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Abstract 
 Hospital wastewater is believed to be a leading source of antibiotic 

resistant bacteria, which presents a risk to both the ecosystem and public 

health. The current study endeavored to isolate and identify Escherichia 

coli from the wastewater of multiple hospitals in Baghdad City, Iraq, and 

characterize its antibiotic resistance patterns. The study resulted in 

identifying, by biochemical means using the VITEK system, a total of 50 

E.coli isolates. Antibiotic susceptibility tests for 11 antibiotics were 

conducted on each isolate via the Kirby–Bauer (KB) disk diffusion 

method. Overall, all isolates showed considerable resistance to the 

following antibiotics: erythromycin and clarithromycin (100%), 

amoxicillin (86%), cefoxitin (72%), ceftriaxone (66%), and tetracycline 

(56%). Conversely, gentamicin (6%) and meropenem (16%) exhibited the 

lowest resistance patterns among all isolates. The Multiple Antibiotic 

Resistance (MAR) index indicated that 44 isolates (88%) exceeded 0.2, 

signifying that a high number of isolates were contaminated or exposed to 

antibiotics. 
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1. Introduction  

Water is essential for all life forms, but it is also a major vector for environmental and public 

health problems worldwide, primarily due to the contamination of freshwater sources by the 

direct release of untreated (i.e., sewage that contains high concentrations of toxic chemicals and 

disease-causing germs) directly into freshwater sources (such as rivers, lakes, and coastal areas) 

without proper treatment before discharge 
1,2

. 

A great number of research studies indicate that waste from hospitals can lead to the dispersion 

of bacterial pathogens and antibiotic resistance genes in the environment
3
. Waste from hospitals 

is particularly dangerous as it contains hazardous waste and large amounts of bacteria resistant to 

antibiotics, including Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, 

Proteus mirabilis, Staphylococcus aureus, and Salmonella typhi 
4,5

. 

Antibiotic resistance genes (ARGs) are a serious threat to public health and the environment due 

to their ability to be transferred between different bacterial species via horizontal gene transfer 

(HGT) mechanisms
6
. The transfer of ARGs between species promotes the spread of antibiotic 

resistance and makes the treatment of bacterial infections more complicated 
7
. 

The rising incidence of Antibiotic Resistance is a serious issue of public health related to the 

Contamination of drinking and surface water by antibiotics, which resulted from over-

prescription and/or improper use of antibiotics. This has generally resulted due to the increased 

use of antibiotics with respect to Aquaculture, Combined Sewer Overflows, HealthCare, 

Industrial Discharge, Agriculture, Livestock, and Domestic Wastewater sources 
8
. 
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Escherichia coli is included with Enterobacteriaceae based on its classification as a Gram-

negative and rod-shaped, facultatively anaerobic, non-spore-forming bacterium, which can either 

have flagella or not
9
. Past research shows biofilm production in E. coli is one of the most 

important virulence contributors to its pathogenic characteristics as well as increasing antibiotic 

resistance
10

. The excessive use of antibiotics in hospitals and the incorrect disposal of 

wastewater have been responsible for the development of antibiotic-resistant bacteria and their 

spread to other community and environmental settings
11

. The Tigris River in Iraq is the primary 

source of water for many communities in the country. Local studies have indicated that it is 

heavily polluted and unfit for drinking, in addition to being contaminated with resistant bacterial 

isolates, especially near hospitals. E. coli bacteria have been detected as a common indicator of 

water quality deterioration
12,13

. 

This research aimed to isolate and identify multidrug-resistant Escherichia coli (MDR) from 

hospitals wastewater in Baghdad, and evaluate their antibiotic resistance patterns. Understanding 

the prevalence of MDR-resistant bacteria in hospital wastewater can contribute to improved 

environmental pollution monitoring and public health protection. This study also aligns with the  

SDG of the UN global goals, particularly Goal 3 (Good Health and Well-being) and Goal 6 

(Clean Water and Sanitation), which emphasize the importance of providing safe water and 

reducing sources of microbial pollution in the environment. 

