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Abstract. Suhartono S, Ismail YS, Aini Z. 2021. Distribution of multidrug-resistant Salmonella spp. recovered from aquatic environment
of Banda Aceh, Indonesia. Biodiversitas 22: 881-886. The occurrence of pathogenic bacteria in an aquatic system might increase
waterborne infections including salmonellosis. This might raise a concern related to the increasing pathogenic bacteria, including the
multidrug-resistant Salmonella spp. in the two major rivers, namely Lamnyong and Krueng Aceh crossing the city of Banda Aceh,
Indonesia. The objectives of the present study were to isolate and enumerate Salmonella spp. recovered from aquatic environment in
Banda Aceh and to determine their antibiotic susceptibility. Bacterial enumeration was performed using most probable number (MPN)
method followed by bacterial isolations using selective media Salmonella-Shigella Agar (SSA); whereas, antibiotic susceptibility test
was conducted using a procedure as recommended by the National Committee for Clinical Laboratory Standards. There was no
significant Salmonella spp. densities/mL of both locations (p = 0.200) although, on average there was about 441.67 Salmonella spp.
MPN/mL in Krueng Aceh as opposed to 20.47 MPN/mL of Lamnyong river. There were 57 Salmonella spp. isolates recovered in the
sampling sites, i.e. 38 isolates of Lamnyong and 19 isolates of Krueng Aceh. The results of antibiotic susceptibility tests showed that
Salmonella spp. isolates recovered from Lamnyong and Krueng Aceh showed antibiotic resistance to azithromycin, tetracycline, and
streptomycin. Moreover, Salmonella spp. isolates also showed high resistance to ofloxacin, ciprofloxacin, dan ceftriaxone. All
Salmonella spp. isolates were classified as MDR with the number of isolates resistant to 4-6 antibiotics was 33 (57.9%), whereas those
that were resistant to 7-9 antibiotics and over 10 antibiotics were 23 (40.4%%) and 5 (8.8%) respectively. The prevalence of MDR
Salmonella spp. in the current study suggest that river remain the major reservoirs for the transmission of the pathogen in aquatic
systems. An appropriate assessment and monitoring are necessary to reduce the potential health risks and to ensure water quality in the
aquatic environment.
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Abbreviations: MDR: multi-drug resistant, MPN: most probable number, RVS: Rappaport-Vassiliadis Soya, SSA: Salmonella-Shigella
Agar, XLD: Xylose Lysine Deoxycholate

INTRODUCTION

Dissemination and persistence of antibiotic-resistant
bacteria in the aquatic environment remain alarming with
respect to public health. Proportionally, the bacteria emerge
in the environment because of higher concentrations of
anthropogenic contaminants, including human and animal
pollution from wastewater treatment facilities, municipal
water systems, animal husbandry, agriculture, and
pharmaceutical industries (Rath and Patra 2018).
Additionally, the occurrence of selective pressure on
contaminants, i.e. the existence of antibiotics in the aquatic
environment, may select bacteria that have antibiotic
resistance determinants to spread and persist in the water
body, enabling them to spread their resistance to other
bacteria through lateral gene transfers (Allen et al. 2010).

The occurrence of pathogenic bacteria in an aquatic
system might implicate increasing water-borne infections
including salmonellosis. The infections are etiologically
caused by Salmonella spp., prominent Gram-negative
bacilli that are notoriously associated with symptoms
ranging from mild gastrointestinal issues, enteric fever to

death. It is estimated that Salmonella-related infections are
responsible for 93.8 million cases of gastroenteritis with
approximately 155,000 deaths worldwide annually
(Majowicz et al. 2010). Previous study revealed that 20
percent of all Salmonella-related typhoidal cases (130 cases
in total) in Indonesia required hospitalization which was
intermediate as compared to other Asian countries, i.e.,
high in India and Pakistan; low in China and Viet Nam
(Ochiai et al. 2008). Even though Salmonella spp. are
prevalently found in meat, egg, poultry products, as well
as, fresh produces (Liu et al. 2018), the bacteria particularly
those exhibiting antimicrobial resistance are also detected
in (contaminated) surface water (Kadykalo et al. 2020;
Massinai et al. 2019). The rise of antimicrobial-resistant
Salmonella spp. is associated with increased adverse effects
including higher hospital levels, prolonged illness and
higher risk of invasive disease, as well as treatment failures
during hospitalization (Hazards 2009).

