC. The overnight cultures
were diluted to achieve 1.5 ͯ 108 cfu/ml cells. Then, the
MRSA cultures were grown in liquid medium in a total
volume of 5 ml supplemented with ZnO-NPs colloidal
suspensions with respective final concentration of
10µg/ml (low dose), and 20µg/ml (high dose). The
culture without the treatment of ZnO-NPs served as a
control. The culture turbidity was used as a qualitative
measure of cell growth. The experiments were
performed in triplicate and repeated at least twice.
Effects of ZnO-NPs on the activity of antibiotics
To determine the combined effects, each standard
antibiotic paper disk was further impregnated with 20µl
of ZnO-NPs (final concentration of 500-2000 µg per
disk). The sensitivity of MRSA isolates against the
combined disks (an ineffective concentration of a
conventional antibiotic and a subinhibitory concentration
of ZnO-NPs) was determined by disc diffusion assay and
a checkerboard was established.

Results
Antibiogram of S. aureus isolates
A total of 28 S. aureus isolates were recovered from the
clinical samples (n=200). The antibiogram of S. aureus
isolates showed that they have acquired resistance to
oxacillin/methicillin and can primarily be considered as
MRSA isolates. Antibiotics from other major classes
such as cephalosporins and quinolones were also
ineffective to S. aureus isolates (Table 1). All S. aureus
isolates of the present study were resistant to
levofloxacin (100%) while linezolid was effective against
92.86 % (n=26) S. aureus isolates. Fortunately, no
vancomycin resistant S. aureus was found in the present
study suggesting that vancomycin remains an effective
antibiotic against MRSA and can be used as a last resort
therapy for the treatment of MRSA associated infections.
Antibiotics
(Concentration, µg)
Amoxicillin (10)
Ampicillin (10)
Amoxicillin/
clavulanic acid
(30/10)
Cefoxitin (30)
Ceftazidime (30)
Cefuroxime (30)
Ceftriaxone (30)
Cefixime (5)
Erythromycin (15)
Gentamycin (10)
Levofloxacin (5)
Linezolid (1)
Methicillin (5)
Oxacillin (5)
Vancomycin (30)

S. aureus (n=28)
Sensitive
(n=)
%
0
0
0
0
0
0

Intermediate
(n=)
%
0
0
0
0
0
0

Resistant
(n=)
%
28
100
28
100
28
100

0
0
0
0
0
04
04
0
26
0
0
28

0
0
0
0
0
0
04
0
02
0
0
0

28
28
28
28
28
24
20
28
0
28
28
0

0
0
0
0
0
14.29
14.29
0
92.86
0
0
100

0
0
0
0
0
0
14.29
0
7.14
0
0
0

100
100
100
100
100
85.71
71.42
100
0
100
100
0

Table 1: Antibiogram of S. aureus isolates of the present study.

Molecular characterization of MRSA
Of the 28 S. aureus isolates, 13 (46.43%) were mecA
positive (Figure 1). Data showed that the rate of
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acquisition of multiple drug resistance was higher in the
confirmed MRSA isolates. The MIC of ampicillin,
cefotaxime, and levofloxacin was much higher for the
MRSA isolates (Table 2). The higher MIC values
highlight the presence of strong antibiotic resistance in
the mecA positive MRSA isolates.

Figure 1: Agarose gel electrophoresis analysis of PCR production
(533bp) corresponding to the mecA gene Lane M: marker
(100bp), lane 1 mecA positive control, lane 2-8: seven MRSA
isolates showing the mecA positive genotype.
S. aureus
isolates
CLSI
breakpoints
Ms_1
Ms_2
Ms_3
Ms_4
Ms_5
Ms_6
Ms_7
Ms_8
Ms_9
Ms_10
Ms_11
Ms_12
Ms_13

Minimum Inhibitory concentration of antibiotics
(µg/ml)
Amoxicillin
Cefotaxime
Levofloxacin
S
R
S
R
S
R
≤4
≥8
≤1
≥4
≤0.12
≥2
128
256
128
256
>512
16
32
01
04
32
256
64
128
>512
08
64
>512
32
512
512
32
32
512
16
64
32
32
128
16
16
64
>512
>512
256
32
32
256
>512
>512

Tables 2: The MIC of ampicillin, cefotaxime, and levofloxacin for
the mecA positive MRSA isolates (n=13).

