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Abstract 

This study investigated the resistance profiles of Gram-negative strains isolated from different 
types of wastewater and the receiving river. Significantly higher resistance rates were observed in 
strains from river receiving wastewater treatment plant (WWTP) effluent as compared with strains from 
upstream river. High multidrug resistance rates were registered in E. coli (60.34%), Enterobacter 
(34.38%) and Klebsiella (32.76%) strains. Strains isolated from river receiving WWTP effluent 
harboured blaCMY, blaNDM, tetD, sulI and qnrB genes. The blaTEM, blaSHV and blaCMY genes were 
detected in 10% to 40% of wastewater strains. The tetB was the most frequent in WWTP effluent (75%), 
WWTP influent (42.85%) and hospital effluent (33.33%). The sulI gene was the most common (20-
56.25%) in all wastewater types, followed by sulII (9.09-16.66%). The qnrB (60%) and qnrS (33.33%) 
genes were detected in strains isolated from hospital effluent. The results of this study showed that 
wastewater treatment process might increase the antibiotic resistance of WWTP bacteria. The bacterial 
strains isolated from the WWTP effluent exhibited about 50% of the 18 investigated resistance genes, 
which could be further disseminated among environmental bacteria. 
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1. Introduction 
The emergence of antibiotic resistance is an environmental pollution problem, with 

relevant implication on water resources and human health. Although the extensive usage of 
antibiotics for human treatment has been supposed to be the principal factor involved in the 
rise of new resistances [1, 2], the contact of bacteria from human-associated microbiota with 
environmental bacteria in wastewater treatment plants or in aquatic ecosystems represent an 
important aspect to understand the evolution and spread of resistance mechanisms in 
pathogenic bacterial populations [3]. 

The majority of antibiotics are excreted unchanged into the environment [4, 5, 6] and a 
large part of the used antibiotics ends up in wastewater. Moreover, wastewater can provide 
favourable conditions for the growth of a diverse bacterial community, which constitutes a 
basis for the selection and spread of antibiotic resistance. Recently, many more evidences 
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suggest that environmental habitats, especially water bodies, such as rivers and streams, are 
ideal vectors for the antibiotic resistance dissemination between autochthonous microbiota 
and pathogenic bacteria, creating new scenarios for the evolution of antibiotic resistances 
[1, 7, 8, 9]. Thus, detection of antibiotic resistance genes in commensal and pathogenic 
bacteria, as well as in the environment, is crucial for understanding the ecology of antibiotic 
resistance [10]. 

Wastewater treatment plants (WWTP) are recognized as important interfaces between 
different water bodies, such as hospital wastewater, domestic water, surface water, and 
groundwater [6]. The WWTPs are characterized by the existence of selective pressures for 
resistance to toxic compounds, high organic content and high bacterial diversity [9, 11, 12], 
and, therefore, provide an opportunity for mobile elements (including resistance) to mix 
between pathogens, opportunistic pathogens, and environmental bacteria [9, 13, 14]. Moreover, 
once antibiotic resistance genes are integrated in successful gene-transmission elements, they 
can persist and spread even in the absence of antibiotics [9, 15, 16]. 

In Romania, very little is known about the natural and human associated environmental 
reservoirs of resistance, such as polluted water and rivers. The purpose of this study was 
to investigate the distribution of resistance markers among Gram-negative bacteria isolated 
from surface water (river) and wastewater (urban, hospital, poultry). The flux of antibiotic 
resistance markers from WWTP effluents into the receiving river was also investigated. 
 
2. Materials and methods 
 
Water samples collection 

All water samples (500 ml) were collected according to ISO 19458/2006 using sterile 
glass bottles. Surface water samples were collected at a depth of approximately 30 cm. 
Samples were stored in cold bags at 4°C and transported to the laboratory for analysis within 
6 h of collection. Quantitative enumeration of total coliforms (TC) was performed according 
ISO 8199/2005 for membrane filtration method. 

Samples were collected from Dambovita River urban sewage (including raw and treated 
wastewater), poultry farms sewage and hospital sewage (Table 1), all sampling points being 
located in the southeast part of the country, in and around Bucharest, the capital of Romania 
and the first economic center of the country. Dambovita River flows through Bucharest on a 
distance of about 22 km, crossing the city from northwest to southeast and the whole urban 
course being channelled. Dambovita River receives the wastewater discharge from the 
wastewater treatment plant (WWTP) of the city Bucharest (1.7 million inhabitants). Prior to 
discharge in the river, the urban wastewater is filtered, the suspended matter and oil are 
removed by settling, further submitted to aerobic biological processes (activated sludge). 
Chlorination is not carried out. 50% of the wastewater volume from WWTP is discharged 
after primary treatment (sedimentation) only. All water sources were sampled more than once, 
during the years 2011-2012. 
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Table 1. Sources of water samples and the total coliforms load in water samples 

