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ABSTRACT

Antibiotic resistance is a growing concern within the scientific
community. With few new antibiotics being introduced and an
increasing number of resistant microbes, routine bacterial infections
are becoming more difficult to treat in clinics and hospitals. The
purpose of this study is to compare the ability of two environmental
isolates — Staphylococcus aureus (S. aureus) and Exiguobacterium
undae (E. undae) to grow in solutions of increasing concentrations
of tetracycline and ciprofloxacin. After the bacteria showed grow in
the solutions, antibiotic susceptibility was tested by examining zones
of inhibition on Trypticase Soy Agar (TSA) plates. Our results indicate
both isolates were initially susceptible to each antibiotic. The isolates
were grown individually and mixed to determine if the isolates could
gain resistance to the antibiotics in either environment. Our results
demonstrate that E. undae could grow and become resistant in
mixed cultures when grown in the presence of S. aureus reflecting
the ability of S. aureus to complement microbial growth. Along with
the ability of S. aureus to complement the growth of E. undae, it was
also able to develop resistance to both ciprofloxacin and tetracycline
through repetitive exposure.
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Introducution

Bacteria are challenging scientists as they
become increasingly resistant to antibiotics.
Infections caused by resistant bacteria have
several negative consequences on their host
that extend beyond the classic symptoms
associated with infection. Treatment of
disease is often delayed if the initial antibiotic
chosen is not effective due to resistance.
Individuals also experience expensive and
prolonged hospital visits, additional antibiotic
therapy expenses, and restricted, toxic therapy
options'. While antibiotics use a variety of
mechanisms, bacteria are continually evolving
to resist these mechanisms. With antibiotic
resistance on the rise, anti-virulence factors
are also becoming more common when trying
to treat infections. Anti-virulence factors will
not kill bacteria, but they do allow immune
systems to aid in fighting off infections. In
particular, a study published in PLoS biology
found that when the correct combination of
anti-virulence factors are chosen they can work
synergistically with antibiotics to clear infections?.
Two other research groups demonstrated
synergy between oxacillin and phenothiazines
and their effect in reducing the resistance of
Staphylococcus aureus (S. aureus) to oxacillin®.
Antibiotic effectiveness has also been enhanced
by the use of antibiotics and bacteriophages
against food borne microbes as measured in
the laboratory by disc diffusion assays”.

The aim of this study is to explore the question
of whether or not an environmental isolate -
Exiguobacterium undae (E. undae) could grow
or even develop resistance to a pair of antibiotics
—tetracycline and ciprofloxacin individually and
when grown as a mixed culture with a laboratory

strain of Staphylococcus aureus (S. aureus). S.

aureus is a Gram-positive cream or yellow
bacterium found in soil, water and in humans
as part of the normal flora on mucous
membranes. Some strains of S. aureus are
pathogenic and can produce biofilms to support
general microbial growth>. Wound samples
taken from a hospital in Nepal studied the
affect biofilms had on antibiotic resistance in
S. aureus. Out of the 76 samples of S. aureus
isolated, 35 were biofilm producers. The biofilm
producers were found to have a higher rate of
multidrug resistance. Also out of those 76 S.
aureus samples, 98.7 % of them were susceptible
to tetracycline and 72.4 % were resistant to
ciprofloxacin®. E. undae is also a Gram-positive
soil bacterium that is non-pathogenic’ and
produces an orange-colored pigment. A
study focused on the environmental effects of
antibiotic resistance in microbes detailed that
the increasing amount of antibiotic and heavy
metal resistance bacteria cause disruptions of
the ecological functions that organism inhabits.
These environmental bacteria can often be
found to exist in biofilms, especially in bodies
of water or wastewater treatment plants. The
bacteria found in these biofilms were noted to
have a higher amount of antibiotic resistance
genes than bacteria outside of the biofilm?.