 

2. Materials and Methods  

2.1. Collection of bacterial isolates 

Twenty wastewater samples from Baghdad hospitals were collected in sterile, sealed 100 ml 

containers between 20 August 2025 and 12 October 2025. The samples were transported to the 

laboratory within two hours of collection, and then serial dilutions (10
-1

–10
-6

) to all samples, and 

100 microliters were taken from each dilution by micropipette and cultured on MacConkey agar 

medium by L-shaped spreader. The cultures were incubated for 24 hours at 37°C. The isolates 

that were taken from the initial culture were repeated on another MacConkey plate to confirm 

purity and also cultured on EMB medium. 

2.2. Identification of isolates 

2.2.1. Gram staining 

After Gram staining, all bacterial isolates were examined microscopically. Smears were viewed 

using a light microscope with the 40× objective and the oil immersion lens (100×) using the 

method described by 
14

. 

2.2.2. Biochemical tests 

Identification was accomplished by conducting biochemical tests, including the catalase test, 

oxidase discs  test, Simmons citrate test, methyl red test, and Voges Proskauer test, according to 

standard methods as outlined in 
15. 

2.2.3. Identification using the VITEK system 

E.coli isolates were identified via the VITEK system. There are 2 parts to the VITEK system: a 

computer and an analytical instrument that contains test cards with 48 micro-wells, which are 

filled with dehydrated culture media and colorimetric indicators for testing. The VITEK system 

automatically collects and records the color changes of the wells due to bacterial growth and 

utilizes this information to identify the isolates using biochemical reaction techniques. 
2.3. Antibiotic susceptibility testing 

To carry out antibiotic susceptibility testing of E.coli isolates, a number of specified antibiotics 

were used as contained in Table 1 using the methodology known as the Kirby-Bauer disk 

diffusion method, established by 
16

. The testing commenced when individual colonies were 

isolated overnight at 37ºC on MacConkey agar. The following day, an inoculum preparation was 

achieved by transferring 3–5 separate colonies to a clean, sterile 5 mL tube filled with sterile 

saline solution and mixed with a vortex mixer to create a homogenous bacterial suspension. The 
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turbidity of this suspension was adjusted according to the 0.5 McFarland standard, which relates 

to an approximate concentration of 1.5 × 10⁸ CFU/mL. 

The sterile cotton swab was inserted into the bacterial suspension and was rolled several times 

around the edge of the tube. A sterile forceps was used to wipe off excess liquid from the outside 

of the swab. Once dried, the swabs were used to streak the Mueller-Hinton Agar plates in all four 

directions. The Mueller-Hinton agar plates had been rotated approximately 60ºC after each of the 

four accesses to ensure an equal number of bacteria were inoculated on the agar surface. There 

were two plates made for each isolate. The four Mueller-Hinton agar plates that had been 

inoculated were allowed to sit for approximately 10 minutes prior to adding the 5-6 antibiotic 

disks located in the center of the agar plate. To ensure that all the excess liquid had been 

absorbed by the antibiotic disks on the surface of the agar, the disks were placed on top of the 

agar with sterile forceps and pressed down on the top surface of the agar plates. The plates were 

incubated for 24 hours at 37ºC. After the incubation period, the diameters of the zones of 

inhibition (measured in mm) around the antibiotic disks were measured with a flat ruler, and the 

results were assessed by reference to the Clinical and Laboratory Standards Institute's results 

guidelines 
17

. 
Table 1. Antibiotics used in the study. 

Antibiotic Concentration 

Meropenem 10 µg 

Gentamicin 10 µg 

Ciprofloxacin 5 µg 

Ceftriaxone 10 µg 

Ceftazidime 30 µg 

Aztreonam 30 µg 

Amoxicillin 10 µg 

Cefoxitin 30 µg 

Erythromycin 10 µg 

Clarithromycin 5 µg 

Tetracycline 30 µg 

 

2.4. Multiple Antibiotic Resistant Index Value (MAR) 

All E.coli  isolates recovered from wastewater were tested against all of the antibiotics included 

in this study to calculate the MAR value. The MAR value was calculated by the ratio of a certain 

type of bacterial isolate's resistance to a group of antibiotics by comparing the number of 

Antibiotic Resistance Types (ARTs) to the total number of ARTs in the study. 