Sampling points Geographical 
coordinates 

Type of the water sample No. 
of  samples  

Total coliforms 
(CFU/100 ml) 

Dambovita River (1000 m  
upstream the WWTP)   

Long.:26.219730o 

Lat.: 44.395552o 
Surface water – upstream of 
the WWTP 

4 9,5x104 

Urban WWTP influent (at the 
entry in the Bucharest WWTP) 

Long.:26.231728o 

Lat.: 44.395100o 
Polluted with domestic and 
industrial wastewater 

4 9,9x107 

Urban WWTP effluent  (at the 
final discharge point of  
WWTP) 

Long.:26.236542o 

Lat.: 44.395946o 
Effluent from Bucharest 
WWTP  

4 3,8x107 

Dambovita River (200 m  
downstream the WWTP)   

Long.:26.239748o 

Lat.: 44.396379o 
Surface water - downstream 
of the WWTP  

4 6,1x107 

Poultry farms sewage Long.:25.881163o 

Lat.: 44.344264o 
Treated effluent (primary 
sedimentation only) from 
poultry farms 

5 4,4x107 

Bucharest hospital sewage  Long.:26.158853o 

Lat.: 44.462296o 
Untreated hospital effluent 2 1,4x107 

 
 
Isolation and identification of bacterial strains 

Fifteen samples of wastewater (15) and eight of surface water (8) were collected and 
analyzed through the standardized membrane filtration method using cellulose nitrate filters 
of 0.45 μm pore size, Millipore, USA (ISO 8199/2005). 

For further study, 10 yellow-orange colonies with a yellow halos (lactose-positive 
bacteria) and respectively dark red colonies with dark blue halos (lactose-negative bacteria) 
on Lactose TTC (triphenyltetrazoliumchloride) Agar with Tergitol 7 (sodium heptadecylsulfate) 
medium (Merck) were randomly selected from each sample (ISO 9308-1/2000). 
Representative colonies were purified on Trypticase soy agar. Preliminary identification of 
strains obtained in pure culture was based on Gram staining and oxidase reaction. The 
bacterial isolates were further identified using biochemical tests: API 20E and API 20NE 
(bioMérieux). Strains that could not be identified at the genus level have been eliminated 
from this study. The identified strains were preserved at -70°C in LB broth supplemented with 
15% (v/v) glycerol and/or semisolid nutrient medium (peptone - 10g; NaCl - 5 g; agar – 4 g; 
distilled water – 1,000 ml) at 4°C. 
 
Antibiotic susceptibility testing 

The antibiotic susceptibility of the 195 isolates was determined by agar disk diffusion in 
accordance with the Clinical and Laboratory Standards Institute (CLSI 2011) recommendations, 
using standard discs (μg/disc) (bioMérieux) for different groups of Gram-negative bacteria, 
i.e.: ampicillin (AMP, 10), piperacillin (PIP, 100), cefazolin (KZ, 30), cefoxitin (FOX, 30), 
cefotaxime (CTX, 30), ceftriaxone (CRO, 30), ceftazidime (CAZ, 30), amoxicillin-clavulanic 
acid (AMC, 20+10), ticarcillin-clavulanic acid (TIM, 75+10), aztreonam (ATM, 30), 
imipenem (IMP, 10), meropenem (MEM, 10), amikacin (AN, 30), tobramycin (NN, 10), 
chloramphenicol (C, 30), trimethoprim-sulfamethoxazole (SXT, 1.25+23.75), ciprofloxacin 
(CIP, 5) and tetracycline (TE, 30). After 24 h of incubation at 37°C, organisms were classified 
as sensitive (S), intermediate (I) or resistant (R) based on CLSI break points. Intermediate 
strains were included in the resistant class.  
 
DNA isolation and PCR for resistance genes detection  

One hundred (100) strains of Enterobacteriaceae, and four (4) of non-enteric Gram-
negative bacilli exhibiting acquired antibiotic resistance patterns were selected for genetic 
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analysis. Single (for blaTEM, blaSHV, blaCMY, blaCTX-M and tet genes) and multiplex PCR 
(blaVIM, blaNDM, blaIMP, sul, int, dfrA1-aadA1 and qnr) were carried out using primers and 
PCR conditions previously described (Table 2). 

Total DNA extraction was performed by a centrifugation step of the cell suspension in 
BHI (Brain Hearth Infusion Broth) at 13,000 x g for 10 min. Supernatants were discarded, 
and the pellets were washed two times with phosphate-buffered saline (120 mM NaH2PO4 
[pH 8.0], 0.85% NaCl) before extraction of total DNA by boiling technique that includes a 
heating step at 1000C for 10 min. DNA was stored at -20°C until use. 

