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ABSTRACT: Bacterial drug resistance is now a main hindrance
to use antibiotics in treating infectious diseases and global public
health concern contributing to increased mortality in low-income
countries. The plasmid mediated drug resistance which confers
resistant to a number of antibiotics. Here, we studied the
azithromycin susceptibility by paper disc plate technique and agar
diffusion assay in bacterial strains collected from urine at the
department of Microbiology Rajshahi Medical College Hospital,
Rajshahi. We found that azithromycin at certain concentration is
resistant to Escherichia coli (E. coli) but not Klebsiella, Proteus,
Streptococcus and Pseudomonus strains. Furthermore, E. coli was
also resistant to number of commonly used antibiotics like
Ampicillin, Amoxicillin, Tetracycline, Doxycycline,
Ciprofloxacin, Cephradine, PenicillinG and Chloramphenicol. In
present study plasmid DNA was isolated from azithromycin
resistant E .coli. Together, our primary results suggest that E. coli
is multidrug resistant due to possibly the presence of
approximately 4kb in size of resistant plasmid in Rajshahi area.
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Bacterial drug resistance is now being considered as
an important growing global problem and public
health concern contributing to increased morbidity and
mortality particularly in low-income countries."?
Moreover, antibiotic resistant pathogenic strains has
alarmingly increased over time. Two types of genetic
mechanisms of bacterial drug resistance have been

-Commumcat|ons

707

reported: one is chromosomal resistance and second is
extra-chromosomal DNA resistance that plasmid
mediated.®>**> Most of the antibiotic resistance is
mediated by the resistant (R) plasmid or the ‘R’
factors, which confers resistant to a number of
antibiotics.

Volume 5, Issue 2, July 2019


http://www.bioresearchcommunications.com/

Nurunnabi S.M. et. al.

Each form of resistance is due to a gene product which
acts an enzyme that destroys a specific antibiotic. Most
plasmid DNA produces enzymes that modify the
antibiotic by the addition of chemical group causing
acetylating, phosphorylation or nucleotidylation of the
drug.® Plasmid study is very important in medicine
because of its carrying gene may resistant to naturally
occurring antibiotics in a competitive environmental
niche, or its gene product protein may act
as toxins under similar circumstances.”

Remarkly, many bacteria have shown poor therapeutic
problems with antibiotics resistant and geographic
location at different times.* Escherichia coli (E. coli)
is one of the serious bacterial pathogens that can cause
tremendous therapeutic problems by developing
acquired resistant against antibiotics in the
community.*****%> Accordingly, the incidence of
urinary tract infections (UTIs) caused by E. coli,
Klebsiella, Proteus, Streptococcus and Pseudomonus
are one of the most common diseases in the world
particularly in the developing countries.'®*"*%%° This is
also known as a major public health problem and
cause of high death rate especially among young
children and adult.® Remarkly, UTIs is much more
prevalent in Bangladesh and Unitated States of
America, where it is thought that the end stage of UTI
is kidney disease which is the serious health
problem.'®#2! Notably, E. coli is also responsible in
sexually transmitted diseases and diarrehoeal disease
which are the major public health problem in
Bangladesh.?*?* In summary, reports suggest that the
development of drug resistant in E. coli compare to
other bacteria has become a serious problem in
treating its infections worldwide.**?*

Azithromycin is a broad spectrum antibiotic active
against many Gram-positive and Gram-negative
bacteria.”® This drug has been reported as alternative
medicine in outbreaks caused by multiple resistant E.
coli strains. But in many cases, E.coli is resistant to
azithromycin. Thus, it is very important to study the
E.coli resistant plasmid to azithromycin that will help
to design and identify alternative or more effective
medicine. The main aim of this work was to study the
state of UTI by observing E. coli resistant pattern of
different antibiotics and to isolate the drug resistant
plasmid. This may help us to take precaution to solve
the problem of resistant against this deadly
microorganism E. coli.

