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Abstract

Background The high levels of antimicrobial consumption in hospitals contribute to the occurrence of antimicrobial
resistant bacteria. Antimicrobial resistant bacteria and sub-lethal concentrations of antimicrobial metabolites can end
up in hospital wastewater which can spread to the environment and to the community. However, information on the
resistance profile of bacteria isolated from environments is not well studied. Thus, the main aim of this study was to
determine the antibiotic resistance profile of bacteria from hospital wastewater in Bahir Dar City, Northwest Ethiopia.

Method A total of 70 hospital wastewater samples were collected from two comprehensive specialized hospitals
using a grab-sampling technique. Bacteria were identified using colony morphology, Gram staining, and biochemical
tests. The drug susceptibility test was performed using the Kirby-Bauer disc diffusion method on Muller-Hinton agar.

Result The most dominant bacterial isolates from hospital wastewater were Staphylococcus aureus (S. aureus),
Escherichia coli (E. coli), Citrobacter spp., Acinetobacter spp., Enterobacter spp., Klebsiella pneumoniae (K. pneumoniae),
and Pseudomonas aeruginosa (P. aeruginosa). All K. pneumoniae and 52.4% (11/21) E. coli were resistant to ceftazidime
(third-generation cephalosporin), while Citrobacter spp., Acinetobacter spp., and Enterobacter spp., were susceptible
to ceftazidime. Likewise, S. aureus revealed 64% (16/25) resistance to erythromycin. Overall, 22.2% of bacterial isolates
were multidrug resistant bacteria to the commonly prescribed antimicrobials.

Conclusion Hospital waste waters contain high prevalence of multiple drug-resistant bacteria, particularly the
third-generation cephalosporin resistant K. pneumoniae and E. coli would be a big concern. Infection prevention and
control practices with proper treatment of hospital wastewater before discharging should be in practice to contain
the spread of drug-resistant bacteria from hospital to external environment.
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Background

Antimicrobial resistance (AMR) represents one of the
most pressing global health challenges in the healthcare
system [1]. The widespread use of antibiotics in clinical
settings has led to the emergence and dissemination of
resistant bacterial strains, posing severe threats to pub-
lic health and healthcare systems [2]. The emergence and
spread of AMR are global health concerns significantly
driven by the misuse or overuse of antibiotics, as intro-
ducing sub-lethal doses into the environment can accel-
erate the development of resistance in hospital settings
[3].

An estimated 40—60 L of water per day for every inpa-
tient, leading to a significant amount of wastewater pro-
duction influenced by factors such as the number of beds,
facility type, services provided, and on-site management
capacities [4]. Hospital wastewater (HWW), generated
from healthcare facilities, encompasses various areas like
patient rooms, surgery rooms, laboratories, and disposal
of pharmaceutical waste, along with wastewater from
administrative units, laundries, kitchens, and other hos-
pital departments [5, 6]. If not properly treated, HWW
can release antimicrobial resistant bacteria (ARB) into
municipal sewage systems, rivers, and other water bod-
ies, thereby disseminating resistance traits into the envi-
ronment and human populations [7].

Hospital wastewater, a critical yet often overlooked
component in the spread of AMR, serves as a signifi-
cant reservoir and conduit for antimicrobial-resistant
bacteria (ARB) [8]. Hospital wastewater is a hotspot for
ARB due to its high concentration of antibiotics and
other pharmaceuticals, which significantly contribute for
development of antimicrobial resistant pathogenic bac-
teria, and spreading infections globally [9, 10]. Introduc-
ing sub-lethal metabolites of antibiotics into wastewater
can accelerate AMR development in hospitals. Hence,
hospital wastewater can function as a significant route
for antibiotics to enter the environment, containing vari-
ous biological substances including human wastes with
unmetabolized antimicrobials [11]. Hospital wastewa-
ter harbors various pathogenic bacteria such as E. coli,
P aeruginosa, and Enterococcus spp., originating from
patients, healthcare workers, or contaminated medi-
cal equipment [12]. Hospital wastewater is a significant
global source of AMR development in pathogenic bacte-
ria according to reports of the World Health Organiza-
tion (WHO) [13]. For instance, from hospital wastewater
a resistance rates of 30.1% in Pakistan [14], 31.3 to 33.3%
in Ethiopia were reported [15, 16].

