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ABSTRACT 
      This study was designed to determine the extent of contamination of water storage tanks by non-lactose fermenter Enterobacter spp, 
and to characterize the chlorine and antibiotic resistance status. Moreover, to find the correlation between biofilm formation and 
resistance to chlorine. For this purpose, a total of 60 water samples were collected from residential and restaurant water storage tanks. 
Bacterial analysis and antibiotic susceptibility profiles of the samples were assessed by the Most Probable Number (MPN) and Vitek 2 
compact tests, respectively. The biofilm formation was quantified by crystal violet staining method and chlorine resistance test by 
microdilution technique. Obtained results indicated that water samples were contaminated by Escherichia coli (35%). Additionally, 
water samples that were assessed to be potable by the MPN test showed that (44%) positive for Enterobacter cloacae. Results of chlorine 
resistance test revealed variation in resistance of E. cloacae to different concentrations of chlorine, and relatively similar antibiotic 
susceptibility profiles. Moreover, biofilm analysis showed the isolates that were resistant to concentration of chlorine 400 mg L-1, have 
formed significantly more biofilm than those that were resistant to other concentrations. A positive non-linear correlation (r = 0.72) was 
found between the degree of biofilm formation and the ability of isolates to resist different chlorine concentrations, and no correlation 
has been detected between antibiotic and chlorine resistance. It can be concluded that the presence of chlorine resistant E. cloacae in 
drinking water can pose a real public health threat. The routine microbial water analysis should be modified to include detection of non-
lactosefermenter Enterobacter. 

© 2021 Production by the University of Garmian. This is an open access article under the LICENSE  

https://creativecommons.org/licenses/by-nc/4.0/ 
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1. Introduction 

     Drinking water is essential for life, but it is also an excellent 
medium for transmission of numerous waterborne infections such 
as cholera, typhoid fever, infectious hepatitis, amoebic and 
bacillary dysentery [1]. Chlorination is the most commonly used 
treatment method for water safety [2, 3, 4, 5]. However, many 
different species of bacteria are known to develop resistance to 
chlorine [6, 7, 8]. The increased prevalence of bacterial 
contamination of water storage tanks was linked to the loss of 
residual disinfectant activity and prolonged storage time [9, 10, 11].  
The danger of contaminated water is not only restricted to the 
emergence of chlorine resistant bacteria, but chlorine resistance 
can lead to cross resistance to commonly used antibiotics [6, 8, 12]. 
Furthermore, the water distribution systems are known to harbor 

biofilms even in the continuous presence of disinfectants [13]. It is 
now accepted that microbial biofilms in drinking water 
distribution networks and water storage tanks can lead to the 
deterioration of water quality and pose a substantial threat to 
public health [14, 15]. Biofilms protect contaminating bacteria and 
act as a potential reservoir for waterborne infections [2].  

International water quality standards depend mainly on the 
detection of total and fecal coliform Escherichia coli in pre- and 
post-chlorination [14, 16]. While chlorination effectively eliminates 
fecal coliform E. coli. However, other microbial species 
including Enterobacter spp. and Citrobacter freundii have been 
reported to be detected post-chlorination, very likely these 
resistant microbes are harbored in biofilms on water pipes and 
tanks [16]. Alarmingly, some of these Enterobacter spp were 
found to be multidrug resistant (MDR), which can cause 
healthcare-associated infections [17]. A study conducted in the 
USA between 1995-2002, found that Enterobacter spp. are the 
significant cause of nosocomial bloodstream infections [16]. Two 
of the well- known Enterobacter spp, E. aerogenes and E. 
cloacae, are considered clinically important [18, 19].  
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The provision of safe drinking water is one of the major 
challenges of the 21st century [16].  Due to the water shortage, in 
Kurdistan and most of Iraqi cities, people rely on rooftop storage 
tanks, which are directly exposed to sunlight and provides 
suitable growth condition for bacteria. In Iraq, public health 
authorities assess the microbial content in water samples using 
the Most Probable Number (MPN) method. This method relies 
on detection of fecal coliform E. coli, and it does not take 
commonly found environmental contaminate Enterobacter spp. 
into consideration [20]. Therefore, the present study aimed to 
assess the extent of contamination by lactose fermenter E. coli 
and E. cloacae in water storage tanks in Sulaymaniyah city. 
Furthermore, the isolates of E. cloacae were characterised for 
chlorine and antibiotic resistance as well as for biofilm forming 
ability. 

