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Dam, Morogoro Municipality, Tanzania

Background: The Mindu dam, an open system, serves as a microbial reservoir, housing uropathogenic
microorganisms like Escherichia coli. Morogoro municipality relies on the dam for water and fish. This study aimed to
assess the antimicrobial susceptibility of Escherichia coli isolated from fish and water in Mindu dam.

Methods: In May 2019, a cross-sectional study was conducted in Morogoro municipality. Selected antimicrobials,
including ampicillin, tetracycline, cefoxitin, erythromycin, trimethoprim, gentamicin, enrofloxacin, and nalidixic acid,
were tested using the disc diffusion method. E. coli ATCC 25922 served as a positive control for quality assurance
during bacterial isolation. The potential source of antimicrobial contamination was identified through the multiple

Results: Out of 148 samples, E. coli was found in 24, none in water. E. coli showed high resistance (=50.0%) to
erythromycin (62.5%), nalidixic acid (79.2%), and ampicillin (75%). Additionally, 58.0% of isolates displayed multi-drug
resistance across antimicrobial classes, with a multiple antibiotic resistance index ranging from 0.00 to 0.75.

Conclusion: Antimicrobial-resistant E. coli in the food chain may heighten the spread of complex urinary tract
infections in the municipality. It underscores the necessity for robust municipal surveillance of antimicrobial resistance
and effective antimicrobial stewardship for enhanced infection prevention and control.
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Background

Fish consumption is increasingly in public to date, as a result of
rapid human population growth which increases demand for
aquatic products. Fish consumption is largely seen as a positive
health behavior since fish offers several kinds of health benefits
[1-4], such as proteins, omega-3 fatty acids, and essential
vitamins. Nevertheless, fish are reservoirs of zoonotic pathogens
that can infect both animal hosts and humans who are in contact
with the aquaculture facility via foodborne infections [5,6],
unfortunately, these zoonotic pathogens may contain and spread
antimicrobial resistant (AMR) genes. Thus, improperly handled
fish can expose consumers to infectious bacteria (eg E. coli),
including  difficult-to-treat  multidrug-resistant  pathogens
(superbugs) [2], yet, increasing threat to human health. It is
obvious that antibiotic-resistant strains are now being detected
and the spread of these strains could greatly suppress medical
treatment options available and increase mortality from
previously curable infections [6]. Antimicrobial resistance in
bacteria basically occurs as a result of antibiotic modification or
destruction, reduced antibiotic accumulation (increase efflux or
decrease permeability), and target alterations and may be
associated with global adaptation of the bacterial cell [7]. In
particular, E. coli resistance is mostly mediated by extended-
spectrum RB-lactamase (ESBLs) [8]. Antimicrobial resistance
occurs naturally but can be facilitated by the inappropriate use of
antimicrobials [7]. The prominent resistance genes that can be
identified in fish are those that encode trimethoprim [dfrAl,
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dfrA5, dfrA7, dfrAl2, and dfrA15], tetracycline [tetA(A) and
tetA(G)], erythromycin resistance [mefA], streptomycin [strA-
strB], chloramphenicol [cat-1] and amoxicillin [bla (TEM)] to
mention a few [9]. These genes can spread to humans through
raw or undercooked fish as well as the use of contaminated water.
Resistance occurs as a result of natural processes and widespread
anthropogenic activities such as the use of a wide variety of
antimicrobials in agriculture, veterinary, aquaculture, and human
sectors [10,11]. Mindu dam receives water from Uluguru
mountains via the Ngerengere river, Mgeta river, Mzinga river
and Mlali river, and efflux via Ngerengere river. There are a lot
of human activities conducted uphill, along the river and around
the dam, notable example includes farming, grazing and fishing,
hence, all discharges (including fecal materials) are poured into
the dam. Thus, making the aquatic environment a sink pool to
various microbes such as E. coli, Staphylococcus aureus,
Streptococcus sp. Moreover, aquatic pathogenic bacteria spread
more easily by water from fish to fish than terrestrial pathogenic
bacteria transfer by air [9,12]. The bacterium E. coli is widely
used as an indicator of the biological condition of food and
environments due to its almost exclusively fecal origin [13,14].
Like other parts of the country, E coli is the major cause of
Urinary tract infections (UTIs) in the Morogoro municipality and
the disease incidence tend to increase annually. Similarly, the
wide usage of Mindu water and fish across Morogoro
municipality might play a role in E. coli transmission. To date,
there is no data on the AMR status of E. coli isolates recovered
from freshwater fish from the Mindu dam. Therefore, the aim of
the current study was to determine antimicrobial susceptibility of
E. coli isolates recovered from fish intestines and water (food
chain) from the Mindu dam in order to safeguard human health.
The findings herein enlighten the potential spread of resistant E.
coli to human via the food chain as well as likely to accelerate
transmission of complicated UTIs in the municipality. In that
sense, the findings call for immediate control strategies in the
municipality.