Tetracycline is a broad-spectrum antibiotic that
works to inhibit protein synthesis by preventing
attachment of aminoacyl-tRNAs to the ribosomal
A site. This antibiotic is unfortunately becoming
less effective today as bacteria are developing
ribosomal protection proteins or efflux pumps
as resistance mechanisms’. Ciprofloxacin is a
fluoroquinolone drug and also a broad-spectrum
antibiotic that inhibits the activity of DNA
gyrase enzymes necessary to maintain and adapt
DNA supercoiling structures. Ciprofloxacin is

often used on Gram-negative bacteria and
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can also be used on mixed infections. As with
tetracycline, bacteria are becoming resistant
to ciprofloxacin by the use of efflux pump and
mutations in DNA gyrase enzymes'®. This
experiment was set up to test the ability of S.
aureus and E. undae to grow in increasing
concentrations of tetracycline and ciprofloxacin
individually to the point of becoming resistant

and in a resistant mixed culture as well.

Materials and Methods

A water sample was collected at 45°08'30.6"N
94°30'08.2"W near Litchfield, Minnesota.
Samples were diluted (50:200) with sterile
H2O and plated on Dilution Broth (DB - 6 gm
tryptone, 9 gm Bacto agar in 650 m| of distilled
H2O) plates. After two to three days growth in
a room temperature incubator, colonies
(including E. undae) were isolation streaked on
DB plates and re-incubated until isolated by
visual inspection. At this point the S. aureus
and E. undae isolates were moved onto
Trypticase Soy Agar (TSA) plates until the
experiments could begin. Initial susceptibility
and final resistance of each isolate (and the
to both

determined by measuring zones of inhibition

mixed culture) antibiotics was
using Becton Dickinson BD BBL Sensi Discs
antibiotic discs on TSA plates. The growth of
isolates either alone or as mixed colonies was
done in 10 ml Trypticase Soy Broth (TSB) tubes
that were placed in a New Brunswick Scientific
C25 Incubator-Shaker set at 27°C and 150
revolutions per minute. Powder forms of both
antibiotics were from Sigma Aldrich (catalog
T7660 for 17850 for
ciprofloxacin) and dissolved in sterile H.O as 1

tetracycline  and

mg/ml (ciprofloxacin) and 10 mg/ml (tetracycline)
solutions. Growth was monitored by absorbance
at 600 nm using a Beckman DU-640 UV/Visible

spectrophotometer. Between rounds of

increasing  concentrations of antibiotics
inoculation loops were used to create isolation
streak plates from the 10 ml TSB tubes and

incubated at room temperature.

The E. undae isolate was identified by PCR
amplification of the 16S rRNA gene using a
Qiagen kit with the universal primers U341F and
UA1406R. The PCR product was of the expected
size (~1100 base pairs) on a 1.5 % agarose gel.
The product was purified using QIA PCR
purification kit and sent to GeneWiz (South
Plainfield, N.J.) for sequencing. BLAST sequence
alignment was performed at the NCBI web
site (www.ncbi.nlm.nih.gov) with all top matched

sequences pointing toward E. undae.

All growth experiments were carried out in
duplicate (six tubes in total) and started by
picking one colony of S. aureus or E. undae
from a TSA plate and placing it in an Eppendorf
tube that contained 1 ml of sterile TSB. Each
Eppendorf tube was then vortexed for one
minute. The six tubes were prepared as
follows: tubes 1 and 2 contained 200 pl of the
S. aureus suspension, tubes 3 and 4 contained
200 pl of the E. undae suspension and tubes
5 and 6 contained 100 pl of each suspension.
Ciprofloxacin solution was added to one of
each pair of tubes with tetracycline added to
the other. TSB was added to bring the final
volume of each tube to 10 ml

The initial growth experiments began with a
low levels of ciprofloxacin (3.5 pg) or tetracycline
(7.5 pg) in each tube. After reaching absorbance
values at or above 1.0 at 600 nm a sterile loop
was used to plate colonies from each tube on
TSA plates. For all growth experiment average
absorbance numbers were calculated for each

pair of tubes and plotted as A600 nm versus
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time. Once colonies were visible 12 new tubes
were prepared as above but increasing the
mass of ciprofloxacin to 4.25 ug per tube. The
mass of tetracycline was held constant. This
cycle was repeated a third time with 12 tubes
increasing the mass of ciprofloxacin to the

disc mass of 5 pg.

