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ARTICLE INFO ABSTRACT

Water, which aids in the sustainability of life, also contributes to diseases, including Salmonella-
implicated diseases, attributable to human anthropogenic activities leading to cross-contamination
and transfer of multi-drug-resistant pathogens. There is however need for constant surveillance of
public water. This study is aimed at molecular identification and resistance profiling of multidrug-
resistant Salmonella spp. isolated from a Southeast, Nigerian River. Using water samples obtained
from sites 1-8, the microbiological water quality and faecal counts were determined using the
membrane filtration technique. Salmonella spp. from the sample was isolated and biochemically
and molecularly characterized and the resistance profile to ciprofloxacin (5ug), chloramphenicol
(30ug), amoxicillin (30ug), and streptomycin (10ug) assessed using the Kirby-Bauer sensitivity
technique. The mean faecal counts according to the sampling months ranged from 35,000—
45,000CFU/100ml and according to the sites, ranged from 37233.3-41900CFU/mI. The pre-
identification of the isolates was done using isolates with negative results to catalase, coagulase,
Voges-Proskauer, urease, oxidase and gram-stain, positive results to citrate, indole, methyl red,
and alkaline/acid result to H2S. The molecular identification confirmed seven Salmonella enterica
(coded M1 to M7)of different strains and subspecies. The strains showed the highest sensitivity
to chloramphenicol (80%), followed by ciprofloxacin (16%). The highest resistance was recorded
with amoxicillin (98%), followed by streptomycin (48%). Detected fluoroquinolone genes
included QnrA, QnrSM, ParC, and gyrin some or all the isolates. The study revealed the presence
of multi-drug resistant S. enterica strains in the study site, further exposing the heavy
contamination in the site and informing policymaking.
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Introduction Surface water quality degradation and composition is significantly

affected by human anthropogenic activities. These include open

With 75 % of the earth's surface covered with water, it is

indispensable to life.r It is a crucial component of human nutrition,
consumed/used directly and/or indirectly as components of foods and
in diverse daily applications, including for domestic purposes and fresh
produce irrigation. Aside from the positives, it also serves as one of the
vehicles for transmitting disease and infection in both developed and
developing countries.*
Surface water pollution often results from diversified routes.?
Specifically, poor environmental sanitation continues to harm health
and leads to microbial transmission and diseases including diarrhoea
and typhoid consequently promoting high mortality rates.®
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defecation, industrial, and residential effluents/wastewater discharges,
agricultural activities, including the use of fertilizers and pesticides, and
abattoir effluents which influence both the physical, chemical, and
microbial quality and profile of surface water. Globally, 844 million
people still lack access to basic drinking water, especially in the rural
areas of low- and middle-income countries (LMICs) and about 10 % of
the Global Disease Burden could be prevented by improving water
access, sanitation, hygiene and management.* Specifically, about 66
million people do not have adequate access to drinking water.®
Coliforms are known to be associated with water contamination and
many are implicated in severe health challenges, leading to co-
morbidities and mortality in humans. Gastrointestinal diseases, UTI,
skin and respiratory diseases, and food poisoning are just a few
examples of associated disease conditions, with Salmonella spp often
implicated, especially the first mentioned.

The presence of Salmonella like other pathogenic microorganismsin
surface water bodies, via cross contamination contributes to increasing
morbidity and mortality rates and has become a major public health
concern.® It has been identified as a major causative organism of
bacteremia and gastroenteritis worldwide. Many species cause
Salmonellosis of which Salmonella typhi and Salmonella paratyphi are
the major species implicated in man.” Thus, demanding proper and
adequate assessment of these surface water bodies would inform
intervention policies.

Infections involving invasive serotypes are often life-threatening, due
to the need for effective and comprehensive antibiotic therapy. The
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efficacy of antibiotic treatment has declined since the emergence of
multi-drug resistance (MDR) Salmonella consequently adding to
treatment and economic burden. The maintenance of good food
hygiene, proper dieting, water sanitation and other measures as
reduction in the use of antibiotics in food animals are the major
preventive measures.’

Salmonella infections remain one of the most serious public health
issues worldwide, contributing to the economic imbalance and
destabilization of both industrialized and underdeveloped countries due
to the cost of resources invested for surveillance, prevention and
treatment of the associated diseases.® Salmonella belongs to the family
Enterobacteriaceae of which 2600 serotypes have been identified using
the Standard Kauffman White Scheme and most of the serotypes adapt
easily within animal hosts, including humans.®

Salmonella enterica is a leading cause of community-acquired
bloodstream infections in both Africa and Asia.'?S. enterica serovars
Typhi, Paratyphi A, Paratyphi B, and Paratyphi C may all be referred to
as typhoidal Salmonella, while other serovars are placed as
nontyphoidal Salmonella (NTS). Typhoidal Salmonella strains are
human host-restricted organisms that cause typhoid and paratyphoid
fever, together referred to as enteric fever. NTS strains may be host
generalists, infecting or colonizing a broad range of vertebrate animals,
or may be adapted or restricted to nonhuman animal species.!

