
Citation: Borjac, J.; Zeino, W.; Matar,

A.; Khawaja, S.; Merheb, M.; Matar, R.

Prevalence of Antibiotic-Resistant

Bacteria in Domestic Water Storage

Tanks in Sidon, Lebanon. Water 2023,

15, 335. https://doi.org/10.3390/

w15020335

Academic Editor:

Helvi Heinonen-Tanski

Received: 18 November 2022

Revised: 9 January 2023

Accepted: 10 January 2023

Published: 13 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

water

Article

Prevalence of Antibiotic-Resistant Bacteria in Domestic Water
Storage Tanks in Sidon, Lebanon
Jamilah Borjac 1,†, Wafaa Zeino 1,†, Alaa Matar 2,†, Salwa Khawaja 3, Maxime Merheb 4 and Rachel Matar 4,*

1 Department of Biological Sciences, Faculty of Science, Beirut Arab University, Chouf P.O. Box 11-5020,
Lebanon

2 Department of Medical Laboratory Technology, Jinan University, Tripoli P.O. Box 818, Lebanon
3 Department of Microbiology, Azm Center for Biotechnology and its applications., Tripoli P.O. Box 5, Lebanon
4 Department of Biotechnology, American University of Ras Al Khaimah,

Ras Al Khaimah P.O. Box 10021, United Arab Emirates
* Correspondence: rachel.matar@yahoo.fr
† These authors have equally contributed to this work.

Abstract: Safe, accessible, and good water quality are essential characteristics for reducing various
waterborne diseases. Since domestic water is the water most consumed by Lebanese people, cleaning
household water tanks is important to prevent their exposure to pathogenic microorganisms. Generally,
all the stages of the value chain of the Lebanese water sector are still imperfect. Thus, the domestic
water should be regularly tested, especially in the impoverished landmarks where water quality is the
worst. The aim of this study is to evaluate the physicochemical parameters and microbiological quality
of the water in the storage tanks of homes in Sidon, Lebanon. Fifty water samples were collected
aseptically from domestic water storage tanks. The microbiological assessment was performed using
basic plating techniques. Identification of isolated bacteria was performed using MALDI-TOF-MS.
Physicochemical parameters were assessed using titration, pH, and conductivity measurements.
Antibiotic-susceptibility testing was performed using antibiotic disks. Screening for virulence genes in
bacteria was carried out via polymerase chain reaction (PCR). Most of the physicochemical parameters
were within the permissible limits of the World Health Organization (WHO) for drinking water.
The heterotrophic plate count (HPC) varied between the water samples. The total coliform, fecal
coliform, and Escherichia coli (E. coli) contaminate was 54%, 20%, and 16% in each of the samples,
respectively. Other bacteria isolated from household water included intestinal Enterococcus faecalis
(E. faecalis) (68%), Staphylococcus aureus (S. aureus) (68%), and Pseudomonas aeruginosa (P. aeruginosa)
(22%). Other predominant isolates recovered from the samples were also identified. The bacterial
isolates showed a prevalence of resistance and intermediate resistance against the tested antibiotic
agents. Multi-resistant Staphylococcus aureus (MRSA) was detected in 21% of the collected S. aureus,
using cefoxitin agent and mecA gene detection. A prevalence of virulence genes in both P. aeruginosa
and S. aureus was also noticed. Our data show that Sidon domestic water is not suitable for either
drinking or home applications.

Keywords: water; pathogenic bacteria; virulence genes; physicochemical parameters; microbiologi-
cal analysis

1. Introduction

Biological life depends on various necessities, especially water, which constitutes
around 60% of an adult human body and up to 75% of a child’s organism [1]. Rivers, lakes,
streams, ponds, reservoirs, springs, and wells are the sources of water in Lebanon [2]. They
are used for different domestic purposes and are therefore defined as household water
according to the World Health Organization (WHO). Water is distributed via pipeline to
reach the houses in Lebanon. However, due to the continuous shortage of domestic water in
Lebanon and the constant worry about its scarcity, people save water in storage tanks. The
inappropriate control of water systems, the external water supply, the age of materials
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used, and the contact intervals may affect the quality of water, resulting in microbial
contamination and potential chemical-substance liberation that can cause serious illness [3].
In addition, treated, pure water can be altered during storage and upon circulation via
pipelines [4]. Excreta-related diseases, transmitted by low water quality, contribute to the
high burden of childhood mortality worldwide. In 2010, the WHO denoted that the precise
disinfection of water reduces the burden of illness in the world by 9.15% and the death rate by
6.3% [5]. Based on this, the examination of microbial contamination and the analysis of water
quality outline the safety limits that should be followed before human consumption [6]. The
evaluation of water quality involves physical, chemical, and microbiological parameters [7,8].
The WHO and other regulatory agencies set the exposure limits of these parameters [7].
The main physicochemical parameters measured to assess the quality of water include the
total dissolved solutes (TDS), pH, hardness, total alkalinity, electrical conductivity (EC),
and the presence of other non-toxic elements [9]. In Lebanon, the standard values of the
physicochemical properties of water are set by “Libnor” according to ISO 10523:1994. Total
dissolved solutes are the measurement of inorganic salts and dissolved organic substances
in water [10,11]. Measuring both TDS and pH tracks the pollution’s access to water. Thus,
an increase in TDS levels and a decrease in pH are indicators of the presence of harmful
contaminants. Industrial wastes, dissolved rocks, salts, base residues, certain plant activities,
and mud provide water with anions that can be evaluated by measuring its alkalinity [12].
Hardness refers to the calcium carbonate concentration in water.