Methods

Study site

The study was conducted in Morogoro municipality, specifically
in the Mindu dam. Mindu dam is a man-made dam located at
latitudes 6° 51° S to 6° 52” S and longitudes 37° 30” E to 37° 40’
E, with an altitude of 500 m above sea level, southeast of
Ngerengere river. The dam is found about 10 km from Morogoro
Municipality along the Morogoro-Iringa highway in Eastern
Tanzania, and has an area of 303 km2 which lies on the slope of
Uluguru Eastern Arc Mountains [33]. Mindu dam has several
influxes from Uluguru mountain namely, Ngerengere river, Mlali
river, Mzinga river, Mgeta river and efflux from the dam via
Ngerengere river. Mainly the dam supplies about 80% of water
in the municipality including Sangasanga and Kasanga villages
[15]. The economic activities around the dam mainly includes
agriculture, fishing and livestock keeping. Moreover, E. coli is
the major cause of Urinary Tract Infection (UTI) in the
municipality [32].

Study design and participants

A cross sectional study design was used, whereby fish and water
samples were collected from different points inside the dam in
May 2019. Indeed, fish samples were collected from the dam

using fishing nets and stored in sterile plastic bags, placed in cool
box with icepacks and transported to Institute of Pest
Management for laboratory processing within 4 hours of
collection.

Processing

In laboratory, fish samples were stored at 4°C before being
processed. Simply, fish samples were placed on the sterile cutting
board, identified and wiped with 70% ethanol using cotton wool
to decontaminate bacterial load on the skin surface. Each fish
sample were dissected individually, sterile forceps was used to
remove the intestine under aseptic condition. Similarly, Water
samples were collected in 10 mL tube individually to make a total
of 100 tubes, with which make a total of 1 L of water collected.
All water samples were collected at a depth of 5-7 cm subsurface
from different points inside the dam.

Bacteria isolation and confirmation

Under aseptic condition, a homogenous suspension of fecal
content was prepared in buffered peptone water (BPW) and
incubated for 24 hrs at 37°C, for enrichment. Similarly, water
samples in 10 mL tubes were prepared in BPW, enrichment
medium, and incubated at 37°C for 24 hrs. Then, one loopful of
each prepared sample were streaked on MacConkey agar,
followed by incubation for 24 hours at 37°C. Suspected and pure
culture were subjected to biochemical tests namely, Indole test,
Methyl-red test, Voges-Proskauer, and Citrate test (IMViC) and
Gram-negative staining for confirmation of E. coli isolates.
Colonies were considered positive E. coli when Indole and
Methyl-red positive, Voges-Proskauer and Citrate negative, and
Gram-negative with short rods in the gram staining test. A well-
recognized bacterial culture (E. coli, ATCC 25922) was used as
positive control for screening and confirmation test of the
bacteria.