Ekulu River, a river in the city of Enugu, Nigeria, offers an alternative
source of water to the residents for drinking, recreation, domestic use,
and fresh produce irrigation. Anthropogenic activities, including open
defecation and the indiscriminate mismanagement of refuse dumps,
human wastes, treated, and untreated domestic sewage, abattoir
effluents, piggery effluents and industrial effluents lead to the discharge
along the river. Thus, the river potentially serves as a reservoir for
pathogenic bacteria through these human effects and necessitates the
need for regular surveillance which would inform interventional
approaches. These include the definite identification of pathogenic
bacterial isolates present in the surface water and the resistance
profiling including the testing against conventional antibiotics and the
tracking of specific resistance genes. Thus, this study aimed to examine
the molecular characterization and resistance profiling of multidrug-
resistant Salmonella spp. isolated from the river.

Materials and Methods

Study site

Ekulu River is a 25 km (16 miles) long river in the Enugu city of Enugu
State, located within Latitude 6°24°35.1 (6.40980) North and Longitude
7°36°38.2 (7.6106) East as shown in Figure 1. The river originated from
the foot of Udi Hills in the State. The overflow of the river along its
watercourse has other tributaries and feed streams including Ohune,
Inyi, and Nnadiri. The river plays key roles in the community, including
serving both the Enugu and Ebonyi State Water Corporation as the
major source of water for their activities. Though often treated, it also
serves surrounding institutions, including industries, universities,
hospitals, small businesses such as car washing business, block
moulding, and abattoirs and agricultural purposes including irrigation
of farm produce. Some of these activities usually done close to the
riverbank produce and inject contaminants into the river resulting in the
pollution of the water body and making them a source of infection.?

Sample collection

Duplicate composite samples were collected aseptically for a period of
ten (10) months, starting from September 2021 to June 2022, between
8 a.m. and 1 p.m. (5 hours) using 2 litres of screw-capped Roux bottles
and were done once monthly at an approximate depth of 15 cm below
the water surface. The samples were placed in a lightproof insulated box
containing ice packs and transported to the laboratory for analysis.
Upon arrival, the samples were stored at -4°C and analyzed within 8 h.
Determination of the microbiological water quality and faecal
coliforms (FC) count

The microbiological water quality and FC counts were determined
using the membrane filtration technique.®® All samples were analyzed
in triplicates and were used to determine the faecal coliform counts of
the water sample. The culture plates for the assays were prepared
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accordingly using salmonella-shigella agar (Oxoid), and chromo-cult
coliform agar (Merck. Wadeville, South Africa) and as directed by the
manufacturers.

For the FC counts, the water samples were processed by making tenfold
serial dilution with 100 ml of each composite and filtering 100 ml of
choice dilution through membrane filters (47 mm diameter, 0.45 pm
pore size; Millipore, County Cork, Ireland) attached to a vacuum pump.
Thereafter, the Millipore filter papers were placed on chromocult
coliform agar (Merck Wadesville, South Africa) and incubated at 37 °C
for 24 h. The FC counts were reported as colony-forming units per 100
m|.14

Detection, purification, and biochemical test of Salmonella species
Pre-enrichment of the samples was done by transferring 1 ml of the
sample to 9 ml of buffered peptone water and was incubated for 18 h at
37 °C. Following incubation, 0.1 ml was transferred to 10 ml of
Rappaport-Vasiliadis broth (RV) (Oxoid)) and incubated for 24 - 48 hrs
at 42 °C,® after which a loopful of the broth was plated onto salmonella-
shigella agar (SSA) (Oxoid) and incubated. Plates with distinct colonies
were sub-cultured on fresh labelled nutrient agar plates until pure
isolates were obtained. Colony morphology and microscopic
examination were used to pre-characterize the isolates. Discreet
colonies were passed through necessary biochemical tests, including
gram staining, catalase, oxidase, coagulase, blood haemolysis, Voges-
Proskauer, citrate, glucose fermentation, sucrose, mannitol, lactose,
xylose, urease, and IMVIC test. Also, bacterial isolate identifications
were aided by comparison with known taxa as described in Bergy’s
Manual of Determinative Bacteriology.'*Presumptively identified
Salmonella isolates were stored in 15 % glycerol-based agar slants, at -
4 °C pending further analysis.

