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ABSTRACT
Background and Objectives: Bacteria attach to the surfaces and produce polymeric matrix resulting in the biofilms formation
that are involved in a wider range of human infections. Biofilms forming that produced by Staphylococcus aureus and Escherichia
coli are considered to be highly antibiotics resistant. This study was aimed to analysis the antibiogram profile of biofilm forming S.
aureus and E. coli isolates of Mukalla city, Hadhramaut, Yemen.
Methods: Sixty clinical isolates of S. aureus and E. coli were isolated from different clinical samples, and identified by standard
bacteriological methods, then subjected to biofilm formation detection by tissue culture plate (TCP) method. The antibiotics
susceptibility test was performed by Kirby-Bauer disc diffusion method. Chi-square test was used to analyze the data and p value<
0.05 was taken as significant.
Results: Among the total isolates S. aureus and E. coli, TCP method detected 33(55%) as strong, 15(25%) as moderate and
12(25%) as weak/non-biofilm producers. Biofilm forming of S. aureus developed significantly higher degrees of antibiotic
resistance of amoxicillin/clavulanic acid 100%, ceftazidime 95.8%, cefotaxime 62.5%, cefadroxil 45.8%, ciprofloxacin 41.7% and
ceftriaxone 25% with a significant statistics correlation the resistance of amoxicillin/clavulanic acid and ceftazidime and bacterial
biofilm production (p-value< 0.05). The rates of antibiotics resistance biofilm E. coli were 100%, 91.7%, 75%, 70.8%, 66.7%,
62.5% and 33.3% for amoxicillin/clavulanic acid, cefadroxil, cefotaxime, ceftazidime, ceftriaxone, ciprofloxacin and cotrimoxazole respectively with statistically significant correlation of cefadroxil resistance (p-value < 0.05).
Conclusion: TCP method showed that S. aureus and E. coli isolates have a high degree of biofilm forming ability. A high
antibiotics resistance found in biofilm producers isolates than non-biofilm producers.
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INTRODUCTION
Bacterial biofilm is defined as an organized bacterial
community embedded in extracellular polymeric
matrix attached to biotic or abiotic surfaces1. Bacterial
biofilm is usually pathogenic and cause infection.
Among microbes and chronic infections, about 65%
are associated with the formation of biofilm2, whereas
biofilm protects the organism from host defenses and
impedes the delivery of antibiotics which may cause
impairment in the healing of wound3.The ability of
bacterial aggregation and biofilm formation is strictly
related to the capacity of producing the extracellular
mucoid substance such as the slime layer whose main
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the component of polysaccharide nature and consists of
glycosaminoglycans4. The extracellular polymeric
matrix can block the diffusion of substances and
binding to the antibiotics, and this will provide the
effective resistance for biofilm bacterial cells5. Biofilm
formation also helps in the spread of antibiotic-resistant
traits in bacterial pathogens by increasing the rates of
mutation and by the exchange of genes that are
responsible for antibiotics resistance6.
Staphylococcus aureus (S. aureus) and Escherichia coli
(E. coli) are considered the most common etiological
agent causing both community and hospital acquired
infections7,8. E. coli infections leading to serious
secondary health issues worldwide and tends to form
27
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micro colonies in mucosa lining the urinary bladder
known as biofilm8. These biofilms make the bacterium
to resist the immune response of the host, more virulent
and lead to the evolution of antibiotics resistance by
enclosing them in the extracellular biochemical
matrix9. S. aureus is able to form biofilm and
considered to be a major virulence factor influencing
its survival and persistence in both the environment
and the host10. The biofilms forming by S. aureus have
been associated with a variety of persistent infections
which respond poorly to traditional antibiotics
therapy11. The most of previous studies in Yemen
focused on the prevalence of antibiotics resistant
bacteria among the clinical samples and neglected the
evaluation of biofilm-producing bacteria resistant to
antibiotics12,13,14. Only one study was conducted at Ibb
city by Al-Hobiashy et al.,15 they reported that 49.3%
of isolated uropathogenic bacteria was biofilm
producer. Therefore, this study aimed to analysis the
antibiogram profile of biofilm forming S. aureus and E.
coli in Mukalla city, Hadhramaut, Yemen.
SUBJECTS AND METHODS
Study design and area
This is a cross-sectional study that conducted at the
National Center for Public Health Laboratories which
located in Mukalla city, Hadhramaut, Yemen, during
the period of December 2018 to May 2019. The
patients suffered from wounds and urinary tract
infections were enrolled in this study.
Sample collection and bacteriological testing
Three hundred and nine clinical samples (200 wound
swabs and 109 midstream urine) were subjected to
culture processing. S. aureus and E. coli were isolated
and identified by the standard methods for bacterial
culture growth, Gram staining and biochemical tests16.
Antibiotics susceptibility testing
Antibiotics susceptibility testing was done using KirbyBauer disc diffusion method according to the
guidelines of the Clinical Laboratory Standard Institute
(CLSI)17. The antibiotics were used in this study