So when calculating the MAR value , 

MAR Index = a/b                                                                                                                            

Where a = the number of ARTs to which an isolate has a resistance and b = the number of ARTs 

used in the study. 

In this study, it is noted that a MAR value that is >2 indicates a high concentration of 

contamination from an environmental source of antibiotics, while a MAR value <2 indicates a 

low level of environmental contamination from antibiotics
18

. 
 
3. Results 
3.1. Isolation and identification of bacteria 

After collecting samples and culturing them on preferential and differentiating media (Table 2, 

Figures 1-3), the bacterial isolates were microscopically examined, biochemically tested, and 

identified using the VITEK system. From the 50 isolates of E. coli received, the remaining 

bacterial and non-classified isolates that gave uncertain biochemical test results were excluded. 

All the identification findings have been compiled into Table 2. 
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Table 2. Tests and results used for the identification of Escherichia coli isolates. 
No. Test Result 

1 MacConkey agar Appearance of pink, smooth, and shiny colonies 

2 Eosin Methylene Blue (EMB) agar Appearance of metallic green, shiny colonies 

3 Microscopic examination Presence of pink, rod-shaped cells 

4 Indole test Positive; formation of a red indole ring 

5 Methyl Red test Positive; development of red color 

6 Catalase enzyme Positive; formation of gas bubbles 

7 Oxidase enzyme Negative; no color change of colonies 

8 Voges–Proskauer test Negative; no color change of the medium 

9 Citrate utilization test Negative; no color change of the medium 

10 VITEK system Positive; all isolates confirmed as E. coli 

 

This comprehensive identification approach confirmed precise validation of E.coli isolates 

recovered from hospital wastewater samples. 

       
 

Figure 1. Growth of Escherichia coli on (a) MacConkey agar and (b) Eosin Methylene Blue (EMB) agar. 

 
Figure 2. Morphological appearance of bacterial cells under the light microscope at 100× magnification after Gram 

staining ,presence pink, rod-shaped cells. 

 

    
Figure 3. Biochemical tests used for the identification of bacterial isolates, including: a. Catalase test b. Indol test 

c.Citrate utilization d. Voges-Proskauer test e. Methyl red test. 
 

a b 

a 

e d c b 
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3.2. Antibiotic susceptibility testing 

The result showed that 100% of the E.coli isolates taken from wastewater were resistant to 

erythromycin and clarithromycin. 86% of isolates were resistant to amoxicillin; 72% were 

resistant to cefoxitin; 66% were resistant to ceftriaxone; and 56% were resistant to tetracycline. 

Other antibiotic resistances are as follows: 28% to aztreonam, 42% to ceftazidime, and 26% to 

ciprofloxacin. The lowest levels of resistance were found with the meropenem (16%) and 

gentamicin (6%) (Table 3 and Figure 4). 
Table 3. Percentage distribution of antibiotic susceptibility patterns among Escherichia coli isolates. 

Antibiotic Sensitive isolates Resistant isolates Intermediate isolates Total 

Meropenem 41 (82%) 8 (16%) 1 (2%) 50 (%100) 

Gentamicin 22 (44%) 3 (6%) 25 (50%) 50 (%100) 

Ciprofloxacin 14 (28%) 13 (26%) 23 (46%) 50 (%100) 

Clarithromycin 0 (0%) 50 (100%) 0 (0%) 50 (%100) 

Ceftriaxone 15 (30%) 33 (66%) 2 (4%) 50 (%100) 

Ceftazidime 18 (36%) 21 (42%) 11 (22%) 50 (%100) 

Erythromycin 0 (0%) 50 (100%) 0 (0%) 50 (%100) 