Understanding the resistance profiles of bacteria in
wastewaters is crucial for developing targeted strate-
gies to reduce the environmental influence of AMR
[17]. Despite notable advancements, critical gaps per-
sist to have a comprehensive information about AMR in
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hospital wastewaters because several studies have con-
centrated on specific regions, leaving disparities in the
comprehension of AMR dynamics across diverse geo-
graphic locations including developing countries like
Ethiopia. Data on AMR bacteria from hospital waste-
water are limited in developing countries including
Ethiopia. Furthermore, it was hypothesized that the anti-
biotic-resistant bacteria profile from hospital wastewa-
ter might reflect the magnitude of AMR in hospitals and
their infection prevention efficiency. Thus, the principal
aim of this research was to determine the antimicrobial
resistance profiles of bacteria from hospital wastewaters
in Tibebe Ghion Specialized Hospital and Felege Hiwot
Comprehensive Specialized Hospital in Bahir Dar City,
Northwest Ethiopia.

Methods

Study setting

A cross-sectional study was conducted in Bahir Dar City,
Northwest Ethiopia, from May 19 to June 24, 2023. The
study was conducted in two government specialized hos-
pitals (Felege Hiwot Comprehensive Specialized Hospital
and Tibebe Ghion Specialized Hospital). These hospitals
were chosen because of their extensive instrumenta-
tion, diverse medical services, higher bed capacity, large
patient volume, and comprehensive waste management
systems.

Wastewater sample collection

A total of 70 hospital wastewater samples (40 from
FHCSH and 30 from TGSH) were collected from seven
medical units or wards such as gynecology, pediatrics,
clinical laboratory, medical ward, pharmacy services,
ophthalmology, and surgery. A “grab sampling technique”
was used to collect representative samples following
the guidelines of the Environment Protection Authority
(EPA) [18] and the American Public Health Association
(APHA) [19]. At each hospital, the covers of the man-
holes were carefully lifted, and 50 ml wastewater samples
were taken into sterile plastic containers. Samples were
collected twice a day, in the morning at 10:00 A.M and
in the afternoon 2:00 PM within 4-hour interval. The
samples were collected near the center of the flow chan-
nel, at approximately 10 to 15 cm of water depth. All
samples were collected manually and transported with a
cold chain within two hours into the Microbiology Labo-
ratory in the College of Medicine and Health Sciences,
Bahir Dar University (Ethiopia). Samples were stored in a
refrigerator at 4 °C until they are processed.

Bacterial identification

Samples were thoroughly shaken to get a homogeneous
mixture, and 10-fold serial dilution were prepared using
0.85% sodium chloride. Then, 0.1 ml of sample was
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streaked onto blood agar (Blood agar base, HiMedia,
India, with 5% sheep blood) using a sterile inoculat-
ing loop, and incubated at 37 °C in atmosphere for 24 h.
After that, each bacterial colony with different morphol-
ogies and colors were further sub-cultured onto selective
media such as Mannitol salt agar (MSA) for S. aureus
and MacConkey agar (Oxoid, UK). From MSA colonies,
S. aureus was identified using gram staining, catalase
positive and coagulase-positive tests. For Gram nega-
tive bacteria the pure colonies of suspected bacteria were
identified at the species level using biochemical tests.
Biochemical tests such as sugar fermentation, hydro-
gen sulfide (H,S) and gas production, citrate utilization,
motility tests, indole production, urease, oxidase, cata-
lase, and coagulase tests were used for identification [20].

