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ABSTRACT 

The occurrence and spread of antibiotic resistant bac-
teria (ARB) and genes in the environment is a public 
health concern. Wastewater is a potential source for dis-
semination of ARB and antibiotic resistance genes 
(ARGs) in the environment. The present study was con-
ducted to determine the abundance of tetracycline resis-
tant bacteria (TCr) and gene (tetW) in hospital and mu-
nicipal wastewaters. The influence of wastewater treat-
ment plants (WWTPs) on the fate of TCr bacteria and 
tet(W) gene was also investigated. A total of 66 samples 
from raw and final effluent of hospital and domestic 
WWTPs were analyzed. TCr bacteria as a major part of 
the heterotrophic plate count (HPC) bacteria were found 
in the raw wastewater and final effluent samples in a 
concentration ranged from 1.28×108- 5.19×106 to 
4.60×106 - ND (not detected) CFU/ 100ml, respectively. 
Tet(W) gene concentration in the raw wastewaters 
were found to be in the range of 3.87×107-6.23×1013 

copies/100ml and WWTPs did not contribute in effective 
reduction of tet(w) gene. No significant correlation was 
found between the levels of tet(W) gene and TCr bacteria 
in either raw wastewater or final effluent. The results of 
this study showed that TCr bacteria and tet(W) gene were 
present in relatively high levels in both municipal and 
hospital wastewaters. The results also indicated that con-
ventional wastewater treatment plants didn’t contribute in 
effective reduction of tet(w) gene and wastewater efflu-
ents are a potential source for dissemination of tet(w) 
gene into the natural environment.  

 
 
 

KEYWORDS: TCr bacteria, tet(W), Municipal wastewater, Hospi-
tal wastewater, wastewater treatment plant 
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1. INTRODUCTION 

Today, antibiotics play an important role in human 
and livestock health, but raising the resistance of micro-
organisms to antibiotics represents a serious cosmopolitan 
concern [1-5]. Increase of ARB in the environment may 
pose a threat to public health. Wastewater is a major source 
of ARB and ARGs in the environment which acts as a 
pathway for introduction of ARB and ARGs from anthro-
pogenic sources into natural system [6-9].  

Tetracyclines were the first major class of antibiotics 
defined as “broad spectrum” [10]. These antibiotics 
have been widely used for more than four decades as anti-
microbial agents and as growth promoters in agriculture 
[11, 12]. Before the 1950s, there was no reported patho-
gen resistance to tetracycline [10], but recently, the emer-
gence of tetracycline-resistant microorganisms has led to 
limited usage of these antibiotics.  

The emergence and distribution of tetracycline resis-
tant pathogenic bacteria have caused serious concerns. 
Tetracycline resistance results from different mechanisms 
such as tetracycline efflux pump proteins, ribosome pro-
tection proteins (RPPs), and tetracycline modification [10, 
13]. At least 38 different TCr genes have been identified 
and characterized [10, 14-16]. TCr genes including tetM, 
tetO,tetS, tetQ, and tetW have been detected in microbial 
communities of sewage and wastewater treatment sys-
tems[1, 7, 17], hospital or animal produced wastewaters, 
even in natural surface and ground water environments 
[13, 18], sediments [19-21], and soil [22]. Their ability to 
spread among the microbial population could complicate 
the situation [19, 23]. These genes disseminate through a 
variety of agents, including plasmids, transposons, and 
bacteriophages [13, 24, 25].  

There is controversy about the fate of ARB and 
ARGs in wastewater treatment plants. A few studies have 
shown that wastewater treatment plants (WWTPs) are 
efficient in the removal of ARB and ARGs [2, 26, 27]. 
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whereas, some studies have reported very low or no effi-
ciency of WWTPs in removing of ARB and ARGs [7, 17, 
27-29],However, the fate of ARB and ARGs in the 
WWTPs could be influenced by many factors, such as the 
type of wastewater, microorganisms, organic loading, 
sunlight and design and operation of wastewater treatment 
systems [26]. Furthermore, determination of the occurrence 
and fate of antibiotic resistant bacteria and genes in mu-
nicipal and hospital wastewaters is necessary as a basic 
step toward preventing the dissemination of ARB and 
ARGs into the environment. Therefore, this study was 
carried out to investigate the abundance of TCr bacteria 
and tet(W) gene in hospital and municipal wastewaters. 
Furthermore, the influence of WWTPs on the fate of TCr 
bacteria and tet(W) gene was investigated. 

