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ABSTRACT: The emergence and spread of antibiotic resistance (ABR) have been a public health challenge globally. The burden is even higher
in low-income countries where there is a lack of appropriate healthcare systems, and inappropriate antibiotic disposal practices and utilization.
Due to poor solid waste disposal practices in developing nations, municipal solid waste dumpsite (MSWDS) can be a reservoir for ABR bacte-
ria. However, only a few studies demonstrated the prevalence of ABR in non-clinical environments such as MSWDS. This study assessed the
prevalence of ABR bacteria at Bahir Dar City MSWDS, to understand the public health risks related to poor solid waste disposal systems. Nine
soil samples were collected from the dumpsite. Bacteria were isolated, identified and tested for ABR. Seventy-one distinct colonies were isolated
from all samples and identified into 10 bacterial genera based on morphological features and biochemical tests. For ABR tests, gentamicin
(GN, 10ug), streptomycin (ST, 30 ug), tetracycline (TE, 30 ug), ciprofloxacin (CIP, 5ug), nalidixic acid (NAA, 30 ug), sulfonamide (SA, 250 ug),
chloramphenicol (C, 30ug), erythromycin (E, 15ug), vancomycin (V, 30 ng), and amoxicillin (AMX, 25ug) were used. The most frequently iso-
lated bacteria were Staphylococcus (23%) followed by Escherichia species (17%). Ten isolates related to Bacillus spp. were excluded from the
antibiotic sensitivity test as there is no standard regarding this genus in the Clinical and Laboratory Standards Institute. The overall antibiotic
résistance rate was 95.08%, and most isolates were found to be resistant to amoxicillin (100%), nalidixic acid (75.5%), and vancomycin (75%).
Substantial proportions of the isolates were also resistant to tetracycline (55.35%), streptomycin (54.5%), and sulfonamide (50%). The overall
multidrug resistance (MDR) rate was 36.06%. This high level of ABR calls for urgent intervention in waste management systems and regular

surveillance programs.
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Introduction

Antimicrobial resistance is one of the top 10 global public
health and development threats causing 1.27 million deaths
directly and contributing to 4.95million deaths indirectly
worldwide.3 Bacterial pathogens are among the leading path-
ogenic microorganisms and have been posing serious public
health problems by developing antibiotic resistance (ABR).13
The problem of antimicrobial resistance is aggravated by the
lack of interest by biotech companies in developing new antibi-
otics, as the pathogen will develop resistance to the new antibi-
otic sooner or later.* Continued efforts in the understanding of
the ecology and resistance patterns of bacteria are important in
tackling both the emergence and spread of antimicrobial resist-
ance as well as associated disease burden at the national and
global levels.” Most studies regarding the prevalence of ABR
give attention only to samples from health institutions, in clini-
cal environments.® Furthermore, studies on the natural
resistome or from non-clinical environments are considered to
be equally important.” There are thus few studies conducted
regarding the prevalence of ABR from non-clinical sources,
such as soil from any environment and waste dumpsite soils.

There is growing interest in the understanding of natural anti-
biotic resistome in non-clinical sources,!? which can serve as a
reservoir for resistance genes.1°

In general, ABR develops through natural processes that
lead to genetic changes in pathogens. The emergence and
spread of ABR are accelerated by human practices, mainly
inappropriate use of antimicrobials in humans, animals and
plants, and environmental contamination by improper disposal
of unused and expired antimicrobials and public wastes, animal
farms and pharmaceutical industries. 211,12

Several studies reported the presence of ABR in domestic
wastes.!31¢ These studies emphasized that continuous studies
are needed to get deep insights into the real impacts of ABR on
the public health system in non-clinical environments.
Municipal solid waste dumpsites (MSWDS) are among the
potential sources for the emergence of antibiotic-resistant
microorganisms.'1720 Mismanaged solid wastes may contain
several hazardous chemicals, pharmaceutical wastes, residual
antimicrobial agents and pathogenic microorganisms.?!-23
More importantly, untreated pharmaceutical wastes discharged
into the dumpsite can kill susceptible microorganisms.?* This
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Figure 1. Map of the study area, Bahir Dar City Municipal Solid Waste Dumpsite.

selection pressure favors the resistant bacteria to emerge, which
often results in mutations in the bacterial population.?+2¢ This
leads to a mass increase in antibiotic-resistant bacteria, as the
dumped pollutants will wipe out the competing susceptible
normal flora.?’” Horizontal gene transfer through various
mechanisms can also accelerate the spread of resistance to sus-
ceptible strains of bacteria.?® All of these processes can lead to
the emergence and dissemination of new antimicrobial resist-
ance variants with novel resistance mechanisms against various
classes of commonly used antimicrobial agents.?*