Antibiotic susceptibility testing

Antimicrobial susceptibility testing was performed
using the Kirby Bauer disk diffusion method based on
the guidelines of the Clinical and Laboratory Standards
Institute (CLSI) [20]. The tested antimicrobials were
erythromycin (15 pg), trimethoprim/sulfamethoxazole
(25 pg), ampicillin (10 pg), cefoxitin (30 pg), ceftazidime
(30 pg), chloramphenicol (30 pg), and tetracycline (30 pg)
(Abtek, UK). A suspension of 3-5 distinct colonies from
each isolate was prepared in 5 ml of normal saline, stan-
dardized to match 0.5 McFarland standards, and subse-
quently inoculated onto Mueller Hinton agar (Condalab,
Madrid, Spain). After inoculation, antibiotic discs were
placed 25 mm apart from each other and 15 mm from the
edge of the petri dish, followed by incubation in a nor-
mal atmospheric temperature at 37 °C for 18—24 h. The
diameter of the inhibition zones around the discs was
measured using a ruler and interpreted according to the
CLSI guideline [20]. Isolates exhibiting non-susceptibility
to at least one agent in three or more antibiotic categories
were classified as multi-drug resistant (MDR) [21].

Quality control

Data qualities were ensured by adhering to standard pro-
cedures at each study step. Wastewater specimens were
collected after sterilizing the manhole with alcohol to
prevent contamination. Aseptic techniques were used
during sample processing within Biosafety Level 2 cabi-
nets. The sterility of the culture media was verified using
indicator tape by incubating 3—5% of each media batch at
37 °C for 24 h. Furthermore, to check the performance of
bacterial culture media, and potency of the antimicrobial
discs, American Type Culture Collection (ATCC) stan-
dard reference strains of S. aureus (ATCC 29213), and E.
coli (ATCC 25922) were used [20].
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Data analysis

Data were entered and analyzed using the Statistical
Package for the Social Sciences (SPSS) version 27 (IBM
Corporation, Armonk, NY, USA). The frequency and
percentages of isolates and the antibiotic susceptibility
patterns of the isolated bacteria were calculated.

Results

Distribution of bacterial isolates from hospital wastewater
A total of seven different bacterial species were identified
from hospital wastewater. The most frequently isolated
bacterium was S. aureus followed by E. coli, Citrobacter
spp., and Acinetobacter spp., (Fig. 1). The highest pro-
portions of bacterial isolates were found from gynecol-
ogy ward followed by pediatric ward (Table 1). From the
pediatric ward, S. aureus (76.9%) and E. coli (53.8%) were
the most frequent. These isolates were also predominant
in the gynecology ward. Additionally, Enterobacter spe-
cies were among the predominant bacteria isolated from
the gynecology ward, comprising 35.3% of the isolates.

Antimicrobial resistance profiles

Bacterial isolates from hospital wastewater exhibited dif-
ferent levels of antimicrobial resistance. All (100%) K.
pneumoniae and 52.4% of E. coli were resistant to the
third-generation cephalosporin (ceftazidime). E. coli
also showed 52.4% of resistance level to tetracycline. S.
aureus demonstrated 64% resistance to erythromycin.
The detailed resistance profiles of all bacterial isolates
are depicted (Table 2). Overall, 22.2% of bacterial isolates
from hospital wastewater were MDR (Table 3). Amon
these, S. aureus was the most prevalent MDR followed by
E. coli and K. pneumoniae. These isolates were resistant
to at least three and up to five categories of antimicrobial
agents (Table 3).

Discussion

The presence of antimicrobial resistant bacteria from
hospital wastewaters showed the spreading of AMR
bacteria into the environmental through wastewater.
Additionally, the results the present study highlight the
importance of infection control measures within hospi-
tals and the prudent antibiotic use to curb the spread of
antibacterial resistant bacteria. This finding advocates for
the implementation of disinfection of wastewater before
discharging to the disposal systems.

