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ABSTRACT 
Wastes arising from human activities can reach water bodies and contribute significantly 

to the presence of antibiotic resistant bacterial populations in aquatic environments. The 

objective of this study was to evaluate the cultivable antibiotic resistant bacterial populations 

from a coastal lagoon impacted by agriculture and urbanization activities. Water samples were 

collected in low and peak season and characterized regarding physicochemical variables, 

microbiological indicators and the presence of antimicrobial residues. In order to analyze the 

presence of resistant bacterial populations, the samples were grown in the presence of nalidixic 

acid, ceftazidime, imipenem and tetracycline. Genes associated with β-lactamic resistance 

(blaCTX-M-like, blaGES-like, blaOXA-51, blaOXA-23-like, blaSHV-like, blaTEM-like and blaSPM-1), 

class I integron and efflux systems (tetA, tetB, acrA, acrB, tolC, adeA, adeB, adeR, adeS, 

mexB, mexD, mexF and mexY) were analyzed by conventional in vitro amplification. Although 

antimicrobials residues were below the detection limit, resistant bacteria and resistance 

determinants - blaGES, class I integron, adeS, acrA, acrB, tolC, mexB, mexF - were present at 

almost all points, in both seasons and for all antimicrobials assessed. The high numbers of 

resistant bacteria counts observed after the antibiotic treatment were positively correlated to the 

urbanization effects on the Lagoon. Some resistant populations were even higher in the low 

season samples, indicating the importance of a systematic evaluation of antibiotic resistance on 

water resources. 
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Resistência antibiótica nas águas superfíciais de uma lagoa costeira do 

Sul do Brasil sob impacto de atividades antropogênicas 

RESUMO 
Resíduos oriundos de atividades humanas podem atingir corpos d'água e contribuir 

significativamente para a presença de populações bacterianas resistentes a antibióticos. O 

objetivo deste estudo foi avaliar populações de bactérias cultiváveis resistentes a antibióticos 

em uma lagoa costeira impactada por atividades como agricultura e urbanização. Amostras de 

água foram coletadas nos períodos de baixa e alta temporada e caracterizadas quanto a variáveis 

físico-químicas, indicadores microbiológicos e presença de resíduos de antimicrobianos. Para 

analisar a presença de populações bacterianas resistentes, as amostras foram crescidas na 

presença de ácido nalidíxico, ceftazidima, imipenem e tetraciclina. Genes de resistencia a β-

lactamicos (blaCTX-M-like, blaGES-like, blaOXA-51, blaOXA-23-like,blaSHV-like, blaTEM-like and 

blaSPM-1), de classe I integron e sistemas de efluxo (tetA, tetB, acrA, acrB, tolC, adeA, adeB, 

adeR, adeS, mexB, mexD, mexF and mexY) foram analisados por amplificação in vitro. Embora 

não tenham sido encontrados níveis detectáveis de residuos de antimicrobianos nas amostras, 

bactérias resistentes estavam presentes em quase todos os pontos, em ambas as estações e para 

todos os antimicrobianos avaliados. A presença de populações bacterianas resistentes observada 

foi positivamente correlacionada aos efeitos da urbanização na Lagoa. Algumas populações 

resistentes foram ainda maiores na baixa temporada, indicando a importância de avaliar 

sistematicamente a resistência a antibióticos em corpos d'água. 

Palavras-chave: bactérias aquáticas, estuário, impacto antrópico, resistência antimicrobiana. 

1. INTRODUCTION  

Wastes arising from human activities are rich in recalcitrant compounds such as 

antimicrobials, metals and biocides, which can reach water bodies and contribute significantly 

to the selection of resistant bacteria phenotypes (Petit et al., 2014). Although water courses 

seem to play a key role in the maintenance of resistance phenotypes in nature, little attention 

has been paid to the influence of human activities on the prevalence of resistance in these 

resources (Pruden et al., 2012; Czekalski et al., 2015; Yang et al., 2017). 