Recent studies have reported a high prevalence of patho-
genic bacteria from MSWDS.2%-33 Several ABR enteric bacte-
ria were identified from dumpsites by Mwaikono et al.3?
Furthermore, a study reported a large diversity of ABR from
waste dumpsite soil with both intrinsic and acquired resistance
mechanisms.3? A huge volume of solid waste is being generated
in municipalities of populated countries like Ethiopia. However,
limited research is available regarding the prevalence of antimi-
crobial-resistant bacteria from such solid waste dumpsites. The
rates and mechanisms of resistance are influenced by geo-
graphic variations.* The type of determinant factors for the
emergence of ABR within a locality vary greatly. The local abi-
otic and biotic factors and the types of waste generated vary
from place to place. Microbial proliferation thus depends on
several factors, such as local environmental conditions and
types and the amount of nutrients available at the site.
Therefore, the risks to public health from different wastes in
municipal dumpsites vary greatly.>> The prevalence of ABR

bacteria varies from location to location, and can also change
rapidly with time. As a result, ABR needs to be monitored and
managed in every potential site because of their public health
implications. Bahir Dar City MSWDS is among poorly man-
aged solid waste dumpsites in Ethiopia. The area could be a hot
spot for the emergence and subsequent spread of ABR traits to
the environment. This study thus aimed to investigate the
prevalence of ABR in Bahir Dar city MSWDS, with the view
of generating scientific information that can trigger immediate
preventive actions by the city administration and other con-
cerned bodies. The results of the emergence and potential
spread of ABR to humans from environmental sources can
inform policymakers to implement intervention strategies.

Methods
Study area description

This study was conducted in Bahir Dar City (northwest
Ethiopia), which is some 565km away from Addis Ababa (the
capital of Ethiopia). The study site, the main solid waste dis-
posal site in Bahir Dar city, is located between 11° 32" 23" to 11°
327 37” N latitude and 37° 23" 12” to 37° 23’ 24” E longitude
(Figure 1). It is situated at about 7km outskirts of the city at an
elevation of 1790 m above sea level and covers an area of about
22hectares. The area has a warm temperature with a mean
annual temperature of 13.5 to 27.7°C and a mean annual rain-
fall of about 1500 mm of which 54% of the fall is in July and
August when the rainfall can reach 250 to 300 mm per month.3¢
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A study by Tassie3” demonstrated that, daily, over 98 tons of
solid waste are being generated in Bahir Dar city.3” The author
added that the wastes proportionally constitute residential
(54%), commercial (24.2%), institutional (17%), and street
sweeping (3.56%) Generally, there is an unrestricted dumping
process in Bahir Dar City and due to that pharmaceutical drugs
can be observed scattered at the dumping.

Soil sample collection

As shown in Figure 1 above, the solid waste dump site has
roughly a triangular shape (a triangle cut at its tip). To get rep-
resentative samples, 3 sampling sites were systematically
selected along a symmetrical line of the height of the site
within Bahir Dar city MSWDS. After removing all surface
debris, the site was dug into 4 to 6 cm and soil samples (50g
from each site) were collected with a sterile spatula and placed
into sterilized zip-lock polythene bags. The collected soil sam-
ples were transported to Bahir Dar University, Microbiology
Laboratory in an icebox, and the culturing was begun immedi-
ately. A total of 9 soil samples were collected from a 3-round
sampling period every 2months for 6 months (in November

2020, February and May 2021).

Isolation and identification of bacteria

Isolation and purification of bacteria from soil samples of the
dumpsite were conducted using standard microbiological
methods.?® A serial dilution technique was used to isolate the
bacteria from the 9 soil samples. About 5g of soil sample from
each site was pooled to obtain 1 homogeneous sample. From
the mix, 1g of homogenized soil sample was mixed with 9 ml
of sterile normal saline solution (0.85% NaCl) and vortexed for
1 minute to make a homogenous suspension. From the suspen-
sion, tenfold serial dilution from the 10-> to 10-? was made in
20ml test tubes each containing 9 ml diluent and 0.1 ml of each
dilution was spread on nutrient agar (HiMedia, India). For
each dilution, triplicate plates were used and incubated at 28°C
for 24 to 48 hours in an inverted position. Morphologically dis-
tinct bacterial colonies were collected and purified on the same
medium by the streak plate method. The pure isolates were
maintained in nutrient broth (HiMedia, India) at 4°C for iden-
tification and antibiotic susceptibility test.

The isolates were first categorized based on Gram staining
(and cell shape) and their colony characteristics (color, shape,
size, margin, opacity, elevation, surface, texture), and further
identified using several biochemical tests as described in
Bergey’s Manual of Determinative Bacteriology.34° The bio-
chemical tests used include catalase, endospore, IMRiV (Indole,
Methyl red, Vogas-Proskaur, Citrate), starch Hydrolysis, ure-
ase, H,S, and gas production, fermentation of glucose, lactose,
sucrose or mannitol.

Various selective and/or differential media were also used
to distinguish among Gram-negative bacterial isolates.3%40

Isolates plated on Eosin-Methylene Blue Agar plate and
incubated for 24 hours at 37°C, and showed golden greenish
shiny color were taken as evidence for the presence of
Escherichia spp. Pseudomonas isolation agar, which is a selec-
tive medium, was used to isolate Pseudomonas spp. These spe-
cies are further characterized by using other tests (Additional
File 4). Salmonella Shigella (SS) Agar is a moderately selec-
tive and differential medium for the isolation, cultivation and
differentiation of Sa/monella spp. and some strains of Shige/la
spp. Accordingly, this medium inhibits most other bacteria
and favors the growth of Salmonella and Shigella spp.
Salmonella will not ferment lactose but produce hydrogen
sulfide (H,S) gas, and the colonies will appear colorless with
black centers. On the other hand, Shige//a do not ferment lac-
tose or produce hydrogen sulfide gas, thus colonies will be
colorless. In addition, Xylose Lysine Deoxycholate (XLD)
agar, which also selectively promotes the growth of Sa/monella
and Shigella by inhibiting other enteric pathogens, was used.
In most cases, red colonies with black centers indicate the
presence of Salmonella spp. A motility test was also used to
further differentiate Sa/monella from Shigella spp. as the latter
is non-motile.