MATERIALS AND METHODS

Source of bacterial strains

E. coli, Klebsiella, Proteus, Streptococcus and
Pseudomonus bacterial strains were isolated from
urine samples (n=160) at the pathology laboratory of
the Department of Microbiology, Rajshahi Medical
College and Hospital, Rajshahi. Urine samples were
collected from male and female patients (infected 80
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with E. coli, 20 with E. coli and Klebsiella, 20 with
Proteous, 20 with Streptococcus and 20 with
Pseudomonus) coming with symptoms of UTI
admitted at the Hospital during the period 2008-2017.
Bacterial strains were identified at the pathology
laboratory of the Department of Microbiology,
Rajshahi Medical College and Hospital, Rajshahi on
the basis of cultural characteristics, morphological
study and biochemical tests.

Bacteriological media and azithromycin plate
preparation

Luria agar (LA) and MacConkey agar media were
prepared by following standard protocol recommended
by the manufacture company. Media were sterilized by
autoclaving at 15 1bs/sq. inch and 121° C for 15
minutes (min) and stored at 4°C. Azithromycin discs
and plates were prepared at four different
concentrations  10pg/ml,  20pg/ml,  30pg/ml  and
40ug/ml from azithromycin stock solution (5mg/ml in
methanol) that was prepared from azithromycin
authentic material (Incepta Pharmaceuticals Ltd.
Bangladesh).

Isolation of drug resistant bacteria

Azithromycin resistant strain was isolated from the
collected strains using the disc diffusion method.”’
Azithromycin discs were placed on the plate and kept
the plate at 4°C for 4 hour (hr) so that antibiotic can
diffuse on the agar media. Plates were then incubated
at 37°C for 12-16 hr and the growth of the bacteria
was observed. Azithromycin  sensitivity — was
determined by measuring the diameter of clear zone
produced around the respective antibiotic discs. Slide
caliper was used to measure the zone of inhibition
(ZQOl). The presence of a clear zone around the disc
and presence of some colonies within the clear zone
indicate that the collected strains are resistant. The
azithromycin resistant bacteria isolated by disc
diffusion method were again confirmed by spread
plate method using azithromycin conc. of 10ug/ml,
20pg/ml, 30pg/ml and 40ug/ml in agar media.
Furthermore, isolated azithromycin resistant strain was
also tested against the following antibiotics (Mast Lab.
Ltd. UK): Ampicillin (AP, 10ug), Amoxicillin (A,
10ug), Cloxacillin (CX, 5ug), Tetracycline (T, 30ug),
Doxycycline (DO, 30ug), Ciprofloxacin (CIP, 15ug),
Nalidixic acid (NA, 30ug), Cephradine (CE, 30ug),
PenicillinG (PG, 10ug), and Chloramphenicol (C,
30u).

Isolation and purification of azithromycin resistant
E. coli plasmid DNA

This study used mini-scale isolation of plasmid DNA
by boiling method to isolate E. coli plasmid DNA.?
About 1.4 ml of bacterial culture was taken in an
eppendrof tube and centrifuged at 14000 rmp for 1
minute at 4°C, and repeated this step 3 times. The
supernatant was discarded carefully and the DNA
precipitate was washed with 70% ethanol. Finally the
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DNA pellet in each tube was dissolved in 20 pl TE
buffer (pH 8.0) and mixed well by vortex. Purification
of plasmid DNA was carried out by precipitation with
polyethylene glycol.” For the quantitative estimation
of DNA content, the absorption of DNA was taken at
wavelength of 260 nm and 280 nm by UV-
Spectrophotometer  (Shimadzu, Model UV-1200,
Japan). The plasmid DNA was stored at -20°C for later
use.

Detection of E. coli plasmid DNA by Agarose gel
electrophoresis

0.8% agarose gel electrophoresis was carried out on a
horizontal slab gel apparatus (Mupid electrophoresis
apparatus, Japan). The A/C power source (Model,
DESATRONIC 500/500, Germany) was supplied with
regulated current. Electrophoresis was carried out at
70 volts for 3 to 4 hour. The gel was then stained in
ethidium bromide solution and photographed by a
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Digital Camera (Sony, Cyber-Shot DSCW-W30, 6
Mega Pixel, Japan). The plasmid profile of E. coli was
compared with ,BR322 marker DNA.