The isolated bacteria in hospital wastewater are consis-
tent with previous studies conducted in Ethiopia [15, 22]
and in Pakistan [23]. Similarly, a study in Addis Ababa
(Ethiopia) reported that E. coli and K. pneumoniae, were
more frequently isolated bacteria [24]. These variations
might be due to differences in study period, strategies
of the wastewater disposal system and differences in
approaches to infection prevention and control measures.
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Fig. 1 Proportion of bacterial isolates from hospital waste waters in Bahir Dar city in 2023

Table 1 Distribution of bacterial isolates in hospital wastewater from different wards in Bahir Dar City in 2023
Wards/units Bacterial isolates n (%)

S. aureus E. coli Citrobacter Spp., Acinetobacter Spp., Enterobacter Spp., K. pneumoniae P. aeruginosa

Gyni (n=17) 5(294) 6(35.3) 3(17.6) 4(235) 6(35.3) 1(5.9) 3(17.6)

Pedi (n=13) 10 (76.9) 7(53.8) 3(23) 3(23) - 1(7.7) 1(7.7)

Lab (n=11) 2(182) 3(27.3) 2(182) 3(27.3) 2(182) 2(182) 109.1)

Med (n=9) 2(22.2) 3(333) 3(333) 2(222) - 1001.1) 1001.1)
Sur(n=11) 4(36.4) 2(18.2) 2(18.2) 2(182) - -

Phar (n=6) 2(333) - 2(333) - 1(16.7) 2(333) -

Opt (n=3) - - - 1(33.3) 1(33.3) - -

Total 25(35.7) 21(30) 15(21.4) 13(18.6) 12(17.1) 7(10) 6 (8.6)

Key: Gyni: Gynecology ward, Pedi: Pediatrics ward, Lab: Laboratory unit, Med: Medical ward, Sur: Surgical ward, Phar: Pharmacy unit, Opt: Ophthalmology ward
and - =noisolates found

Table 2 Antimicrobial resistance bacteria from hospital waste waters in Bahir Dar City in 2023

Bacteria isolated Antibiotics tested, n (%) resistance

AMP CHL TTC TSX ERY CAZ CXT
S.aureus (n=25) - 1(4) 11 (44) 6 (24) 16 (64) 14) 13(52)
E.coli(n=21) 9(42.9) 1(4.8) 11(524) 5(23.8) - 11(524) 10 (47.6)
K. pneumoniae (n=7) 4(57.1) 1(14.3) 1(14.3) 1(14.3) - 7 (100) 1(14.3)
P aeruginosa (n=6) 2(333) 2(333) - 1(16.7) - 1(16.7) 2(333)
Citrobacterspp., (n=15) 3(20) - 3(20) 2(133) - -
Acinetobacterspp., (n=13) 5(38.5) 1(7.7) 3(23.1) - - -
Enterobacterspp., (n=12) 3(25) 1(8.3) 541.7) - - -

Key: - = not tested, AMP=ampicillin, CHL=chloramphenicol, TTC=tetracycline, TSX=trimethoprim/sulfamethoxazole, ERY=erythromycin, CAZ=ceftazidime and
CXT=cefoxitin

Regarding antimicrobial resistance, the isolated bacte- ~ Addis Ababa governmental hospitals wastewater 43.3%
ria showed high levels of antimicrobial resistance against  of E. coli was resistant to ceftriaxone [24]. This might be
commonly prescribed drugs. For instance, all K. pneu-  due to the production of extended-spectrum beta-lacta-
moniae and above 50% of E. coli were resistant to third mases (ESBLs) in E. coli and K. pneumoniae [25] related
generation cephalosporin (ceftazidime). Likewise, in  to high consumption the third-generation cephalosporins
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Table 3 Multi-drug-resistant bacteria from hospital waste water in Bahir Dar City in 2023
Bacteria Resistance antibiotic combinations No of antibiotic category Frequency MDR
n (%) n (%)
E.coli(n=21) AMP, SXT, CXT, CHL, TTC, CAZ 5 1(4.8) 7(33.3)
AMP, SXT, CXT, TTC, CAZ 4 1(4.8)
AMP, TTC, CAZ 3 1(4.8)
AMP, CXT, TTC, CAZ 3 4(19.0)
S.aureus (n=25) SXT, CXT, CHL, TTC 4 5(20) 9(36)
ERY, SXT, CXT 3 4(16)
K. pneumoniae (n=7) AMP, SXT, CXT, CHL, CAZ 4 1(14.3) 2(286)
AMP, TTC, CAZ 3 1(14.3)
Citrobacter spp., (n=15) AMP, SXT, TTC 3 2(13.3) 2(133)
Enterobacter spp.,, (n=12) AMP, ERY, TTC 3 2(16.7) 2(16.7)
Total 22(22.2)

Key: AMP =ampicillin, CHL=chloramphenicol, ERY=erythromycin, TTC=tetracycline, CXT=cefoxitin, CAZ=ceftazidime and SXT=trimethoprime/sulfamethoxazole

in the study area. It was also reported that in China, K.
pneumoniae had the highest resistance against third gen-
eration cephalosporin (ceftazidime) [4].