To test for the ability to evolve resistance to
tetracycline, TSA plates from the last round of
ciprofloxacin testing were now used to prepare
12, 10 ml tubes as above containing both
bacterial isolates separate and in a mixed
culture. The mass of ciprofloxacin was fixed at
5 pg per tube while the mass of tetracycline
was increased to 10 pg. Two more rounds (15
ug and then 30 pg tetracycline) of the

experiment were completed until the isolates
had demonstrated their ability to grow at the
mass of antibiotic indicated on the ciprofloxacin
and tetracycline discs.

Results

S. aureus and E. undae were initially disc tested
for susceptibility against ciprofloxacin (5 pg)
and tetracycline (30 pg) as shown in Figure 1.
The original S. aureus isolate had average zones
of inhibition against ciprofloxacin of 25.5 mm
and 26.5 mm against tetracycline indicating
that it was susceptible to both antibiotics. The E.
undae isolate had an average zone of inhibition
of 26.0 mm with ciprofloxacin and 28.0 mm with
tetracycline again indicating susceptibility.

Figure 1. The left plate shows the original S. aureus against tetracycline disks in the top quadrants and

ciprofloxacin disks in the bottom quadrants. The right plate shows the original E. undae against tetracycline

disks in the top quadrants and ciprofloxacin disks in the bottom quadrants.

Figure 2 represents the growth of each isolate
individually against the initial doses of each
antibiotic as well as the mixed culture. E.
undae was unable to grow against the minimal
addition of tetracycline while the mixed cultures
were two of the three (along with S. aureus with
tetracycline) fastest growing tubes. A similar
pattern was seen in Figure 3 as the mass of
ciprofloxacin was increased — mixed cultures

growing fastest, E. undae unable to grow in

tetracycline but a decrease in the rate of
growth of S. aureus in tetracycline was
observed. At the disc value for ciprofloxacin
(Figure 4) the growth pattern was similar.
Figure 5 shows a similar disc diffusion assay as
Figure 1 along with the decrease in the size of
the zones of inhibition with ciprofloxacin discs.
The zone of S. aureus after exposure to 5.0 ug
of ciprofloxacin is 3.5 mm smaller than the

average of the unexposed S. aureus found in
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Figure 1. E. undae’s zone of inhibition when
tested against ciprofloxacin after exposure to
5.0ug of ciprofloxacin was 9 mm, 17 mm
smaller than average unexposed E. undae that
was tested in Figure 1. Colonies of both S. aureus
and E. undae after exposure to 5.0 pg of
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ciprofloxacin were taken from TSA plates,
vortexed in 1 mL of TSB and replated using a
disposable loop on to a new TSA plate with
four disks of ciprofloxacin. On average the mix of
S. aureus and E. undae had a zone of inhibition
of 13.5 mm against the ciprofloxacin disks.
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Figure 2. Graph of absorbance readings at 600 nm after inoculation of S. aureus and E. undae bacteria into 10 mL of

TSB broth. Tubes contained 3.5 pg of ciprofloxacin or 7.5 pg of tetracycline. Standard error bars are shown.
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Figure 3. Graph of absorbance readings at 600 nm taken after inoculation of S. aureus and E. undae bacteria into 10

mL of TSB broth. Tubes contained 4.25 pg of ciprofloxacin or 7.5 pg of tetracycline. Standard error bars are shown.
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Figure 4. Graph of absorbance readings at 600 nm taken after inoculation of S. aureus and E.undae bacteria into 10

mL of TSB broth. Tubes contained 5.0 pg of Ciprofloxacin or 7.5 pg of tetracycline. Standard error bars are shown.