The United States Environmental Protection Agency (USEPA) identified over 500 wa-
terborne pathogens that may inhabit potable water and affect human health [13]. A matrix-
assisted laser desorption/ionization-time of flight (MALDI-TOF) mass spectrometer was
recently used for the identification of the genus and species of a wide range of Gram-
negative and Gram-positive bacteria [14].

Escherichia coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus aureus (S. au-
reus), and total fecal coliforms are among the most susceptible bacterial species. Their growth
affects the quality and safety of water, causing illness including diarrheal diseases [15,16].

Generally, all the stages of the Lebanese water-sector value chain are still imperfect [17].
Thus, potable water quality is variable. The general water quality status in Sidon required
improvement due to noted contamination according to a study done in 2010 [18]. After the
rehabilitation of the main pumping facilities, drinking water sources, and networks using
plastic pipes in the city [19], domestic water storage tanks were exposed to several pathogens
that deteriorated their quality. Therefore, it is of the utmost importance to regularly test the
domestic water quality in this impoverished region.

The aim of this study is to evaluate the physicochemical parameters of water in the
storage tanks of Sidon homes to assess its microbiological quality, check the resistance
pattern of bacterial isolates to different antibiotics, and to screen for the presence of virulence
genes in some isolates.

2. Materials and Methods
2.1. Survey

A questionnaire was filled out by the participants prior to the sample collection from
their tanks. The survey included information related to various water parameters. Among
these parameters were: the disinfection history, size and number of water tanks connected
to each home, and the probability of the lack of water.

2.2. Sample Collection

All collection bottles were washed with detergents, followed by concentrated HCl
(10.2 M). They were finally washed again with deionized water. Sodium thiosulfate (833 µL,
3%) was added to each 1 L sterile glass storage bottle to neutralize chlorine in order to
prevent bactericidal effect during transportation. The bottles were then autoclaved for
15 min at 121 ◦C [20].
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Following the protocol for aseptic sampling technique (ISO 5667-21, 2010) [21], 50 wa-
ter samples from domestic storage tanks in Sidon were collected during the winter of 2019.
Samples were kept on ice for bacteriological analysis during transportation to Beirut Arab
University laboratories.

2.3. Analysis of Water Samples
2.3.1. Physical Parameters

Physical parameters including the pH, electrical conductivity (EC), and TDS were
measured. The pH of water samples was determined using a pH meter (Mi 151 Bench pH
Meter, STARTER3100C- OHAUS) [22]. EC was measured using an EDT- BA-380 conductivity
meter (Mi 170 Bench Meter—Martini, catalog number 970,808 kk), and TDS was calculated
as parts per million using the following formula [23]:

TDS = conductivity (mS/cm) × 0.65

2.3.2. Chemical Parameters

The chemical parameters measured were calcium, chloride, and total alkalinity levels.
The titration of water samples (25 mL) was performed using EDTA (0.01 M), silver nitrate
(0.01 M), and sulfuric acid (0.02 N) solutions in order to determine the concentrations of
calcium, chloride, and total alkalinity, respectively [24]. The concentration of each chemical
was calculated as follows:

C =
Ctitr×M×Vtitr

Vsmp
× 1000

where C is the concentration of CaCO3 or Cl or the total alkalinity (mol/L), Vtitr represents
the total volume of titrant needed to reach the inflection point (mL), Ctitr represents the
titrant concentration (mol/L), Vsmp represents the sample volume (mL), and M is the molar
mass of the chemical (g/moL).

2.3.3. Bacteriological Analysis
Media

Culture media are described below. All media were prepared using distilled water
according to manufacturer instructions and sterilized via autoclaving for 45 min at 121 ◦C
under a pressure of 6900 Pa. A cetrimide agar base (Himedia, Mumbai, India, 46.7 g/L
+ 1% glycerol), eosin methylene blue agar (Himedia, Mumbai, India, 35.96 g/L), Slanetz
and Bartley agar (Himedia, Mumbai, India, 46.50 g/L) and mannitol salt agar (Oxoid
Ltd., Cheshire, UK, 111 g/L) were used to detect P. aeruginosa, E. coli, Enterococcus faecalis
(E. faecalis) and S. aureus, respectively. Bile esculin agar base (Conda, Torrejon de Ardoz,
Madrid, 64.5 g/L) was used to confirm the detection of E. feacalis. Chromogenic coli/coliform
(39.7 g/L) was used to detect E. coli, total coliforms, and fecal coliforms. Nutrient agar slants
(28 g/L) and a nutrient broth (14 g/L) (Oxoid Ltd., Cheshire, UK) were used to preserve
bacterial isolates. Purified bacteria were maintained on nutrient agar slants stored at 4 ◦C
with regular transfer at monthly intervals. Mueller Hinton agar (Oxoid Ltd., Cheshire, UK,
38 g/L) was used for antibiotic susceptibility testing.

Bacterial Isolation and Storage

A membrane filtration technique was used for the isolation of bacteria according to
the ISO standard 7704:1985 [25]. Water samples were filtered through a 0.45 µm membrane
filter (Merck Millipore, Darmstadt, Germany). The membranes were then placed on selected
media and incubated at a specific temperature for a selected period of time, after which the
number of colonies formed (CFU: colony forming units) on each plate was enumerated.
Colonies were purified on the same selected media.