Antimicrobial susceptibility test on bacterial isolates

After identifying the bacterial isolates, the standard Kirby-
Bauer et al’s disk diffusion method was carried out to determine
their antimicrobial resistance profiles following standard proce-
dures.*1%? Bacterial inoculum was prepared by suspending 4 to
5 morphologically identical colonies from each isolate in 5ml
nutrient broth (HiMedia, India) and incubated for 4hours at
37°C.The Clinical and Laboratory Standards Institute (CLSI)
recommends using bacteria with McFarland 0.5 turbidity to
prepare bacterial suspensions to a specified turbidity for antimi-
crobial testing. The bacterial suspension was compared with 0.5
McFarland turbidity standards, as it presents the number of
bacteria within a given range to standardize the testing. A
McFarland standard of 0.5 should have an ODyy, between
about 0.08 and 0.1, which is comparable to a bacterial suspen-
sion of 1.5 X 108 CFU/ml. After adjusting the turbidity, the sur-
face of the prepared Mueller Hinton Agar (MHA) medium
(containing (g/L): casein acid hydrolyzate (17.5), beef extracts
powder (2), starch (1.5), and agar (17)) (Accumix, India) was
evenly inoculated 3 times using a sterile cotton swab while
rotating the plate with the culture. The plates were left for 15 to
20 minutes at room temperature to let it dry.

The standard commercially available antibiotic disks used in
this study were gentamicin (GN, 10pg), streptomycin (ST,
30 pg), tetracycline (TE, 30 pg), ciprofloxacin (CIP, 5 pg), nali-
dixic acid (NAA, 30 pg), sulfonamide (SA, 250 pg), chloram-
phenicol (C, 30 ng), erythromycin (E, 15 pg), vancomycin (V,
30 pg), and amoxicillin (AMX, 25 pg) (Becton, Dickinson, and
Company, Sparks, Maryland, USA). The disks were aseptically
laid on the surface of the inoculated agar plates with proper
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spacing using sterile forceps and incubated at 37°C for 18 to
24 hours. The diameter of the inhibition zone around the disks
was measured to the nearest millimeter.

The breakpoints of enterobacteriales are recommended and
used for other members in this family such as Klebsiella,
Escherichia, Citrobacter, Salmonella, Shigella, and Proteus spe-
cies.®3 Similarly, the breakpoints of non-enterobacteriales, non-
fastidious, glucose non-fermenter, Gram-negative and bacilli
are recommended and used for Pseudomonas spp. except for
Pseudomonas aeruginosa. For routine quality control of antimi-
crobial susceptibility tests, Staphylococcus aureus (ATCC®
25923) and Escherichia coli (ATCC® 25922) strains were used.

Data analysis and interpretation

Descriptive statistics, such as means and standard deviation are
used to present the data. The antimicrobial susceptibility pro-
files of the bacterial isolates are reported as susceptible or sensi-
tive (S), intermediary resistant (I), or resistant (R) according to
the annually published microbiological breakpoints by the
CLSI.*® The prevalence of multidrug resistance (MDR) iso-
lates is also determined. MDR is when antimicrobial resistance
is shown by a species of microorganism to at least 1 antimicro-
bial drug in 3 or more antimicrobial categories.**

Results
Isolation and identification of bacteria

In this study, 71 distinct bacterial colonies were isolated and
identified based on colony morphology, Gram test and a
series of other biochemical tests (Additional File 4). Ten iso-
lates related to Bacillus spp. were excluded from antibiotic
sensitivity testing since there are no standards set in CLSI.

Numerically, half of the isolates (37/71) were Gram-negative

and identified to 7 genera, while Gram-positive isolates were
identified to 3 genera (Additional File 1). Isolates related to
Staphylococcus spp. (23%) were most commonly encountered
followed by Escherichia spp. (17%), Bacillus spp. (14%),
Pseudomonas and Enterococcus spp. (11% each), Salmonella spp.
(9%), Klebsiella spp. (7%), and other 3 species (8%) in that
order (Figure 2).

Antimicrobial susceptibility profiles of the isolates
As shown in Table 1 and Additional File 2, all the tested

isolates were resistant to amoxicillin followed by nalidixic

acid (75.5%), vancomycin (75%), tetracycline (55.35%),

Kilebsiella spp.
0,

8%

Figure 2. The relative proportion of bacteria isolated from Bahir Dar city
MSWDS, Ethiopia.

Table 1. Antimicrobial susceptibility profiles of bacterial isolates recovered from Bahir Dar city SWDS, Ethiopia.

