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Abstract: Hospital wastewater (HWW) contains many contaminants, including chemicals, medical wastes
and infectious microbes, posing a hazard to the public health. This study aimed to isolate, identify, and assess
the antimicrobial susceptibility of the bacteria from tap water and HWWsamples from different Egyptian
hospitals. Isolated bacteria from water samples were identified biochemically and by Matrix Assisted Laser
Desorption lonization Time-of-Flight (MALDI-TOF) system and assessed for susceptibilities to antibiotics
utilizing the Kirby-Bauer disk diffusion and broth microdilution assay. Thirty-five bacterial isolates have been
isolated from both water samples. Most isolated bacteria were from HWW samples including Staphylococcus
aureus (25.5%), Klebsiella spp. (17%) and Proteus mirabilis (17%), followed by E. coli (3%), Citrobacter
spp. (3%) and Pseudomonas putida (3%). The total resistance to antibiotics by Gram-negative bacteria
obtained from HWW was 87% to amoxicillin followed by imipenem (74%), doxycycline (67%) and
azithromycin (67%). On the other hand, the resistance to amikacin and meropenem were 17% and 26%,
respectively. The MDR isolates within the study were from HWW, constituting 83% of the isolates. The MIC
assay results indicated that all Klebsiella spp., E. coli, P. mirabilis, Citrobacter spp. and P. putida isolates
from HWW exhibited 100% resistance to colistin. Furthermore, the resistance to meropenem was 93%, while
the resistance to amikacin was 26%. Communities may be seriously at risk if these antibiotic-resistant bacteria
(ARB) from HWW get released into the environment. Preventative interventions must be taken to avoid this
dissemination to the environment and communities.
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vancomycin and  cefotiam.* Furthermore, the
emergence of new ARB and ARGs is associated
chlorine disinfection resistance ° and development

1. INTRODUCTION

Resistance to antimicrobial agents is an important

health issue globally. It represents a serious risk to
the efficient management of infectious diseases and
can lead to increased mortality, morbidity and
healthcare costs.! The influence of HWW on the
antimicrobial resistance problem is an important area
of concern.? Excessive antibiotic use and improper
disposal have led to the emergence of new ARB
which complicate the treatment of pathogenic
infections.>* HWW may include a varied level of
antibiotic resistance than other types of aquatic
environments due to different antibiotics use
patterns. In addition some specific antibiotics, are
utilized only in hospitals, such as piperacillin,

of horizontal gene transfer (HGT) by plasmids,
transposons and integrons in water.” Without
appropriate HWW treatment, ARBs obtained from
healthcare facilities can spread and survive in various
conditions, resulting in increasing MDR pathogens.8
Clonal proliferation in HWW is eventually facilitated
by selective agents in the environment such as
antibiotics, high temperatures and minerals.'* ARB
monitoring in hospitals and wastewater systems is
crucial for patient and population protection.?
Culture-dependent analysis is used in traditional
water quality monitoring to screen for particular
indicator microbial species, including fecal coliforms
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such as E. coli.?® These cultural methods are still in
use today all over the world due to their specificity
and availability.” However, non-pathogenic
environmental bacteria cannot be grown in ordinary
culture media, which limits their application. This
challenge can be solved utilizing modern molecular
approaches.'® Various global studies assessed the
presence of antibiotics, antibiotic resistance genes
(ARGs) and ARB in the effluents of HWW.1617.18 |n
Egypt a study detected the presence of MDR bacteria
in the effluent of HWW?® and another one detected
the presence of extended spectrum Beta-Lactamase
producing bacteria in wastewater.?® Antibiotic
concentrations in HWW vary depending on drug
categories, antibiotic consumption, duration, season,
city and hospital type. 2! The objectives of the present
study were to isolate, identify and assess the
antimicrobial susceptibility profiles of bacteria
obtained from inflow tap water and outflow
wastewater samples collected from various Egyptian
hospitals.

2. METHODS
2.1. Site Description and Sample Collection:

A total of twenty samples (ten tap water & ten
wastewater samples) were collected from five
different hospitals in Cairo, Egypt in summer and
winter seasons from August 2022 to February 2023.
From each hospital 500 mL of midstream tap water
and 100 mL of HWW were collected in sterilized
labeled bottles. Regarding HWW samples, the
worker in charge of sanitation in the hospital was
informed to collect the wastewater samples from
each hospital public sink by suction using sterile 50
cm syringe.