RESULTS

E.coli is resistant to azithromycin

Collected bacterial strains were subjected to
azithromycin susceptibility test by disc diffusion and
spread plate methods. Four different concentrations of
azithromycin 10 pg/disc, 20ug/disc, 30pg/disc and
40pg/disc were used on MacConkey agar plate in our
study.*® The MacConkey agar is commonly used for
bacterial pure culture. The presence of colonies around
disc indicates that the strain is resistant to that
concentration. Our results showed that E.coli is
resistant at all concentrations of azithromycin
compared to standard control (SC) (Fig.1).

Figurel. E. coli is resistant to azithromycin. Four different concentrations 10ug, 20ug, 30ug and 40 pg of
azithromycin are used to test susceptibility against E.coli. The level of resistant of E.coli is gradually decreased
with 10pg, 20pg, 30ug and 40ug of azithromycin compared to standard control (SC).

However, Klebsiella and Proteus are intermediate
sensitive at 10pug, 20pg and 30pg, and sensitive at
40ug of azithromycin compared to SC. Streptococcus
is intermediate sensitive at 10ug and sensitive at 20pg,

amm Communications

30pg and 40pg of azithromycin compared to SC.
Pseudomonus is sensitive at all concentrations of
azithromycin compared to SC (Fig.2).
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Klebsiella Proteous

Streptococcus

Figure2. Klebsiella, Proteus, Streptococcus and Pseudomonus are sensitive to azithromycin. Four different
concentrations 10ug, 20ug, 30ug and 40ug of azithromycin are used to test the susceptibility. Klebsiella and
Proteus are intermediate sensitive (Zone of inhibition (ZOI)<18mm) at 10ug, 20pg and 30pg, and sensitive
(ZOI1>18mm) at 40ug of azithromycin compared to SC. Streptococcus is intermediate sensitive at 10pg and
sensitive at 20pg, 30ug and 40ug of azithromycin compared to SC. Pseudomonus is sensitive at all concentrations
of azithromycin compared to SC.

Moreover, the azithromycin resistant bacteria isolated by disc diffusion method were again confirmed by spread
plate method using 10pg, 20ug, 30ug and 40ug of azithromycin solution in media (Table-1).
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Table 1. E.coli samples are resistant to azithromycin. Azithromycin susceptibility test in E.coli by spread plate
method for four different concentrations 10ug, 20ug, 30ug and 40ug. Four E.coli samples tested by this method
in this study are resistant to azithromycin at all concentrations of azithromycin.

E.coli Concentration of azithromycin (pug/ml) Comments
Sample 75 20 30 40
No.

No. of bacterial colonies appeared on plate

1 61 55 45 36 Resistant
2 55 51 48 45 Resistant
3 42 40 35 29 Resistant
4 40 38 35 30 Resistant

E. coli is also resistant to number of commonly  Chloramphenicol by the disc diffusion method and the
used antibiotics spread plate method. We observed that E. coli is
Azithromycin resistant E. coli was also subjected to  resistant to Ampicillin, Amoxycillin, Tetracycline,
susceptibility test for Ampicillin, Amoxycillin,  Doxycycline, Ciprofloxacin, Cephradine, PenicillinG
Cloxacillin, Tetracycline, Doxycycline, Ciprofloxacin, and Chloramphenicol. However, E.coli is only
Nalidixic acid, Cephradine, PenicillinG and  sensitive to Nalidixic acid and Cloxacillin (Fig.3).

Figure 3. Multiple antibiotics susceptibility test of azithromycin resistant E.coli. Ten different antibiotics
Ampicillin (AP, 10ug), Amoxicillin (A, 10ug), Cloxacillin (CX, 5ug), Tetracycline (T, 30ug), Doxycycline (DO,
30pg), Ciprofloxacin (CIP, 15ug), Nalidixic acid (NA, 30ug), Cephradine (CE, 30ug), PenicillinG (PG, 10ug),
and Chloramphenicol (C, 30ug) are used to test the susceptibility against E.coli. Cloxacillin and Nalidixic acid are
only sensitive whereas rest antibiotics are resistant to E.coli.
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Size determination of azithromycin resistant E. coli
plasmid