STANDARD ANTIBIOTIC

NO. OF ISOLATES

NO. OF RESISTANT

NO. OF INTERMEDIARY
RESISTANT ISOLATES (%)

NO. OF SENSITIVE
ISOLATES (%)

DISKS TESTED TESTED ISOLATES (%)
AMX (25 ug) 26 26 (100)
VA (30g) 8 6 (75)
NAA (30 g) 45 34 (75.5)
SA (250pg) 24 12 (50)
TE (304g) 56 31 (55.35)
ST (30yg) 22 12 (54.5)
GN (10pg) 63 4(6.3)
C (30ug) 61 2(2.8)
CIP (5pg) 71 2(2.8)
E (15ug) 1 0(0)

0 0

1 1

3(6.7) 8 (17.8)

3(12.5) 9 (37.5)

6 (10.7) 19 (33.9)

4 (18.18) 6 (27.27)
19 (30.16) 40 (63.49)
14 (19.72) 45 (73.77)
10 (14.08) 59 (83.1)

1(9.09) 10 (90.91)

Abbreviations: AMX, amoxicillin; C, chloramphenicol; CIP, ciprofloxacin; E, erythromycin; GN, gentamicin; NAA, nalidixic acid; SA, sulfonamide; ST, streptomycin; TE,

tetracycline; VA, vancomycin.
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Table 2. The proportion of multidrug resistant bacterial isolates recovered from Bahir Dar city MSWDS, Ethiopia.

ISOLATES RELATED TO FREQUENCY (%) FREQUENCY OF FREQUENCY OF RESISTANCE ISOLATES AT

LEAST TO 1 ANTIBIOTIC (%)

MDR ISOLATES (%)

Staphylococcus spp. 16 (22.5) 0 14 (87.5)
Escherichia spp. 12 (16.9) 9 (75) 12 (100)
Pseudomonas spp. 8 (11.3) 4 (50) 8 (100)
Klebsiella spp. 5(7) 3 (60) 5 (100)
Enterococcus spp. 8 (11.3) 3 (37.5) 8 (100)
Salmonella spp. 6 (8.5) 1(16.7) 6 (100)
Shigella spp. 2(2.8) 1 (50) 2 (100)
Proteus spp. 2(2.8) 0 1 (50)
Citrobacter spp. 2(2.8) 1 (50) 2 (100)
Total no. of isolates 61 22 (36.06) 58 (95.08)

Abbreviation: MDR, multi drug resistance.

streptomycin (54.5%), and sulfonamide (50%) in that order.
On the other hand, large proportions of the isolates were
sensitive to ciprofloxacin (83.1%), chloramphenicol (73.7%),
and gentamicin (63.5%) (Table 1).

In this study, the overall antibiotic resistance rate was
95.08%. All isolates were resistant to at least 1 antibiotic, except
2 isolates related to Staphylococcus spp. and 1 isolate related to
Proteus spp. Further, the overall multidrug resistance (MDR)
rate was 36.06%, and a high rate of MDR was demonstrated
among isolates related to Escherichia spp. (75%) followed by
Klebsiella spp. (60%), Pseudomonas spp. (50%) and Enterococcus
spp, (37.5%) in that order (Table 2, Additional file 2).

Isolates related to Staphylococcus spp. demonstrated high
rates of resistance to AMX; Pseudomonas spp. to NAA, SA and
TE; Escherichia spp. to AMX, NAA and SA and Klebsiella spp.
to SA,NAA, TE, and S (Additional File 2).

Discussion

The development of antibiotic resistance (ABR) has been
among the top concerns of the global healthcare system.>*
Particularly, this problem is severe in low-income settings as
the result of poor waste management systems, inadequate
hygienic and sanitation practices and low healthcare sys-
tem.?>4 A comprehensive study by Mwaikono et al*7 revealed
that municipal waste dumpsites harbor large diversity and
complex communities of bacteria that have triggered further
research on the public health implications of wastes in such
man-made environments. As a result, researchers have started
to focus on the ecology of ABR in non-clinical and natural
environments, particularly on the factors aggravating the emer-
gence of ABR bacteria. With this view, this study was initiated
to contribute scientific information on the prevalence of ABR
bacteria isolated from a solid waste dumpsite in Bahir Dar City.

In the present study, bacteria related to Staphylococcus,
Escherichia, Pseudomonas, Enterococcus, Bacillus, Klebsiella,
Salmonella, Shigella, Proteus, and Citrobacter species were
detected in variable frequencies. Of these, isolates related
to Staphylococcus, Escherichia, Pseudomonas, Bacillus, and
Enterococcus species were detected abundantly. Oviasogie
and Agbonlahor* also reported that most of these bacteria
were dominantly encountered species in solid waste dump-
sites. The occurrence of potentially pathogenic bacteria
from the dumping site was also reported in the previously
conducted studies in Ghana,?®> Kenya,3® and Nigeria.3!
Moreover, high-throughput sequencing of 16S rRNA Gene,
a method that removes culture-based anomaly, revealed that
Escherichia spp. were found to be among the dominant bac-
teria in municipal dumpsites.*” In addition, members of
Staphylococcus, Pseudomonas, Klebsiella, Citrobacter, Proteus,
and Escherichia species were frequently reported earlier as
potential pathogens from the dumping site.?32%4849 Several
studies including Awasthi et al®® reported that solid wastes
in less developed nations contain higher organic or moisture
content compared to those in developed countries. These
studies were conducted in less developed nations, which
might have a similar nature of solid wastes as in Bahir Dar
City, Ethiopia. This further justifies that mismanaged solid
waste dumpsites could be contaminated with human and
animal feces in low-income countries.