Bacteria can be intrinsically resistant to chemicals or acquire resistance determinants via 

DNA mutations, transformation by foreign DNA incorporation or phage-mediated transduction, 

or by conjugation (Blair et al., 2015). Antimicrobial-resistant bacteria represent a severe public 

health problem on a global scale. This has been studied from the clinical perspective over time 

but the aquatic environment has also been source of resistance determinants with clinical 

relevance, e. g. blaGES-5 gene - a carbapenem resistance determinant found in different species 

of water streams (Manageiro et al., 2014). The qnrA and blaOXA-181 genes - involved in 

resistance to quinolones and carbapenems, were found in Shewanella algae from marine water 

samples and in Shewanella xiamenensis from swabs of seepage water, respectively (Poirel et 

al., 2005; Potron et al., 2011).  

Around 39% of the global population lives less than 100 km from the coastline (Kummu 

et al., 2016). Some beaches from southern Brazil attract many travellers, particularly during the 

summer (from December to February), when populations from some seaside locations increase 

up to five times (Zuanazzi and Bartels, 2016). The area of Tramandaí Hydrographic River 

Basin, e. g., has a population of 220,296 inhabitants; however, it can reach up to 580,000 

inhabitants during summer (Rio Grande do Sul, 2017). This area is composed of a set of many 

coastal lagoons which flow into the Tramandaí Lagoon before flowing to the Atlantic Ocean. 
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The increased human activities along the coastal might directly imply in waste overproduction, 

raising the risk of exposure the water resources to pollutant inputs, which constitutes a premise 

for constant environmental monitoring.  

Levels of antimicrobial contamination have already been detected in water bodies of Brazil 

(Quadra et al., 2017), but bacterial resistance has been poorly studied in these environments 

(Nascimento and Araújo, 2014; da Costa Andrade et al., 2015; Monteiro et al., 2016; Oliveira 

et al., 2016). In this way, this study aims to evaluate the presence of antibiotic resistant bacteria 

(ARB) in surface waters of Tramandaí Lagoon and whether it varies according to the presence 

of different anthropic disturbances. For this purpose, water samples were characterized for 

physicochemical and biological variables, the resistance to the antimicrobial classes quinolone, 

cephalosporin, carbapenem and tetracycline and presence of antibiotic resistance genes (ARGs) 

by conventional PCR. The study was designed to infer whether the presence of resistant bacteria 

in the Lagoon may vary according to 1) the presence of antibiotic residues in the environment, 

2) human activities present in loco, and 3) increase in local population during peak season. 

2. MATERIAL AND METHODS 

The Tramandaí Lagoon (29º55’49” S, 30º00’56” S; 50º06’21” W, 50º11’20” W) lies 

between the Tramandaí and Imbé cities, on the Northern coastal region of Rio Grande do Sul, 

Southern Brazil (Figure 1). The Lagoon has about 18.8 km2 of area with 1.4 m of maximum 

depth, presenting an estuarine channel with a length of 1.5 km, maximum width of 300 m and 

maximum depth of 5 m. This estuary is responsible for draining to waters from Tramandaí 

Hydrographic Basin into the Atlantic Ocean (Figure 1B), a system which occupies an area of 

approximately 2700 km2 and supplies water to 17 different cities. The Tramandaí Lagoon water 

uses include irrigation of rice crops areas (mainly from November to February), recreational 

activities, public supply and the dilution of domestic and industrial wastes, particularly near 

urban areas (Loitzenbauer and Mendes, 2012). Fishing and tourism are the main regional 

economic activities. 

 
Figure 1. Study site. (A) Rio Grande do Sul state in Southern Brazil. (B) Tramandaí 

Hydrographic River Basin in Rio Grande do Sul. (C) Tramandaí Lagoon position 

and the sampling points (P1: Point 1; P2: Point 2; P3: Point 3; P4: Point 4). At the 

south is Tramandaí city and at the north is Imbé city. 
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The surrounding beaches are classified as intermediate and dissipative, being dominated 

by waves of 1.5 m on average. They are governed by a micro-tidal regime; the astronomical 

tide in this area has annual average amplitude of 0.47 m. South storms induce meteorological 

tides that can reach 1.3 m, significantly amplifying the erosion effects over the shoreline 

(Calliari et al., 2009). Tidal oscillation causes the ingression of marine waters by the estuarine 

channel, salinising not only portions of the Tramandaí Lagoon, but also distant water bodies. 