Figure 5. Top left plate shows original untested S. aureus zone of inhibition (29 mm) against a ciprofloxacin disk

compared to S. aureus exposed to 5.0 pg of ciprofloxacin with a zone of inhibition of 22 mm. The bottom left plate

shows original untested E. undae zone of inhibition (24 mm) against a ciprofloxacin disk and E. undae exposed to 5.0

pg of ciprofloxacin with a zone of inhibition of 9 mm. Top right and bottom right plates shows the mix of S. aureus

and E. undae after exposure to 5.0 pg of ciprofloxacin tube against ciprofloxacin disks, the eight disks had an average

zone of inhibition of 13.5 mm.

Results for the experiments increasing the
amounts of tetracycline (ciprofloxacin level
fixed) are shown in Figures 6 through 8. Here
the E. undae isolate again demonstrated no

ability to grow in the presence of tetracycline

while the mixed culture (as well as the S.

aureus isolate) got to absorbance levels at or
above 1.0 within 24 hours. At higher levels of

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4357 6


https://esmed.org/MRA/index.php/mra/article/view/4357
https://esmed.org/MRA/mra

Medical
Research
Archives

Environmental Isolate Developing Antibiotic Resistance by Complementation

ciprofloxacin, the E. undae isolate with
ciprofloxacin did not begin to grow until 29-
30 hours and at the highest levels of
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tetracycline the growth of the mixed culture

was slower than that of the mixed culture
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Figure 6.Graph of absorbance readings at 600 nm taken after inoculation of S. aureus and E.undae

bacteria into 10 mL of TSB broth. Tubes contained 5.0pg of ciprofloxacin or 10ug of tetracycline. Standard

error bars are shown.
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Figure7. Graph of absorbance readings at 600 nm taken after inoculation of S.aureus and E.undae bacteria

into 10 mL of TSB broth. Tubes contained 5.0ug of ciprofloxacin or 15ug of tetracycline. Standard error

bars are shown.
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Figure 8. Graph of absorbance readings at 600 nm taken after inoculation of S. aureus and E. undae bacteria into 10

mL of TSB broth. Tubes contained 5.0 pg of ciprofloxacin or 30 pg of tetracycline. The line representing S. aureus with

ciprofloxacin is hidden behind the mixed culture with ciprofloxacin because the numbers are too similar. Standard

error bars are shown.

As a final experiment, isolates from the TSA
plates after the exposure to the highest level
of tetracycline were used to do a disc diffusion
assay as shown in Figure 9. The results show
the developed resistance to tetracycline for
the S. aureus isolate and mixed cultures but
also the inability of the E. undae isolate to
develop resistance. In order to grow E. undae
alone, a colony of E. undae was taken from the
mixed bacteria exposed to tetracycline (30 pg)
TSA plate and after a series of isolation plates
was tested against a tetracycline disk and
compared to the original sample used. E.
undae’szone of inhibition when tested against
tetracycline after exposure to 30pg of
tetracycline was 42mm, 6 mm larger than
unexposed E. undae that was tested
simultaneously (Figure 9). The zone of E.
undae after exposure to 30ug of tetracycline
is 14mm larger than the average of the

unexposed E. undae found in Figure 1 section.

After exposure to 30pg of tetracycline, S.
aureus showed a new zone of inhibition of 8
mm. This zone is 33 mm smaller than what the
S. aureus with no previous exposure to
tetracycline showed when tested on the same
plate at the same time (Figure 9). The zone of
S. aureus after exposure to 30ug of tetracycline
is 18.5 mm smaller than the average of the
unexposed S. aureus found in Figure 1 section.
The mixed culture of S. aureus and E. undae
from the solution with 30ug of tetracycline
was also exposed to the antibiotic disks.
Colonies of S. aureus and E. undae were taken
from the 30pg tetracycline TSA plates,
vortexed in 1 mL of TSB and replated using a
disposable loop on to a new TSA plate with
four disks of tetracycline. On the plate of S.
aureus and E. undae the average zone of