included; Ciprofloxacin (5µg), Co-trimoxazole (25µg),
Ceftriaxone (30µg), Cefotaxime (30µg), Amoxicillin/
clavulanic acid (30µg), Amikacin (30µg), Cefadroxil
(30µg), and Ceftazidime (30µg).
Biofilm formation detection by tissue culture plate
(TCP) method
TCP as quantitative method was performed as
described by Yadav et al.,18. In briefly, subcultures of
bacterial isolates on nutrient agar were inoculated in
10mL of trypticase soy broth with added 1% glucose
and incubated overnight at 37ºC, then the cultures were
diluted 1:100 with fresh medium. The wells of sterile
96 polystyrene microtiter plate were filled with 2mL
aliquots of the diluted cultures. Negative control wells
were maintained by adding broth without culture. After
overnight incubation at 37ºC the wells were removed
by gentle tapping and washed with 0.2mL phosphate
buffer saline (pH 7.3) three times to remove free
floating planktonic bacteria18.
The wells then were dried for 1 hour and stained with
crystal violet (0.1% w/v) and the excess stains were
removed using deionized water, and the plates were
kept for drying. Analysis of biofilm production was
performed by adding 150μl of 95% ethanol to destain
each well. After 30 min, optical density (OD) of
stained adherent biofilm was obtained using a
microtiter plate ELISA reader at wave length 630 nm.
The experiment was done in triplicate and repeated
three times. Optical density cut-off value (ODc)
calculated as average OD of the negative control + 3x
standard deviation (SD) of negative control. The tested
bacterial species were classified into four categories:
OD≤ODc no biofilm producer; ODc<OD≤ 2x ODc
weak biofilm producer; 2xODc< OD≤4xODc moderate
biofilm producer; 4xODc<OD strong biofilm producer.
Statistical analysis
Data analysis was conducted using the software of
Statistical Package for Social Sciences (SPSS) version
25. Chi-square test was used to study the distribution
and changes in antibiotics resistance patterns.
Statistical significance was determined at p-value
<0.05.

Table 1: Frequencies of bacterial growth results of clinical samples
Type of sample

No.

Wound swabs
Midstream urine
Total

200
109
309

S. aureus
24(12.0)
6(5.5)
30(9.7)

RESULTS
Data of samples distribution and bacterial isolates
results
A total of 60(19.4%) isolates of S. aureus and E. coli
were identified. Thirty isolates of S. aureus were
isolated from wound swabs 12% and midstream urine
5.5%, while 30 isolates of E. coli were isolated from
wound swabs 4% and midstream urine 20.2% as given
in Table 1.
Biofilm detection by tissue culture plate (TCP)
method
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Culture growth results No.(%)
E. coli
Other isolates
No growth
8(4.0)
112(56.0)
56(28.0)
22(20.2)
68(62.4)
13(11.9)
30(9.7)
180(58.3)
69(22.3)

