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Abstract 

Presence of enteric pathogens like Esheichia coli in waste waters have considered as threats to the public 

health. Despite the importance of these pathogens there is no enough attention to detect them. The aim of this study is 

the molecular detection of entrotoxigenic, E. coli (ETEC) isolates in effluent and influent waste waters from three 

hospital’s wastewater treatment plants in Kermanshah city. Totally 44 waste water samples were collected from 

effluent and influent waste waters  from three hospitals waste water treatment plant and transferred to the 

microbiology laboratory. E. coli isolates were identified by conventional microbiology methods. Genomic DNAs of 

E. coli were extracted and EHEC and ETEC strains were detected by PCR methods using specific primers. Based on 

microbiologic tests results, the frequency of E. coli, Citrobacter, Enterobacter and Klebsiella in wastewater samples 

were 70.5, 8.82 and 20.58%. ETEC strains were found in 42.58, 28.6 and 33.3% of entrance wastewater samples in 

Imam, Mohammad Kermanshahi and Farabi hospitals, respectively. Detection the pathogenic Escherichia coli in 

wastewater treatment samples proposed the significance of molecular examination of wastewater treatment before 

discharging to the surface water and reusing in agriculture.  
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Introduction 

Despite recent development in management 

of water treatment technology, water contamination 

still remains as problematic issues for public health. 

According to the published reports, the wastewater 

treatment plant’s sewage is one of the main causes of 

drinking and recreational water (Lee et al., 2006).  

Contaminated waters is cause of 5.7% of diseases and 

4% of deaths in the world (Prüss et al., 2002), about 

502 outbreak of waterborne diseases has been reported 

during 1971 to 1985. The acute diarrhea disease is the 

most common cause of death, especially in the pediatric 

age group in the world especially in Asia, Africa and 

South America; it is responsible for 4 to 6 million 

deaths per a year or 12600 deaths per a day (Bitton, 

2005; Fauci et al., 2008). Retroviruses and diarrhea- 

causing E. coli are the most common causes of 

diarrhea. Many of these infections accrue in developing 

countries with low level sanitation and public health 

knowledge (Shannon et al., 2007). E. coli consider as 

an important indicator of fecal infections. E. coli has 

divided into two groups of commensal and pathogen 

(Rousselon et al., 2004; Kaper et al., 2004; Ashbolt, 

2004). Among the various pathotypes of E. coli, ETEC 

(Entrotoxigenic, Escherichia coli) is a large group of E. 

coli which associated with diarrhea and responsible for 

more than 25% of child infectious diseases. ETCE is 

one of the main causes of infant and children’s watery 

diarrhea in developing countries. Based on the WHO 

statistics, these intestinal pathogens are the second 

causes of death in children after viruses. In some 

developing countries such as Gabon, Ecuador, Taiwan, 

Bangladesh, Iraq and Nigeria ETEC has been 

introduced as the main cause of diarrheal disease in 

children (Müller et al., 2007; Hien et al., 2008). The old 

(conventional) methods for detection of E. coli were 

calorimetrically and based on culturing. Old methods 

are time consuming, laborious and not enough to 

identification of pathogenic strains. Nowadays methods 

based on polymerase chain reaction (PCR) are the best 

alternative technique for detection of E. coli pathogen 

strains (Kong et al., 2002; Kaper et al., 2004; Bertrand 

and Roig, 2007). Unfortunately, despite the importance 

of ETEC, few studies have been performed in Iran for 

monitoring of ETEC especially in waters and 

wastewaters samples. So, this study is focused on 

identification of ETEC strains in hospital wastewater 

treatment plant in Kermanshah.  

Materials and Methods 

Samples collection 

Samples were collected from three wastewater 

treatment plants of Kermanshah, during January to 

March 2014. Totally 44 samples were collected from 

raw wastewater, secondary treatment effluent in 500 ml 

sampling bottles and transport on ice. Samples were 

assayed soon after 2 hrs of collection in the 

microbiology laboratory of Kermanshah University of 

Medical Sciences.  

Microbiological analysis 

Isolation and detection of E. coli carried out using 

guidelines of standard methods for water and 

wastewater analysis (Ver. 2005), then MPN (Most 

Probable Number) method which included probably, 

confirmatory and supplementary steps for examination 

of influent and effluent water were also performed. 

Positive tubes of supplementary steps were cultured on 

EMB media culture and then incubated in 35ºC for 24 

hrs. Typical colonies were isolated and identified by 
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IMVIC tests to differentiate the E. coli colonies 

separated and cultured in Muller Hinton agar media 

(Merck) for DNA extraction step. 

Bacterial DNA extraction and polymerase chain 

reaction (PCR) 

E. coli colonies were sub-cultured on Muller 

Hinton Agar and then DNAs of all E. coli isolates were 

extracted by using commercial available DNA 

extraction Kit (Cina Colon, Iran). PCR assay were 

performed to detect ETEC isolates by amplification of 

elt gene: elt F (5'-GGCGACAGATTATACCGTGC-3', 

elt R (5'-CGGTCTCTATATTCCCTGTT-3') were used 

to producing 450 bp fragment. ETEC from Iran 

national reference laboratory of E. coli was used as 

positive control. PCR reactions were performed in a 

Thermal cycler (BIO- RAD C1000, Germany) in a total 

volume of 25 in 30 cycles and set  with following 

program: initial denaturation: 5 min / 95ºC; 

denaturation 1 min /94ºC; annealing 1/ 54ºC; extension: 

1 min/ 72ºC and final extension: 7 mins/ 72ºC. The gels 

were stained with ethidium bromide and photographed 

under ultraviolet light.  