 2. Methods and Materials 

 2.1 Sample collection 

In most of Iraqi cities people can use water from both residential 
and restaurant water storage tanks. Sample collection was 
performed between August and September 2018, in which a total 
of 60 water samples were collected from residential tanks as 
private source and restaurant water storage tanks as a public 
source for daily uses of water in Sulaimaniyah city. Prior sample 
collection, water temperature was recorded in each storage tank. 
Then, after 3 min flushing water from tanks spigot, the samples 
(200 ml) were collected in wide-mouth sampling bottles, labeled, 
kept in the ice box and transported to the laboratory at the 
directorate of health prevention hospital, Sulaymaniyah province 
/ Kurdistan region / Iraq. 

2. 2 Physicochemical analysis: 

Each water sample was subjected to physiochemical analysis for 
both pH and residual chlorine. pH-meter was used for measuring 
pH value and free chlorine residual was measured using 
previously described iodometric titration method for 
determination of total and free chlorine [21]. All tests were 
performed in triplicates and the averages have been recorded. 

 2. 3 Microbiological water analysis: 

Microbial content analysis of water samples is based on detection 
of total coliform, fecal coliform Escherichia coli, enterococci and 
Clostridium perfringens [2]. According to drinking water 
guidelines, the qualified water for drinking should be with zero 
MPN result (0 cfu / 100 ml-1) [22].  The Most Probable Number 
(MPN) test is a multiple-tube fermentation technique used to 
determine total coliform and fecal coliform in a water sample [16]. 
The coliform group of enteric bacteria can be detected on the 
basis of their ability to ferment lactose to acid and gas. In this 
study a single set of 5-tube MPN method was performed as 
recommend by the World Health Organization (WHO) and 
previously described standard protocols for total coliforms and 
fecal coliforms [11, 20]. The decision on the presence of total 
coliform E. coli was made on the basis of three successive steps, 
consisting of a presumptive test (detection of total coliform), a 
confirmation test (detection of fecal coliform), and a completed 
test (detection of thermotolerant E. coli). In the first step five 
tubes of 10 ml double-strength MacConkey broth (Fluka) was 

inoculated with 10 ml of water sample and incubated for 24 hours 
at 37°C. After incubation the presence of acid and gas in any tube 
was designated as a positive presumptive result. From the number 
of tubes with the positive acid and gas formation, the most 
probable number (MPN) of bacteria present in 100 ml of original 
water sample was determined using the probability table provided 
by WHO to the water directorate of Sulaymaniyah city. For the 
second step (confirmation test) a 0.1 ml from the positive tube of 
first step was transferred into a new single-strength MacConkey 
broth tube, and incubated for 24 hours at 44°C. After incubation 
the growth was recorded as a positive fecal coliform. The final 
step (completed test) was performed through inoculation of Eosin 
Methylene Blue (EMB) agar (Fluka) plate and peptone broth 
from the positive growth of fecal coliform tube. Then, the 
samples were incubated for 24 hours at 35°C for peptone broth 
and 44°C for EMB agar. The result was considered positive 
thermotolerant E. coli when green metallic sheen colonies 
observed on EMB agar and red ring formed on top of peptone 
broth after addition of Kovac’s reagent. 