Plasmid DNA was
resistant E. coli

isolated from multiple-drug
according to the procedure

described.”® For a pure plasmid DNA, the ratio of the
absorption of 260 nm and 280 nm (ODg/OD2g)
should be 1.8. The absorption ratio of our sample
DNA was 1.9 which is nearly 1.8. Thus, it can be

DISCUSSION

Antibiotics have become one of the most important
medical interventions for the therapeutic treatments.
The abundant use of antibiotics particularly in
hospitalized patients leads the suppression of gut flora
and favors the persistence of drug resistant bacteria
including E.coli, Salmonella, Shigela, Enterobacter,
Klebsiella and Proteus.®> Among them antimicrobial
resistance in E. coli has been reported worldwide and
treatment for its infection has been increasingly
complicated by the emergence of resistant to most
antimicrobial agents.?*32%34353% Thys different kind
of infections caused by E. coli has limited the
treatment facility and restricted the choice of
appropriate alternative medicine for immediate
prevention of various diseases.®” Consequently, failure
to recognize the multi-drug resistant strains may result
in higher mortality of infectious diseases."” Indeed,
multiple antibiotic-resistant bacteria have been
recognized as a serious threat for global public health
worldwide.****“%4! Thus, advantage of antibiotics use
is greatly hampered and remarkly increased in
developing countries.*” To solve this problem it is
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assumed that the isolated plasmid DNA is
approximately pure. Isolated pure plasmid DNA was
subjected to agarose gel electrophoresis. Gel was then
stained in  ethidium bromide solution and
photographed by a Digital Camera. Our result shows
that, the E. coli strain contains a plasmid of
approximately 4kb in size compared with marker
plasmid DNA ;BR322 (4.3Kb) (Fig.4).

Marker
plasmid DNA
(4.3Kb)

important to investigate susceptibility of new
antibiotic against multiple antibiotic-resistant bacterial
strains.

This study aimed to isolate the azithromycin resistant
plasmid in E.coli collected from patient’s urine
sample. In the preliminary step of this study, our
results confirmed that the E.coli was resistant to
azithromycin (Fig.1). Azithromycin resistant together
with multi-drug resistant of E.coli suggests that
azithromycin alone could not be effective in treatment
of urinary tract infection (Fig.1 and Fig.3). Notably,
antimicrobial drug resistance in E. coli has been
reported worldwide.”® Thus, treatment for E. coli
infection has been increasingly complicated by the
emergence of resistance to most first-line
antimicrobial agents.® Nevertheless, results of this
study suggest that Nalidixic acid and Cloxacillin could
be effective in the treatment of severe urinary tract
infections caused by multi-drug resistant E. coli
(Fig.3). Moreover, our study results also suggest that
azithromycin resistance observed in E. coli in Rajshahi
area is possibly due to the presence of a drug resistant
plasmid of approximately 4kb in size (Fig.4). Plasmid
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mediated drug resistance has been found in E.coli
isolated from chronic periodontitis  patients.*
Remarkly, size dependent plasmid mediated multi-
drug resistant has been found in drinking water.*”
Thus, multidrug resistant strains of E. coli are a matter
of concern as resistant genes are easily transferable to
other strains. It should be mentioned that geographical
variation of antibiotic resistance is existed.*
Therefore, our next aim is to study multidrug
susceptibility in E.coli collected from other
regions/divisions of Bangladesh. Moreover, several
study findings suggest that inadequate selection and
abuse of antibiotics may lead resistance in various
bacteria.*® Study is so far needed to confirm the exact
mechanism of azithromycin resistance arises in E.coli.
All together, our preliminary findings may help in
selecting proper antibiotic and/or medication of E. coli
infected diseases.

CONCLUSION

This study highlights that E.coli isolated from UTI
patient’s urine in Rajshahi city is resistant to
azithromycin. This study also finds Klebsiella,
Proteus, Pseudomonus and Streptococcus are sensitive
to azithromycin. This trend in antibiotic resistance in
E. coli is possibly the presence of resistant plasmid
approximately 4 Kb in size. Notably, this study
suggests that Nalidixic acid and Cloxacillin are
effective in treating severe urinary tract infections
caused by multi-drug resistant E. coli.