Ocean water circulation patterns are driven by the confluence of Tropical Waters - transported 

by Brazilian Current, with a North-South direction and higher prevalence in the summer, and 

Subtropical and Subantarctic Waters - transported by Malvinas Current, with South-North 

direction and higher intensity in winter. Northeast and east winds are prevalent. The annual 

average is about 1000-1200 mm of precipitation and surface water temperature of 18°C (24.6°C 

in January and 13.1°C in July) (Medeanic, 2006).  

Since the population varies considerably among the seasons in the study area, samples 

were collected in two samplings, one in the “low season” (August 2014) and another one in the 

“peak season” (January 2015). The sampling points were selected according the different 

anthropogenic pressures acting on the environment. The location of points is shown in Figure 

1C, while their respective landscapes are illustrated in Figure 1. Point 1 (29°58'34.7" S; 

50°07'18.8" W) (Figure 1C), the closest one to the sea, is marked by accentuated urbanization 

(Figure 2A) and presents a maritime terminal for oil exploration (Almirante Dutra Maritime 

Terminal) (Figure 2B). Point 2 (29°58'10.4" S; 50°08'20.7" W) (Figure 1C) is in a densely 

urbanized zone, adjoining the exit of a residential horizontal condominium at Imbé city (Figures 

2C and 2D). It is most protected from the marine currents, located closest to a connection with 

Tramandaí River, by which water flows from other locations in the Basin enter the Tramandaí 

Lagoon. Point 3 (29°58'12.2" S; 50°09'19.7" W) (Figure 1C) is sited at the center of the lagoon, 

representing the waters confluence of the whole Lagoon (Figure 2E). Point 4 (29°57' 05.8 S, 

50°10'41.7" W) (Figure 1C) is not urbanized, and is surrounded by a native forest (Figure 2F) 

with nearby rice fields. These points were reached with the assistance of a small watercraft. 

Samples of surface water (less than 1m deep) were collected with sterile flasks (capacity of two 

liters) and kept at 4°C. 

The water samples were characterized for the following physicochemical variables: 

temperature, turbidity (by Secchi disk, in the collecting), salinity (by electric conductivity), total 

solid particles (by gravimetric method), dissolved oxygen (by Winkler method), total nitrogen 

(by colorimetric method), ammoniacal nitrogen (by Nessler method) and total phosphorus, 

nitrate, nitrite (both by ion chromatography). Total heterotrophic counts were determined by 

serial dilution directly from the water samples, followed by spread plate cultivation of 0.1 ml 

in PCA media (Plate Counting Agar) (incubation at 35°C, until 72h). Total and thermotolerant 

coliform counts were determined by membrane filtering method: aliquots of water (100 mL) 

were filtered through nitrocellulose membranes (0.2 μm porosity), which were subsequently 

deposited on plates containing LES-ENDO Agar. Colonies were counted after 24h of 

incubation at 35°C for total coliforms and 45°C for thermotolerant coliforms. 

The presence of antimicrobials was analyzed on samples according to Jank et al. (2014) 

(technique able to detect residues in concentration above 400 ng.L-1 in water). Forty-five types 

of antimicrobials, from eight different classes, were investigated in samples: sulphadoxazole, 

sulphadiazine, sulphaclorpyridazine, sulphadoxine, sulphadimetoxin, sulphisoxazole and 

sulphamethoxazole (sulphonamides); tetracycline, oxytetracycline, chlortetracycline and 

doxycycline (tetracyclines); norfloxacin, sarafloxacin, difloxacin, danofloxacin, ciprofloxacin, 

enrofloxacin, norfloxacin, nalidixic acid and flumequine (quinolones); trimethoprim 

(pyrimidines); penicillin G, ampicillin, cloxacillin, oxacillin and dicloxacillin (penicillins); 

cephalexin, cephapirin, cephalone, ceftiofur, cephoperazone, cefquinome (cephalosporins); 
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lincomycin (lincosamines); erythromycin, azithromycin, tylosin, clindamycin, tilmicosin, 

spiramycin and nafcillin (macrolides). Additionally, 171 organic compounds (pesticides) were 

monitored on samples by the qualitative analytical methodology (Diaz et al., 2013). Both these 

analyses were carried using equipment from the National Agricultural Laboratory 

(LANAGRO): a liquid chromatography 1100 Series (Agilent Technologies) coupled to a 

tandem triple quadrupole mass spectrometer API 5000 (Applied Biosystems) using an 

electrospray probe (ESI) in positive mode as an ionisation source. 