Isolated bacteria were stored in glycerol following the cryopreservation method. Iso-
lates were grown overnight in brain–heart infusion broth. The broth culture was then added
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to sterile, 50% glycerol (1:1) in a cryo-vial glass. The vials were mixed gently, and the stock
cultures were stored immediately at −80 ◦C [26].

Heterotrophic Plate Count

Water samples were diluted ten-fold in a broth containing 0.1% peptone water. Diluted
samples were added to R2A agar using the pour plate method and incubated at 37 ◦C.
Plates with approximately 25–250 colonies were selected for counting. The CFU/100 mL
was calculated according to the following equation:

CFU/100 mL = (number of colonies × dilution factor)/1

Bacterial Detection in Water Samples

1. Detection of E. coli and coliform bacteria

Water samples (250 mL) were filtered through the membrane filter. Membranes were
placed over Liofilchem Chromatic Coli Coliform Agar, then incubated at 44 ± 1 ◦C for
24 ± 2 h or/and at 30 ± 1 ◦C for 24/48 h to identify fecal coliform bacteria and total
coliform, respectively. Chromogenic media was used to differentiate between E. coli and
other coliform bacteria or other bacteria that provided typical colonies with green, mauve,
and colorless colors, respectively. The identification of colorless colonies was performed
via Gram staining, potassium hydroxide, and MALDI-TOF-MS. Membrane filters were
also placed over eosin methylene blue agar and incubated at 37 ◦C for 24/48 h to confirm
the presence/absence of all E. coli strains that the chromogenic medium cannot identify.
Colonies that were purple with black centers or green metallic sheen colonies revealed the
presence of E. coli.

2. Detection of P. aeruginosa

Membrane filters were placed on cetrimide agar and then incubated at 36 ◦C for
44 ± 4 h. A growth of bacteria over the medium with a change of color to green indicated
the presence of Pseudomonas. Confirmations of P. aeruginosa colonies were performed using
the oxidase test and a MALDI-TOF-MS analysis.

3. Detection of intestinal Enterococcus

Membranes were placed on Slanetz and Bartley agar and the plates were incubated
at 36 ± 2 ◦C for 44 ± 4 h. Further necessary confirmatory tests were performed after the
preliminary identification, including the confirmation of black or brown color formation on
bile esculin agar after incubation at 44 ◦C for 2 h, the negative catalase activity test, and a
MALDI-TOF-MS analysis.

4. Detection of S. aureus

Membrane filters were placed on mannitol salt agar and incubated at 35 ◦C for 24 h.
The growth of yellow/white colonies surrounded by yellow zones revealed the presence
of S. aureus. Additional confirmation tests were performed, including the coagulase and
catalase tests.

5. Bacterial identification via matrix-assisted laser desorption ionization–time of flight
mass spectrometry (MALDI-TOF-MS)

Single colonies of each isolate obtained from an agar plate were deposited as a single
spot on a target slide and allowed to dry at room temperature. E. coli ATCC8739 was
used as a standard for calibration. One microliter of cyano-4-hydroxycinnamic acid matrix
solution (a saturated solution of a cyano-4-hydroxycinnamic acid in 50% acetonitrile) was
added to the samples in the dark. MALDI-TOF-MS analysis was performed on a VITEK MS
instrument with a nitrogen laser (337 nm). Bacterial species were identified using the VITEK
MS automation control and analyzed using Myla software according to the manufacturer’s
specifications.
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2.3.4. Antibacterial Susceptibility Testing
Inoculum Preparation

The standardized inoculum was used for susceptibility testing following McFarland
standards. Bacterial isolates, sub-cultured to grow on nutrient agar, were suspended in nutri-
ent broth (14 g/L) (Oxoid Ltd., Cheshire, UK). The suspensions were incubated overnight at
37 ◦C and 30 ◦C to reach a 0.5 McFarland standard (~equivalent to 1.5 × 108 CFU/mL) [27].

Kirby–Bauer Disk Diffusion Method

The 0.5 McFarland test cultures were spread evenly over the entire surface of a Mueller–
Hinton agar plate by streaking, using sterile cotton swabs in three different directions with
a 60◦ plate rotation. Within 15 min of the inoculation, a total number of 12 tested antibiotic
discs (Oxoid, UK) were used conveniently on the 100 mm plate, placed 24 mm apart. The
plates were then inverted and incubated at 35 ◦C ± 2 ◦C at the times specified in Table 1.
Interpretive criteria breakpoints were performed after recording the zone of inhibition
according to the clinical and laboratory standards institute (CLSI, M100-S24).

Table 1. Incubation conditions of bacterial isolates.

Bacteria Incubation Temperature Incubation Period

Staphylococcus aureus 35 ◦C ± 2 ◦C 16–18 h; 24 h (CoNS and cefoxitin)

Enterococcus faecalis 35 ◦C ± 2 ◦C 16–18 h

Pseudomonas aeruginosa 35 ◦C ± 2 ◦C 16–18 h

Escherichia coli 35 ◦C ± 2 ◦C 16–18 h

Acinetobacter 35 ◦C ± 2 ◦C 20–24 h

Stenotrophomonas maltophilia 35 ◦C ± 2 ◦C 20–24 h

Enterobacteriaceae 35 ◦C ± 2 ◦C 16–18 h

Detection of Methicillin Resistance in Staphylococcus spp.

Cefoxitin was tested as a surrogate for oxacillin to detect methicillin resistance in staphy-
lococcus spp. A cefoxitin screening test was performed by swabbing the tested isolates on a
Mueller–Hinton agar plate and then adding the cefoxitin discs. The plates were incubated at
35 ◦C ± 2 ◦C for twenty-four hours. S. aureus isolates were reported as methicillin-resistant
to cefoxitin. This was re-confirmed by the presence of the mecA gene.