2.2. Isolation and identification of bacteria
biochemical

2.2.1. Microbiological and
identification

Following collection, samples were transferred to the
laboratory on an ice tank and processed within two
hours. Samples of tap and wastewater were filtered
by using 0.45 polyethylene sulfonate membranes
filter (Sartorius Stedim Biotech, Sweden) by closed
laboratory filtration unit (Sartorius Gottingen
Germany), then the membrane filter was placed on
blood agar and Muller Hinton agar plates
(HIMEDIA, Mumbai, India) *and incubated at 37°C
for 24 h for aerobic bacterial isolation. Following
incubation, representative colonies were selected
according to the morphology of the colonies and
Gram stain and subcultured on several selective and

differential media, such as MacConkey agar and
Mannitol salt agar (Lab M, Heywood, UK). The
identification of bacterial species was done using a
variety of media and biochemical tests. Regarding
Gram-negative bacteria, MacConkey agar, eosin
methylene blue (EMB), triple sugar iron agar (TSI),
(Lab M, Heywood, UK), oxidase test (Oxoid,
Basingstoke , England), indole production test
(Oxo0id® Limited, Basingstoke, UK) , citrate
utilization test, urease test and phenylalanine
deaminase test (Lab M, Heywood, UK) were used
according to the identification scheme of Koneman
et al, 1997 and Cheesbrough (2005).22%
Identification of Gram positive bacteria was carried
out using mannitol salt agar (Lab M, Heywood, UK),
catalase and DNAase tests (Lab M, Heywood, U)
according to the identification scheme of Procop et
al., 2020. ?* All used media were sterilized by
autoclaving at 121°C.

2.2.2. Matrix—Assisted Laser Desorption/lonization—
Time of Flight - Mass Spectroscopy analysis
(MALDI-TOF- MS)

Biochemically unidentified isolates were detected
using MALDI-TOF-VITEK® MS mass
spectroscopy (bioMérieux, Marcy-I'Etoile, France)
in Children’s Cancer Hospital, 57357, Cairo, Egypt.
Strains have been subcultured on blood agar media at
37°C for 24 h, then bacterial colonies were scraped
from plates and mixed with a particular medium, and
then placed onto the mass spectrometer's MALDI
targeted plate. After the solution had dried for 24
hours at 37°C, a drop of a-cyano-4-hydroxy cinnamic
acid (CHCA) matrix solution had been added to the
target plate. Advanced spectrum classifier (ASC)
software was used to identify the isolated bacterium
by comparing the collected spectra with the typical
spectra of each organism in the VITEK MS 1.1
database.

2.3. Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed
by qualitative Kirby-Bauer disk diffusion method
and quantitative broth micro dilution assay for MIC
determination. 5%

2.3.1. Kirby-Bauer disk diffusion method

The isolated Gram-negative bacteria were subjected
to susceptibility testing against 13 antibiotic discs,
while the isolated Gram-positive bacteria were also
tested against 10 antibiotics. All antibiotic discs were
supplied from Oxoid® Limited, Basingstoke, UK;
(HIMEDIA Mumbai, India); and (CONDALAB,
Madrid, UK).
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To prepare bacterial inoculums, freshly cultured
bacterial isolates were suspended in 4-5 milliliters of
normal saline and the turbidity was adjusted to match
a 0.5 McFarland (equivalent to 1.5 x 108 CFU/mL)
standard solution. Subsequently, the suspension was
transferred to the Mueller-Hinton agar plate surface.
Antibiotic standard discs were added to each plate,
which were then aerobically incubated for 18 to 24 h
at 37°C. Following incubation, the recommendations
of Clinical & Laboratory Standards Institute were
followed in measuring and interpreting the diameter
of the zone of inhibition. (CLSI, 2020) .%7

2.3.2. Broth micro dilution assay

The MIC of the antibiotics had been determined
using the broth microdilution assay. Gentamicin
(GEN) and levofloxacin (LEV) were used for MIC
determination of Gram-positive bacterial isolates and
colistin (CT), amikacin (AK) and meropenem
(MEM) were used for MIC determination of Gram-
negative bacteria in accordance with the CLSI 2020
guidelines. These stock solutions were prepared at a
concentration of 1024 pg/mL for colistin, amikacin,
meropenem and levofloxacin (CLSI, 2020) and at a
concentration of 2028 pg/mL for gentamicin.