All the PCR assays were carried out in a total volume of 25 μl mixture containing the 
following reagents: Dream Taq DNA Polymerase supplied in 2X DreamTaq Green buffer 
(ThermoScientific), 400 μM of each dNTP, 4 mM MgCl2, 0.5 μM or 0.3 μM of each primer, 
and 20 ng of genomic DNA (i.e. 1 μl of sample). PCR amplification was performed with 
Palm Cycler (Corbett Scientific).The PCR products were analysed by electrophoresis in 1.5% 
agarose gel in TBE1x (pH 8.3). 
 
 

Table 2. PCR primers used for detection of resistance genes in Gram-negative bacteria 

Resistance 
genes Primer  sequence (5’ – 3’) Reference 

 

Product 
size  
(pb) 

Annea-
ling 

temp 
(°C) 

PCR amplification 
(denaturing/amplification/ 

extension) 

blaTEM ATAAAATTCTTGAAGACGAAA 
GTCAGTTACCAATGCTTAATC 

[17]   1080 59 1 cycle - 95°C for 2 min/ 35 
cycles (95°C for 30 s, 59°C 
for 30 s, 72°C for 1 min.)/1 
cycle - 72°C for 7 min 

blaSHV TGGTTATGCGTTAT TTCGCC 
GGTTAGCGTTG CAGTGC T 

[17]   870 57 1 cycle - 95°C for 2 min/ 35 
cycles (95°C for 30 s, 57°C 
for 30 s, 72°C for 1 min.)/1 
cycle - 72°C for 7 min 

blaCMY CAGCAAAAATAATCAAAACCGCAAG 
GTATTGCCGGAATTACTCAAGAGCG 

 
[18]   

1108 61 1 cycle - 95°C for 2 min/ 35 
cycles (95°C for 30 s, 61°C 
for 30 s, 72°C for 1 min.)/1 
cycle - 72°C for 7 min 

blaCTX-M CGCTGTTGTTAGGAAGTGTG 
GGCTGGGTGAAGTAAGTGAC 

[19]   730 60 1 cycle - 95°C for 2 min/ 35 
cycles (95°C for 30 s, 60°C 
for 30 s, 72°C for 1 min.)/1 
cycle - 72°C for 7 min 

blaNDM GGTTTGGCGATCTGGTTTTC 
CGGAATGGCTCATCACGATC 

621 52 

blaVIM GATGGTGTTTGGTCGCATA 
CGAATGCGCAGCACCAG 

390 52 

blaIMP GGAATAGAGTGGCTTAAYTCTC  
GGTTTAAYAAAACAACCACC 

[20]   

232 52 

1 cycle - 94°C for 10 min/ 
36 cycles (94°C for 30 s, 
52°C for 40 s, 72°C for 50 
s)/1 cycle - 72°C for 5 min 

tet A GCGCGATCTGGTTCACTCG  
AGTCGACAGYRGCGCCGGC 

164 61 

tet B TACGTGAATTTATTGCTTCGG  
ATACAGCATCCAAAGCGCAC 

[21]   

206 61 

1 cycle - 94°C for 5 min/ 25 
cycles (94°C for 5 s, 61°C 
for 30 s, 61°C for 30 s)/1 
cycle - 61°C for 7 min 

tet C GCGGGATATCGTCCATTCCG  
GCGTAGAGGATCCACAGGACG 

207 68 

tet D GGAATATCTCCCGGAAGCGG 
CACATTGGACAGTGCCAGCAG 

[21]   

187 68 

1 cycle - 94°C for 5 min/ 25 
cycles (94°C for 5 s, 68°C 
for 10 s, 68°C for 10 s)/1 
cycle - 68°C for 7 min 

tetM ACAGAAAGCTTATTATATAAC  
TGGCGT GTCTATGATGTTCAC 

[21]   171 55 1 cycle - 94°C for 5 min/ 25 
cycles (94°C for 30 s, 55°C 
for 30 s, 72°C for 30 s)/1 
cycle - 72°C for 7 min 

sulI CGGCGTGGGCTACCTGAACG 
GCCGATCGCGTGAAGTTCCG 
 

[22]   
432 69 1 cycle - 94°C for 5 min/ 30 

cycles (94°C for 15 s, 69°C 
for 30 s, 72°C for 60 s)/1 
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sulII  GCGCTCAAG GCAGATGGCATT 
GCGTTTGATACCGGCACCCGT 

293 69 cycle - 72°C for 7 min 

int1 ATGGCCGAGCAGATCCTGCACG 
GCCACTGCGCCGTTACCACCGC 

 
[22]   