Banda Aceh is one of the emerging coastal cities in
Indonesia. It has a moderate population of 270,320 in 2020
with a population density of 4,410 per km? and an annual
population growth rate of 1.97 percent (BPS 2020). In
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addition, some major rivers across the city of Banda Aceh,
including the Lamnyong and Krueng Aceh rivers, primarily
receive effluents from residentials, hotels, markets and
home industries, leading to a substantial increase in
domestic pollutants (Hadi et al. 2018). Furthermore, the
rivers also receive floating inorganic waste, such plastic
debris in considerable amounts as a result of mismanaged
land-based plastic waste (Agustina et al. 2020). This might
raise a concern related to the increasing pathogenic
bacteria, including the multidrug resistance Salmonella spp.
To the best of our knowledge, this is the first study
investigating the occurrence of multidrug-resistant
Salmonella spp. isolates recovered from major rivers
crossing the city of Banda Aceh. Hence, the objectives of
the present study were to isolate and enumerate Salmonella
spp. recovered from aquatic environment in Banda Aceh,
Indonesia.

MATERIALS AND METHODS

Study area and water sample collection

The location of water sampling sites in the current study
is depicted in Figure 1. The water samples were collected
in two primary rivers crossing Banda Aceh City, Indonesia,
namely the Lamnyong river and Krueng Aceh river. The
water samples were aseptically collected on the designated
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sampling sites using sterile 500 mL Schott Duran bottles.
Al bottles were clearly labelled containing information of
serial number, types of water sample as well as time and
date of collections. All samples were placed in ice-cool
boxes and then transported to the laboratory for further
analysis within 24h.

Bacterial enumeration and isolation

Salmonella spp. enumeration within water samples was
performed using three series-tube most probable number
(MPN) method. A 25 mL of water sample was added to
Erlenmeyer flask containing 225 mL of buffer peptone
water before it was diluted into tubes with final
concentration of 10 and incubated at 37 °C for 24 hr.
After incubation, the tubes positive for bacterial growth
were then used for enumeration using the MPN table and
0.1+0.02 mL of the culture from the positive tubes was
then transferred to other tubes containing 10 mL of
Rappaport-Vassiliadis Soya (RVS) for pre-enrichment and
incubated for 24 hr at 42°C. A loopful of the culture was
then inoculated to a plate containing Xylose Lysine
Deoxycholate (XLD) and incubated at 37°C for 24 h. The
single colonies growing in the plates were then
reinoculated into Salmonella-Shigella Agar (SSA) for
confirmation.
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Figure 1. The sampling sites in Banda Aceh, Indonesia, vis. Lamnyong river (point 1 (T1): 5°34'15.6"N 95°21'39.6"E; point 2 (T2):
5°34'30.0"N 95°21'28.8"E; and point 3 (T3): 5°35'02.4"N 95°21'21.6"E) and Krueng Aceh (point 1 (T1): 5°33'16,7"N 95°19'09,4"E; point 2
(T2): 5°3322,7"N 95°19'03,7"E; and point 3 (T3): 5°33'40,2"N 95°19'04,5"E)
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For isolation, 25 mL of water samples were mixed with
225 mL buffered peptone water and incubated at 37°C for
24 hr. One mL of the pre-enrichment culture was then
transferred into tubes containing 9 mL of Rappaport-
Vassiliadis soy broth (RVS) and incubated for 24 hr at
42°C. A loopful of the growing colony was then streaked
onto Salmonella-Shigella Agar (SSA) to obtain pure colony
of Salmonella spp. isolates.