2. 4 Isolation and Identification of Enterobacter cloacae in negative 
MPN test: 

MPN test is not a suitable test to differentiate between fecal 
coliforms E. coli and Enterobacter spp. in contaminated water [20]. 
Therefore, this study was mainly focused on isolation of non-
lactose fermenter bacteria in MPN negative results, which was 
considered as potable water and free of microbial contamination. 
To rule out the presence of non-lactose fermenter in all MPN 
negative water samples, the negative tubes of MPN test were sub-
cultured on MacConkey agar (Fluka) and incubated at 37°C for 
24 hours. Then, the well-isolated colonies of non-lactose 
fermenter bacteria from each MPN negative water sample were 
subjected to identification using Vitek-2 compact, biofilm 
formation assay, chlorine resistance test, and antibiotic sensitivity 
test (AST). 

2. 5 Antibiotic susceptibility test: 

A loopful of E. cloacae from MacConkey agar were streaked on 
nutrient agar and the plates were incubated at 37°C for 24 h. Then, 
a sufficient number of colonies from nutrient agar was suspended 
in 3 ml sterile distilled water in order to obtain a turbidity level of 
0.5-0.6 in McFarland scale (McFarland Densitometer, Grant-
Bio). This bacterial suspension was used to determine the 
resistance patterns by the Vitek-2 Compact automated system 
(VITEK® 2: Healthcare, bioMérieux USA) using the AST-GN69 
cards (VITEK® 2 Gram Negative Susceptibility Card) for the 
following antibiotics: amoxicillin/clavulanic acid, cefazolin, 
ceftazidime, ciftriaxone, cefepime, entrapenem, imipenem, 
gentamicin, tobramycin, ciprofloxacin, levofloxacin, 
nitrofurantoin, and trimethoprim /sulfamethoxazole. 
Furthermore, Kirby Bauer test Bauer et al. (1966) was also used 
for determination extra antibiotic sensitivity profiles, which was 
not found in AST-GN69 card used above [23]. Briefly, a sterile 
cotton swab was dipped into the microbial suspension and then it 
was streaked evenly across the surface of a Muller-Hinton agar 
plate. Within 15 minutes of inoculation, the antimicrobial-
containing disks (erythromycin 15 µg, rifampicin 5 µg, amikacin 
30 µg, tetracycline 30 µg, and chloramphenicol 30 µg) 
(BIOMAXIMA company) were applied with sterile forceps, and 
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the plates were incubated at 37°C for 18 hours [24]. Results were 
interpreted using the M100-S25 of Clinical and Laboratory 
Standards Institute guidelines, CLSI-guideline 2013 [25]. 

2. 6 In vitro determination of chlorine resistant bacteria: 

Chlorine resistant bacteria were determined by microtiter plate 
assay according to a procedure that is described by Huang et. al, 
(2011) with slight modifications [26]. According to the 
manufacturer’s instructions, stock chlorine solutions were 
prepared from dichloroisocyanurate (NaC3N3O3CL2) (Chanelle 
Medical Limited Co, Ireland). Then, from stock chlorine solution, 
six different chlorine concentrations were prepared in sterile 
distilled water 0, 25, 50, 100, 200, 300, and 400 mg L-1 and from 
overnight bacterial culture, bacterial suspension was separately 
prepared in sterilized distilled water (1×105 CFU mL-1). Then, 
to mimic the natural contact between chlorine concentrations and 
bacterial isolates, 2 μl of bacterial suspension thoroughly mixed 
with 200 μl of sterilized water (1:100 ratio) of each chlorine 
concentration using 96-microwell flat bottom polystyrene plates 
(SPL Plastic Labware, Korea).  

The plate was incubated at room temperature for 30 min as 
previously described [6, 27]. After 30 min of contact time between 
bacteria and chlorine concentrations, the bacterial survival was 
measured by triple spotting 20 μl on Nutrient agar and incubated 
at 37°C for 18 hours. Growth of single colony and more per each 
20 µl spot was defined as resistant to chlorine. Then, to rule out 
the effect of high chlorine concentrations on water pH, at the end 
of 30 min of bacterial exposure to different chlorine 
concentrations the pH and chlorine residual has been measured. 