 
 
2 MATERIALS AND METHODS 

2.1. Sample collection 

Wastewater samples were taken from six different 
sites between September 2012 and April 2013. A total of 
66 samples from raw and final effluent of hospital and 
domestic wastewaters were analyzed. Characteristics of the 
different sites are given in Table 1. Samples were collected 
in 1 liter sterile glasses, transferred to the laboratory in an 
insulated box with cooling packs and were analyzed im-
mediately after arrival at the laboratory. 

 
2.2. Enumeration of heterotrophic plate count bacteria and 
TCr bacteria  

To determine the number of heterotrophic plate count 
(HPC and TCr bacteria, wastewater samples were serially 
diluted, and 0.1 ml of each serial dilution was plated on R2A 
(Merck) medium without and with tetracycline (16 µg.ml-1), 
respectively. Nystatin was also added to all plates as antifun-
gal [1, 17, 30]. Plates were incubated for 48h at 37˚C. Fol-
lowing incubation, the results were calculated and ex-
pressed as colony-forming units per milliliter (CFU/ml) 
and TCr percentages were derived by comparing hetero-
trophic and TCr bacteria numbers. All the experiments 
were carried out in duplicates and the mean values were 
considered. 

2.3. DNA extraction 

For detection of tet(W) gene in TCr bacteria, pre-
dominant TCr bacteria with regard to the apparent charac-
teristics were isolated and subcultured onto R2A agar plates 
with tetracycline. For detection of tet(W) gene, the isolated 
colonies were suspended in 100 µl of deionized water, 
and genomic DNA was extracted by boiling for 15 min 
and centrifugation at 13,000 rpm for 5 min. 0.1 (v/v) of 
3M sodium acetate and 2.5 (v/v) of 95% ethanol were 
added to the supernatant, and then the suspensions were 
mixed and centrifuged at 13000 rpm for 10 min. The 
supernatant was discarded, and 500 µl of 80% ethanol 
was added to the pellets. Suspensions were centrifuged at 
13000 rpm for 5 min. DNA was suspended in 100 µl of 
distilled water and extracted DNA was stored in a freezer 
at -20˚C until use. 

Tet(w) gene was quantified in wastewater samples by 
real-time PCR. In order to determine the quantity of 
tet(W) gene in wastewater samples, DNA was extracted 
from wastewater samples. 50 ml of the all samples were 
centrifuged at 6000 rpm for 15 min. The supernatant was 
discarded, and the pellet was resuspended in 300µl of 
distilled water. The resuspended pellets were frozen in 
liquid nitrogen and heated in boiling water three times. 
The DNA was extracted and purified using Promega 
DNA Extraction kit (Promega Wizard Genomic DNA 
purification kit, Madison, WI) according to the manufac-
turer’s manual.  

 
2.4. Conventional PCR detection of tet(W) gene in TCr bacteria 

Two sets of primers 5'-gagagcctgctatatgccagc-3' and 
5'-gggcgtatccacaatgttaac-3' were used to amplify a frag-
ment of 168 base pairs regarding the tet(W) gene [1, 13, 
31-36]. The total volume of the reaction mixture (25 µl) 
contained 2.5 µl of 10x PCR buffer, 0.2 µM of each pri-
mer, 0.2 mM of each dNTPs, 2 units of Taq DNA poly-
merase, and 1 µl of DNA. All PCR assays contained a 
positive and a negative control. PCR amplification was 
performed using a thermal cycler (Corbett, Australia). 
The PCR profile included initial denaturation at 94˚C for 
10 min, denaturation at 94˚C for 45s, annealing at 64˚C 
for 30 s, and extension at 72˚C for 45 s for 30 cycles, 

 
 

 
TABLE 1 – Characteristics of hospital and municipal wastewaters. 