 
Figure 2. Different landscapes from sampling points. (A) Buildings surrounding Point 1. (B) Maritime 

terminal for oil exploration next to Point 1. (C) (D) Houses from residential condominium adjacent to 

Point 2. (E) Landscape from Point 3, in the center of Tramandaí Lagoon. Densely urbanized margins 

are represented in the background. (F) Native forest in Point 4, where there are no buildings. 

The water samples were concentrated by filtration through membranes with 0.2μm of 

porosity and the total DNA was extracted by UltraClean Soil DNA Kit (MoBio Laboratories, 

Inc.), according to manufacturer’s instructions. The DNA was quantified using Quantus 

Fluorometer (Promega) with the Quantifluor DNA System kit (Promega) according to 

manufacturer´s recommendations. The presence of antimicrobial resistance genes was assessed 

by conventional PCR, according to Poirel et al. (2001) (blaCTX-M-like genes); Jeong et al. (2006) 

(blaGES-like genes); Woodford et al. (2006) (blaOXA-51,blaOXA-23-like genes); Talukdar et al. 

(2013) (blaSHV-like and blaTEM-like genes); Fuentefria et al. (2009) (blaSPM-1 gene); Ng et al. 

(2001) (tetA and tetB); Lévesque et al. (1995) (Class I integron using primers to the 5’ and 3' 

conserved segments); Swick et al. (2011) (acrA, acrB and tolC); Beheshti et al. (2014) (adeA, 

adeB, adeR and adeS); Yoneda et al. (2005) (mexB and mexY); Xavier et al. (2010) (mexD) 

and Oh et al. (2003) (mexF). Positive controls of the genes were included in all reactions. The 

primers and PCR conditions are listed in Supplemental material S1. The amplifications were 

performed with 10ng of genomic DNA in a final volume of 25 μL. The primers were able to 

amplify from 2ng to 0.01 ng of control DNA. Amplification of the 16SrRNA gene was 



 

 

Rev. Ambient. Água vol. 14 n. 5, e2379 - Taubaté 2019 

 

6 
Belize Leite et al. 

performed for all the DNA samples, to ensure the negative result. 

Antibiotic resistant bacterial populations from Tramandaí Lagoon waters samples were 

determined by counts of colony-forming units able to growth in the presence of nalidixic acid, 

ceftazidime, imipenem and tetracycline in a final concentration of 20 mg.L-1 (chosen according 

to MIC breakpoints) (CLSI, 2014). Water samples were cultured with nutrient broth (volume 

1:1, by 24h to 35°C) with antibiotic supplementation and after were grown in Plate Counting 

Agar (PCA) also supplemented with the corresponding antibiotic (24h at 35°C). Control 

samples for all sites were grown in nutrient broth and PCA without antibiotic supplementation. 

All bacterial counts (total heterotrophic, total and thermotolerant coliforms and antibiotic 

resistant) were reported as log10-transformed counts and weighted by analysis of variance 

(ANOVA). Tukey’s post hoc test was applied to compare the data between seasons and lagoon 

points. Dunnett’s post hoc test was used to compare the data of different antimicrobial 

treatments with the control. Statistical significance was assigned to P<0.05. Correlations 

between the environmental variables, microbiological variables and resistant bacteria counts 

were appraised by Pearson’s correlation coefficient. A multivariate statistical projection method 

(Principal Component Analysis - PCA) was also applied to reduce the dimensionality and 

analyze the data.  

3. RESULTS AND DISCUSSION 

Tramandaí Lagoon was under the ebbing tide in “low season” sampling, while in “peak 

season” it was under the flooding tide. Although the lagoon is a highly dynamic environment, 

the environmental variables assessed allow inferences about the in situ conditions at sampling 

time. The tide seems to have influenced especially the higher total solids content and the lower 

salinity and visibility values in “low season” (Table 1), since river inflows can reduce the 

salinity and carry particles arising from upstream erosion processes in addition to resuspending 

the bottom sediment.  