Antimicrobial susceptibility tests

The E. coli isolates were subjected to the antimicrobial
susceptibility test using disc diffusion method as described in
Kirby-Bauer protocol [34]. Simply, pure culture of each colony
was suspended into a test tube contain sterile normal saline
solution, its turbidity was then compared to 0.5 McFarland
Standard (Oxoid Ltd, Hampshire, UK). Sterile swab was used to
inoculate the bacteria suspension by completely streaking onto
prepared Muller-Hinton agar (Oxoid Ltd, Hampshire, UK)
plates. Using sterile forceps, antimicrobial discs were applied on
the agar plates and incubated at 37°C overnight. The inhibition
zone diameter produced around the antimicrobial discs were
measured using plastic ruler and interpreted per the Clinical and
Laboratory Standards Institute [35]. A total of eight antimicrobial
agents commonly used in both human and livestock were used to
test for resistance notably, Tetracycline (TE, 30ug), Cefoxitin
(FOX, 30pg), Erythromycin (E, 15ug), Penicillin (P, 10ug),
Sulpharmethoxazole (STX, 25ug), Gentamycin (CN, 10ug),
Enrofloxacin (ENR, 5ug), and Nalidixic acid (NA, 30ug).

Identification of multi-drug resistance (MDR) and multiple
antibiotic resistance (MAR) index

Multi-drug resistance is well-defined as resistance to more than
two antibiotics classes [36]. The MAR index was calculated for
each isolate using the formula below, whereby, “a”

a” is the number
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of antimicrobials to which a particular isolate was resistance, “b”
is the total number of antimicrobials to which isolate was
exposed. The MAR index > 0.2 indicate the high-risk source of
contamination where antimicrobials are often used [37].

MAR index = a/b

Statistics analysis

Raw data and laboratory results were recorded into Microsoft
Excel, cleaned, organized and analyzed. Descriptive statistics
were used to analyze percentage, proportion and prevalence.

Results

Sample collected and Occurrence of E. coli isolates

A total of 148 samples were collected, whereby 100 and 48
accounted for water and fish samples respectively. Of 48 fish
samples, 35 were Tilapia and 13 were Catfish. Moreover, out of
148 samples only 24 were positive for E. coli bacteria, which
entail 19 Tilapia and 5 catfish (Table 1). Most importantly,
overall fish contamination frequency was 50% (24/48),
specifically, tilapia had high contamination frequency followed
by catfish, 54.3% and 38.5% respectively. Interestingly, no E.
coli bacteria were observed in all 100 water samples.

Table 1: Occurrence of E. coli bacteria from water and fish
intestine collected from Mindu dam, Morogoro municipality.

Multi-drug resistance (MDR) and MAR index

Multi-drug resistance (MDR) was observed in 58% (14/24)
sample isolates, with 11 E. coli isolates from Tilapia and three
from Catfish. Higher MDR were observed in three antimicrobial
classes namely E-AMP-NA of which 50% (7/14) sample isolates
shows MDR to it (Table 2). The MAR index ranged from 0.00 to
0.75, with an average of 0.33 (Table S1). Moreover, 70.8% of
tested isolated were found having MAR index > 0.2 and 29.2%
having < 0.2 (Figure 2).

Distribution of MAR Index of E.Coli

MAR index <0.2
(29.20%)

MAR index > 0.2
(70.80%)

Sample type | Category No. samples E. coli positive
samples
Water 100 0 (0.0%)
Fish Tilapia 35 19 (54.3%)
Catfish 13 5 (38.5%)
Total 148 24

Antimicrobial susceptibility profile

All E. coli isolates were tested for phenotypic resistance, the
results showed variation in resistance status among tested
antimicrobial agents and isolates source. Of all tested isolates
95.8% (23/24) were resistance to at least one antimicrobial agent
(Table S1). Overall, high resistance rates (>50%) were recorded
for ampicillin (75%), erythromycin (62.5%), and nalidixic acid
(79.2%) and extremely low resistance rates (<10%) were
observed for tetracycline, gentamicin, enrofloxacin (Figure 1).