Municipal wastewater Hospital wastewater 
MW1 MW2 MW3 HW1 HW2 HW3 

 

      
Types of WWTP Conventional 

activated 
sludge(two step)

Conventional 
activated 

sludge 

Stabilization 
pound 

 
* 

 
* 

Extended aeration+ high 
speed sand filtration 

Capacity(m3/d) 250000 130000 90000 807 84 90 

Disinfection 
process 

Chlorine Chlorine Chlorine Chlorine Chlorine Chlorine+ UV 

Final effluent 
receiving field 

Land application River Agricultural 
application 

Municipal wastewater 
collection system 

Absorption 
well 

Absorption well 

*Influent sample only 
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followed by a final extension at 72˚C for 10 min. PCR 
products were analyzed by agarose gel electrophoresis 
using 1.5% gels containing ethidium bromide together 
with a DNA molecular weight marker. Gels were viewed 
on a UV transilluminator (UV Tech, France). 

 
2.5. Real- time PCR 

In order to quantify the concentrations of tet(W) gene 
in wastewater samples, a real-time PCR was performed to 
specifically amplified the tet(W) gene by primers described 
in conventional PCR. Real-time PCR assay using SYBR 
Green was carried out on ABI prism equipment (Applied 
Biosystems, USA) as describe previously [1, 17, 19]. Plas-
mid DNA containing tet(W) gene sequence insert was used 
as a standard control in real-time PCR. The amplified 
target DNA product from a conventional PCR was sepa-
rated on an agarose gel, and the products were excised 
from the gel. The gel fragments were purified with a gel 
extraction kit (Gel purification kit, Cat NO:K-3035-1, 
Bioneer, USA) and cloned into a PTZ 57R plasmid vec-
tor, transformed into Escherichia coli Top 10 using CaCl2 
and heat-shock and recombinant bacteria were selected on 
LB agar containing ampicillin. Plasmids were screened 
for the presence of target gene by colony PCR and se-
quencing of the amplified gene. Plasmids were purified 
and then plasmid concentration was determined by spec-
troscopy (Nanodrop® ND1000). To generate the standard 
curve, plasmids were prepared in a series of 10-fold dilu-
tions and CT value for each respective concentration was 
used. 

The presence/ absence of inhibitors in all conventional 
and real-time PCR samples was verified using amplifica-
tion of 16S rRNA gene region of bacteria with primer set 
Eubac27F and 1492R. 

2.6. Statistical analysis 

Results were statistically analyzed using the T-test to 
compare quantity averages in raw wastewaters and final 
effluents. ANOVA analysis was used to compare the vari-
ables of different sites. The correlations between HPC, TCr 
bacteria, and tet(W) gene were calculated by Spearman 
correlation coefficients (SPSS 20 for Windows, SPSS Inc., 
Chicago, IL). A p-value of <0.05 was considered statisti-
cally significant.  

 
 
3. RESULTS 

3.1. HPC and TCr bacteria in raw wastewater and final effluent 

Abundance of HPC and TCr bacteria in raw waste-
water and final effluent samples is shown in Figure 1. 
Concentration of TCr bacteria in raw wastewater and final 
effluent samples were found to range from 5.19×106-
1.28×108 to4.60×106-ND (not detected) CFU/100ml. In 
general, no significant difference was observed in HPC of 
raw wastewater from different sources, but there was a 
significant difference in the final effluents. In this study, 
no significant difference was observed between HPC 
levels in inlet and outlet wastewaters from the MW1 and 
MW3 treatment plants, but a significant difference was 
seen in those of the MW2 and HW3treatment plants. The 
comparison of TCr bacteria in inlet wastewaters showed 
no significant differences among six various wastewater 
sources. Among municipal and hospital wastewater 
plants, HW3 was the most efficient in removing of HPC 
(96.3%) and TCr bacteria (100%). The removal percent of 
HPC and TCr bacteria in various wastewater treatment 
plants was HW3>MW2> MW3>MW1 and HW3>MW2> 
MW1>MW3, respectively.  

 
 
 

 
FIGURE 1 - Average concentration of HPC and TCr bacteria in raw wastewater and final effluent of municipal and hospital wastewaters. 
Error bars are indicating standard errors. 
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TABLE 2 – Presence (+) or absence (-) of tet(W) gene in isolated TCr bacteria from raw wastewater and final effluent samples. 

Municipal wastewaters Hospital wastewaters  
Site MW1 MW2 MW3 HW1 HW2 HW3 
Raw wastewater + + + - - - 
Final effluent - - -   - 

 
 
 

 
FIGURE 2 - Log concentration (copies/100mL) of tet(W) gene in municipal and hospital wastewaters. Error bars are indicating standard 
errors. 