ACKNOWLEDGEMENTS

The authors express gratitude to all staff of the
Department of Microbiology, Rajshahi Medical
College and Hospital, Rajshahi for help and support.
None of fund has been received to carry out this work.
There is no conflict of interest to declare. Ethical
permission of this study was taken from the internal
ethical committee of the Department of Microbiology,
Rajshahi Medical College and Hospital, Rajshahi.

REFERENCE

1. Amundsen D, Lindholm C, Goyal SM, Robinson
RA (1988). Microbial pollution of well water in
southeastern Minnesota. J. Environ .Sci .Health. 23,
453-68.

2. Cohen ML (2000). Changing patterns of infectious
disease. Nature 406, 762—7.

3. Gentry LO (1991).
Orthop. 22(3), 379-88.

4. Chowdhury MR (1995).
Microbiology, Fourth edition, p-58.

5. Alekshun, M.N. and Levy, S.B. (2007). Molecular
mechanisms of antibacterial multidrug resistance. Cell
128, 1037-1050.

Bacterial resistance.

Modern Medical

e Communications

Resistance profiles of Azithromycin in Escherichia

6. Munita JM and Arias CA (2016). Mechanisms of
Antibiotic  Resistance. Microbiol  Spectr.  4(2),
doi:10.1128/microbiolspec.VMBF-0016-2015.

7. Carattoli A (2007). Plasmids and the spread of
resistance. Int. J. Med. Microbiol. 303, 298-304.

8. Thomas, Christopher M., Summers, David (2008).
"Bacterial Plasmids". Encyclopedia of Life Sciences,
ISBN 0470016175.

9. Wolfgang S. (2008). "Chapter 1 - Escherichia
coli Cloning and Expression Vectors". In Georg
Lipps. Plasmids: Current Research and Future Trends,
Caister Academic Press. pp. 1-2. ISBN 978-1-904455-
35-6.

10. Smillie, Chris; Garcillan-Barcia, M. Pilar; Francia,
M. Victoria; Rocha, Eduardo P. C.; Cruz, Fernando de
la (2010). "Mobility of Plasmids". Microbiology and
Molecular Biology Reviews 74 (3), 434-452.

11. Davies J. and Davies D. (2010). Origins and
Evolution of Antibiotic Resistance. Microbiology and
Molecular Biology Reviews 74(3), 417-433.

12. Lester SC, del Pilar PI M, Wang F, Perez Schael I,
Jiang H, O’Brien TF. (1990). The -carriage of
Escherichia coli resistant to antimicrobial agents by
healthy children in Boston, in Caracas, Venezuela, and
in Qin Pu, China. N Engl J Med. 323 (5), 285-9.

13. McKeon DM, Calabrese JP, Bissonnette GK.
(1995). Antibiotic resistant gram-negative bacteria in
rural groundwater supplies. Water Res. 29, 1902-8.

14. Nys S., Okeke IN, Kariuki S, Dinant GJ, Driessen
C, Stobberingh EE. (2004). Antibiotic resistance of
faecal Escherichia coli from healthy volunteers from
eight developing countries. J Antimicrob Chemother.
54 (5), 952-5.

15. Aarestrup FM, Oliver Duran C, Burch DG. (2008).
Antimicrobial resistance in swine production. Anim
Health Res Rev. 9 (2), 135-48.

16. Ahmed S. and Rashid HU. (1996). Urinary Tract
Infection in Adults. A Review. B.R.J. 15 (1), 23-31.
17. Ronald AR., Nicolle LE, Stamm E, et al. (2001).
Urinary tract infection in adults: research priorities and
strategies. Int J Antimicrob Agents. 17, 343-348.

18. Barisic Z, Babic'-Erceg A, Borzic” El, et al.
(2003). Urinary tract infections in South Croatia:
aetiology and antimicrobial. Intl. J. Antimicrob Agents.
22, S61-S64.