Molecular identification and resistance gene elucidation of isolates
The pure isolates were molecularly elucidated and involved standard
protocols as demonstrated by Saitou and Nei,'® Tamura et al.,'” and
Kumar et al.*®for the DNA extraction, PCR amplification, agarose gel
electrophoresis, 16S rRNA sequencing, and sequence analysis.

Antibiotics susceptibility test

Kirby-Bauer sensitivity techniques were employed for the antibiotic
sensitivity tests, involving ciprofloxacin (5 pg), chloramphenicol (30
ng), amoxicillin (30 pg), and streptomycin (10 pg). A loopful of the
isolate was inoculated onto nutrient broth and incubated for 24 hours.
Approximately, 0.2 ml of the 24 h culture of the test organisms was
added to 20 ml of sterile nutrient broth incubated for 3-5 hours and
adjusted to 0.5 McFarland standards (108 CFU/ml) before use.**0.1 ml
of the standardized culture was aseptically inoculated into a 20 ml
molten Mueller-Hinton agar and gently swirled to effect mixing.

The medium was poured aseptically into sterile Petri dishes and allowed
to solidify. The plates were labelled appropriately. This was repeated
for the rest of the isolated culture. After solidifying, a sterile forceps
was used to implant the commercial antibiotics discs onto the surface
of the medium” aseptically. This culture medium was incubated at 37
°C for 24 hours. Petri dishes were examined and the inhibition zones
across the various antibiotics were determined.
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Statistical analysis

The study data was descriptively and statistically analysed using the
SPSS software, Version 17, employing descriptive statistics for the
aggregation of the data and the generation of graphs.

Results and Discussion

Mean fecal count

The mean Fecal count (Figure 2) from the month of September to June
was evaluated. The faecal count ranged from 35,000 — 45,000
CFU/100ml, with the highest being observed in June and the least in
April and December.

The mean faecal counts of different sites were also evaluated. The
faecal count ranged from 37233.3 — 41900 CFU/100ml, with the highest
count observed in site 8 and the least in site 2 (Figure 3).

The study results, though unsurprising, highlight the heavy bio-load of
Salmonella spp. in the study site, a river sourced for drinking, bathing,
recreational activities, food preparation, or other purposes, without
pretreatment. Thus, shows the potential implications, including the
public risks of developing bacteremia, meningitis, diarrhoea, and other
water-borne illnesses.?° This is attributable to the continuous inflow of
effluent from sewage pipes and the direct discharge of highly
contaminated human sewage due to deteriorating septic tanks.?

The result showed the occurrence of Enterobacteriaceae in the
collected river water samples assessed for bacteriological quality. The
detection of Salmonella spp. is a confirmation of faecal contamination
and the possible presence of other pathogens. The possible causes of the
varying percentage of occurrence may be due to the nature of the
surroundings from which such water is collected, and the
presence/absence of minerals required by individual organisms for their
survival and reproduction.?

River water, however, has been demonstrated to be one of the largest
reservoirs of viable Salmonella and is often linked to animal ancestors.
Rainwater runoff may directly carry this pathogen from the excretions
or exudates of wild animals to irrigation ponds or rivers.? Also, cross-
contamination can occur using river water as the source of irrigation
supply for agricultural purposes? Salmonella in manure is estimated to
last for up to 231 days, and eventually contaminate farm produce
through splashing from rainwater or surface irrigation water.

Pre-identification and biochemical test results

Following the morphological identification, characteristic isolates with
results corresponding to Table 1, indicative of typical Salmonella spp
were selected.

Molecular identification of Salmonella species
The Accession number, Sequence, E-value and percentage similarity
were considered during identification (Table 2), with the gel image
showing amplification of the 16SrRNA gene presented in Figure 4. The
molecular characterization of the S. enterica strains showed a similarity
index ranging from 85.63 - 99.10 % similarity.

Susceptibility to the used antibiotics

From the analysis, chloramphenicol showed a high sensitivity of 80 %
to the isolates, ciprofloxacin showed 16 %, and streptomycin showed 4
%. While amoxicillin showed 98 % resistance (Table 3). The high
resistance observed in some of the isolates against the corresponding
commonly prescribed antibiotics may be attributed to drug misuse and
abuse, leading to the development and transmission of antibiotic-
resistant genes.?