Several other bacteria, which were not detected in this study,
including Vibrio cholerae, Enterobacter, Providencia, Yersinia,
Morganella, Serratia, and Acinetobacter species were also iso-
lated from the waste dumpsite soil elsewhere.3%3! The differ-
ence in the type of bacteria recovered in this study and previous
studies might be due to several factors. Environmental factors
and characteristics of solid wastes could vary from place to
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place, and such heterogeneity of the dumpsite environment
could result in a heterogeneous population of soil bacteria.”?

Even though conclusive evidence can be obtained from
strain level and serotype identification, the bacteria isolated in
the present study are more likely pathogenic, which may be
attributed to the disposal of complex solid wastes in the munic-
ipal waste dumpsite that originated from multitudes of sources
in Bahir Dar City.

The prevalence of ABR has been studied more in clinical
settings compared to natural or man-made environments.
High prevalent rates of antibiotic-resistant bacteria have been
reported in clinical samples, including . aureus,? E. coli,
Klebsiella pneumoniae,* and Pseudomonas spp.>® The present
study tried to address the information gap on the prevalence of
ABR in the current study area, where a unique set of local envi-
ronmental factors and the poor waste management system in
Bahir Dar City are expected to influence the occurrence rate of
ABR patterns.

In the present study, 10 antibiotics from 8 antibiotic catego-
ries (Additional File 3), were tested on the isolated bacteria.
The choice for the antibiotics and the corresponding test bac-
teria species was done based on recommended use as explained
in CLSI. A high degree of ABR rate was recorded from Bahir
Dar city MSWDS. The overall ABR rate recorded in the cur-
rent study is the highest (95.08%) compared to that of previous
reports from non-clinical samples. Almost all of the isolated
bacteria in the current study were resistant to at least 1 antibi-
otic drug showing that ABR is distributed among the micro-
bial communities in the area. Such an elevated ABR rate may
also be due to intrinsic resistance. However, it is recently specu-
lated that intrinsic resistance may serve as the origin of acquired
resistance.”®*” The likely reasons for such a high level of anti-
biotic and multidrug-resistant isolates may thus be due to the
presence of bacteria that could be carrying resistance determi-
nants and traces of leftover antibiotics and expired drugs that
are improperly discarded with wastes.

Most isolates were resistant to amoxicillin (100%), nalidixic
acid (75.5%), and vancomycin (75%), and sizable proportions
of the isolates were also resistant to sulfonamide, tetracycline
and streptomycin. Some previous studies have also reported a
high prevalence of ABR from non-clinical environments. For
example, Oviasogie and Agbonlahor*® reported similar obser-
vations that most of the bacterial isolates were intermediary
resistant or resistant to tetracycline, nalidixic acid and sulfona-
mide. Contrary to the results of the current study, a lower
resistance rate to amoxicillin (33%-69%) was reported by pre-
vious studies conducted in Ethiopia.® Similarly, most of
Enterococcus spp. (75%) isolated in our study were found to be
resistant to vancomycin which is far higher than the previously
reported resistance rate of Enterococcus spp. (8%) to the same
antibiotics.® Several factors can contribute to the differences in
the prevalence of resistance rates between studies. It is known
that vancomycin is the common antibiotic used to treat

Gram-positive bacterial infections.’® Regarding nalidixic acid,
Zomuansangi et al* found that 70% of the isolated bacteria
isolated during their study were resistant to nalidixic acid,
which is a comparable resistance rate recorded in the present
study (73.3%).

On the other hand, most isolates were susceptible to cipro-
floxacin, chloramphenicol and gentamicin. It is to be noted that
gentamicin is effective against a wide range of bacterial infec-
tions, mostly Gram-negative bacteria including Pseudomonas,
Proteus, Escherichia, Klebsiella, Enterobacter, Serratia species, as
well as Gram-positive bacteria, such as Staphylococcus spp.
Similarly, ciprofloxacin is known to be effective against most
Gram-negative bacteria, such as E. co/*® and Pseudomonas
spp.,'° and considerable proportions of Gram-positive bacte-
ria.?0 Hence, the present study demonstrated consistent find-
ings regarding the effectiveness of these antibiotics.

In this study, a substantial prevalence of multidrug resist-
ance (MDR) bacterial isolates was recorded from soil samples
of Bahir Dar City MSWDS. The overall MDR rate was
36.06%, where most isolates demonstrated multidrug resist-
ance features. A comprehensive review by Muhie®® on antibi-
otic use and resistance patterns in Ethiopia found a 59.7%
pooled prevalence of MDR. However, almost all of the studies
included in this review were clinical or hospital-based. Thus,
our study documented the highest prevalence of MDR from
non-clinical samples in Ethiopia. High prevalence rates of
MDR were recorded among isolates related to Escherichia
(75%), Klebsiella (60%), and Pseudomonas spp. (50%) showing
the likely public health risks that may be posed due to these
bacteria. A lower resistance rate to amoxicillin (77%) and
higher resistance rates by Szaphylococcus spp. were reported in
previous studies. For example, Deyno et al®?> showed higher
resistance to ciprofloxacin (19%) and tetracycline (62%) com-
pared to those shown in this study (zero to ciprofloxacin and
37.5% to tetracycline, and 100% to amoxicillin). Moreover, a
10-year study results by Tuem et al®> showed an overall 45.38%
drug resistance rate by Escherichia coli in Ethiopia, which is still
lower than the resistance rate recorded in this study. Pseudomonas
spp. also contributes to the environmental resistome,® which is
also reflected in this study.