inhibition was 11.5mm.
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Figure 9. The left plate shows mixed bacteria taken from the 30 pg of tetracycline tube against tetracycline disks with

an average zone of inhibition of 11.5 mm. The middle plate shows original untested E. undae with a zone of inhibition

of 36 mm against a tetracycline disk compared to E. undae from the 30 ug of tetracycline tube with a zone of inhibition

of 42 mm. The plate on the right shows original untested S. aureus with a zone of inhibition of 41 mm against a

tetracycline disk compared to S. aureus from the 30 pg of tetracycline tube with a zone of inhibition of 8 mm.

Discussion

The purpose of this study was to investigate if
two different bacteria can work together to
develop resistance to ciprofloxacin and
tetracycline. While S. aureus is known to
produce biofilms and complement the growth
of other microbes it was unknown if this could
happen with an environmental isolate like E.
undae. A study done on solutions for degrading
polystyrene states that Exiguobacterium are
involved in biofilm formation', the formation
of a biofilm could be a potential mechanism
for how S. aureus is complementing E. undae.
Our results indicate that S. aureus could develop
resistance to both ciprofloxacin and tetracycline
but for E. undae to grow (or grow rapidly) it
had to be in a mixed culture with S. aureus.

Ciprofloxacin is known as a treatment option

for mixed infections or patients with
predisposing conditions to Gram-negative
infections’. Tetracycline is a broad-spectrum
antibiotic, used to treat several acute infections’.
The ability of both S. aureus and E. undae to
decrease susceptibility to ciprofloxacin and for
S. aureus to assist (complement) E. undae so

that it could survive in a mixed culture are

examples of the inherent dangers associated
with antibiotic resistance in communal microbial
settings. A study similar to our particular research
created a synthetic community of two
Escherichia coli strains where one was resistant
to ampicillin and the other susceptible. They
demonstrated the ability of a resistant strain
to protect the susceptible strain through an
enzyme called B-lactamase which degrades
ampicillin'. Further studies on the interactions
and methods of complementation between
notonly S. aureus and E. undae but additional
organisms as well, could be a useful next step
in understanding the means by which antibiotic
resistance develops and spreads.

Beyond the general public, health professionals
also need to be continually educated on the
importance of not overprescribing, preventing
the spread, and educating their patients on of
With the

antibiotic resistant bacteria, we now have

resistant bacteria. increase in
fewer effective antibiotics available than the
pervious decade®. A study on patients in Turkey
who had urinary tract infections (UTI) found
67.6% of the cultured bacteria resistant to

ciprofloxacin™. Ciprofloxacin is one of the
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most commonly prescribed medications for
UTls in Turkey and this could contribute to the
high levels of antibiotic resistance. Our results
align with what was observed in Turkey with
regard to the development of resistance in

bacteria exposed to ciprofloxacin.

There are multiple ways bacteria become
resistant to antibiotics. Common mechanisms
of resistance include changes to a target
enzyme, enzyme inactivation of the drug,
transformation of resistance genes, and active
reflux pumps™. The misuse of and constant
reexposure to antibiotics allows for the spread
of these mechanisms. Research conducted on
US adults found that of the 657 people who
completed the survey 23 % obtained or knew
someone else who obtained antibiotics
without a prescription and less than half of the
participants had ever talked with their doctor
about antibiotic resistance’®. Another similar
study evaluated young adult's attitudes
towards antibiotics and their knowledge of
antimicrobial resistance. Researchers found
that many young adults believe antibiotics to
be a "fix all” solution. However, when provided
with information about the dangers of
antimicrobial resistance a correlation analyses
showed a higher likelihood of appropriate
antibiotic use'. These studies demonstrate
how a small amount of knowledge could
impact the publics use of antibiotics and
potentially help combat the growing number

of antibiotic resistant bacteria.