This can indicate the inappropriate disposal of antimi-
crobials or a lack of awareness about the proper use of
antimicrobials [26]. Moreover, it might be due to intro-
ducing of sub-lethal doses of antibiotics used in hospi-
tals into the environment, which could exert selective
pressure to the susceptible bacteria in the environment.
Thus, hospital wastewater contributes to the spread of
antibiotic-resistant bacteria in the hospital environment.
The increased level of S. aureus resistance to erythromy-
cin can indicate the frequent uses of erythromycin. Simi-
larly, high levels of erythromycin resistant S. aureus were
reported in Ethiopia and Africa [27].

The significant number of bacteria from hospital waste-
water demonstrated multiple drug resistance (MDR)
against commonly used antibiotics. Namely, S. aureus,
E. coli, K. pneumoniae and Citrobacter spp., were com-
mon bacteria showing MDR. Overall, 22.2% of hospital
wastewater bacteria showed multidrug resistance. This
is comparable with other previous studies conducted in
Ethiopia, which reported 29.5-33.3% MDR bacteria [16,
27], and 30.1% in Pakistan [14]. However, higher levels
of MDR bacteria (above 90% of MDR) were reported in
other parts of the world such as Nigeria [28], China [4],
and Nepal [29].

Limitation of the study

The limitation of this was that antimicrobial resistant
bacteria were determined by phenotypic methods and
unable to perform Minimum Inhibition Concentration
(MIC) for better assessment of Microbial susceptibil-
ity tests. Limited numbers of antimicrobial agents were
tested against the isolated bacteria because some of them
were not available during the study period. Moreover,
this study would provide comprehensive information if

private hospital wastewaters had been included in Bahir
Dar City.

Conclusion

This study highlights the high magnitude of antibacte-
rial resistant bacteria in hospital wastewater, notably
the third-generation cephalosporin resistant bacteria
K. pneumoniae and E. coli. Hospital wastewater bacte-
ria showed resistance to multiple classes of antibiotics
(MDR). Thus, measures are needed to enhance antimi-
crobial stewardship, infection prevention and control to
contain the spread of antibacterial resistant bacteria.

Recommendation

The presence of high MDR bacteria in hospital waste-
water may impose public health challenges because they
can transmit resistance traits to other enteric pathogenic
bacteria in the community. Thus, wastewater effluents
must be disinfected to minimize the microbial burden at
each respective ward or unit. A further study is needed
to assess factors that could be associated with bacterial
contamination of the sewage system.

Abbreviations

AMR Antimicrobial resistance

ARB Antibiotic resistant bacteria

CLSI Clinical and laboratory standards institute

FHCSH  Felege Hiwot comprehensive specialized hospital
HWW Hospital wastewater

MDR Multiple drug resistance

TGSTH  Tibebe Ghion specialized teaching hospital

Acknowledgements

The authors acknowledge Bahir Dar University for funding this work. We
extend our heartfelt gratitude to Amhara Public Health Institute healthcare
professionals for material and professional support throughout the study.

Author contributions

Kirubel Endalamaw conceptualized, designed, analyzed, and interpreted the
study, and also prepared the manuscript. Bayeh Abera and Senait Tadesse
involved in conceptualization and designing the study provided supervision
through critical review of the overall process of the study and participated
in the manuscript preparation. Destaw Kebede, Zelalem Asmare, and



Endalamaw et al. BMC Microbiology (2024) 24:525

Mulat Erkihun contributed to the technical laboratory work and involved
in the manuscript preparation. All authors reviewed and approved the final
manuscript for publication.