899 60 1 cycle - 94°C for 5 min/ 35 
cycles (94°C for 30 s, 60°C 
for 40 s, 72°C for 1 min.)/1 
cycle - 72°C for 7 min 

dfrA1- 
aadA1 

AGCATTACCCAACCGAAAGT 
TGTCAGCAAGATAGCCAGAT 

 
[22]   

818 60 1 cycle - 94°C for 5 min/ 30 
cycles (94°C for 30 s, 60°C 
for 40 s, 72°C for 1 min.)/1 
cycle - 72°C for 7 min 

qnrA AGAGGATTTCTCACGCCAGG 
TGCCAGGCACAGATCTTGAC 

580 54 

qnrB GGMATHGAAATTCGCCACTG 
TTTGCYGYYCGCCAGTCGAA 

264 54 

qnrS GCAAGTTCATTGAACAGGGT 
TCTAAACCGTCGAGTTCGGCG 

 
[23]   

428 54 

1 cycle - 95°C for 10 min/ 
35 cycles (95°C for 1 min, 
54°C for 1 min., 72°C for 1 
min.)/1 cycle - 72°C for 10 
min 

 
 
Statistical analysis 

One-way analysis of variance (ANOVA) was performed to analyze the statistical 
significance of the obtained results for different water samples, using the GraphPadInstat 
software.  
 
3. Results 
 
Bacterial strains 

The bacterial isolates (no=195) selected from Lactose TTC agar were predominantly 
Gram-negative bacteria, identified as: enterobacterial strains (58 Klebsiella sp., 58 Escherichia 
coli, 32 Enterobacter sp., 18 Citrobacter sp., 1 Serratia sp., 1 Salmonella sp., 1 Vibrio sp.) 
and non-enteric Gram-negative bacilli (11 Aeromonas sp., 7 Pseudomonas sp., 5 Burkholderia 
sp., 3 Acinetobacter sp.). 
 
Antibiotic susceptibility profiles  

The interpretation of resistance data obtained from the phenotypic assays has 
differentiated between the wild-type and acquired resistance phenotypes of the isolated 
species (Table 3). The resistance rates were interpreted in accordance with the intervals for 
resistance incidence proposed by ECDC (European Centre for Infectious Disease Control) 
for clinical bacterial strains i.e:<1%=scared; 1 to<5%=very low; 5 to<10 %=low; 10 
to<25%=intermediate; 25 to<50%=high; ≥50%=very high (http://ecdc.europa.eu/en/activities/ 
surveillance/EARS-Net/database/Pages/maps_ report.aspx). 

The Gram-negative bacterial strains isolated from the six sampling points showed very 
high levels of resistance to AMP (63.07), AMC (54.87%) and high levels of resistance to KZ 
(49.74%), and FOX (27.69%). Resistance to third generation cephalosporins was intermediate 
for CTX (18.97%) and CRO (17.44%) and low for CAZ (9.23%). Intermediate and 
respectively low level resistance was noticed for imipenem (11.77%) and aztreonam (6.67%).  

Resistance to other classes of antibiotics (non-β-lactams) was high to folate inhibitors 
(SXT, 31.79%), intermediate to tetracyclines (TE, 19.48%), aminoglycosides (NN, 16.92%) 
and fluoroquinolones (CIP, 10.76%) (Table 3). The E. coli strains (44.83%), followed by 
Enterobacter sp. (34.37%) accounted for the majority of the co-trimoxazole resistant strains 
High resistance rates to TE (43.01%) and NN (29.31%) was also found in E. coli, and 
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intermediate level resistance to CIP in Enterobacter sp. (18.75%), followed by E. coli 
(12.07%) strains (Table 3). 

Concerning the efficiency of WWTP for the removal of resistant strains, for some 
antibiotics, i.e. AMP, KZ, FOX, CRO, CAZ, AMC, ATM, IMP, AN, NN, C, SXT, CIP and 
TE, the resistance rates occurred or increased during wastewater treatment process. In the 
WWTP effluent significantly higher resistance rates (P<0.001) as compared with the WWTP 
influent were obtained for CTX, CRO, CAZ, AMC, ATM, IMP. Significantly higher 
resistance rates (P<0.001) for AMP, KZ, FOX, CIP was also observed in strains isolated from 
river receiving WWTP effluent as compared with strains isolated from river – upstream of the 
WWTP (Table 4). 

The multidrug-resistance (MDR) phenotype, was defines as concomitant resistance to 
one or more antimicrobial agents of three or more classes, excluding natural resistance, 
according to interim standard definitions for acquired resistance published in Clinical 
Microbiology and Infection and formulated by a group of international experts [24]. The 
highest levels of multidrug-resistance in Gram-negative bacterial strains were obtained for 
urban WWTP effluents (80.95%), followed by urban WWTP influent (63.33%). Extensively 
drug-resistant (XDR) and pandrug-resistant (PDR) isolates were not found.  
 