Our E. undae strain grew quite slowly as
concentrations of ciprofloxacin increased but
when combined with S. aureus grew at a much
faster rate. E. undae had no ability to grow in
the presence of tetracycline unless the
laboratory S. aureus strain was present. This

pattern was repeated when the amount of

ciprofloxacin present was constant, but the
amount of tetracycline was increased. Our
data indicates that when the two strains were
grown in a mixed culture, S. aureus contributed
to the growth of E. undae in the presence of
both ciprofloxacin and tetracycline. Strains of
S. aureus have been reported to possess the
genetic information necessary to produce
tet(X), an
tetracycline'®. Several tetracycline inactivating

enzyme that can inactivate

enzymes have been reported in other
pathogenic microbes. In one example, a
recent study round 179 ciprofloxacin resistant
strains of Salmonella enterica from human
patients in Shanghai'. Most of these strains
were resistant to additional antibiotics with 87
% of them being resistant to tetracycline.
Another example comes from the gram-
positive bacteria collected from the teaching
hospital associated with Yasuj University of
Medical Sciences that caused community
acquired pneumonia, 43.1 % if the bacteria
were found to be resistant to ciprofloxacin. S.
aureus samples from that same study had a
61.5 % resistance pattern to ciprofloxacin, the
highest percentage of all eight antibiotics the

bacteria was tested against®.

S. aureus, after repetitive exposure to
increasing concentrations of both ciprofloxacin
and tetracycline, decreased its
susceptibility/increased its resistance to
both antibiotics. In addition, demonstrated
synergy or complementation was shown with
the strain of E. undae in the presence of these
same antibiotics. This demonstration of
complementation or cooperativity is important
in thinking about complementation, antibiotic
resistance, and the mixed populations of
microorganisms common in virtually every

environmental setting.
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Conclusion

the E. undae isolate and allow growth as part

The laboratory strain of S. aureus developed of a mixed culture in tetracycline. Mixed cultures

resistance to both ciprofloxacin and tetracycline. of both isolates generally grew faster than tubes

In addition, it could complement the growth of where only one isolate or antibiotic was present.

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4357 11



https://esmed.org/MRA/index.php/mra/article/view/4357
https://esmed.org/MRA/mra

Medical
Research
Archives

Environmental Isolate Developing Antibiotic Resistance by Complementation

Conflict of Interest Statement:

The authors report no conflicts of interest

related to this work.

Acknowledgement Statement:

The authors want to thank their recently
retired colleague Dr. Ellen Jensen for ideas,
comments, and assistance with this work as

well as many previous projects.

Funding Statement:

Funding to do this work was provided by the
College of Saint Benedict and Saint John's
University.

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4357 12



https://esmed.org/MRA/index.php/mra/article/view/4357
https://esmed.org/MRA/mra

Medical

Research
Archives Environmental Isolate Developing Antibiotic Resistance by Complementation
References: antarcticum sp. nov. International Journal of

1. French, G.L. (2005). Clinical impact and
relevance of antibiotic resistance. Advanced
Drug Delivery Reviews, 57(10):1514-1527.
https://doi.org/10.1016/j.addr.2005.04.005.

2. Rezzoagli, C., Archetti, M., Mignot, I,
Baumgartner, M., Kimmerli, R. (2020). Combining

antibiotics with antivirulence compounds can
have synergistic effects and reverse selection
for antibiotic resistance in Pseudomonas
aeruginosa. PLoS Biology 18(8):e30000805.

https://doi.org/10/1371/journal.pbio.30000805.

3. Hadji-nejad, S., Rahbar, H., Mehrgran, H.
(2010). Synergy between phenothiazines and

oxacillin against clinical isolates of methicillin-
resistant Staphylococcus aureus. Tropical
Journal of Pharmaceutical Research 9(3):243-

249. https://doi.org/10.4314/tjpr.v9i3.56284.