Funding
This research work was funded by Bahir Dar University. The funder has no role
in this research work other than the fund.

Data availability
All data generated or analyzed during this study are included in this
manuscript.

Declarations

Ethical considerations

Ethical approval was obtained from the institutional review board of the
College of Medicine and Health Science, Bahir Dar University (Protocol
number 746/2023), and permission was also obtained from FHCSH and
TGSTH. Written informed consent from specialized hospitals was obtained
after explaining the purpose and benefits of the study and the confidentiality
of the information in the study. The names of hospitals were anonymized
and coded before being stored in a locked cabinet and documented on a
password-protected personal computer to ensure the confidentiality of the
results.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 8 June 2024 / Accepted: 8 December 2024
Published online: 19 December 2024

References

1. Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial resistance: a global multifac-
eted phenomenon. Pathog Glob Health. 2015;109(7):30918. https://doi.org/1
0.1179/2047773215Y.0000000030

2. Ferri M, Ranucci E, Romagnoli P, Giaccone V. Antimicrobial resistance: a
global emerging threat to public health systems. Crit Rev Food Sci Nutr.
2017;57(13):2857-76. https://doi.org/10.1080/10408398.2015.1077192

3. Hocquet D, Muller A, Bertrand X. What happens in hospitals does not stay in
hospitals: antibiotic-resistant bacteria in hospital wastewater systems. J Hosp
Infect. 2016;93(4):395-402. https://doi.org/10.1016/}jhin.2016.01.010

4. Zhangl,MaX, Luo L, Hu N, Duan J, Tang Z, et al. The prevalence and charac-
terization of extended-spectrum 3-lactamase-and carbapenemase-produc-
ing bacteria from hospital sewage, treated effluents and receiving rivers. Int J
Environ Res Public Health. 2020;17(4):1183. https://doi.org/10.3390/ijerph170
41183

5. Ajala OJ, Tijani JO, Salau RB, Abdulkareem AS, Aremu O. A review of emerging
micro-pollutants in hospital wastewater: environmental fate and remediation
options. RESULTS ENG. 2022;16:100671. https://doi.org/10.1016/j.rineng.2022.
100671

6. Fekadu S, Merid Y, Beyene H, Teshome W, Gebre-Selassie S. Assessment of
antibiotic-and disinfectant-resistant bacteria in hospital wastewater, south
Ethiopia: a cross-sectional study. J Infect Dev Ctries. 2015;9(02):149-56. https:/
/doi.org/10.3855/jidc.4808

7. Korzeniewska E, Harnisz M. Sources, occurrence, and environmental risk
assessment of antibiotics and antimicrobial-resistant bacteria in aquatic
environments of Poland. Pol River Basins Lakes—Part Il:Biological Status Water
Manage. 2020;179-93. https://doi.org/10.1007/978-3-030-12139-6_9

8. Bansal O. Antibiotics in hospital effluents and their impact on the antibiotics
resistant bacteria and remediation of the antibiotics: a review. Netw Pharma-
col. 2019;4(3-4):6-30.

9. LeT-H,NgC, Chen H,Yi XZ, Koh TH, Barkham TMS, et al. Occurrences and
characterization of antibiotic-resistant bacteria and genetic determinants
of hospital wastewater in a tropical country. Antimicrob Agents Chemother.
2016,60(12):7449-56. https://doi.org/10.1128/aac.01556-16

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 6 of 7

Khawaja T, Kirveskari J, Johansson S, Vdisanen J, Djupsjébacka A, Nevalainen
A, et al. Patients hospitalized abroad as importers of multiresistant bacteria—
a cross-sectional study. Clin Microbiol Infect. 2017;23(9):e6731-8. https://doi.
0rg/10.1016/j.cmi.2017.02.003

Finley RL, Collignon P, Larsson DJ, McEwen SA, Li X-Z, Gaze WH, et al. The
scourge of antibiotic resistance: the important role of the environment. Clin
Infect Dis. 2013;57(5):704-10. https://doi.org/10.1093/cid/cit355

Selvarajan R, Sibanda T, Pandian J, Mearns K. Taxonomic and functional
distribution of bacterial communities in domestic and hospital wastewa-

ter system: implications for public and environmental health. Antibiotics.
2021;10(9):1059. https://doi.org/10.3390/antibiotics 10091059

World Health Organization (WHO). Global Antimicrobial Resistance Surveil-
lance System (GLASS): guide to completing the GLASS implementation
questionnaire. Geneva: World Health Organization; 2016.