2. 7 In vitro determination of chlorine resistant bacteria: 

The quantitative crystal violet staining method was used to 
quantify the level of biofilm formation as described previously 
[28, 29, 30]. Fresh nutrient broth medium was inoculated 1:100 with 
1×105 CFU mL-1 of E. cloacae. Then, a 200 µl of this stock was 
transferred to the wells of 96-well flat bottom polystyrene plate 
(SPL Plastic Labware, Korea), and the plate was incubated in a 
static incubator at 37°C for 18 h. The planktonic cells were 
removed and the wells were washed three times with 200 µl PBS. 
After drying at room temperature for 30 min, the biofilm was 
stained by addition of 200 µl 0.5 % (v/v) crystal violet at room 
temperature for 15 min. Excess crystal violet was removed by 
washing three times with PBS. Stained biofilm in each well was 
dissolved in 200 µl Ethanol:Acetone (80:20) (v/v). The 
absorbance of dissolved biofilm was measured at optical density 
(O.D) 595 nm using a microplate reader (Infinite F50 TECAN). 
The wells with uninoculated medium were used as control for 
crystal violet binding to the plastic. 

2. 8 In vitro determination of chlorine resistant bacteria: 

GraphPad prism version 6 (Graphpad, California, USA) was used 
to analyze all data. One-way ANOVA and Tukey’s multiple 
comparisons tests were used for statistical analysis. p values less 
than 0.0001 was regarded as highly statistically significant. 
Pearson correlation coefficient was used to analyze correlation 

between the studied parameters, a p value of less than 0.05 was 
regarded statistically significant. 

3. Results and Discussion: 

According to the WHO, the mortality rate due to water-associated 
diseases exceeds 5 million people each year [16]. In Iraq, over the 
last two decades the provision of quantity and quality of water 
supplies has progressively declined. In 2014, a report published 
by the WHO revealed that the water supplies in Iraq are not 
adequate to prevent very likely widespread humanitarian crisis in 
the future [31]. In most Iraqi cities people consider the water from 
the distribution system is potable and safe to be collected in 
rooftop storage tanks. However, previous reports mentioned 
many sources of chemical and microbial contamination of 
domestic water due to direct discharge of untreated sewages and 
industrial wastewater into waterways and rivers, which 
eventually affects the human health [32].  

Results of physicochemical analysis of water from different 
storage tanks were showed that pH ranged from 6.8 to 7.5, and 
temperature between 30 to 35 °C. The free chlorine in storage 
tanks ranged from 0.01 to 1.12 mg L-1. The pH values in 
accordance with the WHO permissible limits (6.5-8.5) [11], and 
the temperature between (30-35°C) during summer time (August 
and September), which is one of essential physical factor that 
determine microbial survival and growth in water storage tanks. 
It was reported that high temperature supports the growth of 
bacteria and fecal coliforms in storage tanks [11, 33].  