4. Igbal, M., Narulita, E., Zahra, F., Murdiyah,
S. (2020) Effect of phage-antibiotic synergism

(PAS) in increasing antibiotic inhibition of
bacteria caused of foodborne diseases. The
Journal of Infection in Developing Countries
4(5):488-493. https://doi.org/10/3855/jidc.12094.

5. Taylor, T.A., Unakal, C.G. (Updated 2022).
NCBI
Medicine.

Staphylococcus  aureus-StatPearls-
Bookshelf.National Library of
Retrieved January 3, 2023 from

https://www.ncbi.nlm.nih.gov/books/NBK441868.
6. Belbase A, Pant ND, Nepal K, et al

Antibiotic resistance and biofilm production

among the strains of Staphylococcus aureus
isolated from pus/wound swab samples in a
tertiary care hospital in Nepal. Annals of
clinical microbiology and antimicrobials.
2017;16(1):15.doi:10.1186/512941-017-0194-0

7. Frihling, A., Schumann, P., Hippe, H., Straubler,
B., Stackebrandt, E. (2002). Exiguobacterium

undae sp. nov. and Exiguobacterium

Systemic and Evolutionary Microbiology,
52(Pt.4): 1171-1176.

https://doi.org/10/1099/00207713-52-4-1171
8. Engin AB, Engin ED, Engin A. Effects of co-
selection of antibiotic-resistance and metal-

resistance genes on antibiotic-resistance

potency of environmental bacteria and
related ecological risk factors. Environmental
Toxicology and Pharmacology. 2023;98.

doi:10.1016/j.etap.2023.104081.

9. Shutter, M.C., Akhondi, H. (Updated 2022).
Tetracycline-StatPearls-NCBI| Bookshelf.
National Library of Medicine. Retrieved
January 3, 2023 from

https://www.ncbi.nlm.nih.gov/books/NBK549905.
10. Thai, T., Salisbury, B.H., Zito, P.M.
(Updated  2023). Ciprofloxacin-StatPearls-
NCBI Bookshelf. National Library of Medicine.

Retrieved January 3, 2023 from
https://www.ncbi.nlm.nih.gov/books/NBK535454

11. Chauhan D, Agrawal G, Deshmukh S, Roy
SS, Priyadarshini R. Biofilm formation by

Exiguobacterium sp. DR11 and DR14 alter
polystyrene surface properties and initiate
biodegradation. RSC advances. 2018,
8(66):37590-37599. doi:10.1039/c8ra06448b

12. Pearl Mizrahi S, Goyal A, Gore J.
Community interactions drive the evolution of
antibiotic tolerance in bacteria. Proc Nat/
Acad Sci U S A. 2023;120(3):2209043119.
doi:10.1073/pnas.2209043119

13. Keziah VS, Priya J. A systematic review on
the overprescription of antibiotics causing
antibiotic resistance. Drug Invention Today.
2018;10(11):2159-2161. Accessed August 5, 2023.
https://search.ebscohost.com/login.aspx?dir
ect=true&AuthType=shib&db=a%h&AN=132
173462&site=eds-live

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4357 13



https://esmed.org/MRA/index.php/mra/article/view/4357
https://esmed.org/MRA/mra
https://doi.org/10.1016/j.addr.2005.04.005
https://doi.org/10/1371/journal.pbio.30000805
https://doi.org/10.4314/tjpr.v9i3.56284
https://doi.org/10/3855/jidc.12094
https://www.ncbi.nlm.nih.gov/books/NBK441868
https://doi.org/10/1099/00207713-52-4-1171
https://www.ncbi.nlm.nih.gov/books/NBK549905
https://www.ncbi.nlm.nih.gov/books/NBK535454
https://search.ebscohost.com/login.aspx?direct=true&AuthType=shib&db=a9h&AN=132173462&site=eds-live
https://search.ebscohost.com/login.aspx?direct=true&AuthType=shib&db=a9h&AN=132173462&site=eds-live
https://search.ebscohost.com/login.aspx?direct=true&AuthType=shib&db=a9h&AN=132173462&site=eds-live