Cantoén R, Horcajada JP, Oliver A, Garbajosa PR, Vila J. Inappropriate use of
antibiotics in hospitals: the complex relationship between antibiotic use and
antimicrobial resistance. Enferm Infecc Microbiol Clin. 2013;31:3-11. https://d
0i.0rg/10.1016/50213-005X(13)70126-5

Mekengo BM, Hussein S, Ali MM. Distribution and antimicrobial resistance
profile of bacteria recovered from sewage system of health institutions found
in Hawassa, Sidama Regional State, Ethiopia:a descriptive study. SAGE Open
Med. 2021;9:20503121211039097. https://doi.org/10.1177/205031212110390
97

Regasa Dadi B, Girma E, Tesfaye M, Seid M. Assessment of the bacteriological
profile and antibiotic susceptibility patterns of wastewater in health facilities
of Ethiopia. Int J Microbiol. 2021;2021(1):9969479. https://doi.org/10.1155/20
21/9969479

Nguyen AQ, Vu HP, Nguyen LN, Wang Q, Djordjevic SP, Donner E, et al. Moni-
toring antibiotic resistance genes in wastewater treatment: current strategies
and future challenges. Sci Total Environ. 2021;783:146964. https://doi.org/10.1
016/j.scitotenv.2021.146964

Duncan AE, Adokoh C, Osei-Marfo M, Barnie S, Sakyi AG, Adjei J. Analysis and
risk assessment of pharmaceutical residues in fish from three water bodies in
GhanaJ. Water Health. 2023;21(11):1703-15. https://doi.org/10.26481/dis.201
91022ad

Rice EW, Bridgewater L, Association APH. Standard methods for the examina-
tion of water and wastewater: American public health association Washing-
ton, DC; 2012.

Clinical Laboratory of Standard Institute (CLSI). Performance standard for anti-
microbial susceptibility testing for streptococci spp beta -hemolytic bacteria.
29th edition, CLSI guideline. CLSI Standard M100- Wayne. 2022,32(1):1-78.
Magiorakos A-P, Srinivasan A, Carey RB, CarmeliY, Falagas M, Giske C, et

al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim standard definitions for
acquired resistance. Clin Microbiol Infect. 2012;18(3):268-81. https://doi.org/1
0.1111/}.1469-0691.2011.03570.x

Asfaw T, Negash L, Kahsay A, Weldu Y. Antibiotic resistant bacteria from
treated and untreated hospital wastewater at Ayder Referral Hospital,
Mekelle, North Ethiopia. Adv Microbiol. 2017;7(12):871-86. https://doi.org/10.
4236/aim.2017.712067

Shahzad A, Mian AH, Ul hag |, Khan MA, Matiullah, Ali K, et al. The emergence
of different bacterial pathogens in hospital wastewater samples and their
antibiotic resistance pattern. Mater Circular Econ. 2021;3:1-8. https://doi.org/
10.1007/542824-021-00046-y

Kebede AA, Bedada TL, Teklu DS, Beyene D, Tullu KD. Occurrence and
anti-microbial susceptibility pattern of extended spectrum beta-lactamase
producing Enterobacteriaceae in governmental hospitals wastewater in
Addis Ababa. Ethiopia Trop Med Int Health. 2022;50(1):57. https://doi.org/10.1
186/541182-022-00437-0

Khanfar HS, Bindayna KM, Senok AC, Botta GA. Extended spectrum beta-
lactamases (ESBL) in Escherichia coli and Klebsiella pneumoniae: trends in

the hospital and community settings. J Infect Dev Ctries. 2009;3(04):295-9.
https://doi.org/10.3855/jidc.127