Susceptibility profile of E. coli isolated from fish
100
S 80
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Figure 1: Susceptibility profile of E. coli isolated from the intestines of freshwater
fish to selected antimicrobials

Figure 2: Distribution of MAR index indicating previous exposure of the E. coli to
antimicrobial agents (MAR index >0.2), and without likelihood of exposure (MAR
index < 0.2).

Table 2: Multidrug resistance (MDR) pattern of E. coli isolated

from freshwater fish intestines, Mindu dam, Morogoro
municipality.
Source | Antimicrobial | MDR pattern Number of
of E. | classes sample
coli resisted isolates
isolates showing
MDR
Tilapia 3 E-AMP-NA 7
FOX-AMP-NA 1
4 E-STX-AMP-NA 1
FOX-E-AMP-NA 1
6 E-STX-AMP-CN-ENR- | 1
NA
Catfish | 3 FOX-E-CN 1
4 FOX-E-AMP-NA 1
5 TE-FOX-E-STX-ENR 1
Discussion

Out of 148 total collected samples, 100 were water samples and 48 were
fishes. Two types of fish were observed with the majority of Tilapia
followed by Catfish, 35 and 13 respectively. This result is in line with
Mgode et al. [15], that Tilapia and Catfish are the predominant fish
species in Mindu dam. Remarkably, these species are the most commonly
marketed in Morogoro municipality. Of 48 total collected fishes, only 24
fishes which constitute 19 Tilapia and 5 Catfish were found with E. coli
bacteria in the intestines. Detection of E. coli from fish was not a new
phenomenon as it is reported elsewhere [16-18], also the pathogen is
common to freshwater fish and known as food borne E. coli that play a
role in cases of uropathogenic infections in humans [19]. On the other
hand, no E. coli bacteria were isolated from all water samples. The
absence of the E. coli isolates in sampled water could be attributed to
sampling points, in this study water samples were collected at the middle
of the dam.
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Table S1: MAR index and Susceptibility profile (Susceptible S, Intermediate I, Resistance R) data from disc diffusion test of E. coli

bacteria isolated from fish intestines, Morogoro, Tanzania

Antimicrobial agents

Isolate source Isolate code ENR FOX E | STX | NA | CN | *TE "AMP MAR index

Tilapia Tl S S R|S R | S R 0.37
T2 S S 1 |S R S S R 0.25
T3 S | R|S R S S R 0.37
T4 S | R|S R S S R 0.37
T5 S S I |S R S S R 0.25
T6 S S R|S R S S R 0.37
T7 S R I |S R | S R 0.37
T8 S S R|R R S S R 0.5
T9 | S S|S R S S S 0.12
T10 S S R|S R S S R 0.37
T11 S S R|S R S S R 0.37
T12 R S R|R R R S R 0.75
T13 S | I |S R S S R 0.25
T14 S S S|S R S S S 0.12
T15 S S S|S | S S S 0
T16 | S R|I R S S R 0.37
T17 S S I |S R S S | 0.12
T18 S R R|I R S S R 0.5
T19 S S S|S R S S S 0.12

Catfish C1l | R R|S R S S R 0.5
C2 R R R|R S S R - 0.71
C3 | | R|S | S - 0.17
C4 S S R|S S S - - 0.17
C5 | R R|I S R S - 0.42

IS: isolate status; S: Susceptible; I: Intermediate; R: Resistant; TE: Tetracycline; FOX: Cefoxitin; E: Erythromycin; STX: Sulpharmethoxazole/Trimethoprim; AMP:
Ampicillin; CN: Gentamicin; ENR: Enrofloxacin; NA: Nalidixic acid; *Three catfish isolates tested for TE; ~One catfish isolates tested for AMP