It should be noted that the prevalence of ABR bacteria
observed in the current study refers only to those bacteria that
are cultivable. Better insights into the prevalence of ABR in the
study area could be obtained through the metagenomics
approach, which incorporates uncultivable bacteria that could

also have ABR traits.

Limitations of the Study

We understand that identification of the isolates to species level
would be very important. Moreover, soil samples from the
nearby environment where the soil is not affected by the dumped
wastes should have been included to verify whether the source
of the isolated bacteria is municipal solid waste or not.
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Conclusions

In this study, almost all isolated bacteria from the Bahir Dar
City municipal solid waste dumpsite were antibiotic-resistant
(ABR), creating a high public health concern. Especially, iso-
lates related to Escherichia, Pseudomonas, and Klebsiella spe-
cies, which demonstrated a high prevalence of MDR, call for
special attention. Thus, the results of this study demonstrate
that municipal solid waste can serve as a reservoir of ABR
bacteria, and the poor waste management system in this area
can be a serious health risk from drug-resistant pathogens.
Ciprofloxacin, chloramphenicol and Gentamicin were found
to be the most effective antimicrobial agents against almost
all the tested bacterial isolates, which is also a well-recognized
fact. However, isolates exhibited a high rate of intermediary
resistance and resistance features to amoxicillin, vancomycin,
and nalidixic acid, and a considerable rate of resistance to tet-
racycline, streptomycin and sulfonamide may present high
public health risk. Moreover, the occurrence of isolates dem-
onstrating multidrug resistance features at 36.06% prevalence
gives serious implications from the public health point of
view. Detail studies to get a deeper insight into the isolates at
strain levels and strengthening waste management systems at
household to community levels are highly recommended to
reduce the public health risks imposed by drug-resistant bac-
teria. Moreover, periodic monitoring, using an antibiogram
plays an important role in the reduction of municipal solid
waste-driven antibiotic resistance.

Acknowledgements

Bahir Dar University is highly acknowledged for hosting the
study. We also acknowledge Amhara Public Health Institute
for providing the test bacterial strains.

Author Contributions

BS, FA, AG, KG, and AGB conceived the study and worked on
the experiments and formal analysis. BS drafted the manu-
script. AGB and BT participated in the validation, writing and
editing of the manuscript. All authors read and approved the
final manuscript.

Ethics Approval and Consent to Participate
The conducted research is not related to either human or ani-
mal use.

Consent for Publication
Not applicable.

ORCIDiD
Abayeneh Girma (2 https://orcid.org/0000-0001-6155-315X
Availability of Data and Materials

All data generated or analyzed during this study are included
in this published article and the additional files.

Supplemental Material
Supplemental material for this article is available online.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Adegoke AA, Faleye AC, Singh G, Stenstrom TA. Antibiotic resistant super-
bugs: assessment of the interrelationship of occurrence in clinical settings and
environmental niches. Molecules. 2016;22:29.

WHO: antibiotic resistance. Accessed December 14, 2022. https://www.who.
int/news-room/fact-sheets/detail/antimicrobial-resistance

Antimicrobial Resistance Collaborators. Global burden of bacterial antimicro-
bial resistance in 2019: a systematic analysis. Lancet. 2022;399:629-655.

Swagel P. Research and Development in the Pharmaceutical Industry. Non-Partisan
US Congressional Budge Office CB; 2021:30.

Fletcher S. Understanding the contribution of environmental factors in the
spread of antimicrobial resistance. Environ Health Prev Med. 2015;20:243-252.
Berhe DF, Beyene GT, Seyoum B, et al. Prevalence of antimicrobial resistance
and its clinical implications in Ethiopia: a systematic review. Antimicrob Resist
Infect Control. 2021;10:168-214.

Fajardo A, Linares JF, Martinez JL.. Towards an ecological approach to antibiot-
ics and antibiotic resistance genes. Clin Microbiol Infect. 2009;15 Suppl 1:14-16.
Arun S, Kumar RM, Ruppa ], et al. Occurrence, sources and risk assessment of
fluoroquinolones in dumpsite soil and sewage sludge from Chennai, India. Envi-
ron Toxicol Pharmacol. 2020;79:103410.

Bengtsson-Palme J, Kristiansson E, Larsson DGJ. Environmental factors influ-
encing the development and spread of antibiotic resistance. FEMS Microbiol Rev.
2018;42(1):fux053.

Camiade M, Bodilis J, Chaftar N, et al. Antibiotic resistance patterns of Pseudo-
monas spp. isolated from faecal wastes in the environment and contaminated sur-
face water. FEMS Microbiol Ecol. 2020;96(2):fiaa008.

Velazquez-Meza ME, Galarde-Loépez M, Carrillo-Quiréz B, Alpuche-Aranda
CM. Antimicrobial resistance: one health approach. Ver World. 2022;15:
743-749.