 
 
 

3.2. PCR detection of tet(w) gene in TCr bacteria 

The presence/absence of tet(w)gene in isolated colo-
nies from positive samples of raw wastewater and final 
effluents of municipal and hospital wastewaters is given 
in Table 2. The results showed that tet(W) gene were only 
identified in TCr bacteria of municipal raw wastewaters. 
Likewise, this gene was not found in any of TCr bacteria 
of hospital wastewaters.  

 
3.3. Quantification of tet(W) gene  

The logarithmic concentration values of tet(W) in raw 
wastewater and final effluent of municipal and hospital 
wastewaters are given in Figure 2. Concentration of tet(W) 
gene in raw wastewater and final effluent were found to 
range from 3.87×107-6.23×1013 to1.13×107-7.6×1010 cop-
ies/100ml, respectively. The results indicated that tet(W) 
gene are more frequently found in influent of municipal 
wastewaters than in hospital wastewaters. The values of 
tet(W) gene in raw wastewaters follow up the front pat-
tern: MW1>MW3>HW3>HW1>MW2>HW2. The maxi-
mum tet(W) gene value was identified in inlet and outlet 
wastewater at the MW1 site. The Pearson correlation test 
indicated that tet(W) gene levels in raw wastewater were 
significantly correlated with the levels in final effluent 
(r=0.38). Similarly, the Pearson correlation test character-
ized that tet(W) gene levels and HPC concentration were 
correlated in the final outlet of wastewater plants (r= 
0.416).  

Overall, no significant correlation was seen between 
TCr bacteria and tet(W) gene in raw wastewater and final 
effluent samples.  

 
 
4. DISCUSSION  

Tetracycline is one of the most commonly used anti-
biotics in human and veterinary medicine. It is also used 
to improve agricultural growth [37, 38]. Previous studies 
have mainly focused on identifying the genes resistance to 
tetracycline in municipal wastewater treatment plants [1, 
7]. In this study, the concentration of TCr bacteria and 
tet(W) gene in raw wastewater and final effluent of mu-
nicipal and hospital wastewater treatment plants were 
investigated. The results showed that TCr bacteria exist in 
both municipal and hospital wastewaters. These findings 
correspond with the results of studies done by other re-
searchers, including Kümmerer [3] and Schulter et al. [39]. 
However, the mean concentration of TCr bacteria in the 
study was higher than in other similar studies. Reinthaler 
et al. [40] determined the concentration of resistant bacte-
ria as 10 3.9 – 10 5.45 and 10 0.78 – 10 3.15CFU/100 ml in inlet 
and outlet samples of wastewater treatment plants. Simi-
larly, in another study carried out by Munir et al. [1], the 
mean concentrations of TCr bacteria in raw wastewater 
and effluent parts of wastewater treatment plants were 10 0.7 
– 10 2.48 and 10 4.18 – 10 5.36 CFU/100ml, respectively. 
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High concentration of TCr bacteria in the study could be 
related to the heavy use of this antibiotic in the country. 
Based on the findings of this study, there is a relationship 
between TCr and HPC bacteria in raw wastewaters which 
indicates that TCr bacteria make up a major part of HPC. 
The results showed that the number of HPC and TCr bac-
teria decrease from the inlet to the outlet in all 3 munici-
pal and 1 hospital wastewater treatment plants. However, 
the decrease in bacteria was only significant for MW2 and 
HW3 wastewater treatment plants with the maximum 
removal rate for HW3.The reason for this impact could be 
related to the efficiency of various wastewater treatment 
processes on removing of bacteria. In HW3 wastewater 
treatment plant, the disinfection system includes a chlori-
nation process supported by a UV system. Likewise, this 
treatment plant also benefits from high speed sand filtra-
tion after disinfecting. It seems that high removal effi-
ciency of HPC and TCr bacteria in the wastewater plant is 
related to disinfection system as well as high speed sand 
filtration. After HW3, the MW2 plant has the highest 
efficiency in removing HPC and TCr bacteria. This treat-
ment plant become equipped with an integral operation 
system and, in comparison with other municipal waste-
water plants in the study, is in a better condition from 
BOD and suspended solids removal point of view. 