One hundred microliters of Muller-Hinton broth
(MHB) (Oxoid® Limited, Basingstoke, UK) were
distributed into each well of the 96 multi-well
microtiter plates. Next, 100 pL of the test antibiotic
stock solution was added to the first line of the
microtiter plate and stirred by pipetting the solution
up and down with a micropipette, then serial dilution
was performed. Five microliters of freshly prepared
bacterial suspension (1.5 x 108 CFU/mL) were added
to each well and positive as well as negative control
experiments were performed.22All plates were
incubated at 37 °C for 18-24 h. The least
antimicrobial concentration at which there was no
visible growth was known as the MIC. The wells
were inspected visually and the antibiotic
concentration corresponding to the well within
visible growth was recorded as MIC, which was
interpreted according to CLSI 2020 guidelines.?’

3. RESULTS

3.1. Bacterial Isolates

Thirty-five bacterial isolates were isolated from 20
samples (ten tap water and ten wastewater) from five
major hospitals in Cairo, Egypt. Out of 35 isolates,
24 (68.5%) were obtained from HWW, and 11
(31.5%) were from tap water. Figure 1 revels the
distribution of bacterial pathogens in tap and

wastewater samples from different hospitals in
Egypt. A chi-square test of independence revealed a
statistically significant difference in the distribution
of isolates between the two sources (y*> = 4.83, p =
0.028).

3.2. Identification of bacterial isolates

3.2.1. Identification of bacterial isolates from tap
water and HWW samples by microbiological and
biochemical tests

Twenty-seven bacterial isolates were detected using
different microbiological and biochemical tests.
Klebsiella spp. were the most frequently identified
Gram-negative bacteria from wastewater (17%),
followed by E. coli (3%), and Citrobacter spp. (3%).
Regarding Gram-positive bacteria, Bacillus species
were isolated from tap water (28.5%), while S.
aureus was isolated from wastewater (25.5%), as
illustrated in table 1.

3.2.2. ldentification of bacterial isolates using
MALDI-TOF VITEK® MS

Eight Gram-negative isolates had been identified
using MALDI-TOF VITEK® MS. The identified
bacterial isolates were P. mirabilis (17%), P. putida
and E. coli (3%) as shown in table 2. Totally the most
frequently isolated bacteria from both water samples
were S. aureus (25.7%), Klebsiella spp. (17.1%), P.
mirabilis (17.1%) followed by E. coli 2 (11.4%),
Citrobacter spp. (2.8%) and Pseudomonas putida 1
(2.8%). While 28.5% Bacillus species were isolated
from hospital tap water (Figure 2).

3.2.3. Seasonal variation of bacterial isolates from
tap water and HWW samples among different
hospitals

There were no clear seasonal differences in bacterial
isolates in the summer and winter in tap water and
HWW samples. 11.4% of Klebsiella spp. (4 of 35)
and Pseudomonas putida isolate were detected in
summer, while 11.4% of Proteus mirabilis (4 of
35%) was detected in winter (Figure 3).

3.3. Results of the Kirby Bauer disc diffusion test
3.3.1. For Gram positive isolates from wastewater

S. aureus isolates were fully resistant to amoxicillin
(100%). The resistance to azithromycin, amikacin
and clindamycin were 67%, 56% and 45%,
respectively. On the other hand, 100% of S. aureus
were sensitive to vancomycin and doxycycline and
78% were sensitive to erythromycin (Table 3 and
figure 4).
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Figure 1. Distribution of bacterial isolates among tap water and HWW from different hospitals in Egypt

Table 1. Frequency of bacterial isolates from tap water and HWW samples identified by microbiological and
biochemical tests

Type of bacteria Tap water Wastewater
No. (%0) No. (%)

Gram-negative bacteria
Klebsiella spp. - 6 (17%)
E. coli 1 (3%) -
Citrobacter spp. 1 (3%)
Gram-positive bacteria
S. aureus - 9 (25.5%)

Bacillus spp. 10 (28.5%) -
Total (270ut of 35) 11 (31.4%) 16 (45.8%)

Table 2. Bacterial isolates identified by MALDI-TOF

Type of bacteria Tap water Wastewater

Gram-negative bacteria

P. mirabilis - 6 (17%)
P. putida - 1 (3%)

E. coli - 1 (3%)
Total (8 out of 35) - 8 (22.8%)
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Figure 2. The frequency of bacterial isolates from HWW among the five hospitals.
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Figure 3. Bacterial diversity in HWW and tap water samples from different hospitals in different seasons. a:

Summer  b: Winter

Table 3. Resistance profile of S. aureus by Kirby Bauer disc diffusion method

Bacterial isolate

S. aureus (n=9)

AML TPZ VA | AK CIP AZM E DA DO C
Antibiotic 9 3 - 5 3 6 2 4 - 4
resistance (100) (33.3) (55.5) (33.3) (66,6) (22.2) (44.4) (44.4)
N (%)
Out of 9 isolates
AK: Amikacin, AZM: Azithromycin, AML: Amoxicillin, CIP: Ciprofloxacin, C: Chloramphenicol, DA:
Clindamycin DO: Doxycycline, E: Erythromycin, TPZ: piperacillin-tazobactam, VA: Vancomycin
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3.3.3 Gram-negative isolates from HWW

Gram-negative bacterial isolates from HWW
samples showed multiple drug resistance profiles to
standard antibiotics. Results of the Kirby-Bauer disk
diffusion method revealed that 100% of Klebsiella
spp. were resistant to amoxicillin. The resistance to
doxycycline and chloramphenicol was 83% for each,
followed by azithromycin, aztreonam and imipenem
(67% for each). Intermediate resistance was detected
against ofloxacin, ciprofloxacin, cefepime, cefoxitin
and piperacillin-tazobactams, representing 50% for
each. Only one isolate was resistant to meropenem
(17%), while no resistance was observed for
amikacin (Figure 5).

The result of Kirby-Bauer disk diffusion method
revealed that 83% of Proteus mirabilis was
resistance to amoxicillin, imipenem and cefepime.
The resistance to ciprofloxacin, doxycycline,
azithromycin and cefoxitin was 67% for each.
Intermediate resistance was detected against
ofloxacin and piperacillin-tazobactams, representing
50% for each. On the other hand, 83% of Proteus
mirabilis were sensitive to amikacin and 67% were
sensitive to chloramphenicol, meropenem and
aztreonam (Figure 6).

Pseudomonas putida isolate was fully resistant to
the most tested antibiotics and only susceptible to
amikacin, doxycycline, and azithromycin. On the
other hand, E. coli isolate was sensitive to most
antibiotics tested and resistant to azithromycin and
doxycycline only. The resistance profile of
Citrobacter spp. isolate detected resistance to only
amoxicillin, imipenem and azithromycin (Table 4).

The total resistance to antibiotics shown by Gram-
negative bacteria obtained from HWW were 87% to
amoxicillin ~ followed by imipenem (73%),
doxycycline and azithromycin (67%). (Table 4). P.
mirabilis was resistant to 14 different antibiotics
from 9 different classes, showing the greatest degree
of MDR within Gram-negative bacterial isolates.
This was followed by Klebsiella spp., which showed
resistance to 12 antibiotics and P. putida, which was
resistant to 11 antibiotics. Notably, 66% P. mirabilis
and 83% Klebsiella spp., were resistant to more than
five antibiotics from different classes. The MDR was
83% within the study. All MDR isolates were from
HWW, constituting 83% (20 out of 24) of the
isolates.

3.3.4. Gram-negative isolates from tap water

Only one E. coli isolate was recovered from tap
water; it showed no resistance and was fully sensitive
to the all-tested antibiotics.

3.4. Results of micro broth dilution assay
3.4.1. For Gram positive isolates from wastewater

The MIC values of gentamicin and levofloxacin were
determined for S. aureus isolates, which revealed that
77% of S. aureus isolates were resistant to
gentamicin MIC > 16 pg/mL, while 67% were
resistant to levofloxacin MIC > 4 pg/mL. Two
isolates (22.2%) of S. aureus were resistant to both
antibiotics (Table 5).

3.4.2. Gram negative isolates from wastewater

The MIC was determined for meropenem, amikacin
and colistin against Gram-negative isolates from
HWW. Hundred percent colistin resistance was
detected among all isolated Gram-negative bacteria.
A high percentage of resistance to meropenem, 93%
(14 out of 15), was observed, while the resistance
was 26% (4 out of 15) to amikacin.