Abebe AA, Birhanu AG. Methicillin resistant Staphylococcus aureus: molecular
mechanisms underlying drug resistance development and novel strategies to
Combat. Infect Drug Resist. 2023;16:7641-7662.

Pepper IL, Brooks JP, Gerba CP. Antibiotic resistant bacteria in municipal wastes:
is there reason for concern? Environ Sci Technol. 2018;52:3949-3959.

Anand U, Reddy B, Singh VK, et al. Potential environmental and human health
risks caused by antibiotic-resistant bacteria (ARB), antibiotic resistance genes
(ARGs) and emerging contaminants (ECs) from municipal solid waste (MSW)
landfill. Antibiotics. 2021;10:374.

Sarkar S, Kamle M, Bharti A, Kumar P. Antibiotic-resistant bacteria risks and
challenges for human health and environment: an overview. World | Environ
Biosci. 2023;12:26-34.

Song L, Yang S, Gong Z, etal. Antibiotics and antibiotic-resistant genes in
municipal solid waste landfills: current situation and perspective. Curr Opin
Environ Sci Heal. 2023;31:100421.

Chen Q-L, Li H, Zhou XY, etal. An underappreciated hotspot of antibiotic
resistance: the groundwater near the municipal solid waste landfill. Sci Tozal
Enwviron. 2017;609:966-973.

Tripathi V, Tripathi P. Antibiotic resistance genes: an emerging environmental
pollutant. Perspectives in Environmental Toxicology; 2017;183-201.

Wang J-Y, An XL, Huang FY, Su JQ. Antibiotic resistome in a landfill leachate
treatment plant and effluent-receiving river. Chemosphere. 2020;242:125207.

He P, Huang J, Yu Z, et al. Antibiotic resistance contamination in four Ital-
ian municipal solid waste landfills sites spanning 34 years. Chemosphere.
2021;266:129182.

Ahmad A, Patel I, Khan MU, Babar ZU. Pharmaceutical waste and antimicro-
bial resistance. Lancet Infect Dis. 2017;17:578-579.

Ayukekbong JA, Ntemgwa M, Atabe AN. The threat of antimicrobial resistance
in developing countries: causes and control strategies. Antimicrob Resist Infect
Control. 2017;6:1-8.

Borquaye LS, Ekuadzi E, Darko G, et al. Occurrence of antibiotics and antibiotic-
resistant bacteria in landfill sites in Kumasi, Ghana. J Chem. 2019;2019:1-10.
Moges F, Endris M, Belyhun Y, Worku W. Isolation and characterization of
multiple drug resistance bacterial pathogens from waste water in hospital and
non-hospital environments, northwest Ethiopia. BMC Res Notes. 2014;7:215.
You X, Wu D, Wei H, Xie B, Lu ]J. Fluoroquinolones and B-lactam antibiotics
and antibiotic resistance genes in autumn leachates of seven major municipal
solid waste landfills in China. Environ Int. 2018;113:162-169.

Kiimmerer K, Henninger A. Promoting resistance by the emission of antibiotics
from hospitals and households into effluent. Clin Microbiol Infect. 2003;9:
1203-1214.


https://orcid.org/0000-0001-6155-315X
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance

Environmental Health Insights

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Wu D, Huang Z, Yang K, Graham D, Xie B. Relationships between antibiotics
and antibiotic resistance gene levels in municipal solid waste leachates in Shang-
hai, China. Environ Sci Technol. 2015;49:4122-4128.

Kruse H. Indirect transfer of antibiotic resistance genes to man. Acta Vet Scand
Suppl.1999;92:59-65.

Achudume AC, Olawale JT. Microbial pathogens of public health significance in
waste dumps and common sites. J Environ Biol. 2007;28:151-154.

Songoro E, Nyerere A, Magoma G, Gunturu R. Occurrence of highly resistant
microorganisms in Ruai Wastewater Treatment Plant and Dandora dumpsite in
Nairobi County, Kenya. Adv Microbiol. 2019;09:479-494.

Nyandjou Y, Yakubu SE, Abdullahi 10, Machido DA. Enteric bacteria of public
health significance isolated from Zaria metropolis dumpsite soil. Sci World J.
2018;13:30-34.

Mwaikono KS, Maina S, Gwakisa P. Prevalence and antimicrobial resistance phe-
notype of enteric bacteria from a municipal dumpsite. 2015.

Hrenovic J, Ivankovic T, Durn G, et al. Presence of carbapenem-resistant
bacteria in soils affected by illegal waste dumps. Int J Environ Health Res.
2019;29:154-163.

Kataja J. Erythromycin resistance genes in group A streptococci of different geo-
graphical origins. J Antimicrob Chemother. 2000;46:789-792.

Manyi-Loh C, Mamphweli S, Meyer E, Okoh A. Antibiotic use in agriculture
and its consequential resistance in environmental sources: potential public health
implications. Molecules. 2018;23:795.

National Meteorological Agency of Ethiopia. Accessed May 6, 2024. http://
ethiomet.gov.et/climates/climate_of_city/2648/Bahir%20Dar

Wegedie KT. Household behavior and demand for better solid waste manage-
ment services: a case of Bahir dar city, Amhara national regional stat, Ethiopia.
Adv Recycl Waste Manag. 2018;03:2.