 

Table 3. Acquired/constitutive resistance levels (%) in Gram-negative bacterial strains  
from different water sources 

Strains 
 
Antimicrobial 

agents* 

E. coli 
(no. of 

isolates= 
58) 

Klebsiella sp. 
(no. of 

isolates= 58) 

Enterobacter sp.  
(no. of isolates= 

32) 

Citrobacter sp. 
(no. of isolates= 18) 

Non-enteric  
Gram-negative bacilli  
(no. of isolates= 26) 

Total 
Gram-
negative 
bacteria 
(no=195+) 

AMP 55.17 70.69‡ 65.63 66.67 46.15 63.07 
PIP 15.52 13.79 15.63 16.67 3.85 14.36 
KZ 44.83 51.72 65.63 72.22 19.23 49.74 
FOX 13.78 25.86 40.63 77.78 11.54 27.69 
CTX 20.68 17.24 31.25 0 11.54 18.97 
CRO 13.79 13.79 37.5 0 19.23 17.44 
CAZ 3.45 8.62 18.75 0 11.53 9.23 
AMC 75.86 46.55 56.25 66.67 19.23 54.87 
TIM 0 0 0 0 0 0 
ATM 8.62 3.45 12.5 0 11.54 6.67 
IMP 12.07 10.24 21.88 5.56 3.85 11.79 
MEM 0 0 0 0 0 0 
AN 6.9 5.17 9.38 5.56 0 6.67 
NN 29.31 12.07 15.63 5.56 7.69 16.92 
C 8.62 5.17 9.37 0 15.38 7.69 
SXT 44.83 22.41 34.37 11.11 3.85 31.79 
CIP 12.07 6.9 18.75 5.55 7.69 10.76 
TE 43.01 12.07 3.12 11.11 11.54 19.48 
MDR# 60.34 32.76 34.38 0 7.69 37.94 
*AMP, ampicillin; PIP, piperacillin; KZ, cefazolin; FOX, cefoxitin; CTX, cefotaxime; CRO, ceftriaxone; CAZ, ceftazidime; 
AMC, amoxicillin-clavulanic acid; TIM, ticarcillin-clavulanic acid; ATM, aztreonam; IMP, imipenem; MEM, meropenem; 
AN, amikacin; NN, tobramycin; C, chloramphenicol; SXT, trimethoprim-sulfamethoxazole; CIP, ciprofloxacin; TE, 
tetracycline.  
‡           =intrinsic resistance. 
+ this number includes also three strains (1 Vibrio sp., 1 Samonella sp., 1 Serratia marcescens) 
# MDR = multidrug-resistance 
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Table 4. Resistance levels (%) in Gram-negative bacterial strains isolated from different water sources 

Sampling points  
Antimicrobial agents* 

River - 
upstream  from 

WWTP   

Urban WWTP 
influent 

Urban WWTP 
effluent 

River – 
downstream 

  from WWTP  

Poultry  
effluent  

 

Untreated 
hospital 
effluent 

AMP 34.78 63.33 61.90 85 64.06 67.57 
PIP 4.35 3.33 4.76 5 17.18 35.14 
KZ 34.78 73.33 66.67 85 40.62 27.03 
FOX 17.39 36.67 23.80 30 29.69 24.32 
CTX 0 33.33 42.86 35 6.25 18.91 
CRO 4.35 30 42.86 20 1.56 27.03 
CAZ 0 16.67 19.05 15 1.56 13.51 
AMC 17.39 76.67 85.72 70 48.44 45.95 
TIM 0 0 0 0 0 0 
ATM 0 6.67 19.05 0 6.25 8.11 
IMP 0 23.33 33.33 15 3.13 10.81 
MEM 0 0 0 0 0 0 
AN 0 10 9.52 5 3.13 13.51 
NN 0 46.67 42.86 25 0 13.51 
C 0 13.33 4.76 15 4.69 10.81 
SXT 8.67 76.67 76.19 45 14.06 8.11 
CIP 0 16.67 9.52 20 4.69 18.92 
TE 0 30 19.04 5 25 21.62 
MDR# 8.69 63.33 80.95 30.0 26.56 35.14 

*AMP, ampicillin; PIP, piperacillin; KZ, cefazolin; FOX, cefoxitin; CTX, cefotaxime; CRO, ceftriaxone; CAZ, ceftazidime; 
AMC, amoxicillin-clavulanic acid; TIM, ticarcillin-clavulanic acid; ATM, aztreonam; IMP, imipenem; MEM, meropenem; 
AN, amikacin; NN, tobramycin; C, chloramphenicol; SXT, trimethoprim-sulfamethoxazole; CIP, ciprofloxacin; TE, 
tetracycline.  
# MDR = multidrug-resistance. 
 