Microbiological water analysis mainly focuses on detection of 
fecal indicator bacteria including enterococci and coliform group, 
especially E. coli [16]. The occurrence of total coliform bacteria 
was extensively determined in water storage tanks collected from 
residential and restaurant sources of Sulaimaniyah city. Obtained 
results exhibited that 1/3 of water samples were contaminated by 
fecal coliforms E. coli (n=21 out of total 60 samples, 35%) and 
2/3 of samples with negative MPN results (n=39 out of total 60 
samples, 65%) (Figure-1A). Moreover, results of isolation and 
identification revealed that 44% (n=17 positive out of 39 MPN 
negative) of water storage tanks were positive for E. cloacae and 
56% (n= 22 negative out of 39 MPN negative) found negative 
(Figure-1B). This indicates the risk associated with the 
occurrence of E. coli, E. cloacae and other related non-lactose 
fermenter pathogenic bacteria dominant in water storage tanks, 
which is eventually increase the potential risk on people who are 
mainly dependent on water storage tanks. The problem of fecal 
E. coli contamination in water storage tanks is common in Bahir 
Dar, Ethiopia [34], in Dubai by 45% [1] and in Bermuda by 66% 
[35]. Likewise, microbiological analysis of household water tanks 
exhibited contamination by non-lactose fermenter Pseudomonas 
aeruginosa, Salmonella gallinarum, and Enterobacter aerogenes 
[1]. The high percentages of water contamination by fecal coliform 
might be as a result of declining the quality of water in Dukan 
lake, which provides the major water supply to Sulaimaniyah city 
[36]. Moreover, the main water sources can easily get fecal 
coliforms as a result of leakage and contamination throughout 
water supply networks [11], improper cleaning and covering 
storage tanks might be additional factors related to 
contamination. 
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Determination of chlorine resistant Enterobacter cloacae:  

Although, chlorination is used as the main water treatment 
method in Kurdistan, it does no guarantee the safety of drinking 
water. According to previous study conducted in Sulaymaniyah 
city, while microbial content analysis of municipal storage tank 
did not show the presence of any contaminating bacteria, in the 
network and household samples, microbial growth could be 
demonstrated [37]. The present study has mainly focused on 
identification of E. cloacae and other related non-lactose 
fermenter pathogenic bacteria in water samples identified to be 
negative for coliforms using the MPN test. All E. cloacae isolates 
from both water sources (n=17 isolates out of 39 MPN negative 
water samples) were subjected to chlorine resistance test using 
different chlorine concentrations (25, 50, 100, 200, 300, and 400 
mg L-1). Results of physiochemical analysis of six chlorine 
concentrations from initial and end of the experiment were 
exhibited that the pH ranged from (7.03 to 6.40) and residual 
chlorine after 30 min of contact time ranged from (22, 45, 94, 
182, 283, and 384 mg L-1) (Table-1). Accordingly, results of 
chlorine resistance test classified E. cloacae isolate into six 
groups, 5 isolates exhibited resistance to 25 mg L-1 chlorine (G1), 
3 isolates to 50 mg L-1 (G2), 4 isolates to 100 mg L-1 (G3), 2 
isolates to 200 mg L-1 (G4), 1 isolate to 300 mg L-1 (G5), and 2 
isolates (G6) were fully resistant to 400 mg L-1. It has been 
documented that chlorine rapidly inactivates coliforms and leaves 
chlorine resistant pathogens unaffected [16]. In consistence to 
these findings, recent study reported that lethal chlorine dose 
rapidly inactivates fecal coliforms E. coli but leaves chlorine 
resistant Enterococcus faecalis unaffected [38]. Likewise, 
Enterobacter spp. are the most frequently isolated 
microorganisms from tertiary treatment of wastewater [39]. 

The presence of chlorine resistant bacteria in rooftop storage 
tanks might be attributed to the wide application of chlorine 
disinfectant for drinking water treatment. Moreover, in 
Sulaymaniyah and other Iraqi cities, the use of random 

concentrations of chlorine-containing substances in swimming 
pools might be directly linked to the development of super 
chlorine resistance isolates. In support to this explanation 
Destiani and Templeton (2019) reported that environmental 
isolates that have been previously exposed to chlorine may 
develop higher resistance to disinfectants [6]. As it was well 
described before, the frequent and overuse of 
sodium hypochlorite (NaOCL) has led to development of 
chlorine resistant bacteria [4, 7]. 