The present result revealed that TCP method was
detected biofilm formation in 33(55%) of isolates as
strong, 15(25%) as moderate and 12(25%) as
weak/non-biofilm producers. There was no significant
statistical analysis of TCP method for screening
biofilm production (p-value=1.000) (Table 2). Among
S. aureus isolates, 18(30%) were strong biofilm
producers, 6(10%) were both moderate and weak/nonbiofilm producers of E. coli isolates showed 15(25%)
were strong biofilm producers, 9(15%) isolates were
moderate biofilm producers, and weak/non-biofilm
producers isolates identified in 6(10%) isolates (Table
3).
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amoxicillin/clavulanic acid and ceftazidime and
bacterial biofilm production (p<0.05) as show in Table
4. Biofilm producing by the isolates of E. coli had
increased resistance profiles of the antibiotics
amoxicillin/clavulanic acid, cefadroxil, cefotaxime,
ceftazidime, ceftriaxone, ciprofloxacin and cotrimoxazole, 100%, 91.7%, 75%, 70.8%, 66.7%, 62.5%
and 33.3% respectively with significant statistically
correlation of cefadroxil resistance (p-value<0.05) as
presented in Table 5.

Table 2: Biofilm formation by TCP method.
Biofilm formation by
TCP method
Result
No. (%)
Strong
33 (55)
Moderate
15 (25)
Weak/None
12 (20)
Total
60 (20)

χ² test
value

pvalue

0.00

1.000

Relationship the antibiogram profiles with biofilm
and non-biofilm producing S. aureus and E. coli
Among 60 S. aureus and E. coli isolates, biofilm
producers isolates by TCP method given high rates
resistance of antibiotics used compared to non-biofilm
producers isolates. S. aureus biofilm producing isolates
showed highly resistant to amoxicillin/clavulanic acid,
ceftazidime, cefotaxime, cefadroxil, ciprofloxacin and
ceftriaxone in a rate of 100%, 95.8%, 62.5%, 45.8%,
41.7% and 25% respectively. There was significant
statistical correlation of antibiotic resistance of

Table 3: S. aureus and E. coli biofilm formation by
TCP method.
Bacterial
isolates
S. aureus
E. coli
Total

Producer
Strong Moderate
No.(%)
No.(%)
18(30.0)
6(10.0)
15(25.0)
9(15.0)
33(55.0)
15(25.0)

Non-producer
Weak/None
No. (%)
6(10.0)
6(10.0)
12(20.0)

Table 4: Antibiogram profiles of biofilm and non-biofilm producing S. Aureus.
Antibiotic
Ciprofloxacin
Co-trimoxazole
Ceftriaxone
Cefotaxime
Amoxicillin/clavulanic
acid
Amikacin
Cefadroxil
Ceftazidime

Biofilm
producer
24(80%)
S
I
R
14
0
10
22
0
2
8
10
6
2
7
15

Non-biofilm
producer
6(20%)
S
I
R
4 0
2
6 0
0
3 2
1
2 3
1

χ²
test
value

pvalue

0.139
0.536
0.590
4.766

0.709
0.464
0.745
0.092

0

0

24

1

0

5

4.138

0.042*

19
5
0

2
8
1

3
11
23

6
3
2

0
1
0

0
2
4

1.500
2.149
8.704

0.472
0.342
0.013*

* p-value<0.05 is considered statistically significant.

structures are known to be involved in the biofilm
creation20. TCP was the most reliable and easy method
for the detection of bacterial biofilm and it can be used
as a general screening method for the detection of
biofilm producing21,22,23. In contrast, statistical analysis
of biofilm formation indicated that the TCP method
was the most sensitive, specific, and accurate method
for the biofilm production screening24. In this study,
among all isolates S. aureus and E. coli TCP method
detected biofilm formation 80% with no significant
statistics (p-value=1.000).