 
Distribution of resistance genes  

For both β-lactam and non-β-lactam antibiotic resistance, the encoding genes were absent 
in the strains isolated from Dambovita River - upstream of the WWTP, but they occurred in 
the strains isolated from the same river, but downstream of the WWTP, which exhibited 
blaCMY, blaNDM, tetD, sulI and qnrB.  

The β-lactam resistant strains isolated from the wastewater samples (poultry effluent and 
hospital untreated effluent), were positive for five of the seven tested bla genes. The inhibitor-
susceptible β-lactamase encoding genes blaTEM, blaSHV and blaCMY were detected with 
comparable frequencies, ranging from 10% to 40% (Fig. 1).  

The microbial strains exhibiting resistance to amoxicillin plus clavulanic acid were tested 
for the ampC gene encoding inhibitor resistant β-lactamases. The blaCMY was detected most 
frequently in poultry effluent (31.57%), and WWTP influent (28.57%) (Fig. 1). The majority 
of the carbapenem-resistant strains exhibited the blaNDM gene (66.7-100%) followed by 
blaVIM (16.6-66.7%). The blaIMP was absent in all carbapenem-resistant strains. 
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Figure 1. Frequency (%) of different beta-lactamase encoding genes in Gram-negative bacterial 
strains isolated from different water sources, exhibiting acquired β-lactam resistance phenotypes 

 
The strains isolated from wastewater harbored genes encoding for different classes of 

non-β-lactam antibiotics resistance (Fig. 2). Among the tetracycline resistance genes, tetB was 
the most frequent allele encountered in the WWTP effluent (75%), WWTP influent (42.85%) 
and hospital untreated effluent (33.33%). TetC was not detected in any of the analysed 
environmental strains. TetM encoding ribosomal protection proteins was found only in 
one isolate (16.66%) from hospital untreated effluent. Resistance to sulfonamides and/or 
trimethoprim was encoded by sulI (20-56.25%), the most commonly found in all types of 
wastewater, followed by sulII (9.09-16.66%) and dfrA1-aadA1 (4.54-33.33%) genes. The 
quinolone resistance was encoded by qnrB and qnrS, identified in strains isolated from 
hospital untreated effluent (60%, respectively 33.33%), out of which 33.33% carried both 
genes. The qnrA was not found in any of the isolated strains.  



Antibiotic resistance markers among Gram-negative isolates from wastewater  and receiving rivers in South Romania  

Romanian Biotechnological Letters, Vol. 20, No. 1, 2015  10063 

 

 
 

Figure 2. Frequency (%) of non beta-lactam antibiotics resistance encoding genes in Gram-negative 
bacterial strains isolated from different water sources, exhibiting acquired resistance phenotypes 

 
 
4. Discussion  

The purpose of this study was to investigate by using phenotypic and genetic tools, the 
resistance profiles of Gram-negative bacterial strains isolated from wastewaters and receiving 
river, in order to estimate the contribution of these types of water to the environmental 
resistance reservoir. 

The results of total coliform counts revealed a significant statistical difference (P<0,0001) 
between the high microbial load of the water samples collected from the river downstream of 
the WWTP and the lowest viable cell counts obtained  from the river upstream from WWTP 
ones (Table 1). This result could be explained by the fact that WWTP of the Bucharest treats 
only 50% of the wastewater volume, the rest of the wastewater influent being treated only by 
primary sedimentation [25].  The obtained values for total coliforms from river downstream 
the WWTP discharge are comparable with other similar studies performed in other geographical 
areas. Goñi-Urriza & al. [8], reported similar bacterial coliform load in Arga River, Spain, 
downstream of the wastewater discharge point. 

The phenotypic and genetic evaluation of the resistance profiles was made taking into 
consideration the intrinsic and acquired resistance phenotypes. The constitutive resistance of 
some enterobacterial species to different β-lactams, i.e. Klebsiella pneumoniae to AMP and 
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Enterobacter cloacae and Citrobacter freundii to AMP, KZ, FOX could explain the obtained 
high level resistance to β-lactam antibiotics.  

The Enterobacter sp. strains, followed by E. coli and Klebsiella sp. ones accounted for 
the majority of the third generation cephalosporin resistant strains. The resistance of 
environmental isolates to CAZ and CTX suggests that these organisms may produce 
extended-spectrum β-lactamases (ESBLs), typically as a consequence of plasmids acquisition 
which often carry other resistance genes as well [26, 27]. In our study, the third generation 
cephalosporin resistance was predominantly detected in strains isolated from WWTP influent 
(16.67-33.33%), WWTP effluent (19.05-42.86%), and untreated hospital wastewater (13.51 – 
27.03%), where they are exposed to the selective pressure of antibiotics. 