Abera B, Kibret M, Mulu W. Knowledge and beliefs on antimicrobial resistance
among physicians and nurses in hospitals in Amhara Region, Ethiopia. BMC
Pharmacol Toxicol. 2014;15:1-7. https://doi.org/10.1186/2050-6511-15-26
Teshome A, Alemayehu T, Deriba W, Ayele Y. Antibiotic resistance profile of
bacteria isolated from wastewater systems in Eastern Ethiopia. J Environ
Public Health. 2020;2020(1):2796365. https://doi.org/10.1155/2020/2796365
Onuoha S. Isolation and characterization of multi-drug resistant bacterial
pathogens from hospital effluents, south eastern, Nigeria. World Appl Sci J.
2017;35(1):82-7. https://doi.org/10.5829/idosi.wasj.2017.82.87.


https://doi.org/10.1179/2047773215Y.0000000030
https://doi.org/10.1179/2047773215Y.0000000030
https://doi.org/10.1080/10408398.2015.1077192
https://doi.org/10.1016/j.jhin.2016.01.010
https://doi.org/10.3390/ijerph17041183
https://doi.org/10.3390/ijerph17041183
https://doi.org/10.1016/j.rineng.2022.100671
https://doi.org/10.1016/j.rineng.2022.100671
https://doi.org/10.3855/jidc.4808
https://doi.org/10.3855/jidc.4808
https://doi.org/10.1007/978-3-030-12139-6_9
https://doi.org/10.1128/aac.01556-16
https://doi.org/10.1016/j.cmi.2017.02.003
https://doi.org/10.1016/j.cmi.2017.02.003
https://doi.org/10.1093/cid/cit355
https://doi.org/10.3390/antibiotics10091059
https://doi.org/10.1016/S0213-005X(13)70126-5
https://doi.org/10.1016/S0213-005X(13)70126-5
https://doi.org/10.1177/20503121211039097
https://doi.org/10.1177/20503121211039097
https://doi.org/10.1155/2021/9969479
https://doi.org/10.1155/2021/9969479
https://doi.org/10.1016/j.scitotenv.2021.146964
https://doi.org/10.1016/j.scitotenv.2021.146964
https://doi.org/10.26481/dis.20191022ad
https://doi.org/10.26481/dis.20191022ad
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.4236/aim.2017.712067
https://doi.org/10.4236/aim.2017.712067
https://doi.org/10.1007/s42824-021-00046-y
https://doi.org/10.1007/s42824-021-00046-y
https://doi.org/10.1186/s41182-022-00437-0
https://doi.org/10.1186/s41182-022-00437-0
https://doi.org/10.3855/jidc.127
https://doi.org/10.1186/2050-6511-15-26
https://doi.org/10.1155/2020/2796365
https://doi.org/10.5829/idosi.wasj.2017.82.87

Endalamaw et al. BMC Microbiology (2024) 24:525 Page 7 of 7

29. Mahato S, Mahato A, Adhikari P. Extended-spectrum beta-lactamase- Publisher”
producing Enterobacteriaceae in effluents of different hospitals sewage in ublisher’s note

Biratnagar. Nepal Int J Environ. 2019,8(3):53-67. https/api.semanticscholaror  SPringer Nature remains neutral with regard to jurisdictional claims in
9/CorpusiD:241004476 published maps and institutional affiliations.


https://api.semanticscholar.org/CorpusID:241004476
https://api.semanticscholar.org/CorpusID:241004476

	﻿Antimicrobial resistance profile of bacteria from hospital wastewater at two specialized hospitals in Bahir Dar city, Ethiopia
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study setting
	﻿Wastewater sample collection
	﻿Bacterial identification
	﻿Antibiotic susceptibility testing
	﻿Quality control
	﻿Data analysis

	﻿Results
	﻿Distribution of bacterial isolates from hospital wastewater
	﻿Antimicrobial resistance profiles

	﻿Discussion
	﻿Limitation of the study

	﻿Conclusion
	﻿Recommendation
	﻿References