DISCUSSION
In the present study, we investigated the ability of S.
aureus and E. coli isolates to produce biofilm in vitro
using phenotypic TCP method because they can be
performed in most laboratories’ settings. Bacterial
biofilms are most of the time associated with the longterm persistence of bacterial species in various
environmental conditions19. More than 50% of
microbial infections have now been associated with
biofilm formation, and several bacterial cell surface

Table 5: Antibiogram profiles of biofilm and non-biofilm producing E. coli
Antibiotic
Ciprofloxacin
Co-trimoxazole
Ceftriaxone
Cefotaxime
Amoxicillin/clavulanic
acid
Amikacin
Cefadroxil
Ceftazidime

χ² test
value

p-value

2.304
0.00
2.222
1.875

0.316
0.694
0.329
0.392

6

-

-

1
2
3

0.379
10.208
0.967

0.827
0.007*
0.617

Biofilm
producer
24(80%)
S
I
R
8
1 15
16 0
8
6
2 16
5
1 18

Non-biofilm
producer
6(20%)
S
I
R
4
0
2
4
0
2
3
1
2
2
1
3

0

0

24

0

0

18
2
5

4
0
2

2
22
17

4
4
2

1
0
1

*p-value< 0.05 is considered statistically significant.
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According to these results, similar researches revealed
that TCP method detected 81%of bacterial isolates
were biofilm producer25. Another study found that TCP
detected 64% as bacterial biofilm producers26, whereas
another study showed that TCP detected 27% as
bacterial biofilm producers27. A study revealed that
76% were bacterial biofilm producers detected by TCP
method28. Another study reported biofilm producer
identified by TCP method 22%29. Also, several studies
showed similar results for the detection of biofilm
production30,31.
Bacterial biofilm display dramatically increased
resistance to antibiotics19. In this study, it was analyzed
that the antibiotics resistance profiles of biofilm and
non-biofilm producing of the isolates S. aureus and E.
coli. The biofilm forming of bacterial isolates
demonstrated increased resistance to the commonly
used antibiotics compared to non-biofilm producers. S.
aureus isolates biofilm producing in our study were
found highly resistant to amoxicillin/clavulanic acid,
ceftazidime, cefotaxime, cefadroxil, ciprofloxacin and
ceftriaxone in a rate of 100%, 95.8%, 62.5%, 45.8%,
41.7% and 25% respectively with a significant
statistical correlation of antibiotic resistance of
amoxicillin/clavulanic acid and ceftazidime and
bacterial biofilm production. These profiles of
resistance coincide with the study findings reported
highly resistant biofilm produced by S. aureus to the
antibiotics co-trimoxazole 66.7% and ciprofloxacin
60%3. Another study showed resistance to
ciprofloxacin and co-trimoxazole 83.3% and 28.6%
respectively32. Other research reported that resistance
toward erythromycin and co-trimoxazole was increased
due to the extensive use of these drugs for the
treatment of minor and serious staphylococcal
infections3. Another study found that the Gram-positive
bacteria had high resistance to ciprofloxacin 40% and
co-trimoxazole 30%21. The current study results
revealed that biofilm producing E. coli isolates had
increased resistance profiles of the antibiotics
amoxiclav 100%, cefadroxil 91.7%, cefotaxime 75%,
cetazidime 70.8%, ceftriaxone 66.7%, ciprofloxacin
62.5% and co-trimoxazole 33.3% with significant
statistical correlation of antibiotic resistance of
cefadroxil. This profile of resistance agreed with the
study findings reported high resistant biofilm
producing E. coli to amoxicillin/clavulanic acid,
ceftriaxone, ciprofloxacin and amikacin 77.61%,
71.48%, 71.48% and 7.58% respectively33,34,35.
However, other studies showed biofilm producing E.
coli were resistance to ceftaxime, ceftriaxone, and
amoxicillin/clavulanic acid 65.6%, 50% and 40.6%
respectively36. While other study showed less rate
resistance of biofilm producing E. coli to cotrimoxazole, ciprofloxacin and ceftaxime 47.4%, 47%
and 42.5%respectively37. In the present study showed
Gram negative bacteria had high resistance to
antibiotics ciprofloxacin, co-trimoxazole, amikacin and
ceftriaxone 95%, 90%, 64% and 58% respectively21.
Another study found resistance of biofilm forming E.
coli isolates to ciprofloxacin and amikacin 95% and
65% respectively30. The increased of resistance
antibiotics among bacterial biofilm producers is due to
ISSN: 2456-8058