Cappuccino JG, Welsh C, eds. Microbiology: A Laboratory Manual. Global edition.
7th ed. Pearson Education Limited; 2018. Chapter 12:359-378.

Garrity G. Bergey’s Manual® of Systematic Bacteriology: Volume 2: the Proteobacteria,
Part B: the Gammaproteobacteria. Vol. 2. Springer Science & Business Media; 2007.
De Vos P, et al. The Firmicutes. Bergey’s Manual of Systematic Bacteriology. Springer;
2009.

Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic susceptibility testing by
a standardized single disk method. 4m J Clin Pathol. 1966;45:493-496.

Biemer JJ. Antimicrobial susceptibility testing by the Kirby-Bauer disc diffusion
method. Ann Clin Lab Sci. 1973;3:135-140.

Wayne P, ed. Clinical and Laboratory Standards Institute (CLSI) 2020 Performance
Standards for Antimicrobial Susceptibility Testing. 30th ed. CLSI supplement 100.
Clinical and Laboratory Standards Institute; 2020.

Magiorakos A-P, Srinivasan A, Carey RB, 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;18:268-281.

Shrivastava S, Shrivastava P, Ramasamy J. World health organization releases
global priority list of antibiotic-resistant bacteria to guide research, discovery,
and development of new antibiotics. / Med Soc. 2018;32:76-77.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Rousham EK, Unicomb L, Islam MA. Human, animal and environmental
contributors to antibiotic resistance in low-resource settings: integrating
behavioural, epidemiological and one health approaches. Proc R Soc B Biol Sci.
2018;285:20180332.

Mwaikono KS, Maina S, Sebastian A, et al. High-throughput sequencing of 16S
rRNA gene reveals substantial bacterial diversity on the municipal dumpsite.
BMC Microbiol. 2016;16:145-212.

Oviasogie F, Agbonlahor D. The burden, antibiogram and pathogenicity of
bacteria found in municipal waste dumpsites and on waste site workers in benin
City. J Med Biomed Res. 2013;12:115-130.

Zothanpuia, Zomuansangi R, Leo V'V, et al. Antimicrobial sensitivity profiling
of bacterial communities recovered from effluents of municipal solid waste
dumping site. 3 Biotech. 2021;11:37.

Awasthi P, Chataut G, Khatri R. Solid waste composition and its management:
a case study of Kirtipur Municipality-10. Heliyon. 2023;9:¢21360.

Obire O, Nwaubeta O, Adue B. Microbial community of a waste-dump site. J
Appl Sci Environ Manag. 2002;6:78-84.

Tadesse S, Alemayehu H, Tenna A, etal. Antimicrobial resistance profile of
Staphylococcus aureus isolated from patients with infection at Tikur anbessa
specialized hospital, Addis Ababa, Ethiopia. BMC Pharmacol Toxicol. 2018;19:24.
Wolde D, Eguale T, Alemayehu H, et al. Antimicrobial susceptibility and character-
ization of extended-spectrum B-lactamase-producing Escherichia coli isolated from
stools of primary healthcare patients in Ethiopia. Antibiotics. 2024;13(1):93.

Awoke T, Teka B, Seman A, et al. High prevalence of multidrug-resistant Kleb-
siella pneumoniae ina tertiary care hospital in Ethiopia. Antibiotics. 2021;10:1007.
Asamenew T, Worku S, Motbainor H, Mekonnen D, Deribe A. Antimicrobial
resistance profile of Pseudomonas aeruginosa from different clinical samples in
Debre Tabor comprehensive specialized hospital, Northwest Ethiopia. Ethiop |
Health Sci. 2023;33:423-432.

Zhang G, Feng ]J. The intrinsic resistance of bacteria. Hereditas. 2016;38:
872-880.

Pang Z, Raudonis R, Glick BR, Lin TJ, Cheng Z. Antibiotic resistance in Pseu-
domonas aeruginosa: mechanisms and alternative therapeutic strategies. Bioftech-
nol Adv. 2019;37:177-192.

Srinivasan A, Dick JD, Perl TM. Vancomycin resistance in staphylococci. Clin
Microbiol Rev. 2002;15:430-438.

Titilawo Y, Sibanda T, Obi L, Okoh A. Multiple antibiotic resistance indexing
of Escherichia coli to identify high-risk sources of faecal contamination of water.
Environ Sci Pollut Res. 2015;22:10969-10980.

Davis R, Markham A, Balfour JA. Ciprofloxacin: an updated review of its phar-
macology, therapeutic efficacy and tolerability. Drugs. 1996;51:1019-1074.
Muhie OA. Antibiotic use and resistance pattern in Ethiopia: systematic review
and meta-analysis. Inz ] Microbiol. 2019;2019:2489063.

Deyno S, Fekadu S, Astatkie A. Resistance of Staphylococcus aureus to anti-
microbial agents in Ethiopia: a meta-analysis. Antimicrob Resist Infect Control.
2017;6:85-5.

Tuem KB, Gebre AK, Atey TM, et al. Drug resistance patterns of Escherichia
coli in Ethiopia: a meta-analysis. Biomed Res Int. 2018;2018:4536905.


http://ethiomet.gov.et/climates/climate_of_city/2648/Bahir%20Dar
http://ethiomet.gov.et/climates/climate_of_city/2648/Bahir%20Dar