All of Klebsiella spp. (100%) were resistant to
meropenem; the MIC was >128 pg/mL, while 50%
were resistant to amikacin; the MIC was <32 pg/mL.
100% of Klebsiella spp. were resistant to colistin; the
MIC was > 8 pg/mL. Regarding Proteus mirabilis,
100% were resistant to colistin, MIC was > 32
pg/mL. In addition, 83% of Proteus mirabilis were
resistant to meropenem; MIC was > 32 pg/mL, while
no resistance to amikacin was detected; MIC was <
32 pg/mL for 100% of Proteus mirabilis.

Pseudomonas putida isolate was resistant to both
meropenem (MIC = 256 pg/mL) and colistin (MIC =
64 pg/mL), while it was intermediate resistant to
amikacin (MIC = 32 pg/mL). E. coli isolate was
resistant to meropenem (MIC = 128 pg/mL),
amikacin (MIC = 64 pg/mL) and colistin (MIC = 16
pg/mL). Citrobacter spp. isolate was resistant to both
meropenem and colistin, while it was intermediately
resistant to amikacin. The MIC value for Citrobacter
spp. isolate was 8 pg/mL for meropenem and was 16
pg/mL for colistin. (Table 6).
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Figure 4. Resistance profile of S. aureus by Kirby Bauer disc diffusion method.

TPZ

Table 4. Resistance rate of Gram-negative isolates from wastewater to standard antibiotics by Kirby Bauer disc

diffusion.
*Antibiotics Types of bacteria and number of tested isolates
No. (%) of No. (%)
resistant isolates | P. mirabilis Klebsiella spp. | E. coli P. putida Citrobacter spp. [Total number of
n=6 n=6 n=1 n=1 n=1 resistant isolates
out of 15
(100%0)
AML 5(83) 6(100) - 1(100) 1(100) 13(87)
TPZ 3(50) 3(50) - 1(100) - 7(47)
AT 2(33) 4(67) - 1(100) - 7(47)
FOX 4(67) 3(50) - 1(100) - 8(53)
FEP 5(83) 3 (50) - 1(100) - 9(60)
IPM 5(83) 4(67) - 1(100) 1(100) 11(74)
MEP 2(33) 1(17) - 1(100) - 4(27)
AK 1(17) - - - - 1(7)
DO 4(67) 5(83) 1(100) - - 10(67)
CIP 4(67) 3(50) - 1(100) - 8(53)
OFX 3(50) 3(50) - 1(100) - 7(47)
C 2(33) 5(83) - 1(100) - 8(53)
AZM 4(67) 4(67) 1(100) - 1(100) 10(67)

Azithromycin, C: Chloramphenicol, AT: Aztreonam

* AML: Amoxicillin, TPZ: Piperacillin-tazobactams, FOX: Cefoxitin, CIP: Ciprofloxacin, OFX:
Ofloxacin, MEM: Meropenem, FEP: Cefepime, IPM: Imipenem, AK: Amikacin, DO: Doxycycline, AZM:
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Figure 6. Resistance profile of Proteus mirabilis isolates (n=6) by Kirby Bauer disc diffusion method

Table 5. MIC of levofloxacin and gentamicin in S. aureus isolates

Antibiotic Conc. Gentamicin Levofloxacin
Hg/ mL S. aureus No. (%) S. aureus No. (%)
2028 1 (11%) 0 (0)

1024 0 (0) 0 (0)

512 0(0) 1 (11%)

256 1(11%) 0 (0)

128 3 (34%) 0 (0)

64 1 (11%) 1 (11%)

32 1 (11%) 2 (22%)

16 0 (0) 2 (22%)

8 0 (0) 0 (0)

4 0 (0) 0(0)

2 2 (22%) 1 (11%)

1 0 (0) 0(0)

0.5 0(0) 2 (22%)
Total 9 9
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Table 6. MIC of meropenem, amikacin and colistin of different Gram-negative bacteria isolated from HWW

P. mirabilis Klebsiella spp. P. putida . .

_ _ _ E. coli Citrobacter spp.
M. O. (n=6) ( n=6) (n=1) (n=1) (n=1)
Conc MEM || AK COL || MEM || AK COL || MEM || AK COL MEM || AK COL MEM | AK COL
mL No. No. No. No. No. No. No. No. No. No. No. No. No. No. No.
H9 (%) (%) (%) || [ (%) | (%) | (%) (%) (%) () J () (%) (%) | (%) | (%)