Results 

          Based on microbiologic results among 44 

wastewater treatment plants samples of hospitals, 

70.5% of the samples (31 samples) were infected as E. 

coli, 8.82% of the samples were Citrobacter and in 

20.58% of the samples Enterobacter and Klebsiella 

were detected. Considering the microbial load, total 

coliform and fecal coliform, wastewater treatment plant 

of Imam Hospital as major hospital in Kermanshah 

showed most infected wastewater; and Farabi hospital’s 

wastewater treatment plant have the lowest infected 

sewage which has showed in table 1.  

In this study, by using PCR method, the elt 

gene primer which produces toxins and related to the 

entrotoxigenic ETEC pathotype, was detected and 

examined. Based on the PCR results, among 31 E. coli 

isolates, 8 pathogenic E. coli strain were isolated and a 

total of 25.8% of all E. coli strains (isolated from the 

influent and effluent wastewater) were ETEC and 

harbored elt virulence gene. ETEC strains detected in 

42.85, 28.6 and 33.3% in E. coli strains isolated from 

Imam, Mohammad Kermanshahi and Farabi hospitals 

(Table 2 and Fig. 1), respectively. 

Discussion  

         In a study, which has done in the south of Africa 

(2010) pathogenic E. coli was evaluated in 6 waste 

water treatment plants. Based on the results, 80% of 

samples (from influent and effluent of waste water 

treatment) were ETEC strain (Omar and Barnard, 

2010). In contrast, in a study that has done by Soltan 

Dalal on the water of wells in Tehran, from 90 infected 

water samples, 67 pathogenic E. coli were detected that 

only in 4 of the samples ETEC strain was observed 

(Soltan Dalal, 2013). In another study that have carried 

out by Bigam on surface water in Bangladesh, 32% 

(34/107) of the samples had entrotoxigenic strains 

(Begum et al., 2005).  

In relation with environmental samples, there 

have been fewer studies in comparison with clinical 

studies. In a study which have done by Park et al on the 

outbreak of diarrhea in one of the South Korea’s high 

school, from 51 stool samples of sick students, in 19 

(37.2%) samples  ETEC were separated. In mentioned 

study, in samples of consuming water and ground water 

ETEC strain have detected too. Based on the results of 

this study, there was a significant relation between 



 

Table 1. Total coliform of three hospital’s waste water treatment plant in Kermanshah 

Sampling Place 

Total Coliform MPN 100/Ml 

Average Max Min 

Farabi hospital 

Influent 9.6×107±9.8×107 2.1×108 4×107 

Effluent after 

sedimentation 
1.6 ×104 ± 2.01×104 4×104 4.3×103 

Final Effluent after 

filter 
9×102 ± 115/47 900 700 

Mohammad 

Kermanshahi, 

Hospital 

Influent 1.21×108 ± 2.25×108 4.6×108 7×105 

Effluent 1.9×107 ±  3.66×107 7.4×107 1.1×105 

Imam hospital 
Influent 1.35×108±  1.95×108 1.1×109 9×106 

Effluent 3.55×107± 6.4×107 1.5×108 4.3×104 

Fig. 1. PCR elt gene products image in positive control sample and some other samples 

 

Table 2. ETEC strain frequency in hospital’s sewage 

Samples E. coli strain number Positive ETEC (no.) Positive ETEC (%) 

Imam hospital 
Influent 7 3 42.85 

Effluent 5 1 20 

Mohammad 

Kermanshahi 

hospital 

Influent 7 2 28.6 

Effluent 6 0 0 

Farabi 

hospital 

Influent 3 1 33.3 

Secondary 

Sedimentation 

Effluent 

2 1 50 

Final Effluent 1 0 0 

Total 31 8 25.8 

 

diarrhea outbreak among students and consuming 

infected water (Park et al., 2006). In another study by 

Kargar et al. from 49 separated E. coli samples, 7 of 

them (14.3%) were ETEC (Kargar, 2012). 

In an another study, Jafari et al. (2008) 

described the prevalence of the acute intestinal 

diarrhea pathogen in Tehran, among E. coli strains 

which cause diarrhea, ETEC strains prevalence has the 
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most frequency (32.9%) after Shigatoxin strain 

(STEC). In a study that have done in Taiwan (2007), 

261  stool samples were evaluated and based on the 

results, ETEC strain have the most frequency (66.7% 

of total E. coli strain). The frequency of EIEC and 

EPEC were 20 and 13.3%, respectively (Yang et al., 

2007). The difference of ETEC strain frequency in 

various studies is because of using different detecting 

techniques, geographical distribution of surveying 

areas and source of samples (water, wastewater and 

stool samples). One of the limitations of the present 

study is the sample size of the study. Regarding the 

fact that the studies in the field of detecting bacteria in 

the environment are less, it is obvious that with 

broader monitoring in different region of the country 

and also various water and wastewater samples, it 

could be possible to have accurate judgment about this 

bacterium prevalence. Based on the present study and 

according to the high prevalence of ETEC strain in 

wastewater of hospitals, hospitals are hotspot for 

pathogenic E. coli such as ETEC and due to this fact, 

the  wastewater of the hospitals need to rehabilitate to 

an optimal level of health with suitable  treatment, 

especially it should be chlorinated properly. 

Conclusion 

Based on the studies that have done about 

infected water and food among the various kinds of E. 

coli, Entrotoxogenic strains have the largest E. coli 

group in relation with diarrhea in developing countries. 

So, detecting Entrotoxogenic strains in water and 

wastewater samples which discharge into the receiving 

water or used for irrigation and agriculture have a great 

importance. This fact showed the importance of 

wastewater treatment specially hospital wastewater 

which is a rich source of dangerous microorganism. 
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