19. Farhana Akter, M. Mahboob Hossain, Arifur
Rahman, Mukta Shaha and Amani EI Abd Abu Amo
Amani, (2012). Antimicrobials Resistance Pattern
of Escherichia coli Collected from Various
Pathological ~ Specimens. Pakistan  Journal  of
Biological Sciences 15, 1080-1084.

20. Tauxe R. V, Puhr N D, Wells J. G, Hargrett-Bean
N. Blake PA. (1990). Antimicrobial resistance of
Escherichia isolates in the USA: the importance of
international travellers. J. Infect. Dis. 160, 1107-11.

713 Volume 5, Issue 2, July 2019


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gentry%20LO%5BAuthor%5D&cauthor=true&cauthor_uid=1649425
https://www.ncbi.nlm.nih.gov/pubmed/1649425
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0470016175
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-1-904455-35-6
https://en.wikipedia.org/wiki/Special:BookSources/978-1-904455-35-6
http://mmbr.asm.org/content/74/3/434.long

Nurunnabi S.M. et. al.

21. Rahaman H., M. Zaheed. A. B. Siddique, M.A.
Khaleque (1992). Acute Renal failure in children.
B.R.J. 11(2), 61-65.

22. Kaper JB, Nataro JP, Mobley HLT (2004).
Pathogenic Escherichia coli . Nat. Rev. Microbiol. 2,
123-40.

23. Noor R. and Munna MS. (2015). Emerging
diseases in Bangladesh: Current microbiological
research perspective. Tzu Chi Medical Journal 7(2),
49-53.

24. Sabaté M., Prats G, Moreno E, Ballesté E, Blanch
AR, Andreu A. (2008). Virulence and antimicrobial
resistance profiles among Escherichia coli strains
isolated from human and animal wastewater. Res.
Microbiol. 159, 288-93.

25. Yushau M, Umar MI, Suleiman K. (2010).
Indigenous commercial drinks as potential sources of
extended spectrum f-lactamases (ESBLS) producing
organisms in Kano, Nigeria. Int. J. Biomed. Health.
Sci. 6, 103-8.

26. McMullan BJ., and Mostaghim M. (2015).
Prescribing azithromycin. 38(3): 87-89.

27. Cheesbrough M. (1984). Medical laboratory
manual for tropical countries / Vol.ll, Microbiology,
Doddington (14 Bevills Close, Doddington, Cambs.
PE150TT).

28. Holmes D., Quigley A. (1981). A rapid boiling
method for the preparation of bacterial plasmids. Anal.
Biochem. 114, 193-197.

29. D. Pulleyblank, M. Michalak, St. Laurent Daisley,
R. Glick (1993). A method for the purification of E.
coli plasmid DNA by homogeneous lysis and
polyethylene glycol precipitation. Molecular Biology

Resistance profiles of Azithromycin in Escherichia

35. Rahman S, Parvez AK, Islam R, Khan MH.
(2011). Antibacterial activity of natural spices on
multiple drug resistant Escherichia coli isolated from
drinking water, Bangladesh. Ann. Clin. Microbiol.
Antimicrob. 10, 10.

36. Najjuka CF., David P. Kateete, Henry M.
Kajumbula, Moses L. Joloba and Sabiha Y. Essack
(2016). Antimicrobial susceptibility profiles of
Escherichia coli and Klebsiella pneumonia isolated
from outpatients in urban and rural districts of Uganda.
BMC Res Notes 9, 235.

37. O. Brien TF. (1987). Resistance of Bacteria to
antibacterial agents: report of Task Force 2. Rev.infect.
Dis. 9, 5244-60.

38. Sahm DF., Thornsberry C, Mayfield DC, Jones
ME, Karlowsky JA. (2001). Multidrug-resistant
urinary tract isolates of Escherichia coli: prevalence
and patient demographics in the United States.
Antimicrob Agents Chemother. 45, 1402-14026.

39. Magiorakos AP, Srinivasan A, Carey RB. et al.
(2011). Multidrug-resistant, extensively drug-resistant
and pandrug-resistant bacteria: an international expert
proposal for interim standard definitions for acquired
resistance.  Clin.  Microbiol. Infect. 7, doi:
10.1111/j.1469-0691.2011.03570.