the slow growth rate and the presence of protective
covering of exopolysaccharide that alters the
penetration of antibiotics through the biofilm and
hinders the activity of antibiotics against the bacterial
cells3,37. So, we believed that the variability observed in
the antibiotics susceptibility patterns reflects the
different protocols and panels of antibiotics being used
in different hospitals and differences in the
geographical locations from where these isolates have
been obtained.
CONCLUSION
S. aureus and E. coli isolates have a high degree of
biofilm forming ability detection by TCP method.
Highly resistance of antibiotics was observed in the
biofilm producers than non-biofilm producers.
Antibiotics therapies recommended are amoxicillin/
clavulanic acid, cefadroxil, cefotaxime and ceftazidime
were less active antibiotics, whereas co-trimoxazole
and amikacin found as the most effective for S. aureus
and E. coli biofilm producers.
ACKNOWLEDGMENTS
Great thanks expressed to Biology Department, Faculty
of Science, Hadhramout University for their efforts of
scientific research development.
CONFLICT OF INTEREST
No conflict of interest associated with this work.
AUTHOR’S CONTRIBUTION
The manuscript was prepared, written and approved in
collaboration with all authors.
REFERENCES
1. Macià MD, Rojo-Molinero E, Oliver A. Antimicrobial
susceptibility testing in biofilm-growing bacteria. Clin
Micro Infect 2014; 20(10):981-990.
https://doi.org/10.1111/1469-0691.12651
2. Jamal M, Ahmad W, Andleeb S, et al. Bacterial biofilm
and associated infections. J Chinese Med Assoc 2018; 81:
7-11. https://doi.org/10.1016/j.jcma.2017.07.012
3. Neopane P, Nepal HP, Shrestha R, Ueharas O, Abiko Y.
In vitro biofilm formation by S. aureus isolated from
wounds of hospital-admitted patients and their association
with antimicrobial resistance. Int J Gen Med 2018; 11: 25–
32.https://doi.org/10.2147/IJGM.S153268
4. Elkhashab THT, Adel LA, Nour MS, Mahran M, Elkaffas
M. Association of intercellular adhesion gene A with
biofilm formation in staphylococci isolates from patients
with conjunctivitis. J Lab Physic 2018; 10(3): 309-315.
https://doi.org/10.4103/JLP.JLP_122_17
5. Murugan S, Devi PU, John PN. Antimicrobial
susceptibility pattern of biofilm producing Escherichia
coli of urinary tract infections. Curr Res Bact 2011; 4(2):
73-80. https://doi.org/10.3923/crb.2011.73.80
6. Eyoh AB, Toukam M, Atashili J, et al. Relationship
between multiple drug resistance and biofilm formation in
S. aureus isolated from medical and non-medical
personnel in Yaounde, Cameroon. Pan Afr Med J 2014;
17: 186. https://doi.org/10.11604/pamj.2014.17.186.2363