Anti MRSA activity of ZnO-NPs
Furthermore, the antibacterial effects of ZnO-NPs
against MRSA were observed in dose dependent
manner. The effects of low dose of ZnO-NPs (0.10 µg/ul)
on the growth of mecA positive MRSA were observed
after 3hrs of ZnO-NPs treatment and high dose of ZnONPs (0.20 µg/ul) showed killing of the MRSA cells at 2hrs
post treatment in the liquid culture (Figure 2). However,
the curve gradually returned to increase, and culture
started to become turbid after 5 hrs, suggesting that
these concentrations can decrease the load of MRSA,
but the MIC would be much higher than these doses. The
MIC experiments showed that the concentration
between 500-1000µg/ml was required to inhibit the
growth of the majority of mecA positive MRSA isolates
while disk diffusion assay showed that >2000 µg/disk
ZnO-NPs was effective against mecA positive MRSA
isolates.
Effects of ZnO-NPs in combination with
conventional antibiotics against MRSA
The combined effects of ZnO-NPs and the conventional
antibiotics were determined by using combined disc
diffusion assay. It was observed that the subinhibitory
concentration of ZnO-NPs enhanced the antibacterial
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Optical density (OD600)

activity of amoxicillin/clavulanic acid (30/10µg) and
therapy has almost failed to provide the treatment of
levofloxacin (5µg) against 69.23 (n=09) and 76.92 (n=10)
bacterial infections. One example is of ineffectiveness of
MRSA isolates, respectively (Table 3). However, no
methicillin/ oxacillin in the treatment of S. aureus
effect of ZnO-NPs was found on the activity of ampicillin
associated infections due to the high frequency of the
(25µg), cefoxitin (30µg) and oxacillin (1µg). The data
prevalence of MRSA worldwide [13, 14]. Therefore,
showed that the 2000µg of ZnO-NPs was able to
researchers are focusing on the identification and
increase the efficacy of levofloxacin antibiotic
development of alternative therapeutic approaches. In
Zincoxide nanoparticle 20ug/ml
Zincoxide nanoparticle 10ug/ml
significantly (p < 0.001) (Table 4). The synergy between
this wave, ZnO-NPs have been reported to possess
ZnO-NPs (2000 µg) and levofloxacin (5 µg) was found in
exceptionally beneficial safety profile and no toxicity
76.92% (n=10) confirmed MRSA isolates. Our results
detected when taken at different nano sizes alone [15].
Control
Linear (Control)Moreover, this compound is an extremely safe
suggest
that the ZnO-NPs with levofloxacin is synergistic
with1.8
respect to multidrug MRSA killing.
compound and may be taken into consideration for
combinational therapy against S. aureus, due to its
1.6
possible synergistic effect with important antibiotics. In
1.4
view of these facts, the present study was conducted to
explore the effects of ZnO-NPs on the efficiency of
1.2
currently available antibiotics in respect of kill multidrug
MRSA. Our findings showed that all the oxacillin resistant
1
S. aureus were not mecA positive. Although presence of
0.8
mecA gene in S. aureus is traditionally considered as
marker for MRSA, mecA negative oxacillin resistant S.
0.6
aureus have been reported, recently [16, 17].
0.4
The synergistic effects of ZnO-NPs to different
antibiotics against some pathogens have been
0.2
determined recently [18]. However, their synergistic
0
effects against antibiotic resistant pathogens such as
0hr
1hr
2hr
3hr
4hr
5hr remained
6hr to be explored. In the present study, we
MRSA
have determined the synergistic effects of ZnO-NPs to
Post treatment time
different antibiotics against mecA positive MRSA isolates
Figure 2: Anti MRSA effects of ZnO-NPs determined by optical
recovered from medical settings. The antibacterial
density (OD600) for at least 4 hrs of post treatment with ZnO-NPs.
activity of ZnO-NPs were tested using three different
High dose ZnO-NPs, 20µg/ml (□), Low dose ZnO-NPs, 10µg/ml
(▲), and control (○). Error bars represent mean ± SEM (n=3
concentrations which were chosen to assure that the
replicates).
antibacterial effect produced was due to the combined
effect of ZnO-NPs and antibiotics as suggested in
S. aureus
Levofloxacin
Amoxicillin /clavulanic
previous report [19]. Antibiotics were carefully chosen
isolates
(5µg)
acid
because they represent the key classes of antibiotics
(30/10 µg)
Ms_1
(penicillins, cephalosporin, fluoroquinolones, and
Ms_2
+
+
glycopeptides). However, our data showed that all
Ms_3
+
antibiotics representing the key classes of antibiotics
Ms_4
+
+
Ms_5
+
+
(penicillins, cephalosporin, fluoroquinolones, and
Ms_6
+
+
glycopeptides) act differently in the presence of ZnOMs_7
Ms_8
+
+
NPs. In Agreement with a previous study, antibacterial
Ms_9
+
+
activity of ampicillin, cefotaxime and oxacillin in
Ms_10
+
+
combination with ZnO-NPs against MRSA neither
Ms_11
+
+
Ms_12
+
+
increased nor decreased [19]. Interestingly, the activity
Ms_13
of levofloxacin and amoxicillin-clavulanic acid was
Table 3: The combined effects of ZnO-NPs and antibiotics
increased in the presence of ZnO-NPs against the test
MRSA strains. The increase in the diameter of the zone
Concentrations of
Size of zones of inhibition of MRSA (mm)
ZnO-NPs (µg)
of inhibition of MRSA growth suggested that ZnO-NPs
ZnO-NPs
ZnO-NPs
Levofloxacin
has positive synergistic effects on levofloxacin in terms
+Levofloxacin
500
0
0 (0
0
of killing the levofloxacin resistant MRSA isolates. These
1000
0
5.10 ± 1.64
0
findings are comparable to the results found previously
2000
0
7.70 ± 1.61
0
[20], whereas the activity of vancomycin was reduced
Table 4: Average size of zones of inhibition observed from the
slightly against MRSA which is similar to previous study
combined effects of subinhibitory concentration of ZnO-NPs and
in which the vancomycin zone diameter was reduced
Levofloxacin.
from 19mm to 18mm in the presence of ZnO-NPs [19].
Our data suggests that the ZnO-NPs provide synergism
Discussion
selectively presumably depending upon the different
One of the dangerous phenomena of the current age is
mode of action of antibiotics.
the increasing antibiotic resistance which is multiplied
Levofloxacin, an L-form isomer of ofloxacin, is a
and intensified by the lack of the introduction of new
renowned member of fluoroquinolones which has broad
antibiotics in the armory [12]. Currently, the first line
spectrum activity against Gram-positive and Gram-