Independent of the season and tide, the Points 1 and 2 showed some characteristics 

attributed to greater urbanization, like higher nutrient concentrations (nitrate was detectable just 

in Point 2) and higher bacterial counts, especially for thermotolerant coliforms (Table 1). Under 

acceptable conditions by the Brazilian government environmental law (CONAMA Resolution 

n°357) (CONAMA, 2005), natural brackish waters have levels of phosphorus below                          

0.124 mg.L-1 and ammoniacal nitrogen below 0.40 mg.L-1, higher values indicate 

environmental imbalance in the lagoon at points marked by urbanization. Therefore, the human 

activities impact present in the Points 1 and 2 might represent a punctual disturbance, even in 

the periods of population decline (“low season”). On the other hand, Points 3 and 4, not 

urbanized, generally exhibited the lower nutrient levels and the higher values for oxygen 

dissolved and visibility (Table 1).  

The total heterotrophic counts in Point 3 differed between samplings (Table 1), probably 

influenced by the position in the center of the lagoon and by inputs of nutrient-enriched waters 

due to the river ebbing. Point 3 has also shown the lower thermotolerant coliforms counts in the 

“low season” (Table 1), which can be connected to a lower punctual impact or even to the 

dilution of faecal pollution. Point 2 was the only point where all microbiological variables 

varied among the seasons (Table 1). Though has presented the highest thermotolerant coliforms 

counts in both seasons (Table 1), this point was more affected by faecal pollution in the “peak 

season”. 

Despite the anthropogenic activities observed locally, antibiotic residues were not 

observed in water samples at any season or point from Tramandaí Lagoon, which does not 

exclude the possibility of contamination in lower levels than the limit of detection  

(400ng.L-1). Antibiotics rarely occur in lethal concentrations outside clinical environments, 
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mainly in highly diluted environments such as water courses (Kummerer, 2009). Even though, 

resistant bacteria were present in Tramandaí Lagoon samples in both seasons, in almost all 

points and for almost all antibiotic treatments tested (Table 2). Therefore, low antibiotic 

concentrations can also contribute to the selection of resistance in wild-type susceptible 

populations (Gullberg et al., 2011). 

Table 1. Characterization of Lagoon samples to physicochemical and microbiological variables, in 

“low” and “peak” seasons (respectively on August 2014 and January 2015). 

Variables Seasons Point 1 Point 2 Point 3 Point 4 

Temperature (°C) 
Low 15.7 16.2 15.5 17.2 

Peak 24.8 26.5 24.6 25.1 

Salinity (ppt) 
Low 9.22 0.1 10.05 12.11 

Peak 64.98 31.42 22.36 11.97 

Dissolved oxygen (O2)  

(mg.L-1) 

Low 10.32 9.16 9.99 10.44 

Peak 7.9 7.5 7.3 7.1 

Total phosphorus (P)  

(mg.L-1) 

Low 0.08 0.12 0.06 0.06 

Peak 0.08 0.07 0.07 0.06 

Total nitrogen (N)  

(mg.L-1) 

Low 5.3 3.99 1.37 1.44 

Peak 2.08 9.63 2.6 2.08 

Nitrite (NO2)  

(mg.L-1) 

Low ND 1,02 ND ND 

Peak ND ND ND ND 

Nitrate (NO3)  

(mg.L-1) 

Low ND ND ND ND 

Peak ND ND ND ND 

Ammoniacal nitrogen 

(NH4) (mg.L-1) 

Low 4.3 3.7 0.07 0.16 

Peak 0.78 2.34 2.21 1.56 

Total solids  

(mg.L-1) 

Low 5018 122 5548 6319 

Peak 37.99 17.69 13.03 6.98 

Visibility (cm) 
Low 50 40 40 70 

Peak 60 60 80 60 

Total heterotrophic  

(mean CFU count + SD) 

Low 3.74 ± 0.17A 2.73 ± 0.46A, C 4.37 ± 0.05A,B 2.91 ± 0.44A,C 

Peak 2.82 ± 1.04B 4.45 ± 0.25A 2.25 ± 0.24B,C 3.49 ± 0.88A,B,C 

Total coliforms  

(mean CFU count + SD) 

Low 3 ± 0.14 A 2.4 ± 0.46A 3.02 ± 0.04A 3.03 ± 0.48A 

Peak 2.45 ± 0.59B 4.29 ± 0.25A 2.43 ± 0.1B 2.4 ± 0.1B 

Thermotolerant coliforms  

(mean CFU count + SD) 

Low 2.47 ± 0.45A 2.5 ± 0.24A 2 ± 0.1B 2.64 ± 0.19A 

Peak 0.88 ± 0.32C 4.24 ± 0.21A 1.84 ± 0.25B 1.44 ± 0.18B, C 

ppt: parts per thousand. ND: not detected. Limits of detection: nitrate (0.03 mg.L-1), nitrite (0.04 mg.L-1). 