0 1 0 0 0 0 0 0 0 0 0
1024 |0 17) 0 0 0

0 1 0 0 0 0 0 0 0 0 0 0
512 0 17) 2 (33) 0

0 0 0 1 0 0 0 0 0 0 0
256 1(17) 0 2 (33) (100) 0

0 0 0 0 0 1 0 0 0 0 0
128 2 (33) 0 2(33) || 1(17) (100)

0 . 0 . 0 0 1 1 0 0 0 0
64 1(17) 2 (33) (100) |l 0

33 50
(33) (50) (100)

3 2 0 2 0 1 0 0 0 0 0 1 0
& LAD T 50) | (33) 233 | (17 (100) (100)

1 0 0 0 0 0 1 0 0 1
16 0 17) 0 117 Jo 0 (100) (100)

2 0 0 2 0 0 0 0 1 0 0
8 0 @33 | ° (33) 0 0 (100)
4 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1(17) |0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total | 6 6 6 6 6 6 1 1 1 1 1 1 1 1 1

MEM: Meropenem, AK: Amikacin, COL: Colistin
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4. DISCUSSION

HWW is a critical habitat for microbial
pathogens due to the high burden of ARG and
residual antibiotics in their sources. ?° The current
study aimed to isolate, identify and determine the
antimicrobial susceptibility profile of bacteria
isolated from inflow tap water and outflow HWW
samples obtained from various hospitals in Egypt.
About 35 bacterial isolates were isolated from both
tap and HWW. Among those isolates, 68.5% were
obtained from HWW (Gram-positive and Gram-
negative bacteria) and 31.5% were from tap water
(Gram-positive and Gram-negative bacteria).

This result was consistent with a study carried
out by Aleem et al., (2021) 3° where there was a
higher prevalence of Gram-negative bacteria from
hospital water sources (about 78% were Gram-
negative and 22% were Gram-positive). In contrast,
Godinho et al., (2024) ' found that the rate of Gram-
positive bacteria isolated from wastewater samples
was 50%.

In the present study, the HWW had a higher rate
of bacterial isolation than the hospital tap water, A
chi-square test of independence revealed a
statistically significant difference in the distribution
of isolates between the two sources (y> = 4.83, p =
0.028).

In current study, the most frequently identified
bacteria from HWW were S. aureus (25.7%), P.
mirabilis (17%), Klebsiella spp. (17%), E. coli
(11.4%), P. putida. (2.8%) and Citrobacter spp.
(2.8%). Also, about 28.5% of Bacillus spp. were
isolated from hospital tap water. Similar results were
obtained in a study conducted by Picdo et al., (2013)
32 on HWW samples, where the most isolated spp. in
the  hospital sewage was belong to
Enterobacteriaceae family (61%) and the most
detected members were Klebsiella spp., E. coli,
Enterobacter spp. and Citrobacter spp. Additionally,
similar to our results, Moges et al., (2020) * reported
that the most predominant isolated bacteria from
HWW were Klebsiella spp. (26.6%), Pseudomonas
spp. (16.8%), Citrobacter spp. (11.5%), E. coli
(11.5%), and S. aureus (8.2%).

Also, our results were in accordance with
Aleem et al., (2021)*° who revealed that the most
commonly isolated bacteria found in hospital water

surfaces were Klebsiella spp. (13%), S. aureus
(13%), Pseudomonas spp. (10%), E. coli (9%),
Enterococcus spp. (6%), Proteus spp. (1%),
Citrobacter spp. (1%) and Serratia spp. (1%).
Moreover, Njoya et al., (2022)%* detected that P.
penneri, P. mirabilis and P. vulgaris species are more
abundant in HWW. The increased abundance of
Protus mirabilis and Klebsiella spp. compared to E.
coli in our study might be due to their ability to form
biofilms in wastewater which made them highly
resistance to disinfectant applied.