The results of this study showed that the concentra-
tion of HPC and TCr bacteria in raw wastewater and ef-
fluents are greater in municipal treatment plants than in 
hospital sites. This finding does not correspond with the 
dominant idea that the levels of ARB might be higher in 
hospital wastewaters [3]. Wiethan et al. [41] found no 
difference between outlet resistance parameters in mu-
nicipal treatment plants and those of hospital treatment 
plants. Some researchers indicated that although, hospital 
wastewaters constitute only about 1% of the municipal 
wastewaters, but they maybe the main sources of the inlet 
of resistant bacteria into the environment [3]. However, 
due to the various sources of municipal wastewaters, these 
may play a more crucial role in the dissemination of resis-
tant bacteria throughout the environment [3, 42, 43].  

According to the results derived from isolated colo-
nies, tet(W) gene were found only in TCr bacteria isolated 
from raw wastewater of municipal treatment plants. This 
gene was not found in either the final effluent isolated 
colonies at municipal wastewater treatment plants or in 
hospital wastewaters; possibly, because it is induced by 
other genes resistant to tetracycline.  

Research findings showed that tet(W) gene Similar to 
TCr bacteria was found in higher concentration in raw 
wastewaters of municipal treatment plants than in hospital 
wastewaters. This is due to the fact that tetracycline is 
found more often in non-medical environments than in 
medical areas. The mean concentration of tet(w) gene in 
inlet and outlet wastewater samples was1.83 ×1012 and 
9.85×1010 copies/100ml, respectively. In comparison to 
the other studies, as TCr bacteria the levels of tet(w) gene 
in the study were higher than reported in others. For ex-

ample, in a study conducted by Munir et al. [1], the given 
results are 107.4 – 105.37 and ND -10 3.63copies/100ml of 
tet(w) gene. Other researchers, including Auerbach et al. 
[7] and Zhang et al. [44], reported lower values for tet(W). 
The highest concentration of tet(W) gene in raw wastewa-
ter belonged to wastewater from the MW1 treatment plant. 
This treatment plant is situated in an area adjacent to 
agriculture and veterinary medical regions. For this rea-
son, tet(W) gene has been found abundantly in this area. 
According to the profile of tet(w) gene (Fig 2), the highest 
gene level in influent belonged to the MW3 site after 
MW1. The location of this treatment plant is almost the 
same as the MW1 site. As seen in Figure 2, the MW3 
treatment plant with stabilization pond system had no effect 
on the removal of tet(W) gene. This result contradicts the 
findings of Engemann et al. (2006) which based on tet(W) 
gene might be intensified after being exposed to sunlight 
[45]. In this study, the lowest level of genes in municipal 
wastewater influents was seen in the MW2 treatment plant; 
because this treatment plant receive wastewater from lim-
ited sources than two other municipal wastewater plants. 
A high level of tet(W) gene in all effluent samples con-
firm that conventional wastewater treatment processes 
couldn't efficiently reduce the tet(W) gene. In the study of 
Munir et al. [1], among different types of WWTPs, the 
highest removal of tet(W) gene was observed in a mem-
brane biological reactor (MBR). They also observed a 
significant difference in the log removal of tet(W) gene 
between conventional wastewater utilities such as acti-
vated sludge and MBR facility. The result of our study also 
showed that UV disinfection couldn't significantly reduce 
the values of tet(W) gene. This result is consistent with the 
results of Munir et al. [1] and Auerbach et al. [7] which 
demonstrated disinfection process (chlorination and UV 
process) don't contribute in significant reduction of ARGs. 

However, conventional treatment processes could 
significantly reduce ARB [1]. 

The results of our study showed no or small numbers 
of TCr bacteria in effluent of WWTPs, whereas the high 
values of tet(W) gene were detected in the effluents. As a 
result of disinfection process some bacteria may be in a 
viable but non-culturable (VBNC) state and therefore, it 
seems possible that detected tet(W) gene was part of 
VBNC bacteria. 

 
 
4. CONCLUSION  

In conclusion this study demonstrated that TCr bacte-
ria and tet(W) gene were present in relatively high levels 
in both municipal and hospital wastewaters. It was also 
found that, despite primary presuppositions, municipal 
wastewaters play a more important role in the dissemina-
tion of resistant bacteria into the environment. The results 
also indicated that conventional wastewater treatments did 
not contribute in significant reduction of tet(W) gene and 
wastewater effluents are a potential source for dissemina-
tion of tet(W) gene into the natural environment. 
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