Counts were expressed in colony-forming unit mean ± standard deviation (log10-transformed).  

Significantly different values are bold marked (seasons comparison) or present different letters (points 

comparison) (p < 0.05, Two-way ANOVA followed by Tukey’s post hoc test).
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Table 2. Characterization of Lagoon water samples according to the presence of resistance genes in the DNA samples and total counts of resistant bacteria after 

growth in the presence of antibiotic, in “low” and “peak” seasons (respectively, on August 2014 and January 2015). 

 Season Point 1 Point 2 Point 3 Point 4 

Resistance genes 

amplified  

Low 
Class I integron, blaGES, acrA, 

acrB, tolC, mexB, mexF. 

blaGES, tetB, acrA, acrB, 

adeS, mexB, mexF. 
Class I integron. blaGES, acrB, tolC. 

Peak 
Class I integron, blaGES, acrA, 

tolC, mexB, mexF. 

Class I integron, blaGES, 

adeS, mexB, mexF. 

Class I integron, blaGES, 

acrA, acrB, tolC, mexB. 

Class I integron, blaGES, acrA, 

acrB, adeS, mexB, mexF. 

Control  
Low > 14 A > 14 A > 14 A > 14 A 

Peak 5.52 ± 0.10 B 11.61 ± 1.91 A 11.79 ± 1.90 A > 14 A 

Nalidixic acid 

treatment 

Low 7.56 ± 0.02 B 8.00 ± 1.36 B > 14 A * > 14 A * 

Peak > 14 A ** 11.21 ± 2.28 A * 9.32 ± 0.07 B * 13.41 ± 0.51 A * 

Ceftazidime 

treatment 

Low 8.43 ± 0.71 B 9.71 ± 0.03 B 1.02 ± 0.01 C > 14 A 

Peak 5.11 ± 0.14 B * 9.49 ± 2.27 A * 4.84 ± 0.21 B 5.41 ± 0.18 AB 

Imipenem  

treatment 

Low 10.09 ± 0.03 B 9.79 ± 0.05 B 8.93 ± 1.12 B > 14 A 

Peak ND 7.73 ± 4.21 A 3.13 ± 1.02 B 2.72 ± 0.33 B 

Tetracycline 

treatment 

Low 13.02 ± 2.53 A * > 14 A * 8.93 ± 1.12 B > 14 A * 

Peak 11.24 ± 1.86 A ** 12.86 ± 0.02 A ** 8.66 ± 0.45 A* 2.3 ± 0.01 B 

Bacterial counts expressed as Colony-forming unit mean ± standard deviation (values log10-transformed). 

Significantly different values are bold marked (seasons comparison) or present different letters (points comparison in the same season) (p < 0.05, Two-way 

ANOVA followed by Tukey’s post hoc test).  

* Resistant bacteria count is equivalent to control bacteria count (p > 0.05, Two-way ANOVA followed by Dunnett’s post hoc test). ** Resistant bacteria 

quantity higher than those present in control. 

ND: not detected. 
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Comparing the colony-forming unit counts, those from Points 2 and 4 highlighted by the 

higher scores in both seasons and for almost all types of antimicrobial supplementation (Table 

2). Counts from controls samples refers to total cultivable bacteria under non selective 

enrichment and might include both native resistant and sensitive bacteria. Then, ARB counts 

from samples with antimicrobials which were equivalent to the respective control counts 

(values marked with * in Table 2) attracted attention. Although the counts were usually higher 

in the “low season”, counts equivalent to controls were observed in 56.25% of samples (9/16) 

in the “peak season”, when anthropogenic activities have increased in the region (Table 2). 

Additionally, Point 2 was the only one in which the ARB counts did not vary between seasons 

(Table 2), reinforcing the likely influence of local factors to antibiotic resistance maintenance.  