2.4. Virulence Genes Detection
2.4.1. DNA Extraction

Genomic DNA was isolated from bacterial suspension cultures using a QIAamp®

DNA Mini Kit (QIAGEN, cat # 56304) according to the manufacturer’s instructions. The
absorbance of extracted DNA was measured at 260 and 280 nm using a spectrophotometer
(UV-Visible)/Aqua Quest (CECIL) in order to assess its concentration and purity. DNA
was used to amplify the virulence genes via PCR.

2.4.2. PCR Assay

Polymerase chain reaction (PCR) amplifications of clumping factor A (clfA), toxic shock
syndrome toxin-1 (tsst-1), methicillin resistance gene (mecA), pseudolysin (lasB), and exotoxin
A (toxA) genes were carried out in 25 µL volumes containing 1 µL of the DNA template,
1 µL of each forward and reverse primer (10 pmol/µL), 12.5 µL of Red Taq Ready Mix PCR
reaction mix with MgCl2 (1.5 units of Taq DNA polymerase, 10 mM of tris-HCl, 50 mM of
KCl, 1.5 mM of MgCl2, and 0.2 mM of dNTP), and deionized water to make up the volume.
Amplifications were carried out in a Bio-Rad DNA thermal cycler (C1000TM/BioRAD
C1000TM). After amplification, PCR products were subjected to electrophoresis on a 2%
agarose gel containing ethidium bromide at 100 V for ~30 min along with 2 µL of a 100 bp
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DNA ladder. Bands were visualized using a UV trans-illuminator. Specific primers used for
the amplification of the Staphylococcus aureus and Pseudomonas aeruginosa virulence genes,
along with the amplicon size and annealing temperature, are shown in Table 2.

Table 2. Characteristics of Screened Virulence Genes; F: forward, R: reverse, bp: base pair.

Bacteria Staphylococcus aureus Pseudomonas aeruginosa

Virulence gene clfA tsst-1 mecA lasB toxA

Amplicon Size 980 bp 271 bp 855 bp 433 pb 454 pb

Annealing temperature 57 ◦C 50.9 ◦C 57 ◦C 65 ◦C 66.1 ◦C

Primer
sequence

F 5′GGC TTCATGC
TTAGG-3′

5′CTGGTATAGTA
GTGGGTCTG3′

5′TGAGTTGAACCT
GGTGAAGTT-3′

5′ACTGTCGCGGC
CGCATTTCGTCAT3′

5′TCAGGGCGCACG
AGAGCAACGAGA3′

R 5′TTTTCAGGGTCA
ATATAAGC3′

5′AGGTAGTTCTAT
TGGAGTAGG3′

5′TGGTATGTGGA
AGTTAGATTGG-3′

5′CATCGCCGTGCC
GTCCCAGTAGG3′

5′GACAGCCGCGCC
GCCAGGTAGAGG3′

Reference [28] [29] [29] [30] [30]

2.5. Statistical Analysis

Data entry, descriptive statistics, and statistical analysis were performed using IBM
SPSS (Statistical Package for the Social Sciences) Ver. 24. A student t-test was performed for
means comparison. A p-value ≤ 0.05 was considered significant.

3. Results
3.1. Analysis of Water Samples

The tested water samples were collected from 50 household tanks in the old city of
Sidon, Lebanon. The household water tank profiles (water tank size, water tank type, and
disinfection average/year, etc.) were collected. Approximately 16% of the houses were
connected to one tank only, whereas 84% of the houses were connected to two tanks. The size
of the storage tanks varied, with only 14% classified as small-size tanks and 86% classified
as large ones. The majority of the lids were closed, with only 12% being open tanks. The
water from these tanks came from a governmental source; unfortunately, the water was not
supplied as regularly as it should have been, causing a high probability of occasionally having
empty tanks during the year. Moreover, only 6% of the participating houses disinfected
their tanks once per year. In most cases, the tap water received was used mainly for bathing,
washing dishes, and, in a few cases, for drinking without filtration.

3.2. Physicochemical Assessment of Sampled Water

The mean pH of the tested water samples was 7.80 ± 0.27. The pH range was between
7.26 and 8.46, as is shown in Table 3. However, the average TDS of the water samples was
531.21 ± 66.55 mg/L, with values ranging between 249 and 683 mg/L. The mean chloride
level in the collected samples was 77.27± 39.14 mg/L, with values between 28 and 163 mg/L.
All the values of pH, TDS, and chloride levels fell within the WHO-recommended guidelines.
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Table 3. Physicochemical parameters of collected water samples.

Minimum Maximum Mean ± SD % Coefficient of Variation WHO Guidelines

pH 7.26 8.46 7.80 ± 0.27 3.44 6.5–8.5

TDS (mg/L) 249 683 531.21 ± 66.55 12.97 1000

Chloride (mg/L) 28 163 77.27 ± 39.14 50.65 250

EC (µs/cm) 383 1051 817.24 ± 102.38 12.53 -

Total alkalinity (mg/L) 120 286 195.24 ± 36.52 18.71 -

Calcium hardness
(mg/L) 88 244 181.52 ± 37.29 20.54

0–17: soft
17–60: slightly hard

60–120: moderately hard
120–180: hard

>180: very hard

Note: “–“ indicates no recommended maximum permissible values. pH, TDS, and EC stand for potential hydrogen,
total dissolved solids, and electrical conductivity, respectively. SD: Standard deviation. The number of samples
is 50.