als
Advancements in Life Sciences | www.als-journal.com | February 2021 | Volume 8 | Issue 2

170

You’re reading

Synergistic effects of Zinc oxide nanoparticles and conventional antibiotics against methicillin resistant
Staphylococcus aureus

negative bacteria [21]. Like other fluoroquinolone,
levofloxacin has ability to enter bacterial cells and to act
on bacterial topoisomerase II (DNA gyrase) resulting the
inhibition of super helical twists in bacterial DNA. Given
that there are nitrogen atoms in quinolone ring in
levofloxacin, the hydroxylated surface of ZnO-NPs can
bring the possibility of ionic interactions between them
and may cause stabilization of levofloxacin and ZnONPs system [22, 23]. In conclusion, ZnO-NPs have the
potential of providing synergism to antibiotics which may
open the doors for a future strategy of using
combinational therapy against MRSA.

8.

Acknowledgements

13.

The authors are thankful to Prof. Dr Abdul Hameed,
Quaid-i- Azam university, Islamabad, for his supervision
and guidance during the present research work. The
authors are also thankful to various health facilities for
their help in the collection of clinical specimens.

Conflict of interest

9.

10.

11.

12.

14.

15.

16.

The authors declare that they have no competing
interests.
17.

Author Contributions
MS conducted the research work and analyzed the data.
SAT analyzed the results and contributed in the
compilation of the manuscript. SB performed statistical
analysis and wrote the manuscript.

18.

References

19.

1.

2.

3.

4.

5.

6.

7.

Aggarwal S, Jena S, Panda S, Sharma S, Dhawan B, et al.
Antibiotic Susceptibility, Virulence Pattern and Typing of
Staphylococcus aureus Strains Isolated from Variety of Infections
in India. Frontiers in microbiology, (2019); 10(1): 1-18.
Ito T, Katayama Y, Asada K, Mori N, Tsutsumimoto K, et al.
Structural comparison of three types of staphylococcal cassette
chromosome mec integrated in the chromosome in methicillinresistant Staphylococcus aureus. Antimicrobial agents and
chemotherapy, (2001); 45(5): 1323-1336.
Lakhundi S and Zhang K. Methicillin-resistant Staphylococcus
aureus: molecular characterization, evolution, and epidemiology.
Clinical microbiology reviews, (2018); 31(4): 1-103.
Afreen U, Bano S, Tunio SA, Sharif M, and Mirjatt A. Evaluation of
Antibacterial Activity of Zinc Oxide Nanoparticles and Acrylamide
Composite Against Multidrug-Resistant Pathogenic Bacteria.
Pakistan Journal of Analytical & Environmental Chemistry, (2020);
21(1): 125-131.
He W, Liu Y, Wamer WG, and Yin J-J. Electron spin resonance
spectroscopy for the study of nanomaterial-mediated generation of
reactive oxygen species. Journal of food and drug analysis, (2014);
22(1): 49-63.
Kadiyala U, Turali-Emre ES, Bahng JH, Kotov NA, and VanEpps
JS. Unexpected insights into antibacterial activity of zinc oxide
nanoparticles against methicillin resistant Staphylococcus aureus
(MRSA). Nanoscale, (2018); 10(10): 4927-4939.
Liu Y, He L, Mustapha A, Li H, Hu Z, et al. Antibacterial activities of
zinc oxide nanoparticles against Escherichia coli O157: H7. Journal
of Applied Microbiology, (2009); 107(4): 1193-1201.

als

20.