Nalidixic acid and tetracycline selected higher counts of ARB than ceftazidime and 

imipenem (Table 2). The tetracycline was the only antimicrobial evaluated which has a 

biological origin. Hatosy and Martiny (2015) drew attention to the fact of the resistance to 

synthetic antimicrobials can be a result of contaminated effluents, since microbes would not 

experience these molecules in natural microbe-microbe interactions. Then, the prevalence of 

nalidixic acid resistant bacteria might be a reflection of local anthropic disturbances. Higher 

counts of nalidixic acid resistance were observed at Points 3 and 4 in low season and at Point 1 

in peak season (Table 2). This shows that even the microbiota from non-urbanized regions 

(Points 3 and 4) can be impacted for antimicrobial resistance, which has already been reported 

around the world (Bhullar et al., 2012; Chen et al., 2013). 

The increase in tetracycline resistance on water courses has also been attributed to the 

possible overuse in aquaculture (Young et al., 2013) or agriculture (Winkworth-Lawrence and 

Lange, 2016). A large part of the Tramandaí River Basin area is composed of crops 

(Loitzenbauer and Mendes, 2012) which probably impact the adjoining waters. Waters from 

Point 4, next to rice crop areas, revealed high resistant counts in the “low season”. These results 

suggest that the agriculture management seemed to impact the ARB as well as the presence of 

urbanization, and that the “low season” represents a period that is as critical to the resistance 

expression as the “peak season”. Residues of Tiamethoxan, Triciclazole and Propoxur (out of 

the 171 pesticides evaluated) were detected in all sampling sites, probably due to influence of 

the cropping areas nearby Point 4. Triciclazole is a broad spectrum fungicide used to control 

plant diseases in cereals and fruits. Tiametoxan is a neoticotinoid and Propoxur is a carbamate, 

both groups of drugs are used to control agricultural pests, acting on the central nervous system 

of insects. Albeit the action on bacterial cells of the pesticides found is unknown, it is a 

consensus that metals as well as organic compounds can influence the antibiotic resistance 

genomic display of bacteria (Pal et al., 2017). 

The ceftazidime and imipenem resistant populations seemed more sensitive to seasonal 

variation (different values among seasons are bold marked in Table 2). Even though these 

populations have been less represented, the selection of imipenem and ceftazidime 

antimicrobial resistances has been rarely documented in natural environments (Kittinger et al., 

2016). The low prevalence of imipenem-resistant bacteria (Table 2) corroborates with previous 

reports (Montezzi et al., 2015; Malik et al., 2015). The imipenem resistance could probably be 

related with the presence of blaGES gene on samples - the only bla gene found in Tramandaí 

Lagoon waters (Table 2). The carbapenemase blaGES-5 has been commonly reported in aquatic 

isolates of Enterobacteriaceae, considered ubiquitous bacteria in these environments 

(Manageiro et al., 2014). This gene has also been detected in isolates of Klebsiella sp. and 

Enterobacter sp. in recreational waters (Paschoal et al., 2017) and aquatic environments (de 

Araújo et al., 2016). 

The Class I integron amplification observed in both groups of samples has been associated 

with water sources under anthropic impact (Abella et al., 2015; Gillings et al., 2015) and its 

importance in the assembly of ARGs cassettes and its maintenance in the environment has been 
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consistently demonstrated (Stalder et al., 2012). The tetracycline resistance is commonly 
disseminated in aquatic environments (Harnisz et al., 2015), but despite this we have detected this 

phenotype throughout the Lagoon area; the tetB gene was identified only in the low season, at Point 

2. Although the genes of the Mex and AcrAB-TolC systems are constitutively expressed, their 

overexpression has been associated with resistance to fluoroquinolones and carbapenems in 

isolates of clinical origin (Neves et al., 2011; Singh et al., 2012). In aquatic ecosystems, these efflux 

pump genes may be associated with distinct resistant phenotypes, mainly to organic molecules (the 

earlier mentioned pesticides) and metals. Because antibiotics can also be a substrate for them, 

they also have an important role in the maintenance of resistance phenotypes in oligotrophic 

environments.  