The mean EC was 817.24 ± 102.38 µS/cm, with an EC range between 383 µS/cm and
1051 µS/cm. However, the mean of the total alkalinity was 195.24± 36.52 mg/L, with values
ranging between 120 and 286 mg/L. The mean level of the calcium hardness was 181.52 ±
37.29 mg/L and was therefore considered as hard according to WHO guidelines. Physic-
ochemical parameters including the pH, EC, TDS, total alkalinity, and calcium hardness
showed no significant difference within the samples in opposition to the chloride level.

3.3. Microbiological Assessment of Water Samples

The total number and the type of isolated bacteria were determined.
The results are summarized in Table 4.

Table 4. Descriptive statistics of the enumerated bacterial isolates.

Total Coliform
(CFU/100 mL)

Fecal Coliform
(CFU/100 mL)

E. coli
(CFU/100 mL)

Enterococcus
(CFU/50 mL)

Staphylococcus
(CFU/100 mL)

Pseudomonas
(CFU/250 mL)

Mean 10.14 1.90 0.28 14.12 8.50 4.78

SD 17.24 5.25 0.78 32.20 16.85 15.69

%Coefficient of variation 170 276 280 229 198 329

A heterotrophic plate count was performed on all collected water samples. An average
of 1.29 × 109 CFU/100 mL was obtained, with a minimum of 30 CFU and a maximum of
64 × 109 CFU. The results were highly skewed, with a skewness of 7.07.

The total coliform number (n = 27/50, 54%) was isolated from the collected samples
with a mean of 10.14 ± 17.24 CFU/100 mL. Thermotolerant coliforms (n = 10/50, 20%)
were also detected, with a mean of 1.90 ± 5.25 CFU/100 mL. In addition, E. coli (n = 32/50,
16%) was detected in the samples and accounted for around three quarters of the positive
thermo-tolerant coliform samples. The mean count of E. coli was 0.28 ± 0.78 CFU/100 mL,
exceeding the WHO-recommended guidelines, which state that coliforms should not be
detected in potable water. A significant variation was detected in the count of total coliforms,
thermo-tolerant coliforms, and E. coli within all samples (%CV > 10).

A MALDI-TOF-MS analysis was used to identify the isolated coliform colonies. Le-
liottia amnigena (L. amnigena) and Serratia marescens (S. marescens) were detected as total
coliforms, whereas Klebsiella oxytoca (K. oxytoca) and Raoultella orthinolytica (R. orthinolytica)
were among the identified fecal coliform bacteria from the thermo-tolerant coliforms.

An additional microbial load was also detected. Intestinal Enterococcus and Staphylo-
coccus (n = 34/50, 68%) were the most prevalent bacteria in the samples, with a mean of
14.12 ± 32.20 CFU/50 mL) and 8.50 ± 16.85 CFU/100 mL, respectively. Staphylococcal spp.
that were also identified included Staphylococcus equorum (S. equorum) and Staphylococcus
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pasteuri (S. pasteuri). P. aeruginosa (n = 11/50, 22%) was found to be contaminating the
tested water storage tanks with a mean of 4.78± 15.69 CFU/250 mL. A significant variation
was detected in the count of intestinal Enterococcus, S. aureus, and P. aeruginosa within all
samples (%CV > 10).

Moreover, different bacteria were detected via MALDI-TOF-MS analysis and were
related to Pseudomonas spp. These included Pseudomonas putida (P. putida), Pseudomonas
flourescens, Delftia acidovorans (D. acidovorans), and Stenotrophomonas maltophilia (S. maltophilia).
Furthermore, Acinetobacter johnsonii (A. johnsonii) (n = 14/50, 28%) was identified in the
collected samples.

3.4. Determination of Antibiotic Susceptibility Patterns

The appropriate antibiotics were used for each isolate according to the Clinical and
Laboratory Standards Institute (CLSI). The resistance and intermediate resistance of bacte-
rial isolates against the specified antibiotics were observed. Staphylococcus spp. (50% of the
isolates), A. johnsonii (50%), and S. maltophilia (100%) were mostly resistant to trimethoprim-
sulfamethoxazole. Intestinal enterococcus (40%) and E. coli (29%) were resistant to ampicillin,
while P. aeruginosa isolates mostly resisted the aztreonam agent (18%). All Enterobacteri-
acaea isolates resisted cefoxitin, including K. oxytoca, S. marescens, and L. amnigena. Table 5
represents the percentage of antibiotic resistance and intermediate and sensitive isolates.
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Table 5. Percentages of antibiotic resistance, intermediate and sensitive (susceptible) isolates.

Antibiotic Agent % If Resistant % If Sensitive % If Intermediate

Enterococcus faecalis (n = 35) Ampicillin 40% 60% 0%

E. coli (n = 8) CEFEPIME (FEP) 0% 100% 0%

CEFOXITIN (FOX) 14% 86% 0%

AMPICILLIN (AMP) 29% 43% 29%

CEFTAZIDIME (CAZ) 14% 86% 0%

AZTREONAM (ATM) 14% 86% 0%

TETRACYCLINE (TET) 0% 86% 14%

CEFPODXIME (CPD) 0% 86% 14%

MEROPENEM (MEM) 0% 100% 0%

CEFTRIAXONE (CRO) 0% 100% 0%

GENTAMICIN (GMN) 0% 100% 0%

CEFOTAXIME (CTX) 0% 100% 0%

TRIMETHOPRIM-SULFAMETHOXAZOLE (SXT) 0% 86% 14%

Staphylococcus spp.:
S. aureus + S. pasteuri + S. equorum (n = 31) CEFOXITIN (FOX) 29% 71% 0%