Table 1: Preparation and physiochemical analysis of different chlorine 
concentrations for bacterial chlorine resistance test. Each value 
represents the average of three independent experiment. (D.W: sterilize 
distillated water, pH: 7.1) 

Initial chlorine 
(mg L-1) in D. W 

Water pH after 
addition of 

chlorine 

Residual free 
chlorine (mg L-1) 

after 30 min 
0 7.1 0 

25 7.03 22 
50 6.91 45 

100 6.83 94 
200 6.69 182 
300 6.44 283 
400 6.40 384 

 

In the current study the most striking results is the ability of E. 
cloacae (G6: two isolates) to tolerate up to 400 mg L-1 residual 
chlorine after 30 min contact time. Previous study reported that 
the genes involved in chlorine resistance are not from plasmid 
origin [4]. Therefore, the ability of E. cloacae to tolerate high 
concentration of chlorine might be attributed to the fact that 
chlorination will damage the vital functions of porins in bacterial 
outer membrane. It potentially reduces the cell permeability and 
increases the resistance to chlorine [6, 18]. More recently Luo et al., 
(2020) emphasized that the resistant to chlorine is greatly 
attributed to cell permeability barriers and protective function of 
several genes that control oxidative stress, DNA repair, efflux 
pump, pore protein regulation and cell wall repair [40]. The ability 
of bacterial isolates to tolerate different concentrations of 
chlorine has been investigated by other researchers. Al-Berfkani 
et al., (2014) reported that Aeromonas hydrophilia, 
Staphylococcus aureus and Micrococcus varians resist 50, 100, 
100 mg L-1 chlorine concentrations, respectively [41]. However, 
other studies stated that 10 mg L-1 of free chlorine is sufficient to 
kill all bacteria except Gram-positives and spore-forming bacteria 
[42, 43]. These differences in chlorine resistance may be linked to 
differences in methods of chlorine resistance test, environmental 
conditions, and local treatment regimens.  

Biofilm formation: 

Previous studies emphasized that temperature, biofilm formation, 
and air greatly contribute in regrowth of different types of 
bacteria [1, 44, 45]. Results of biofilm formation was exhibited that 
G2 to G6 isolates formed significantly more biofilm than the G1 
isolates (p≤0.0001) (tableure-2). No significant differences in 
biofilm formation were noticed among G2 to G5 isolates 
(p>0.05).  The highest biofilm was produced by G6 isolates, 
which were resistant to 400 mg L-1 of chlorine (0.11±0.02), which 
is significantly higher than each of G3 and G4 (0.086 ± 0.006 and 
0.08 ± 0.003, respectively) (p≤0.001) (Figure-2).  

B A 

Figure 1: (A) Represents the results of MPN (Most probable Number) 
test for detection fecal coliform in water storage tanks (n= 21/60, 35% 
positive) and (n= 39/60, 65% negative). The positive MPN test can be 
defined as the ability of fecal coliforms to ferment lactose into acid and 
gas. (B) Shows the percentage of E. cloacae growth on MacConkey agar 
isolated from negative MPN test. (n=17/39, 44% positive) and 
(n=22/39, 56% negative) growth of E. cloacae in water storage tanks. 
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This study also provides insight at the association between 
increased resistance to chlorine and biofilm formation ability of 
E. cloacae. Most importantly, moderate positive non-linear 
correlation (r = 0.722, n=17 isolates) was observed between the 

degree of biofilm formation and the ability of isolates to resist 
different concentrations of chlorine (p>0.05). The overall trend in 
quantitative biofilm analysis showed that the degree of biofilm 
formation might be associated with the bacterial ability to resist 
the highest concentrations of chlorine. It has been well 
documented that production of exo-polysaccharide slime layer 
and biofilm formation restrict the diffusion of disinfectants into 
the inner layer of biofilm and may contribute to the survival of P. 
aeruginosa in chlorinated water [14, 15, 46, 47, 48]. Additionally, 
environmental factors such as temperature, pH, pipe, and storage 
tank materials can strongly encourage the process of biofilm 
formation by chlorine-resistant community of Enterobacter spp. 
[13, 16]. It has been defined that E. cloacae is able to form biofilms 
[18]. This could explain the increased resistance to chlorine as a 
result of biofilm formation, which is consistent with the results of 
Bertelli et al., (2018) who emphasized that the resistance of 
Pseudomonas to free chlorine is associated with their ability to 
form biofilm [14]. Similarly, recent study by Cai et al., (2018) 
showed that after 30 min exposure to chlorine dioxide and (200 
mg L-1) sodium hypochlorite, the surviving cells of E. 
cloacae biofilms were found more resistant than the cells of 
Klebsiella oxytoca, and Citrobacter freundii biofilms [49]. 
Therefore, mechanism of chlorine resistance and its association 
with biofilm formation deserve to be studied in more detail in the 
future. Moreover, use of ozone or ultraviolet light as alternative 
methods for water treatment is highly recommended.