This supports the previous findings that onshore has higher concentration
of E. coli and lower concentration at the middle of the dam [20]. Also,
[21] reported that E. coli persist longer in sediments than in water
columns. Thus, this indicates that Fish from the Mindu dam feed on
contaminated benthic fauna and aquatic plants as reported elsewhere
[20]. his study revealed a higher E. coli contamination frequency 50% in
fish compared to 12.5% of [18] in Tanzania, as well as 23.5% (raw fish)
of [22] in northwest Ethiopia. Such an increase in the prevalence of E.
coli pathogen in food animals (fish) promotes transmission to humans
through the food chain [18,23], hence likely to accelerate uropathogenic
infections (such as urinary tract infections UTIs) in the municipality.
Interestingly, in Uganda Agoba et al. [24] reported a higher prevalence
83.3%, than what we found. These differences could be due to different
sample sources, sizes, methods used, and rate of contaminations of the
dams by anthropogenic activities, use of organic manure from farms, and
antimicrobial use in the study area. Moreover, proportion of tilapia was
shown to have high E. coli contamination frequency 54.3%, compared to
catfish 38.4%. This finding is line with previous research that reported a
high E. coli prevalence of 22.1% and 19.6% in tilapia and catfish
respectively [25]. This could be due to different exposure in-term of
habitat, Tilapia prefer shallow water mainly near onshore while Catfish
prefer benthic zone. As reported by Korajkic et al. [21] E. coli persist
longer in sediments than in water columns. Also, Mhongole et al. [20]
reported high concentration of E. coli onshore than in water column.
Thus, expose E. coli differently in water. In addition, other studies
reported the presence of E. coli in gills, meat, and on the body surface of
the fish, as well as in cooked fish [14,22], this speaks to the vulnerability
of fish handlers and consumers to E. coli pathogen and its associated

diseases. Also, E. coli have been isolated from different sources such as
human specimens, foods, aquatic environments, livestock and poultry
[16,19,23,26]. Simply, this shows the wide range the pathogen can
invades and causes infection. Of all tested isolates 95.8% were resistance
to at least one antimicrobial agent. Overall, the E. coli isolates showed
higher resistance to Nalidixic acid (79.2%) followed by Ampicillin
(75%), and Erythromycin (62.5%). The higher resistance in Ampicillin
(75%) has been reported elsewhere [27], Nalidixic acid and
Erythromycin have been also reported to be (63.6%) and (72.7%)
respectively [16]. Higher resistance to antimicrobials could be due to
frequent usage of these antimicrobials as are easily available without
prescription from drug outlets for humans and livestock use.
Furthermore, 58% of isolates showed MDR, however, the isolates
exhibited different resistance pattern. Higher MDR were observed in
three combined antimicrobial classes namely E-AMP-NA. This speaks
the vulnerability of these drugs on the treatment of bacterial diseases.
MDR E. coli have been reported elsewhere [28]. Most importantly, MAR
index > 0.2 was observed in 70.8% sample isolates. This informs the
previous exposure of the isolates to antimicrobials. Thus, argue against
the frequent use of these antimicrobials in human and livestock
production. In addition, Mindu dam receives rainwater runoff carrying
waste containing antimicrobial residues and fecal materials. So far, the
presence of the resistant E. coli bacteria in fish samples is an indication
of contamination. This contamination of food with zoonotic enteric
pathogens E. coli could accelerate a variety of illnesses to human such as
UTlIs and gastrointestinal infections. Yet, the increased prevalence of
antimicrobial drug resistant organisms in food animals and animal
products including livestock, poultry, and fish promotes transmission to
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humans through the food chain [18,23]. Further, resistant infections could
accelerate morbidity and prolonged hospital stays, as well as infectious
periods [19,23,29]. This phenomenon is prevalent in developing
countries like Tanzania where a second-line treatment regimen is
expensive and less likely for patients to have access [30]. Worth noting
that UT1 is the foremost causes of morbidity (29.1%) followed by Malaria
(23.1%) in the Morogoro region [31]. Furthermore, it has been reported
that E. coli is the major cause of UTI in the Morogoro municipality [32].
Thus, make AMR in E. coli of particular concern in safeguarding public
health and animal production.