Medical
Research
Archives

Environmental Isolate Developing Antibiotic Resistance by Complementation

14. Eroglu, A., Akduman Alasehir, 3. (2020).
Evaluation of treatment application and
antibiotic resistance rates for community
acquired urinary tract infections in Turkey and
review of the literature. Journal of Urological
Surgery, 7(2):114-119.

https://doi.org/10.4274/jus.galenos.2020.3532

15. Nikaido, H. (2009). Multidrug resistance
in bacteria. Annual Review of Biochemistry
78:119-146.
https://doi.org/10.1146/annurev.biochem.78.
082907.145923.

16. McCracken CM, Tucker KJ, Tallman GB,
Holmer HK, Noble BN, McGregor JC. General
Perceptions and Knowledge of Antibiotic
Resistance and Antibiotic Use Behavior: A
Cross-Sectional  Survey of US  Adults.
Antibiotics  (2079-6382).  2023;12(4):672.
doi:10.3390/antibiotics 12040672

17. David, J.-C., Piednoir, E., Nadarajah, K.,
& Delouvée, S. (2023). Attitudes, Knowledge,
Risk Perception of Antimicrobial Resistance
A Cross-
Sectional Survey in a Young Adult Population.
Substance Use & Misuse, 58(5), 698-703.
https://doi.org/10.1080/10826084.2023.2181035

18. Gasparrini, A.J., Markley, J.L., Kumar, H.,
Wang, B., Fang, L., Irum, S., Symister, C.T.,
Wallace, M., Burnham, C.-A.D., Andeleeb, S.,
Tolia, N.H., Wencewicz, T.A., Dantas, G.
(2020). Tetracycline-inacivating enzymes from

and Antibiotic Use Behaviors:

environmental, human commensal, and
pathogenic bacteria cause broad-spectrum
tetracycline  resistance.  Communications
Biology, 3(1):1-12.

https://doi.org/10/1038/s42003-020-0966-5.
19. Kuang, D., Zhang, J., Su, X., Shi, W.,

Chen, S., Yang, X., Su, X., Shi, X., Meng, J.
(2018).

Emerging high-level ciprofloxacin

resistance and molecular basis of resistance in
Salmonella enterica from humans, food and
animals. International Journal of Food
Microbiology 280:1-9.

https://doi.org/10.1016/}.iffoodmicro.2018.05.001.

20. Hassanzadeh S,

Mazloomirad F, et al. Bacterial profile and

Khoramrooz  SS,

their antimicrobial resistance patterns among
patients with community-acquired pneumonia
in southwestern lIran. lIranian Journal of
Microbiology. 2023;15(3):343-349. Accessed
August 4, 2023.
https://search.ebscohost.com/login.aspx?dir
ect=true&AuthType=shib&db=a%h&AN=164
315781&site=eds-live

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4357 14



https://esmed.org/MRA/index.php/mra/article/view/4357
https://esmed.org/MRA/mra
https://doi.org/10.4274/jus.galenos.2020.3532
https://doi.org/10.1146/annurev.biochem.78.082907.145923
https://doi.org/10.1146/annurev.biochem.78.082907.145923
https://doi.org/10.1080/10826084.2023.2181035
https://doi.org/10/1038/s42003-020-0966-5
https://doi.org/10.1016/j.ijfoodmicro.2018.05.001
https://search.ebscohost.com/login.aspx?direct=true&AuthType=shib&db=a9h&AN=164315781&site=eds-live
https://search.ebscohost.com/login.aspx?direct=true&AuthType=shib&db=a9h&AN=164315781&site=eds-live
https://search.ebscohost.com/login.aspx?direct=true&AuthType=shib&db=a9h&AN=164315781&site=eds-live