TETRACYCLINE (TET) 4% 61% 36%

GENTAMYCIN (GMN) 4% 82% 14%

TRIMEYHOPRIM-SULFAMETHOXAZOLE (SXT) 50% 36% 14%

Pseudomonas aeruginosa (n = 11) CEFEPIME (FEP) 9% 82% 0%

CEFTAZIDIME (CAZ) 9% 73% 18%

AZTREONAM (ATM) 18% 73% 9%

GENTAMICIN (GMN) 0% 91% 9%

Acinetobacter johnsonii (n = 11) CEFEPIME (FEP) 29% 36% 36%

CEFTAZIDIME (CAZ) 36% 21% 43%

TETRACYCLINE (TET) 0% 86% 14%

MEROPENEM (MEM) 0% 93% 7%

CEFTRIAXONE (CRO) 7% 57% 36%

GENTAMICIN (GMN) 0% 93% 7%

CEFOTAXIME (CTX) 21% 36% 43%

TRIMEYHOPRIM-SULFAMETHOXAZOLE (SXT) 50% 43% 7%

Other Enterobacteriaceae (n = 5) CEFEPIME (FEP) 20% 60% 20%

CEFOXITIN (FOX) 100% 0% 0%

AMPICILLIN (AMP) 60% 40% 0%

CEFTAZIDIME (CAZ) 40% 40% 20%

AZTREONAM (ATM) 20% 60% 20%

TETRACYCLINE (TET) 0% 80% 20%

CEFPODXIME (CPD) 80% 20% 0%

MEROPENEM (MEM) 0% 100% 0%

CEFTRIAXONE (CRO) 60% 40% 0%

GENTAMICIN (GMN) 0% 80% 20%

CEFOTAXIME (CTX) 20% 40% 40%

TRIMEYHOPRIM-SULFAMETHOXAZOLE (SXT) 40% 40% 20%

Stenotrophomonas maltophilia (n = 1) TRIMEYHOPRIM-SULFAMETHOXAZOLE (SXT) 100% 0% 0%

The number of antibiotics used for each bacterium was not constant. Bacteria were
considered multi-drug resistant when they survived on three or more anti-bacterial agents.
Half of the E. coli isolates and 18% of the A. johnsonii isolates were multi-drug resistant.

3.5. Screening Virulence Genes

Four virulence genes (clfA, tsst-1, lasB, and toxA) besides mecA were amplified in the
studied Staphylococcus and Pseudomonas samples. Found in bacterial cells, mecA is a gene
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which allows bacteria to be resistant to antibiotics such as methicillin, penicillin, and other
penicillin-like antibiotics. Exotoxins tsst-1 and may be expressed in S. aureus and P. aeruginosa,
respectively. Both fibrinogen-binding protein (clfA) and zinc metalloprotease (lasB), which
promote biofilm formation, can also exist in S. aureus and P. aeruginosa, respectively.

3.5.1. Methicillin-Resistant Staphylococcus Aureus (MRSA) and Virulence S. aureus
Genes Detection

MRSA is the most common bacteria strain known to carry the mecA gene, which is a
resistance gene consisting of 855 bp. Of the detected S. aureus samples, 21% were resistant
to the cefoxitin agent. Moreover, all cefoxitin-resistant S. aureus isolates were assayed for
the mecA gene by polymerase chain reaction (PCR). The tsst-1 gene, a virulence factor of
271 bp and clfA gene with a 980 bp clumping factor, was assayed in all the isolated S. aureus.
Figure 1 shows the amplified mecA, tsst-1, and clfA genes in representative samples. Around
79.3% of the samples were mecA-negative and 20.7% were mecA-positive, confirming the
cefoxitin disc test. The presence or absence of the mecA gene was correlated with the cefoxitin-
susceptibility of S. aureus. The tsst-1 and clfA genes were found in 93.1% and 17.2% of the
samples, respectively.
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Figure 1. DNA gel electrophoresis showing the mecA and virulence tsst-1 and the ClfA genes of
S. aureus. Lane 1 represents a 100 bp DNA ladder; Lane 2 shows the negative control of tsst-1; Lane 3
shows an isolate expressing the 271 bp tsst-1 gene; Lanes 4 and 5 show two isolates that are tsst-1-
negative.; Lane 6 shows the negative control of the mecA gene; Lane 7 shows an isolate expressing the
amplified 855 bp mecA gene; Lane 8 shows the negative control of the Clf-A; and Lanes 9 and 10 show
the amplified 980 bp ClfA gene from two isolates.

3.5.2. Virulence P. aeruginosa Genes Detection

More than half (63.64%) of the P. aeruginosa isolates (n = 11) expressed the 454 bp toxA
virulence gene. However, the 433 bp lasB virulence gene was found in only 36.36% of the
isolates when compared to the toxA gene.

Figure 2 shows a representative gel with the amplified lasB and toxA genes.
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Figure 2. DNA gel electrophoresis showing virulence gene bands of P. aeruginosa. Lanes 1 and 2 show
two isolates expressing the 433 bp lasB gene; Lane 3 shows the negative control; Lanes 4 and 5 show
two isolates expressing the 454 bp toxA gene; Lane 6 shows the toxA negative control; and Lane 7
shows a 100 bp DNA ladder.