The resistance levels to synthetic antibiotics in the analysed Gram-negative strains ranged 
from 10.76% (fluoroquinolones) to 31.79% (co-trimoxazole). In the strains isolated from the 
urban wastewater (influent and effluent), the resistance level varied from 9.52% to 16.67% for 
CIP, and 76.19% to 76.67 for SXT. Tao & al. [28] found a higher incidence of resistance for 
CIP (10-24%) and lower resistance rates for SXT (38-59%) in Enterobacteriaceae isolates 
from wastewater samples collected from sewage treatment plants.  

The average of the multidrug-resistance percentage among strains isolated from different 
water sources was 37.94%, with an expected increased level in strains isolated from WWTP 
influent (63.33%) and effluent (80.95%) and a lower level in the river upstream of the WWTP 
(8.69%). The very significant increase of MDR rate in the WWTP effluent as compared with 
the WWTP influent (P=0.0036) could be explained by the fact that WWTP offers favourable 
environmental conditions (such as activated sludge or biofilms), for the horizontal transfer of 
the antibiotic resistance genes, facilitated by the nutritional richness and high bacterial density 
and diversity [27, 29]. The MDR percentage registered in our study for E. coli isolates 
(60.34%) is similar with that reported by Ram & al. [30] for E. coli (57.8%) isolates from 
surface water. 

The selection of the water sampling points, from the river upstream the WWTP, to the 
WWTP influent, effluent and then, from the downstream of the WWTP allowed us to 
establish the flux of resistance in Gram-negative strains discharged in the river after passing 
through the WWTP and thus, to appreciate the impact of WWTP effluent on the antibiotic 
resistance of bacterial populations from the receiving river. We have noticed that for the 
majority of the tested antibiotics belonging to different categories and classes, the resistance 
rates occurred or increased during wastewater treatment process. The resistance to β-lactam 
antibiotics (penicillins, cephalosporins, monobactams and carbapenems) increased in the 
WWTP effluent comparatively with the WWTP influent. The higher resistance rates for some 
β-lactam (AMP, KZ, FOX) and quinolone (CIP) antibiotics observed in strains isolated from 
the receiving river comparatively with strains isolated from the river upstream of the WWTP 
is clearly demonstrating that the WWTP effluent exhibits a significant selective pressure for 
the occurrence and/or increase of resistance rates both to natural and synthetic antibiotics. 
This could be explained by the fact that the current WWTP design does not entirely eliminate 
several micropollutants, including antibiotics, and in many cases the absence of the parent 
pharmaceutical from WWTP effluent does not necessarily means that the compound was 
completely eliminated, but rather only partially transformed [31].  

The strains exhibiting acquired resistance phenotypes to β-lactam and non-β-lactam 
antibiotics have been further submitted to genetic analysis. 

The bacterial strains isolated from the river upstream of the WWTP did not harbor any of 
the tested bla genes. In exchange, in the river – downstream of the WWTP, the β-lactam 
resistant microbial strains harbored blaCMY and blaNDM genes. These results are demonstrating 
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that the WWTP creates favourable conditions for the selection of resistant strains which are 
released in the receiving river. On the other side, these results could be due to the present 
condition of the investigated WWTP, which treats only 50% of the wastewater volume, due to 
the fact that some of its facilities are not yet functional.  

The analysed strains isolated from the wastewater samples harbored all the majority of 
the tested resistance genes coding for β-lactam enzymatic resistance, i.e. blaTEM, blaSHV, 
blaCTX-M, blaCMY, blaNDM, blaVIM, being negative for blaIMP. The ability to produce β-
lactamase enzymes is common among Gram-negative bacteria, encoded by either plasmid or 
chromosomal DNA [5]. In the present study, the blaCTX-M was detected most frequently in 
untreated hospital effluent and followed by poultry effluent, and was present predominantly in 
Klebsiella sp. strains (33.33%). CTX-M enzymes represent a special concern in clinics, 
occurring in bacteria responsible for nosocomial and community acquired infections [32], and 
recently it has reported also from environmental samples [33, 34, 14]. 

The blaCMY gene is encoding for an ampC type enzyme, i.e. class C inhibitor resistant β-
lactamases. The blaCMY was detected most frequently in poultry effluent, followed by 
WWTP influent, almost exclusively in Citrobacter freundii strains (58,33%) and in one K. 
pneumoniae. The presence of this gene has been already reported in the literature in microbial 
isolated from recreational beaches and drinking water [35], activated sludge and WWTP final 
effluent [14].  