Conclusion

The resistant E. coli isolates from fish food observed in the current study
pose a public health risk. Therefore, this study declares the high risk of
antimicrobial drug resistant E. coli transmission to humans via the food
chain, thus, making the health risk-line longer from fish handler to
consumer. Hence, likely to accelerate uropathogenic infections such as
UTlIs in the Municipality, increase morbidity and make the treatment
complicated. Moreover, regardless of the pathway, the transfer of
antimicrobial drug resistant pathogens from the environment to fish,
humans, and animals have a detrimental effect on human health, and this
potential link between the aquatic and terrestrial resistors is of particular
concern. Since it facilitates the transfer of resistant pathogens from the
environment to the food chain, thus, exposing the public to complicated
health threats. Therefore, there is a need to develop active surveillance
system to monitor and regulate the use of chemicals and antimicrobials
of human and veterinary importance, as part of antimicrobial
stewardship. Lastly but not least, further studies are needed on the genetic
relatedness among isolates from different sources and the virulence
factors of the isolates must be investigated in detail.

Abbreviation

AMR: Antimicrobial Resistant; 1L-10: Interleukin 10; IL-8:
Interleukin 8; ESBLs: Extended-Spectrum R-Lactamase; UTIs:
Urinary tract infections; MDR: Multi-Drug Resistance; MAR:
Multiple Antibiotic Resistance; BPW: Buffered Peptone Water;
SUA: Sokoine University of Agriculture; IPM: Institute of Pest
Management

Declaration
Acknowledgment
None

Funding
The authors received no financial support for their research, authorship,
and/or publication of this article.

Auvailability of data and materials
Data will be available by emailing alysamiji@gmail.com

Authors’ contributions

All authors are equality conceived and designed the study, analyzed and
interpreted the data; drafted the manuscript; revised the manuscript. All
authors read and approved the final manuscript.

Ethics approval and consent to participate

We conducted the research following the declaration of Helsinki. The
ethical approval was obtained from the Ethics Review Committee of
Sokoine University of Agriculture [ Ref No. SUA/ADM/R.1/8/772 of
December 11, 2021] Morogoro, Tanzania.

Consent for publication
Not applicable

Competing interest
The authors declare that they have no competing interests.

Author Details

!Department of Wildlife Management, Sokoine University of
Agriculture, P. O Box 3073, Morogoro, Tanzania

2Department of Veterinary Physiology, Biochemistry and
Pharmacology, Sokoine University of Agriculture, P. O Box 3511,
Morogoro, Tanzania

SInstitute of Pest Management, Sokoine University of agriculture, P. O
Box 3110, Morogoro, Tanzania

References

1. Iwamoto M, Ayers T, Mahon BE, Swerdlow DL. Epidemiology of
seafood-associated infections in the United States. Clin Microbiol
Rev. 2010;23(2):399-411.

2. Okyere A, Bishoff D, Oyaro MO, Ajami NJ, Darkoh C. Analysis of
Fish Commonly Sold in Local Supermarkets Reveals the Presence
of Pathogenic and Multidrug-Resistant Bacterial Communities.
Microbiol Insights. 2018;11:117863611878692.

3. Mozaffarian D, Rimm EB. Fish Intake, Contaminants, and Human
Health. JAMA. 2015;296(15):1885-900.

4.  Zheng J, Hu X, Zhao Y, Li D. Intake of fish and marine n-3
polyunsaturated fatty acids and risk of breast cancer : meta-analysis
of data from 21 independent prospective cohort studies. Bmj.
2013;3706(June):1-10.

5. Gauthier DT. Bacterial zoonoses of fishes: A review and appraisal
of evidence for linkages between fish and human infections. Vet J
[Internet]. 2015;203(1):27-35. Available from:
http://dx.doi.org/10.1016/j.tvjl.2014.10.028

6. Watts JEM, Schreier HJ, Lanska L, Hale MS. The Rising Tide of
Antimicrobial Resistance in Aquaculture: Sources , Sinks and
Solutions. Mar Drugs. 2017;1-16.