3.6. Correlation between Bacterial Levels and Type of Storage Tanks

A statistically significant difference was observed only between storage tank size and
material with respect to bacterial contamination.
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Large storage tanks had statistically significantly fewer Pseudomonas spp. contamina-
tion (3.09 ± 1.24 CFU/250 mL) when compared to small storage tanks (15.14 ± 14.15 CFU/
250 mL), [t (48) =−1.936, p = 0.003, d = −0.78].

Iron tanks had statistically significantly higher E. coli contamination (1.00 ± 1.00 CFU/
100 mL) when compared to plastic tanks (0.23 ± 0.10 CFU/100 mL), [t (48) =1.671, p = 0.008,
d = 1].

4. Discussion

Water is essential to life and is recognized as a human right [31]. This study aimed
to assess water quality in Sidon, Lebanon, by studying the physicochemical parameters,
microbiological profiles, and their resistance patterns in domestic water that is stored in
tanks and reaches homes through pipes with a high risk of deterioration. A structured
questionnaire was used to gather information on socio-dynamics and the sanitary conditions
of water storage tanks, comparable to a study performed in the Eastern Himalayan State [32].

As Lebanon suffers from high levels of water pollution, many studies have been
conducted to assess the microbiological quality of water in rivers, such as the Litani river
basin, and in wells [2,33]. However, few studies have been performed on domestic water,
including assessing the demand, access, and institutional aspects of domestic water, such
as the studies performed in the Bekaa valley and in the Beirut Shatila Refugee Camp [31,34].
No related studies were performed in Sidon, a Lebanese city located on the Mediterranean
coast in south Lebanon that is comprised of several landmarks, including Chakrieh.

In this study, the average pH was found to fall within the WHO-recommended guide-
lines. The values were similar to those collected from both wells and municipality water
sources in Beirut [35], from the storage tanks of developing countries [36], and from different
sources in southeast Ethiopia [37].

Regarding EC, which is not associated with health standards, the average value was
higher than that obtained from assessing drinking water in Beirut [35].

The mean TDS in this study slightly exceeded the USEPA limits (500 mg/L) but is
considered less than the maximum allowable limit (1000 mg/L) recommended by the WHO.
It is relatively lower than in tap water samples from southwest Ethiopia [37] and is also
found in lower levels than in the domestic water in Beirut [35]. Water taste is altered when
TDS levels exceed the WHO standards. TDS, indicating chloride levels and hardness, is not
a health concern at the levels found in the drinking water, but it may affect the acceptability
of the water [3]. Additionally, a recent study mentioned that elevated TDS levels can hide
pathogenic microorganisms due to a reduction in water clarity [38].

Despite the absence of maximum permissible limits for total alkalinity, the mean of
the total alkalinity was higher than that of the Beirut study [35]. Similarly, no significant
difference in total alkalinity within the sampled water was obtained, unlike the significant
difference presented among water sources [39]. Excess alkalinity is linked to a bitter taste of
water and may trigger eye irritation, despite its regional inoffensive impact on humans [11].

The mean calcium hardness of the samples in this study exceeded the calcium hardness
of Beirut’s water samples (181.52 mg/L vs. 135 mg/L) [35]. Thus, according to the WHO
guidelines, water samples in Sidon can be classified as harder than those in Beirut [40].

Although there are no health standards concerning chloride in drinking water, USEPA
and the WHO both set the secondary contaminant limits as 250 mg/L, based on a resulting
unfavorable flavor and the possibility of boosting the corrosion of pipeline networks [41,42].
Thus, the chloride average was acceptable and was less than the average obtained by
Korfali and Jurdi [35].

On the other hand, the microbial analysis of the household water tank samples showed
that 46 out of 50 household water tanks were unsafe for consumption due to bacterial
contaminants. Similar results are found in Dubai and the United Kingdom [19,43].

In this study, the heterotrophic bacterial count ranged between 30 and 64× 109 CFU/mL,
slightly more than a study performed in Ilorin with a range between 2.1 × 101 and
1.6 × 108 CFU/mL [44]. Total coliforms were found in 54% of the examined storage tank
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samples. This result is similar to the result of samples taken from storage tanks in the urban
cities of developing countries [36]. However, it is more than the total coliform amount found
in wells upon assessing the domestic water quality in Beirut [35], tap water stored in storage
tanks in Palestine [45], and water stored in household poly tanks in student hotels at the
Korle-Bu teaching hospital in Ghana [46]. This confirms the vitality of regular inspection for
the microbiological quality of drinking water and also alerts water consumers to the risk of
illness that is associated with pathogenic microbial existence, such as intestinal infections.

S. marcescens and L. amnigena, which are total coliform bacteria, were identified using
MALDI-TOF-MS analysis. Both bacteria were also identified in studies during the identi-
fication of coliform bacteria isolated from drinking water reservoirs and other sources of
potable water [47,48].

Storage containers of all sizes were contaminated with total coliform and other bacteria.
This result contradicts that of Chalchisa et al., who studied the effect of tank size on the
quality of stored water [36]. They related the presence of total coliforms with the long storage
times rather than to large storage tanks. This study also shows that the contamination of
large storage tanks by Pseudomonas was less than the small tanks. This is related to the
observed miserable status of the older small tanks used with respect to the large tanks. The
measurement of physicochemical parameters can determine water quality.