Aztreonam 22 (44%) 14 (28%) 14 (28%) 50 (%100) 

Amoxicillin 3 (6%) 43 (86%) 4 (8%) 50 (%100) 

Cefoxitin 9 (18%) 36 (72%) 5 (10%) 50 (%100) 

Tetracycline 19 (38%) 28 (56%) 3 (6%)  50 (%100) 

 

 
Figure 4. The representation of antibiotic susceptibility testing results. MER: Meropenem, GEN: Gentamicin, CIP: 

Ciprofloxacin, CLR: Clarithromycin, CRO: Ceftriaxone, CAZ: Ceftazidime, E: Erythromycin, AT: Aztreonam, AX: 

Amoxicillin, CX , TE: Tetracycline. 

 

3.3. Multiple Drug Resistance (MDR) 

Isolates of E.coli originating from hospital wastewater primarily were found exhibiting 

multidrug resistance (MDR) as evidenced by a high rate of antibiotic resistance among these 

isolates. Six of the isolates demonstrated resistance to two different classes of antibiotics (12%), 

eight to three classes of antibiotics (16%), seven to four classes of antibiotics (14%), seven to 

five classes of antibiotics (14%), and ten to six classes of antibiotics (20%); two to seven classes 

of antibiotics (4%); two to eight classes of antibiotics (4%); and seven to nine classes of 

antibiotics (14%), and only one isolate resulted in a total of ten antibiotic resistances, as shown 

in Figure 5. The results clearly demonstrate the presence of multidrug-resistant E.coli in the 

wastewater setting and that there is significant selective pressure on this organism due to the 

frequency of antibiotic exposure within a hospital environment. 
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Figure 6. Percentage distribution of multidrug resistance (MDR) patterns among Escherichia coli isolates. 

 

Table 4. Number of multidrug-resistant bacterial isolates, number of antibiotics to which resistance was observed 

and MDR percentage. 

No. of MDR isolates No. of antibiotics resisted MDR (%) 

6 2 12% 

8 3 16% 

7 4 14% 

7 5 14% 

10 6 20% 

2 7 4% 

2 8 4% 

7 9 14% 

1 10 2% 

 

3.4. Determination of the Multiple Antibiotic Resistance (MAR) Index 

The MAR index was calculated for all isolates, as illustrated in Figure 7. 
 

 
Figure 7. Distribution of MAR index values among Escherichia coli isolates.. 

 

4. Discussion  

The goal of this research was to assess the antibiotic susceptibility and resistance patterns of 

E. coli collected from hospital sewage. Considerable variability was seen among the different 

antibiotic susceptibility and resistance rates noted for the E.coli isolates tested. This variability 

could be attributed to the overuse of antibiotics in hospitals and improper disposal of 

unprocessed hospital wastewater. Contaminated hospital wastewater contains large amounts of 
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medical waste, harmful chemicals, and many microorganisms, thereby creating an environment 

conducive to the development and persistence of multidrug-resistant bacterial strains
19,20

. 

The current findings on resistance rates for E. coli and meropenem indicate a rate of 16%, which 

is comparable to the findings of 
21

 with a resistance rate of 21.25% but lower than those of 
22

 at 

44.4%. 

Regarding gentamicin, the current study indicates that 6% of E.coli isolates were resistant and 

agrees with the results reported by 
23

 and 
24

 with resistance rates of 7% and 6%, respectively. 

However, our results partially coincide with 
25

, who found that 18% of E.coli isolates were 

resistant to gentamicin, whereas there was a significant discrepancy when compared to the 

findings of 
21

, who showed an even higher resistance rate for this antibiotic of 56.25%. 

This study showed that the resistance to ciprofloxacin was 26%, while 
26

 had reported a 

ciprofloxacin resistance rate of 30% and 
27

 was 17.5% of the isolates. However, there was a very 

strong contrast with the research finding of 
28

, which showed that all of the isolates were 100% 

susceptible to ciprofloxacin. 