In addition to biochemical identification, eight

Gram-negative isolates (22%) were identified by
MALDI-TOF VITEK® MS. The identified bacterial
isolates were Proteus mirabilis (17%), Pseudomonas
putida (3%) and E. coli (3%). A study by Suzuki et
al., (2018) 3¢ applied MALDI-TOF MS for the
detection of coliform bacteria from municipal
sewage, river water and groundwater, the dominant
genera were Klebsiella spp., Enterobacter spp. and
Serratia spp., respectively.
In this study, only Bacillus species (28.5%) and E.
coli (3%) recovered from the hospital tap water. The
genus Bacillus is large, comprising more than 60
species that are mostly saprophytes, widely
distributed in nature, spreading from soil to water,
plants, animals and shows a great diversity of strains
and species logan et al., (2015) ¥. A study carried
out by Farhana et al., (2024) * isolated 11 E. coli
isolates from drinking water. High level of E. coli
may be due to the fact that most strains were
nonpathogenic and play a vital role in the human
digestive system (Kaur et al., 2020) . So, future
work for genotypic characterization of the isolated
E.coli will be carried out to determine whether it was
pathogenic or free living.

In our investigation, the broth microdilution
assay and disk diffusion method were used to screen
susceptibility to antibiotics. Kirby-Bauer disk
diffusion method revealed that 83% of P. mirabilis
were resistant to amoxicillin, imipenem and
cefepime. The resistance to ciprofloxacin,
doxycycline, azithromycin and cefoxitin was 67%
for each. On the other hand, 83% of Proteus mirabilis
were sensitive to amikacin and 67% were sensitive to
chloramphenicol, meropenem and aztreonam (Table
4). This was in occurrence with Pierre et al., (2011)
40 who showed that all species including genus
Proteus expressed MDR pattern. Also, a lower rate
of resistance to aminoglycosides (25%) has been
observed by a study carried out by Paiva et al.,
(2017) L. Also, our results were comparable to
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Njoya et al., (2022)** who isolated Proteus spp.
expressed 95.10% resistance rate to B-lactams and
81.09% quinolones and moderate resistance to
gentamicin (41.8%) and 87.5% were sensitive to
amikacin. The presence of proteus spp. in HWW,
which enriched with different stressors influences its
susceptibility to antibiotics by facilitating the
acquisition of resistance mechanisms. 3

The results of the Kirby-Bauer disk diffusion
method revealed that 100% of Klebsiella spp. were
resistant to amoxicillin. The resistance to
doxycycline and chloramphenicol was 83% for each,
followed by azithromycin, aztreonam and imipenem
(67% for each). On the other hand, only one isolate
was resistant to meropenem (17%), while no
resistance was observed for amikacin (Table 4).
Similar results were reported by Aleem et al.,
(2021)%° where Klebsiella spp. had demonstrated an
increasing incidence of resistance to commonly used
antibiotics, including carbapenems (52%) and
ciprofloxacin (84%).

In our study E. coli isolated form wastewater
was resistant to azithromycin and doxycycline. This
was in contrast to a study conducted in northern
Portugal by Ferreiraetal., (2007) %2, who carried out
a study on wastewater effluent stated that 30% of E.
coli isolates were resistant to amoxicillin and
tetracycline.  On the other hand, E. coli isolate
recovered from tap water in the current study was
fully sensitive to all antibiotics tested by both assays.

In this study Pseudomonas putida was isolated
from HWW and identified using MALDI-TOF MS.
It was resistant to most tested antibiotics and was
only susceptible to amikacin, doxycycline, and
azithromycin (Table 4).  Similarly, Moges et
al., (2020) * find that Gram-negative isolates
frequently exhibited multiple drug resistance to
widely used antibiotics, with Pseudomonas species
exhibiting resistance to ten different antibiotics.

The resistance profile of Citrobacter spp. to
commonly tested antibiotics was lower compared
with the higher resistance profiles of Protus
mirabilis, Klebsiella spp. and Pseudomonas putida.
It was fully resistant to azithromycin, amoxicillin and
imipenem, while no resistance was detected against
cefoxitin and cefepime (Table 4). In contrast, Addae-
Nuku et al., (2022) 3 detected high resistance rates
of Citrobacter spp. against  cefuroxime,
ceftazidime, and cefepime, ranging between 20% to
30%.

S. aureus isolates were 100% resistant to
amoxicillin.  The resistance to azithromycin,
amikacin and clindamycin were 67%, 56% and 45%,
respectively. On the other hand, 100% of S. aureus
were sensitive to vancomycin and doxycycline and
78% were sensitive to erythromycin (Table 3).
Similarly, a study by Okhonlaye et al., (2018)*
found that Staphylococcus spp. isolates were MDR
with 100% resistance to amoxicillin, 83% resistance
to gentamycin and 78% resistance to ciprofloxacin.
MDR profile was observed in S. aureus isolates to
commonly used antibiotics. About 78% of S. aureus
isolates had resistance to more than three antibiotics
from different classes. MDR profile was observed in
S. aureus isolates to commonly used antibiotics.
Similar result was stated by Moges et al., (2020)%
who detected that all of the S. aureus isolates were
100% resistant to ampicillin and MDR was also
frequently seen in Gram-positive isolates to widely
used antibiotics.