Guidelines for Drinking-Water Quality (4th edition), published by the WHO, recom-
mended thermo-tolerant coliforms or E. coli as a fecal indicator that should not be detected
in drinking water [36,49]. Thus, the presence of thermo-tolerant coliforms in 20% of the
studied samples reveals the deterioration of the water quality. Some studies recorded simi-
lar results upon testing positive results in 21% of household poly tank water samples [46].
Others noted the presence in 25.4% of the well water samples in the U.S.A. [37], and others
found lesser extent of 15.3% [50], whereas all the water samples from storage tanks were
positive in Ghana [51] and Bahir Dar [52].

The MALDI-TOF-MS analysis was able to discriminate K. oxytoca and R. ortninolytica
from the isolated thermos-tolerant coliforms. K. oxytoca was previously detected when
isolating Enterobacteriaceae from drinking water by 23 global laboratories [47]. On the other
hand, R. orthinolytica, considered a pathogen, was detected in well-water samples in a recent
study [53]. Furthermore, the isolated Enterobacteriacaea showed multi-drug resistance, in
which the most-resisted agent was cefoxitin.

In the current study, E. coli was present in 16% of the samples, similar to the amounts
in Ghana (17%) and Delhi (4–18%) [46,54].

Intestinal Enterococcus were the most predominant bacteria, contaminating 68% of the
sampled storage tanks. This result exceeds the percentage of Enterococcal contamination of
all household container samples from a study performed in Ecuador (17%) [55]. It is noted
that Enterococci are not ubiquitous as coliforms. However, they can survive for a longer
duration than fecal coliforms and have a higher resistance to drying and chlorination [3,56].
The resistance of Enterococci to ampicillin was detected at a similar level to the recorded
high resistance from the study by Schwartz et al. [57].

P. aeruginosa was found in 25% of the collected samples. The current finding is relatively
similar to the percentage detected in household water-tank samples in Dubai [15]. An
aztreonam agent was mostly resisted by the pseudomonas isolates in our study. This agent
was also mostly resisted in another study [58].

P. aeruginosa is a Gram-negative bacterium able to express virulence factors in both
clinical and environmental isolates, contrary to other environmental bacteria [59]. Exotoxin A
is an extracellular product important to host defense and is produced by 90% of P. aeruginosa.
In response, toxA was screened in all isolated P. aeruginosa isolates (n = 11). This factor is
the most toxic virulent factor in Pseudomonas [60]. Moreover, more than half of the isolates
(63.64%) expressed the toxA gene, whereas the Las B gene, considered to be the most important
virulence factor in P. aeruginosa [61], was expressed in only 36.36% of P. aeruginosa samples.

Although the study focused on enumerating the indicator organisms, the MALDI-
TOF-MS analysis identified additional bacteria based on protein sequences. A. johnsonii
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was detected in 22% of the water samples. This genus, which belongs to Pseudomonadales
order, was previously detected as an opportunistic pathogen in drinking water [62].

Several Pseudomonas spp. were also detected, including P. putida, P. fluorescens, and
D. acidovorans, as well as S. maltophilia. D. acidovorans and Pseudomonas putida, which are
not pathogenic in general [63]. S. maltophilia was one of the predominant bacteria found in
home shower heads [54]. S. maltophilia and A. johnsonii isolates mostly resisted trimethoprim-
sulfamethoxazole.

S. aureus was one of the predominant bacteria, detected in 68% of the collected samples.
Its presence in large quantities in drinking water and its resistance to antibiotics probably
increase its risk of affecting human health upon consumption. Only 20.7% of the isolated
S. aureus in this study resisted cefoxitin and expressed the mecA gene. Hence, less than a
quarter of the isolates are methicillin-resistant S. aureus.

Toxic shock syndrome toxin-1 (tsst-1) was found in 93.1% of the Gram-positive S. au-
reus isolates. The presence of this virulence gene may cause toxic shock syndrome if
expressed [29]. It is diagnosed by fever, rash, hypotension, and other symptoms. The high
prevalence shows the presence of tsst-1 in both MRSA and MSSA. Similar results were
obtained by Koosha et al. [29].

Another virulence factor was monitored among the S. aureus isolates known as clfA.
Clumping factor A is also recognized as an essential adhesion factor. The clfA gene was
present in 17.2% of both isolated MRSA and MSSA. Similarly, a recent study showed that
both MRSA and MSSA expressed clfA, causing human infection [64].

Two coagulase-negative staphylococci were also detected in our study. They were iden-
tified via MALDI-TOF-MS as S. pasteuri and S. equorum. S. pasteuri is known to contaminate
drinking water [65,66]. Additionally, these two staphylococci can be found in wastewa-
ter [67]. Recently, SXT was used in treating staphylococcus-associated skin and soft-tissue
infections [68]. However, 50% of the isolated Staphylococcus spp. resisted SXT.

As previously mentioned, the resistance of bacterial isolates to antibiotics was detected
in this study. However, regardless of multi-drug resistant bacteria, sensitivity to drugs was
dominant. Hence, these antibiotics can be used in treating bacterial infections.

5. Conclusions

In conclusion, this study shows that sampled water from the storage tanks in Sidon
homes is of low quality, confirmed by the high bacterial loads. Most samples were con-
taminated with at least one bacterial indicator. This water should not be used either for
drinking or domestic applications. While no health issues were detected concerning phys-
iochemical parameters, an alteration of the water taste could result, according to the WHO
guidelines for drinking water. Fortunately, there was a prevalence of sensitivity against
tested antibiotics on bacterial isolates. However, virulence genes were detected in both
Gram-positive (S. aureus) and Gram-negative bacteria (P. aeruginosa), inferring that this
contaminated domestic water can lead to adverse health effects.
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