21.
22.

23.

Kistler JM, Vroome CM, Ramsey FV, and Ilyas AM. Increasing
multidrug antibiotic resistance in MRSA infections of the hand: a
10-year analysis of risk factors. HAND, (2020); 15(6): 877-881.
CLSI. Performance Standards for Antimicrobial Susceptibility
Testing: Twenty-Seventh Informational Supplement M100-S27.
Wayne, PA, (2017).
Murakami K, Minamide W, Wada K, Nakamura E, Teraoka H, et al.
Identification of methicillin-resistant strains of staphylococci by
polymerase chain reaction. Journal of clinical microbiology, (1991);
29(10): 2240-2244.
Naqvi SZH, Kiran U, Ali MI, Jamal A, Hameed A, et al. Combined
efficacy of biologically synthesized silver nanoparticles and
different
antibiotics against
multidrug-resistant bacteria.
International journal of nanomedicine, (2013); 8(1): 3187-3195.
Aslam B, Wang W, Arshad MI, Khurshid M, Muzammil S, et al.
Antibiotic resistance: a rundown of a global crisis. Infection and
drug resistance, (2018); 11(1): 1645-1658.
Salas M, Wernecki M, Fernández L, Iglesias B, Gutiérrez D, et al.
Characterization of clinical MRSA isolates from Northern Spain and
assessment of their susceptibility to phage-derived antimicrobials.
Antibiotics, (2020); 9(8): 1-18.
Memon FS, Bano S, and Tunio SA. Patterns of antibiotic
susceptibility and resistance in some common wound pathogens
from Sukkur, Pakistan. Rawal Medical Journal, (2020); 45(2): 287290.
Wang Y, Yuan L, Yao C, Ding L, Li C, et al. A combined toxicity
study of zinc oxide nanoparticles and vitamin C in food additives.
Nanoscale, (2014); 6(24): 15333-15342.
Nwaogaraku C, Smith S, and Badaki J. Non detection of mecA
gene in methicillin resistant Staphylococcus aureus isolates from
pigs. African Journal of Clinical and Experimental Microbiology,
(2019); 20(2): 159-163.
Gergova R, Tsitou V, Gergova I, Muhtarova A, and Mitov I.
Correlation of methicillin resistance and virulence genes of
Staphylococcus aureus with infection types and mode of
acquisition in Sofia, Bulgaria. African Journal of Clinical and
Experimental Microbiology, (2019); 20(4): 280-288.
Abo-Shama UH, El-Gendy H, Mousa WS, Hamouda RA, Yousuf
WE, et al. Synergistic and antagonistic effects of metal
nanoparticles in combination with antibiotics against some
reference strains of pathogenic microorganisms. Infection and Drug
Resistance, (2020); 13(1): 351-362.
Banoee M, Seif S, Nazari ZE, Jafari‐Fesharaki P, Shahverdi HR, et
al. ZnO nanoparticles enhanced antibacterial activity of
ciprofloxacin against Staphylococcus aureus and Escherichia coli.
Journal of Biomedical Materials Research Part B: Applied
Biomaterials, (2010); 93(2): 557-561.
Ghasemi F and Jalal R. Antimicrobial action of zinc oxide
nanoparticles in combination with ciprofloxacin and ceftazidime
against multidrug-resistant Acinetobacter baumannii. Journal of
global antimicrobial resistance, (2016); 6118-122.
Davis R and Bryson HM. Levofloxacin. Drugs, (1994); 47(4): 677700.
Turel I, Leban I, and Bukovec Na. Crystal structure and
characterization of the bismuth (III) compound with quinolone
family member (ciprofloxacin). Antibacterial study. Journal of
Inorganic Biochemistry, (1997); 66(4): 241-245.
Pestova E, Millichap JJ, Noskin GA, and Peterson LR. Intracellular
targets of moxifloxacin: a comparison with other fluoroquinolones.
Journal of Antimicrobial Chemotherapy, (2000); 45(5): 583-590.
This work is licensed under a Creative
Commons Attribution-Non Commercial 4.0
International License. To read the copy of this
license please visit:
https://creativecommons.org/licenses/bync/4.0/

Advancements in Life Sciences | www.als-journal.com | February 2021 | Volume 8 | Issue 2

171