In the current study, 83% of total bacteria
recovered from HWW were MDR, especially among
Protus mirabilis, Klebsiella spp. and S. aureus
isolates. This was similar to Rodriguez et al., (2020)
45 where 91% of the isolates were MDR. The reason
for the increase in antibiotic resistance among the
isolated bacteria is due to the hospital-based
therapies that result in a high rate of antibiotic
consumption and antibiotic residue excretion. 42

In the current study, the resistance rate to
meropenem by broth micro dilution was 93% among
all Gram-negative isolates, while the resistance to
amikacin was 26%. Hundred percent resistance to
colistin was detected among all isolated Gram-
negative bacteria (Table 6).

Hundred percent of Kilebsiella spp. were
resistant to colistin by broth microdilution assay
(MIC > 8 pg/mL) (Table 6). This was in contrast to
Aleem et al., (2021) * where the Klebsiella spp.
isolates showed lower resistance to colistin (30%).
Fifty percent of Klebsiella spp. were resistant to
amikacin; the MIC was > 32 pg/mL. This was
comparable to Paiva et al., (2017) #*, where a lower
rate of resistance to aminoglycosides (25%) has been
observed. The resistance to meropenem reaching
100% (MIC >128 pg/mL). The emergence of
carbapenem resistance in Klebsiella species has
become a substantial clinical problem, most
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commonly due to overexpression of efflux pumps
that expel carbapenems, mostly meropenem. 46

Hundred percent of Proteus mirabilis were
resistant to colistin; MIC was > 32 pg/mL. In
addition, 83% of Proteus mirabilis were resistant to
meropenem; MIC was > 32 pug/mL (Table 6). Proteus
mirabilis is naturally resistant to several antibiotics
including colistin. The higher levels of resistance to
carbapenem commonly occur due to the loss of
porins, reduced expression of penicillin binding
proteins (PBPs), or acquisition of several antibiotic
resistance genes, including carbapenemase genes. 4’

Seventy-seven percent of S. aureus isolates
were resistant to gentamicin MIC > 16 pg/mL, while
67% were resistant to levofloxacin MIC > 4 pg/mL
(Table 5). A study by Alarjani et al., (2022) 8
detected higher resistance to gentamicin and
ciprofloxacin in S. aureus isolates from HWW
samples. Increased gentamicin resistance was mainly
due to the acquisition of aminoglycoside-modifying
enzymes “°, while higher resistance to levofloxacin
may be due to the increased usage of
fluoroquinolones in hospitals to eradicate MRSA
colonization in patients.>°

Stringent rules and infection control measures
in hospitals, should be implemented alongside HWW
management to guarantee that antibiotic resistance
does not spread in the environment. Furthermore,
when wastewater is reused for agricultural purposes,
further steps must be performed to eradicate these
bacteria before releasing the water back into the
environment. To effectively combat bacterial
resistance in wastewater systems, it is recommended
to employ bacteriophages for targeted bacterial lysis,
conduct biofilm assays on isolated strains to
understand  biofilm  formation  capabilities,
genetically characterize resistant bacterial strains to
identify resistance mechanisms, develop detection
methods based on genetic insights, implement
tailored treatment strategies and establish regular
monitoring and surveillance protocols to track
resistance trends. By integrating these approaches, a
comprehensive strategy can be formulated to address
bacterial resistance in wastewater, ultimately
enhancing water quality and public health outcomes.

5. CONCLUSION:

Our study revealed high MDR rate of bacteria
isolated from HWW. Water contamination by
antimicrobials resulted in higher resistance due to
selection pressure exerted. The prevalence of Gram-
negative bacteria from HWW was higher than Gram-
positive bacteria in our study. The most resistant
pathogens found in HWW were S. aureus, P.
mirabilis and Klebsiella spp. and higher antibiotic
resistance was found against amoxicillin, colistin,
imipenem, meropenem, doxycycline  and
azithromycin. The study reflects a good treatment
process for income water where all isolates from tap
water were sensitive to tested antibiotics.
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