30

CODEN (USA): UJPRA3

Bin-Hameed et al.,

Universal Journal of Pharmaceutical Research 2021; 6(6):27-31

7. Valaperta R, Tejada MR, Frigerio M, et al.
Staphylococcus aureus nosocomial infections: the role of a
rapid and low-cost characterization for the establishment
of a surveillance system. New Micro 2010; 33: 223-232.
8. Tajbakhsh E, Ahmadi P, Abedpour-Dehkordi E, et al.
Biofilm formation, antimicrobial susceptibility, sero
groups and virulence genes of uropathogenic E. coli
isolated from clinical samples in Iran. Antimicr Resist
Infect Cont 2016; 5: 11.
https://doi.org/10.1186/s13756-016-0109-4
9. Seema M, Madhu S, Uma C. Biofilm and multi-drug
resistance in uropathogenic E. coli. Pathog Glob Health
2015; 109(1): 26-9.
https://doi.org/10.1179/2047773215Y.0000000001
10. Torlak E, Korkutb ET, Uncua A, Sener Y. Biofilm
formation by Staphylococcus aureus isolates from a
dentalclinic in Konya, Turkey. J Inf Public Health 2017;
10: 809-813.https://doi.org/10.1016/j.jiph.2017.01.004
11. Seema B, Atindra K.Biofilm. A challenge to Medical
Science. J Clin Diag Res 2011; 5(1): 127- 130.
12. Al-Khawlany, RS, Edrees, WH, AL-Jaufy, AY, et al.,
Prevalence of methicillin-resistant Staphylococcus aureus
and antibacterial susceptibility among patients with skin
and soft tissue infection at Ibb City, Yemen. PSM Micro
2021: 6(1): 1-11.
13. Alhlale MF, Humaid A, Saleh AH, Alsweedi KS, Edrees
WH. Effect of most common antibiotics against bacteria
isolated from surgical wounds in Aden Governorate
hospitals, Yemen. J Phar Res 2020: 5(1): 21-24.
https://doi.org/10.22270/ujpr.v5i1.358
14. Edrees WH, Banafa AM. Antibacterial susceptibility of
isolated bacteria from wound infection patients presenting
at some government hospitals at Sana’a city, Yemen. AlRazi Univ J Med Sci 2021: 5(1): 1-13.
https://doi.org/10.51610/rujms5.1.2021.99
15. Al-Hobiashy AMS, Al-Shamahy HA, Al-Hrazi RMA, et
al. Biofilm formation and antibiotic susceptibility of
uropathogens in patients with catheter associated urinary
tract infections in Ibb city-Yemen. Universal J Pharm Res
2019: 4(6): 1-7. https://doi.org/10.22270/ujpr.v4i6.309
16. Tille PM. Bailey and Scott’s Diagnostic Microbiology,
(13th edition). China: Mosby, Inc., an affiliate of Elsevier
Inc 2014; 202-927.
17. CLSI. Performance standards for antimicrobial
susceptibility testing. 29th edition. CLSI supplement
M100. Wayne, PA. CLSI 2019.
18. Yadav M, Khumanthem SD, Kshetrimayum MD,
Damrolien S. Biofilm production and its correlation with
antibiogram among clinical isolates of uropathogenic
Escherichia coli. Int J Advances Med 2018; 5(3): 638-643.
https://doi.org/10.18203/2349-3933.ijam20182116
19. Tayal RA, Baveja SM, De AS. Analysis of biofilm
formation and antibiotic susceptibility pattern of
uropathogens in patients admitted in a tertiary care
hospital in India. Int J Health Allied Sci 2015; 4(4): 247252. https://doi.org/10.4103/2278-344X.167648
20. Wojnicz D, Tichaczek-Goska D. Effect of sub-minimum
inhibitory concentrations of ciprofloxacin, amikacin and
colistin on biofilm formation and virulence factors of
Escherichia coli planktonic and biofilm forms isolated
from human urine. Brazilian J Microbiol 2013; 44(1): 259265. https://doi.org/10.1590/S1517-83822013000100037
21. Hassan A, Usman J, KaleemF, Omair M, Khalid A, Iqbal
M. Evaluation of different detection methods of biofilm
formation in the clinical isolates. Brazilian J Infect Dis
2011; 15(4): 305-311.
https://doi.org/10.1590/S1413-86702011000400002
22. Deka N. Comparison of tissue culture plate method, tube
method and congo red agar method for the detection of