In this study the majority of the carbapenem-resistant strains exhibited the blaNDM, 
followed by blaVIM gene. Among the current threats related to carbapenemase spread, 
metallo-β-lactamases (MBLs) of the IMP and VIM types are relevant because they have been 
identified in distantly related geographical areas among many different enterobacterial clinical 
isolates [36]  and also often among Pseudomonas sp. [37]. In Enterobacteriaceae strains 
analysed in this study, blaVIM were also predominant in Klebsiella sp. strains, followed by E. 
coli, isolated from hospital wastewater effluent and urban wastewater, probably due to 
nosocomial selective conditions and contamination by wastewater from hospital [1]. 

The recent emergence of the MBL NDM-1 among clinical isolates of the Enterobacteriaceae 
family [38] and also non-fermenting bacilli [39] is a major cause for concern because it is 
often associated to the occurrence of multidrug-resistance. In our study, blaNDM gene has 
been detected both in different Enterobacteriaceae species (the only exception being 
represented by Citrobacter sp. strains) and non-enteric Gram-negative bacilli, isolated from 
urban and hospital wastewater and river receiving final effluent of the WWTP. 

The non-β-lactam antibiotics resistance genes were absent in strains isolated from river 
upstream of the WWTP, but similarly to β-lactam resistance genes, they occurred in the river 
downstream of the WWTP. Strains isolated from the river downstream of the WWTP 
harbored the tetD, also reported in Enterobacteriaceae isolates from few sites of the Pearls 
rivers – China [28], qnrB, and sul1 genes.  

The resistant strains isolated from wastewater also harbored genes encoding for different 
classes of non-β-lactam antibiotics, tetB being the most frequent allele encountered in the 
urban WWTP effluent, WWTP influent and hospital untreated effluent. The extensive usage 
of tetracyclines for the treatment of bacterial infections and also as growth promoters in 
livestock industry [40] can lead to the emergence of resistant bacteria to this antibiotic and 
transfer of tetracycline resistant genes between different bacteria in aquatic environment [41]. 
Previous studies have demonstrated the dissemination of tet resistance genes into aquatic 
environment, from swine lagoons into groundwater [16].  
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Among the detected sul genes, the sul1 was the most prevalent found in Gram-negative 
isolates in all types of wastewater, followed by sulII. Similar frequency distribution of the sul 
genes in environmental strains was observed by Hoa & al. [42] in sulphonamide-resistant 
bacteria isolated from wastewater and shrimp ponds.  

Class I integrons carry both sul genes, encoding dihydropteroate synthases and dfr genes, 
encoding dihydrofolate reductase [43] and most multi-resistant Gram-negative bacteria harbor 
Class 1 integrons residing in plasmids and/or the bacterial chromosome [5]. In our study, out 
of the two strains positive for dfrA1-aadA1 gene, one harbored the Class 1 integrase gene. 
Although these integrons have been primarily associated with resistance in clinical isolates 
[44], Gillings & al. [45] demonstrated their origin in environmental bacterial communities. 
Some previous studies demonstrated that sulI, as a part of class 1 integron, can be 
disseminated and transferred horizontally within and between bacterial species in wastewater 
[27] and surface water [46]. In the present study, the presence of sulI and sulII genes was not 
always associated with the presence of class I integrase, aspect that could suggest that the 
genetic support of these genes could be very diverse. For example, the sulII gene is frequently 
associated with the small, multi-copy, non-conjugative IncQ plasmid group [5] or large 
transmissible multiresistance plasmids [47]. 

The plasmid born qnrB was detected in hospital wastewater and in the Dambovita River – 
downstream of WWTP, and qnrS gene was detected only hospital wastewater, while the 
chromosomally located qnrA was absent in all tested strains. Dhanji & al. [33] isolated E. coli 
strains harbouring a qnrS allele from the Thames River. Detection of these fluoroquinolone 
resistance genes previously described in clinical isolates [14], in strains isolated from 
wastewater and surface water, proves the possibility of genetic exchange between clinical and 
environmental bacteria. Previous studies also suggest that antibiotic selective pressure in river 
waters by quinolones contamination may favour the integration of the qnr gene into plasmids 
and its further dissemination in the aquatic ecosystems [48].  
 
5. Conclusion 

The results of the present study have shown that different aquatic systems, both natural 
and polluted, could constitute an appropriate ecological environment for the maintenance of a 
complex reservoir of β-lactam, tetracyclines, quinolones and sulphonamides resistance genes. 
Moreover, the detection of some resistance genes recently described in clinical isolates (qnrB, 
qnrS, CTX-M), in strain isolated from wastewater and surface water, could indicate that these 
determinants are released into water environments, that may further serve as antibiotic 
resistance dissemination ways to opportunistic pathogens, highlighting the need for further 
measures of water quality monitoring. 
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