40. Jasovsky DuSan, Jasper Littmann, Anna Zorzet,
and Otto Cars (2016). Antimicrobial resistance—a
threat to the world’s sustainable development. Ups. J.
Med Sci. 121(3), 159-164.

41. LiB. and Webster JB. (2018). Bacteria Antibiotic
Resistance: New Challenges and Opportunities for
Implant-Associated Orthopaedic Infections. J. Orthop
Res. 36(1), 22-32.

Reports 9(3),191-195.

30. Bauer, AW., W.M.M. Kirby, J.C. Sherris, M.
Turck. (1966). Antibiotic susceptibility testing by a
standarizd single disc method. Am. J. Clin. Pathol. 45,
493-496.

31. Hanson ND, Moland ES, Hong SG, Propst K,
Novak DJ, Cavalieri SJ. (2008). Surveillance of
Community-Based Reservoirs Reveals the Presence of
CTX-M, Imported AmpC, and OXA-30 pB-Lactamases
in Urine Isolates of Klebsiella pneumoniae and
Escherichia coli in a U.S. Community. Antimicrob.
Agents Chemother. 52(10), 3814-6.

32. Coates A, Hu Y, Bax R, Page C. (2002). The
future challenges facing the development of new
antimicrobial drugs. Nat. Rev. Drug. Discov. 1, 895-910.
33. Oteo J, L&zaro E, de Abajo FJ, Baquero F, Campos
J. Spanish members of EARSS (2005).
Antimicrobial-resistant invasive Escherichia coli,
Spain. Emerg. Infect. Dis. 11, 546-553.

34. Peralta G, Sanchez MB, Garrido JC. (2007).
Impact of antibiotic resistance and of adequate
empirical antibiotic treatment in the prognosis of
patients with Escherichia coli bacteraemia. J.
Antimicrob.Chemother. 60, 855-863.

e Communications

42. Bartoloni A, Pallecchi L, Benedetti M. et al.
(2006). Multidrug-resistant commensal Escherichia
coli in children, Peru and Bolivia. Emerg. Infect. Dis.
12, 907-913.

43. Kolar M, Urbanek K, Latal T. (2001). Antibiotic
selective pressure and development of bacterial
resistance. Int. J. Antimicrob. Agents.17(5), 357-63.
44. Subbiah U., Gokulalakshmi Elayaperumal and
Sonaa Elango (2017). Plasmid mediated antibiotic
resistance in E.coli isolated from chronic Periodontitis.
Ejbps. 4 (6), 395-399.

45. Chen, Z., Yu, D., He, S., Ye, H., Zhang, L., Wen,
Y., Zhang, W., Shu, L., Chen, S. (2017). Prevalence of
Antibiotic-Resistant Escherichia coli in Drinking
Water Sources in Hangzhou City. Front. Microbiol. 6
(1133), 1-11.

46. Parveen S., J. Lukasik, T.M. Scott, M.L. Tamplin,
K.M. Portier, S. Sheperd, K. Braun and S.R. Farrah
(2006). Geographical variation in antibiotic resistance
profiles of Escherichia coli isolated from swine,
poultry, beef and dairy cattle farm water retention
ponds in Florida. Journal of Applied Microbiology
100, 50-57.

714 Volume 5, Issue 2, July 2019


https://www.sciencedirect.com/science/article/pii/S1016319015000075
https://www.sciencedirect.com/science/journal/10163190
https://link.springer.com/journal/11033
https://link.springer.com/journal/11033
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jasovsk%26%23x000fd%3B%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27416324
https://www.ncbi.nlm.nih.gov/pubmed/?term=Littmann%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27416324
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zorzet%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27416324
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cars%20O%5BAuthor%5D&cauthor=true&cauthor_uid=27416324
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4967260/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4967260/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28722231
https://www.ncbi.nlm.nih.gov/pubmed/?term=Webster%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=28722231
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28722231
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28722231
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kol%C3%A1r%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11337221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Urb%C3%A1nek%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11337221
https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%A1tal%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11337221
https://www.ncbi.nlm.nih.gov/pubmed/11337221