The current study, like previous studies
26,28

 , reported a total (100%) resistance of all isolates to 

erythromycin; both of those studies reported a resistance rate of 98% and 88.8%, respectively, 

while 
29

 reported a 76% erythromycin resistance among their isolates. 

The result of this study also showed the same total (100%) resistance of all isolates to 

clarithromycin. This high level of resistance is likely due to the inherent resistance to macrolides 

(e.g., erythromycin) found in Gram-negative bacteria. This is caused by two factors: 1) Gram-

negative bacteria have a lower permeability of their outer membranes, and 2) these bacteria 

contain efflux pumps that prevent the penetration of the antibiotic 
30

. 

The level of resistance to ceftriaxone observed in this study (66%) is comparable to that from 
31

 

which reported a higher level of resistance (78%), and partially consistent with 
22, 

a higher level 

of resistance (82.2%). However, the level of resistance to the ceftriaxone in this study is 

significantly higher than what was reported by 
27

 which is 23.5%. 

The resistance rate of 42% against ceftazidime in the current study is consistent with the findings 

of 
32

, and 
33

, who both report a resistance rate of approximately 50%, while it was considerably 

greater than that reported by 
26

 at 88%. 

Aztreonam produced similar resistance rates (28%) when compared to 
34

 (26%)
 
and 

35
 (34%), 

with the exception of 
32

, who showed a higher level of resistance (64%). 

The resistance rate to amoxicillin observed in this study (86%) was similar to the resistance rates 

reported by 
28

 (100%) and 
31

 (93%) but was higher than that of 
24

 (42%). The resistance to 

cefoxitin (72%) was greater than the resistance rates reported by 
36

 (53.5%) and 
37

 (47.6%), 

although it was less than the 100% reported by
38

. 

The resistance rate to tetracycline in this study is 56%, and this result is consistent with the 

findings of 
37,39

 who reported resistance rates of 52.4% and 66.3%, respectively. In contrast, 

another study reported a higher resistance rate of 94%, which exceeded the rate shown in the 

current study 
25

. 

Conclusively, the findings represent that most of the isolates of Escherichia coli collected have 

exhibited multi- and broad-spectrum resistance to antibiotics. The increasing incidence of 

resistance to a wide range of antibiotics by microorganisms, clinical infections, disease and death 

caused by resistant bacteria are increasingly common and is a major concern facing modern 

medicine. 
34

. 

In addition, most of the isolates had a High MAR index, with 44 isolates (88%) showing a MAR 

index value of >0.2, indicating that these microorganisms are likely to have been sourced from a 

highly contaminated and high-risk environment. The results of this study are consistent with 

previous studies
18,40,41

, which showed the presence of a high proportion of E. coli isolates 

exhibiting MAR indices of >0.2 in their results (81%, 33–94%, and 94%, respectively). 

Despite the important findings of this study, some limitations should be noted. The isolation and 

identification of bacteria based on traditional phenotypic methods, and the study focused on 
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Escherichia coli as a key indicator of bacterial contamination in hospital wastewater. 

The results of this study indicate some research gaps that warrant future studies, including the 

use of molecular techniques such as PCR to detect genes responsible for antibiotic resistance, in 

addition to studying other microorganisms present in wastewater and evaluating the efficiency of 

wastewater treatment systems to reduce the spread of antibiotic-resistant bacteria in the 

environment. 

 

5. Conclusion  

One of the major sources of multidrug-resistant E. coli bacteria is hospital wastewater. High 

levels of resistance to multiple commonly prescribed antibiotics have been identified in the 

isolates studied, including but not limited to erythromycin, amoxicillin, cefoxitin, ceftriaxone, 

and tetracycline. The study showed that the majority (88%) of the isolates tested in this research 

contained a Multiple Antibiotic Resistance (MAR) index of > 0.2. This indicates that these 

isolates are highly likely to have been contaminated with multiple antibiotics from the 

surrounding environment at some point during their life cycle. 
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