Antimicrobial susceptibility tests

Antibiotic susceptibility tests were conducted using the
procedure as recommended by the National Committee for
Clinical Laboratory Standards (CLSI 2016). Briefly, a
suspension of Salmonella spp. isolates with density
equivalent to McFarland 0.5 turbidity standard were evenly
spread on the surface of plates containing Mueller Hinton
agar (MHA) using a sterile cotton swab. Antibiotic discs
(Oxoid, UK) consisting of ampicillin (30 ug), penicillin (10
pg), amoxicillin (25 pg), cefotaxime (30 ug), ceftriaxone
(30 ug), gentamicin (10 pg), kanamycin (30 pg),
streptomycin (10 pg), tetracycline (30 ug), ciprofloxacin (5
pg), ofloxacin (5 pg), nalidixic acids (30 pg),
chloramphenicol (30 pg), and azithromycin (15 pg) were
placed on the agar plates before the plates incubated at 37
°C for 18-24 hr. Escherichia coli ATCC® 25922 was used
as a control microorganism in the tests.

Statistical analysis

All data were tabulated using Microsoft Excel to
generate descriptive information in tables or charts.
Statistical analysis was performed using XLSTAT2020
with significant difference was accepted at values of p <0.05.

RESULTS AND DISCUSSION

Bacterial enumeration and isolation

Salmonella spp. enumeration within water samples
collected in both Lamnyong and Krueng Aceh rivers is shown
in Figure 2. As shown, there were no significant bacterial
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densities/mL of both locations (p = 0.200). On average
there was about 441.67 Salmonella spp. MPN/mL in Krueng
Aceh as opposed to 20.47 MPN/mL of Lamnyong river.

Of the sites, in total 57 Salmonella spp. isolates were
recovered, i. e. 38 isolates of Lamnyong and 19 isolates of
Krueng Aceh. The pure colonies of the isolates are depicted
in Figure 3. Salmonella spp. appeared as smooth and
opaque or translucent colorless colonies with black centers
on Salmonella Shigella (SS) Agar.

Antibiotic susceptibility tests

The results of antibiotic susceptibility tests are tabulated
in Table 1 and the detailed susceptibility information of
each isolate is available in supplementary data. It can be
seen that Salmonella spp. recovered from Lamnyong and
Krueng Aceh showed antibiotic resistance to azithromycin,
tetracycline, and streptomycin. Moreover, Salmonella spp.
recovered from both sites showed high resistance to
ofloxacin, ciprofloxacin, dan ceftriaxone. The classification
of the multi-drug resistance (MDR) among isolates is
tabulated in Table 2. It is apparently shown that all
Salmonella spp. isolates were classified as MDR. Of total
isolates, the number of isolates resistant to 4-6 antibiotics
was 33 (57.9%), whereas those that were resistant to 7-9
antibiotics and more than 10 antibiotics were 23 (40.4%%)
and 5 (8.8%) respectively.

Table 2. Number (percentage) of multidrug-resistant Salmonella
spp. isolates recovered from Lamnyong and Krueng Aceh river,
Banda Aceh, Indonesia

Number (percentage) of

Number of resistant isolates Total
resistances Lamnyong Krueng Aceh  (n=57)
river (n=38) river (n=19)

4-6 25 (65.9) 8(42.1) 33(57.9)
7-9 11 (28.9) 7(36.8) 18 (31.6)
>3 38 (100) 19 (100) 57 (100)
>5 35(92.1) 15 (78.9) 50 (87.7)
>7 13 (34.2) 10 (52.6) 23 (40.4)
>10 2(5.26) 3(15.8) 5(8.8)

Table 1. Number of isolates (%age) of antibiotic susceptibility of Salmonella spp. recovered from Lamnyong and Krueng Aceh river,

Banda Aceh, Indonesia

Antibioi Isolates of Lamnyong river (n=38) Isolates of Krueng Aceh river (n=19)
ntibiotics