Table 2: Heatmap pattern of antibiotic resistance profiles of isolated E. cloacae strains (n=17 isolates) classified according to resistance to different 
concentrations of chlorine (G1:5 isolates, G2: 3 isolates, G3: 4 isolates, G4: 2 isolates, G5: single isolates, and G6: 2 isolates: are subgroups of 
resistant isolates to 25, 50, 100, 200, 300, and 400 mg L-1chlorine, respectively). (     : Sensitive,      : Resistant,      : Intermediate). Inhibitors of cell 
wall synthesis: Ciftriaxone, Cefepime, Ertapenem, Ceftazidime, Imipenem, Cefazolin, Amoxicillin / clavulanic acid. Inhibitors of folic acid 
synthesis: Trimethoprim/Sulfamethoxazole. Inhibitors of protein biosynthesis: Gentamicin, Tobramycin, Chloramphenicol, Erythromycin. 
Inhibitors of DNA replication: Levofloxacin, Ciprofloxacin. Disrupt ribosomal RNA, DNA, others: Nitrofurantoin, Amikacin. Blocking the 
elongation of RNA: Rifampicin. Inhibitors of 30S subunit aminoglycosides: Tetracycline. Mode of antibiotics actions based on [50, 51]. 

G: Subgroups of Isolates 
resistance to chlorine 

G1 G1 G1 G1 G1 G2 G2 G2 G3 G3 G3 G3 G4 G4 G5 G6 G6 

Chlorine concentration 
mg L-1 (ppm) 

25 25 25 25 25 50 50 50 100 100 100 100 200 200 300 400 400 

Antibiotic disks                  
Ciftriaxone                   

Cefepime                  
Ertapenem                   
Ceftazidime                  
Imipenem                   
Trimethoprim/Sulfamethoxazole                  
Gentamicin                   
Tobramycin                   
Chloramphenicol                  
Levofloxacin                   
Ciprofloxacin                  
Nitrofurantoin                  
Amikacin                  
Erythromycin                  
Cefazolin                   
Amoxicillin / clavulanic acid                   
Tetracycline                   
Rifampicin                  

Figure 2: Evaluation of biofilm formation of E. cloacae strains by the 
crystal violet staining method. Data represent the Mean ± SD (Standard 
deviation of the mean) of three independent experiments; each with 
triplicates. One-way ANOVA and Tukey’s multiple comparison tests 
were used for statistical analysis (****P≤0.0001). (G1) 5 isolates, (G2) 
3 isolates, (G3) 4 isolates, (G4) 2 isolates, (G5) single isolate, and (G6) 
2 isolates resistance to 25, 50, 100, 200, 300, and 400 mg L-1, 
respectively. 
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Antibiotic susceptibility test:  