7.  Christaki E, Marcou M, Tofarides A. Antimicrobial Resistance in
Bacteria: Mechanisms, Evolution, and Persistence. J Mol Evol
[Internet]. 2020;88(1):26-40. Auvailable from:
https://doi.org/10.1007/s00239-019-09914-3

8.  Tenover FC. Mechanisms of Antimicrobial Resistance in Bacteria.
Am J Med. 2006;119(6 SUPPL. 1).

9. Shah SQA, Colquhoun DJ, Nikuli HL, Serum H. Prevalence of
antibiotic resistance genes in the bacterial flora of integrated fish
farming environments of Pakistan and Tanzania. Environ Sci
Technol. 2012;46(16):8672-9.

10. Davies J, Davies D. Origins and evolution of antibiotic resistance.
Microbiol Mol Biol Rev. 2010;74(3):417-33.

11. Samreen, Ahmad |, Malak HA, Abulreesh HH. Environmental
antimicrobial resistance and its drivers: a potential threat to public
health. J Glob Antimicrob Resist [Internet]. 2021;27:101-11.
Auvailable from: https://doi.org/10.1016/j.jgar.2021.08.001

12. Sgrum H. Antibiotic resistance associated with veterinary drug use
in fish farms. Improv Farmed Fish Qual Saf. 2008;157-82.

13. Carson CA, Shear BL, Ellersieck MR, Asfaw A. Identification of
Fecal Escherichia coli from Humans and Animals by Ribotyping.
Appl Environ Microbiol. 2001;67(4):1503-7.

14. Rocha R dos S, Leite LO, Sousa OV de, Vieira RHS dos F.
Antimicrobial Susceptibility of Escherichia coli Isolated from
Fresh-Marketed Nile Tilapia ( Oreochromis niloticus ) . J Pathog.
2014;2014(c):1-5.

15. Mgode GF, Mhamphi GG, Katakweba AS, Thomas M. Leptospira
infections in freshwater fish in Morogoro Tanzania: A hidden
public health threat. Tanzan J Health Res. 2014;16(2):1-7.

16. Baniga Z, Hounmanou YMG, Kudirkiene E, Kusiluka LIM,
Mdegela RH, Dalsgaard A. Genome-Based Analysis of Extended-
Spectrum f-Lactamase-Producing Escherichia coli in the Aquatic
Environment and Nile Perch (Lates niloticus) of Lake Victoria,
Tanzania. Front Microbiol. 2020;11(February):1-11.

17. Li Y, Zhang M, Luo J, Chen J, Wang Q, Lu S. Antimicrobial
resistance of Escherichia coli isolated from retail foods in northern
Xinjiang, China. Food Sci Nutr. 2020;(September 2019):2035-51.

18. Mwanza F, Komba EVG, Kambarage DM. Occurrence and
Determination of Antimicrobial Resistant Escherichia coli Isolates



M, €L dl., JOUrnal or 1ageas In 1

1eaiti |

2024); 7(1):995-1000

19.

20.

21

22.

23.

24.

25.

26.

in Fish and Vegetables as Indicator Organism of Faecal
Contamination in Dar es Salaam, Tanzania. Int J Microbiol.
2021;2021.

Silago V, Moremi N, Mtebe M, Komba E, Masoud S, Mgaya FX,
et al. Multidrug-Resistant Uropathogens Causing Community
Acquired Urinary Tract Infections among Patients Attending
Health Facilities in Mwanza and Dar es Salaam, Tanzania.
Antibiotics. 2022;1-13.

Mhongole O, Mdegela R, Kusiluka L, Dalsgaard A. Bacteriological
Quality of Tilapia Fish from Treated Wastewater in Peri-Urban
Areas, Morogoro, Tanzania. Agric For Fish. 2016;5(5):202.
Korajkic A, Wanjugi P, Harwood VJ. Indigenous microbiota and
habitat influence escherichia coli survival more than sunlight in
simulated aquatic environments. Appl Environ Microbiol.
2013;79(17):5329-37.