Sensitive Intermediate Resistance Sensitive Intermediate Resistance
Streptomycin 0(0) 1(2.6) 37 (97.4) 0(0) 0(0) 19 (100)
Nalidixic Acid 5(13.2) 30 (78.9) 3(7.9) 6 (31.6) 10 (52.6) 3(15.8)
Gentamycin 0(0) 7(18.4) 31(81.6) 0(0) 14 (73.7) 5(26.3)
Kanamycin 0(0) 21 (55.3) 17 (44.7) 2(10.5) 7(36.8) 10 (52.6)
Ciprofloxacin 33(86.8) 3(7.9) 2(5.3) 10 (52.6) 5(26.3) 4(21.1)
Ceftriaxone 32 (84.2) 3(7.9) 3(7.9) 10 (52.6) 5(26.3) 4(21.1)
Azithromycin 0(0) 0(0) 38 (100) 0(0) 0(0) 19 (100)
Ofloxacin 36 (94.7) 1(2.6) 1(2.6) 17 (89.5) 2(10.5) 0(0)
Tetracycline 0(0) 0 (0) 38 (100) 0(0) 1(5.3) 18 (94.7)
Cefotaxime 20 (52.6) 11 (28.9) 7(18.4) 9(47.4) 4(21.1) 6 (31.6)
Penicillin G 6 (15.8) 4 (10.5) 28 (73.7) 2(10.5) 0(0) 17 (89.5)
Chloramphenicol 3(7.9) 31(81.6) 4 (10.5) 4(21.1) 10 (52.6) 5(26.3)
Amoxicillin 7(18.4) 13 (34.2) 18 (47.4) 6 (31.6) 5(26.3) 8(42.1)
Ampicillin 14 (36.8) 8(21.1) 16 (42.1) 6 (31.6) 2(10.5) 11 (57.9)
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Figure 2. The means of Salmonella spp. cell densities (MPN/mL)
in each station

Discussion

Salmonella-related infections, especially in polluted
aquatic systems, remain major concern. The infections generate
significant implications in both clinical and non-clinical
settings (Hazards 2009; Majowicz et al. 2010). The pathogens
have been applied as one indicator microorganisms signify
the environmental sanitation or the occurrence of polluted
surface water (Levantesi et al. 2012; Kadykalo et al. 2020). In
the present study, the isolates of Salmonella spp. in two
major rivers of Banda Aceh were recovered and
enumerated for their bacterial density. There was no
significant difference in bacterial densities of both rivers
despite the means of Salmonella spp. density from Krueng
Aceh was twenty-two folds higher than Lamnyong river,
i.e., 441.67 and 20.47 Salmonella spp. cells/mL, respectively.

Figure 3. The isolates of Salmonella spp. recovered from sampling stations in Banda Aceh, Indonesia, namely 38 isolates of Lamnyong
(coded as ISSL) and 19 isolates of Krueng Aceh (coded as ISKA) grown on Salmonella-Shigella Agar (SSA) selective media
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The insignificant bacterial densities might be due to
quite high variability on the bacterial densities among three
sampling sites in the Krueng Aceh. Although the size of the
Krueng Aceh is smaller than its counterpart, Krueng Aceh
receives water input mode dominant from various sources
including residentials, home-industries, traditional markets,
and hotels than Lamnyong river which lack human
activities as it is mainly designated for flood-buffering zone
and open-green space area. Previous investigation also
suggested that higher human population density and higher
load of human waste disposal and poor waste management
had a higher tendency to increase Salmonella spp.
concentration within aquatic system (Massinai et al. 2019).
Additionally, other research also demonstrated that
Salmonella spp. densities in water might be influenced by
temperature and precipitation variation along with changes
in rates of local human and animal population carrying the
pathogens (Haley et al. 2009).