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Table 1: Biochemical Characterization and Identification of
Salmonella sp isolated from Ekulu River

Biochemical test Result

Catalase Negative
Coagulase Negative

VP Negative

Citrate Positive

TSIA Alkaline/Acid with H2S
Indole Positive

Urease Negative

Oxidase Negative

Methyl red Positive

Gram stain Gram-negative rods
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Figure 2: The mean Fecal count of Ekulu River.
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Figure 3: Mean faecal count of water samples from different
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Figure 4: Gel image showing amplification of 16SrRNA gene
of Salmonella sp
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Table 2: Molecular identification of Salmonella species

SIN Sample code Accession Number ~ Sequence E-value 9% Similarity Probable Isolate

1 M1 MH352205 CMO1 0 85.63 S. enterica subsp. Enterica serovar Enteritidis strain CP018642

2 M2 CP030209 CMO2 0 99.02 S. enterica strain SA20044414

3 M3 CP018219 CMO8 0 99.10 S. enterica subsp. Enterica strain LSP 389/97

4 M4 CP0O32444 CMO4 0 98.70 S. enterica subsp. Enterica serovar Freshnostrain USMARC-69835
5 M5 JQ694241 CMO5 0 95.30 S. enterica subsp. Enterica serovar Bareillystrain 170

6 M6 CP032815 CMO6 0 97.60 S. enterica subsp. Enterica strain 11TTU1615b

7. M7 CP030211 CMO7 0 98.7 S. enterica strain SA20051528

Table 3:Profile of Salmonella isolates to antibiotics

Antibiotics I(?)Zs;istant I (rtl;:)a)rmediate S(g/r;;itive
Ciprofloxacin (5 pg) 36 48 16
Chloramphenicol (30 pg) 16 4 80
Amoxicillin (30 pg) 98 2 0
Streptomycin (10 pg) 48 48 4

The resistance fluoroquinolone genes in Salmonella sp isolated were
evaluated. Genes such as QnrA, QnrSM, Par C, and GyrA were
analyzed (Figures 5 - 8).

Percentage of fluoroguinolone genes in the isolates

The Percentage of Fluoroquinolone genes in the isolates was evaluated.
Fluoroquinolones genes, QnrA, QnrSM, ParC, and GyrA genes (Table
4) were present in the isolates with QnrAas the most dominant, followed
by QnrSM, GyrA, and ParC, respectively. The percentage rate of
isolates carrying the QnrAgene among quinolone-resistant salmonella
was 100 %. Thus, while all the isolates possessed QnrA, four (4) but
M2, M4, and possessed ParC, six (6) but M2 possessedQnrSM, and
four (4) but M1, M4, and M5 possessed GyrA.Falodun& Oladime;ji®
and Mustapha & Imir? reported a significant rate of multi-drug
resistance among some Enterobacteriaceae strains from clinical,
environmental, and hospital food sources, and showed without a doubt,
the creation of enzymes encoding for multidrug-resistant genes carried
on multiple plasmids, as evidenced by the gene present in Salmonella,
is the main mechanism of the reported multidrug resistance to
antimicrobials and resulting from the overuse of antibiotics which
would lead to strong selection pressure for resistant bacteria in the study
area.?*

Conclusion

Of public health concern, the study highlighted the presence of
potentially pathogenic Salmonella spp. in a commonly used surface
river in Enugu state, Nigeria. The study revealed the ranging resistance
of the isolates to the test antibiotics and the corresponding occurrence
of resistance genes. And further underlines the effect of the
anthropogenic activities around the study site and leading to the cross-
contamination of pathogenic bacterial strains. Thus, there is a need for
adequate concern, including more elaborate surveillance, involving
other key bacterial genera and species and the development of effective
intervention policies, regulations, and appropriate enforcement.
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M M1 M2 M3 M4 M5 M6 M7

Par C at about 250bp

Gel image showing amplification of Par C at about 250bp. M is a 50bp DNA ladder. All
isolates are positive except for isolate M2.

Figure 5: Gel image showing amplification of ParC of
Salmonella sp. at about 250bp
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Figure 6: Gel image showing amplification of QnrA of
Salmonella sp. at about 600bp

QnrSM at about 450bp

Figure 7: Gel image showing amplification of QnrSM of
Salmonella sp. at about 450bp
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Table 4:Percentage of fluoroquinolone-resistant genes in Salmonella isolates

Gene Salmonella Primer Sequences Amplicon size
QnrA 7(100 %) QnrA-F, 5’AGAGGATTTCTCACGCCAGG'3 600bp
QnrA-R 5’TACCAGGCACAGATCTTGAC’3
QnrSm 6(85.7 %) QnrSmF GCAAGTTCATTGAACAGGGT’3 450bp
QnrSmR TCTAAACCGTCGAGTTCGGCG’3
GyrA 4(57.14 %) GyrA-F 5’CGTTGGTGACGTAATCGG’3 300bp
GyrA-R 5’CCGTACCGTCATAGTTAT’3
ParC 4(57.14 %) ParCF 5’CTATGCGATGTCAGAGCTGG’3 250bp
ParCR 5’TAACAGCAGCTCGCGTATT’3
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