The clustering of resistant counts (including the respective controls) with environmental 

and microbiological characters by the principal component analysis (PCA) showed some 

relevant correlations (Figure 3). The variation observed was better explained in the low season 

(81.33% of the variability) than in the peak season (76.92% of the variability) (Figure 3). Since 

the counts were grouped by the sampling points, the environmental conditions of the points 

seemed to be more important to assess the total resistance in the cultivable bacteria from the 

Lagoon than the selective pressure of the antimicrobial class used in the in vitro experiment (Figure 

3). In the low season, the resistant counts at Point 1 were related to the same variables from Points 

2 and 3, which did not present similar interactions with each other (Figure 3). Point 4 counts were 

weakly correlated with those from other sampling points (Figure 3), evidencing the effect of 

environmental conditioners in this point. On the other hand, in the peak season, the resistant 

counts from non-urbanized points (3 and 4) were strongly correlated with each other, while 

those from the urbanized points (1 and 2) were weakly correlated and influenced by different 

variables (Figure 3). In both seasons, the resistant counts from Point 2 were explained by some 

of the nutrients analyzed as well as by the thermotolerant coliform amounts (whose correlation 

is even higher in peak season) (Figure 3). Thus, the ARB count variance in this point appeared 

to be influenced by faecal pollution, especially in the peak season, as a possible effect of the 

intense anthropogenic activities observed in this period. Landscape changes as a consequence 

of urbanization have been associated to impact on bacterial communities modifications, including 

the increasing in both thermotolerant coliforms (Garbossa et al., 2017; Oliveira et al., 2016) and 

ARB abundance (Wang et al., 2016; Yang et al., 2017). 

The quantification of ARB on culture medium supplemented with antimicrobials usually 

supports studies focused on resistance analysis in water bodies around the world (Harnisz et al., 

2015; Mao et al., 2015). However, antimicrobial resistance has been notoriously underestimated in 

aquatic environments, since both microbial cells and nutrients are highly diluted (Xu et al., 

2016). Although present limitations (such as considering just the cultivable fraction of 

populations, estimating resistance indirectly, not distinguishing between intrinsic and acquired 

resistance mechanisms or not appraising the variation of ecological attributes like diversity or 

richness), this approach is a low-cost alternative which allows the resistance in nature to be 

assessed, even under little environmental representativeness (for example, the ceftazidime and 

imipenem resistance). 

Brazilian studies involving antimicrobial resistance in water sources have focused on 
freshwater systems, mainly in aquaculture, being based on the disk diffusion technique (Nascimento 

and Araújo, 2014). This indicates a demand for additional studies on natural and saline 

environments. The methodology adopted in this paper allows inferences about the resistance in 

nature, contributing to reduce the analysis time and costs associated with the isolation of pure 

cultures or antibiotic disks. Antimicrobial resistance has been poorly prospected in water 

reservoirs from the Brazilian south coast. As estuaries are highly dynamic and complex, 

evaluating the resistance variability using a larger time scale study is essential to prevent, detect 

or even mitigate possible resistance outbreaks in these environments.  
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Figure 3. Principal component analysis (PCA) of environment and resistant populations 

interactions in Tramandaí Lagoon, according to different antimicrobial treatments, sampling 

points and seasons. : nalidixic acid treatment. : ceftazidime treatment. : imipenem 

treatment. : tetracycline treatment. Temp.: temperature. Sal.: salinity. O2: dissolved 

oxygen. P: total phosphorus. N: total nitrogen. NH4: ammoniacal nitrogen. TS: total solids. 

Visib.: visibility. Het.: total heterotrophic. Total coli: total coliforms. Thermo.: 

thermotolerant coliforms. 
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4. CONCLUSION 

The present study was able to identify a coastal Lagoon from Southern Brazil as a reservoir 

of ARGs, even in the absence of detectable antimicrobial molecules. Although the aquatic 

system assessed has substantial ecological and economic importance for the region, the 

resistance types detected (especially ceftazidime and imipenem resistance) are clinically 

relevant in an international overview. Since ARB populations were identified even under low 

population season, we draw attention to the need to monitor systematically these environments. 

These insights reinforce the importance of carrying out more studies on natural habitats, in 

order to identify sources of contamination as well as the response of native bacteria to stresses 

of anthropogenic origin. Since the coastline zone is worldwide pressured by urbanization, 

analysis of the impact of human activities on persistent resistance in coastal environments is 

critical to adopting mitigating actions on a global scale. 
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