Yohans H, Mitiku BA, Tassew H. Levels of Escherichia coli as Bio-
Indicator of Contamination of Fish Food and Antibiotic Resistance
Pattern Along the Value Chain in Northwest Ethiopia. Vet Med Res
Reports. 2022;Volume 13(November):299-311.

Caudell MA, Mair C, Subbiah M, Matthews L, Quinlan RJ, Quinlan
MB, et al. Identification of risk factors associated with carriage of
resistant Escherichia coli in three culturally diverse ethnic groups
in Tanzania: a biological and socioeconomic analysis. Lancet
Planet Heal [Internet]. 2018;2(11):e489-97. Available from:
http://dx.doi.org/10.1016/S2542-5196(18)30225-0

Kikomeko H. Antimicrobial resistance of Escherichia coli found in
intestinal tract of Oreochromis niloticus. Uganda J Agric Sci.
2016;17(2):157.

Esther EA, Francis A, Christian A, Vivian EB, Yaw DB. Antibiotic
resistance patterns of bacterial isolates from hatcheries and selected
fish farms in the Ashanti region of Ghana. J Microbiol Antimicrob.
2017;9(4):35-46.

Katakweba AAS, Muhairwa AP, Lupindu AM, Damborg P,
Rosenkrantz JT, Minga UM, et al. First Report on a Randomized
Investigation of Antimicrobial Resistance in Fecal Indicator
Bacteria from Livestock, Poultry, and Humans in Tanzania. Microb
Drug Resist. 2018;24(3):260-8.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Chakravarty MS, Ganesh PRC, Amaranth D, Sudha BS, Subhashini
M. Escherichia coli-occurrence in the meat of shrimp, fish, chicken
and mutton and its antibiotic resistance. Pelagia Res Libr Eur J Exp
Biol [Internet]. 2015;5(7):41-8. Available from:
www.pelagiaresearchlibrary.com

Sonola VS, Katakweba AS, Misinzo G, Matee MIN. Occurrence of
Multi-Drug-Resistant ~ Escherichia  coli  in.  Antibiotics.
2021;10(1137):1-12.

Moyo SJ, Aboud S, Kasubi M, Lyamuya EF, Maselle SY.
Antimicrobial resistance among producers and non-producers of
extended spectrum beta-lactamases in urinary isolates at a tertiary
Hospital in Tanzania. BMC Res Notes. 2010;3:2-6.

Songe MM, Hang’ombe BM, Knight-Jones TJD, Grace D.
Antimicrobial resistant enteropathogenic escherichia coli and
salmonella spp. In houseflies infesting fish in food markets in
Zambia. Int J Environ Res Public Health. 2017;14(1).

URT. Morogoro Region Social-Economic Profile, 2020. 2022. 1-
66 p.

Magufwa A. Epidemiology of urinary tract infection among ferbrile
children under five years in Morogoro municipality, Tanzania. VVol.
147. 2016.

Mdegela RH, Mosha RD, Ngowi HA, Nonga H. Environmental and
Health Impacts Associated with Usage of Agrochemicals in Mindu
Dam Catchment Area, Morogoro, Tanzania. Huria - J Open Univ
Tanzania. 2013;15(1):18-33.

Hudzicki J. Kirby-Bauer Disk Diffusion Susceptibility Test
Protocol. Am Soc Microbiol. 2016;(December 2009):1-23.

CLSI. Performance Standards for Antimicrobial Susceptibility
Testing. Vol. 8, Journal of Services Marketing. 2017. 18-260 p.
Mir R, Salari S, Najimi M, Rashki A. Determination of frequency,
multiple antibiotic resistance index and resistotype of Salmonella
spp. in chicken meat collected from southeast of Iran. Vet Med Sci.
2022;8(1):229-36.

Ayandele AA, Oladipo EK, Oyebisi O, Kaka MO. Prevalence of
multi-antibiotic resistant escherichia coli and klebsiella species
obtained from a tertiary medical institution in Oyo State, Nigeria.
Qatar Med J. 2020;2020(1):1-6.