Residual chlorine was found to be the most important factor 
affecting the antibiotic resistance in treated water samples. 
Therefore, all chlorine resistance (G1 to G6, n=17) isolates were 
analysed for resistance to 18 different antibiotics using Vitek 
compact-2 and disc diffusion method recommended by CLSI- 
guidelines [25]. The obtained results demonstrated that all chlorine 
resistant E. cloacae isolates were revealed sensitive to 
ciftriaxone, ceftazidime, ceftriaxone, cefepime β-lactam 
antibiotics of third and fourth generations cephalosporins, and 
other β-lactam classes ertapenem, imipenem. Similarly, sensitive 
to other classes of antibiotics with different mode of actions 
including triprthoprim / sulfamethoxazole, gentamicin, 
tobramycin, chloramphenicol, ciprofloxacin, levofloxacin, and 
nitrofurantoin (Table-2). However, the isolates were exhibited 
resistant to β-lactam antibiotics amoxicillin / clavulanic acid, first 
cephalosporin generation cefazolin, and other classes of 
antibiotic including erythromycin, tetracycline, and rifampicin 
(Table-2). Finally, a variable pattern of resistance and sensitivity 
were noticed to amikacin (Table-2). In consentience to this 
finding, many researchers confirmed that E. cloacae has a unique 
ability to acquire genes encoding resistance to multiple classess 
of antibiotics including β-lactamase inhibitor, aminoglycoside, 
tetracycline, and carbapenem [18, 52, 53, 54, 55, 56, 57, 58, 59]. It seems that 
continuous disposal of hospital waste, sewage, and other 
wastewater, all of which are potentially containing resistance-
conferring genes, antibiotics, and their residual to the stream 
water, could serve as an essential contributing factor for 
environmental bacteria harboring antibiotic resistant [60, 61, 62]. It 
has been well documented that the occurrence of antibiotic 
resistant Enterobacteriaceae in sewage, treated drinking water, 
surface and river water can serve as an important reservoir for 
resistant genes of β‐lactam antibiotics, carbapenems, 
tetracyclines, and chloramphenicol [27, 62, 63, 64] After E. coli and K. 
pneumoniae Davin-Regli and Pages (2015) described E. cloacae 
as the third broad spectrum Enterobacteriaceae species 
possessing extended spectrum β-lactamases (ESBL) and 
carbapenemases [18]. 

So far, no clear physiological relation has been found between the 
mode of antibiotic action and resistance to different 
concentrations of residual chlorine. Results of the current study 
(Table-2) showed similar antibiotic resistance profiles of 
resistance E. cloacae to different concentrations of chlorine. This 
might be attributed to the fact all isolates were exposed to similar 
environmental stresses. The process of natural transformation 
might increase if the water contains residual chlorine and 
antibiotics from sewage water disposal. Recent study by Jin et al., 
(2020) explained that chlorine resistant bacteria are 
physiologically competent cells for higher plasmids 
transformation effeciency [38]. This concept has been confirmed 
by many researchers, Huang et al., (2011) and Murray et al., 
(1984) who suggested that chlorination helps development of 
antibiotic resistance strains through transference of resistance-
conferring plasmids among bacteria in their natural environment 
[26, 65]. However, contrary results of other studies found that 
chlorination did not significantly contribute to the resistance 
profile of E. coli strains [66, 67].  The lack of solid data on 
effectiveness of chlorination in reduction of antibiotic resistant 

bacteria requires further study to establish a link between 
antibiotic and chlorine resistance.  

4. Conclusion 

The water storage tanks in Sulaymaniyah city were contaminated 
by fecal E. coli and chlorine resistant E. cloacae. Chlorine 
disinfection cannot guarantee the complete removal and the risk 
of chlorine resistance bacteria in water distribution system and 
water storage tanks. Therefore, the threat of waterborne disease 
by E. cloacae might increase as the ability of this bacterium to 
produce biofilm appears to be positively correlated with the 
degree of chlorine resistance. Relatively similar antibiotic 
resistance profiles were found among all isolated E. cloacae. 
However, no correlation has been found between resistance to 
different chlorine concentrations and antibiotic resistance 
profiles. To control the potential risk posed by the waterborne 
pathogens and to reduce the false sense of safety, regular water 
quality assessment and widening the repertoire of tested indicator 
bacteria (non-lactose fermenter bacteria) are essential. 
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