In the present study, the isolation of Salmonella spp.
was conducted by re-inoculating the colonies grown on
XLDA agar that are presumptively different morphological
features into new plates containing SSA media to obtain
pure colonies. The fact that number of Salmonella spp.
isolates recovered from Krueng Aceh (n = 19) was half
than the number of isolates from Lamnyong river (n = 38)
did not necessarily indicate the Salmonella spp. diversity in
the first river was less than the later. The diversity might be
revealed by further serotyping or molecular identification
of the recovered Salmonella spp. isolates which were not
performed in the current research. Conversely, it is
projected that the diversity of Salmonella spp. collected
from Krueng Aceh river will be higher than Lamnyong
river since the Krung Aceh crosses areas dominated by
human population and activities. Other findings also
emphasized the high levels of Salmonella diversity can be
viewed in a sense of contamination dynamics dominated by
multiple Salmonella sources and the persistence of multiple
populations in the environment (Jiménez et al. 2014).

In the present study, the Salmonella spp. isolates were
pan-resistant to at least three different classes of antibiotics
tested, i.e., streptomycin, azithromycin, and tetracycline,
and half of the isolates were resistant to more than five
antibiotic classes so that the isolates might be classified as
multidrug-resistant (MDR). These findings align with other
research demonstrates that Salmonella spp. isolates
recovered from surface water of Grand River watershed
(south-western Ontario, Canada) were commonly resistant
to streptomycin, tetracycline, sulfisoxazole and ampicillin
(Kadykalo et al. 2020). Others found Salmonella spp.
isolates (31.2%, 16/51) collected from surface water in the
Southeastern United States were commonly resistant to
ampicillin, chloramphenicol, streptomycin, sulfamethoxazole,
tetracycline, cephalothin, amoxicillin-clavulanic acid, and
ceftriaxone (Li et al. 2014). Moreover, other investigators
also indicated that MDR Salmonella spp. isolates were
often detected to be resistant to the quinolone nalidixic
acid, streptomycin, and tetracycline (Levantesi et al. 2012).

The emerging MDR Salmonella spp. in aquatic
environment might be attributed to the dissemination and
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persistence of the bacterial pathogens in environmental
settings. Salmonella spp. exhibiting MDR determinants
harbor antibiotic resistance genes encoded in chromosomes
and/or plasmids leading the pathogens to spread their
resistance (Eng et al. 2015). For example, mutation of gyrA
gene in chromosomes allows Salmonella serotypes to be
resistant to quinolones leading to their reduced sensitivity
to ciprofloxacin (Chiu et al. 2002). Salmonella serotypes
have developed antibiotic resistance by insertion of the
corresponding genes into their virulence plasmids allowing
the pathogens to be resistant to conventional antibiotics
including chloramphenicol, tetracycline, ampicillin, and
streptomycin  (Guerra et al. 2002). The existence of
antibiotic resistance gene within self-transferable plasmids
and other mobile genetic elements, such as class 1
integrons, increase their potentials to be disseminated by
means of horizontal gene transfer, not only to the same
species but also in different species of bacterial pathogens
(Guerra et al. 2001; Xu and Chen 2020). In addition to the
dissemination, the persistence of Salmonella spp.
particularly in the aquatic environment might also play
significant role in emerging MDR of the pathogens.
Salmonella spp. have the ability to survive through a
variety of mechanisms in aquatic settings, including entry
to the viable, yet non-culturable (VBNC) condition
allowing Salmonella spp. to persist in the environment
including harsh condition (Liu et al. 2018).

The prevalence of MDR Salmonella spp. in the current
study suggests that rivers remain the major reservoirs for
the transmission of the pathogen in aquatic systems. Rivers
as well as other surface waters are exposed to
environmental activities such as discharge of sewage,
runoff, precipitation, animal farming, and wildlife are more
prone to be contaminated (Liu et al. 2018). Previous
findings signified that the prevalence of the Salmonella
spp. Varied, depending on the temporal and spatial changes
in the aquatic system (Haley et al. 2009). Overall,
understanding the factors affecting the Salmonella spp.
density and diversity in the aquatic system are important to
reduce the potential health risk of these enteric pathogens.
An appropriate assessment and monitoring are necessary to
ensure water quality as well as to project and prevent the
transmission of waterborne pathogens in the aquatic
environment.
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