ISSN: 2456-8058

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

31

biofilm formation by coagulase negative staphylococcus
isolated from non-clinical isolates. Int J Curr Microbiol
Appl Sci 2014; 3(10): 810-815.
ISSN: 2319-7706.
Nosrati N, Jahromy SH, Karizi, SZ. Comparison of tissue
culture plate, congo red agar and tube methods for
evaluation of biofilm formation among uropathogenice.
coli isolates. Iranian J Med Microbiol 2017; 11(3): 49-58.
Triveni AG, Kumar MS, Manjunath C, Shivnnavar CT,
Gaddad SM. Biofilm formation by clinically isolated
Staphylococcus aureus from India. The J Infect Dev Count
2018; 12(12):1062-1066.
https://doi.org/10.3855/jidc.10671
Deotale VS, Attal R, Joshi S, Bankar N. Correlation
between biofilm formation and highly drug resistant
uropathogens (HDRU). Int J Cur Res Rev 2015; 7(2): 6165.
Sheriff R, Sheena A. Assessment of biofilm production in
clinically significant isolates of Staphylococcus
epidermidis and comparison of qualitative and quantitative
methods of biofilm production in a tertiary care hospital.
Int J Sci Study 2016; 4(6): 41-46.
https://doi.org/10.17354/ijss/2016/482
Ruchi T, Sujata B, Anuradha D. Comparison of
phenotypic methods for the detection of biofilm
production in uropathogens in a tertiary care hospital in
India. Int J Curr Micro App Sci 2015; 4(9): 840-849.
Tiwari G, Arora DR, Mishra B, Dogra V. Comparative
evaluation of methods used for detection of biofilm
production. Nat J Inte Res Medicine 2017: 8(5): 1-8.
Osungunna MO, Onawunmi GO. Antibiotic resistance
profiles of biofilm-forming bacteria associated with urine
and urinary catheters in a tertiary hospital in Ile-Ife,
Nigeria. Southern African J Infect Dis 2018; 33(3): 80–85.
https://doi.org/10.1080/23120053.2018.1442192
Rewatkar AR, Wadher BJ. Staphylococcus aureus and
Pseudomonas aeruginosa- biofilm formation methods. J
Pharm Bioll Sci 2013; 8(5): 36-40.
https://doi.org/10.9790/3008-0853640
Bhardwaj A, Kharkwal AC, Singh VA. A comparative
appraisal of detection of biofilm production caused by
uropathogenic Escherichia coli in tropical catheterized
patients by three different methods. Asian J Pharm 2018;
12(4): 1445-1450.https://doi.org/10.22377/ajp.v12i04.2949
Manandhar S, Singh V, Varma A, Pandey S, Shrivastava
N. Biofilm producing clinical Staphylococcus aureus
isolates augmented prevalence of antibiotic resistant cases
in tertiary care hospitals of Nepal, Front Micro 2018;
9(2749): 1-9.https://doi.org/10.3389/fmicb.2018.02749
Sudheendra KR, Basavaraj PV. Analysis of antibiotic
sensitivity profile of biofilm-forming uropathogenic
Escherichia coli. J Nat Sci Bio Med 2018; 9: 1759.https://doi.org/10.4103/jnsbm.JNSBM_209_17
Edrees WH. Antibacterial susceptibility and sider Honey
activity against isolated bacteria from wound patients
attending at Al-Gmohori hospital in Hajja City, Yemen.
Al-RaziUniv J Med Sci 2021: 5 (2):1
Edrees HW, Anbar AA. Prevalence and antibacterial
susceptibility of bacterial uropathogens isolated from
pregnant women in Sana'a, Yemen. PSM Biol Res 2020:
5(4): 157-165.
Risal G, Shrestha A, Kunwar S, et al. Detection of biofilm
formation by Escherichia coli with its antibiogram profile.
Int J Comm Med Pub Health 2018; 5(9): 3771-3775.
https://doi.org/10.18203/2394-6040.ijcmph20183562
Shrestha B, Shrestha B, Poudel A, Lekhak B, Upreti MK.
In-vitro biofilm detection among uropathogens and their
antibiogram profile. Tribhuvan Univ J Microbiol 2018;
5(1): 57-62. https://doi.org/10.3126/tujm.v5i0.22313

CODEN (USA): UJPRA3

