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Abstract 
Introduction: Non-typhoidal Salmonella (NTS), are frequently found in sewage and are one of the main causes of diarrhea in developed and 
developing countries due to poor sanitation conditions. In addition, NTS can potentially act as reservoirs and vehicles for the transmission of 
antimicrobial resistance (AMR), which can be facilitated by the discharge of sewage effluents into environmental matrices. This study aimed 
to analyze a NTS Brazilian collection, focusing on their antimicrobial susceptibility profile and the presence of clinically relevant AMR-
encoding genes. 
Methodology: Forty-five non-clonal NTS strains from serotypes Salmonella enteritidis (n = 6), Salmonella enterica serovar 1,4,[5],12:i:- (S. 
1,4,[5],12:i:-) (n = 25), Salmonella cerro (n = 7), Salmonella typhimurium (n = 3) and Salmonella braenderup (n = 4) were studied. 
Antimicrobial susceptibility testing was done using the Clinical and Laboratory Standards Institute guidelines (2017) and genes encoding 
resistance to beta-lactams, fluoroquinolones and aminoglycosides were identified by polymerase chain reaction and sequencing. 
Results: Resistance to β-lactams, fluoroquinolones, tetracyclines and aminoglycosides was frequent. The highest rates were observed for 
nalidixic acid (89.0%), followed by tetracycline (67.0%), ampicillin (67.0%), amoxicillin + clavulanic acid (64.0%); ciprofloxacin (47.0%) 
and streptomycin (42.0%). The AMR-encoding genes detected were qnrB, oqxAB, blaCTX-M and rmtA. 
Conclusions: Raw sewage has been considered a valuable tool to evaluate epidemiological population patterns and this study supports the view 
that NTS with pathogenic potential and resistance to antimicrobials are circulating in the studied region. This is worrisome due to the 
dissemination of these microorganisms throughout the environment. 
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Introduction 

In the 20th century, humanity witnessed milestones 
in measures to prevent infectious diseases such as 
improved water, sanitation, and hygiene (WASH), the 
discovery of antibiotics, as well as other advances in 
medicine, science, and technology, which were 
significant in reducing health risks due to the breakage 
of the diseases’ transmission chain. The improvements 
in WASH led to a massive drop in the rates of infectious 
diseases including waterborne diseases, constituting an 
effective barrier against fecal contamination of the 
environment [1,2]. The discovery of antibiotics was a 
great gain for public health and has saved many lives. 
These compounds continue to be a basis for human and 
animal health, as well as for the food production chain. 
According to Padiyara et al. [3], an antibiotic-free 
world would lead to negative impacts not only to public 
health but also for global development and economy 

[3]. However, Bairán et al. [2] report that the interaction 
among multiple biological, sociological and cultural 
determinants has resulted in the development of 
microbial resistance [2]. 

In the 21st century, the population has witnessed old 
questions alongside new challenges that need to be 
faced. The rapid and uneven urbanization characterized 
by the lack of sanitation structure [4–6], especially in 
developing countries where there is low coverage of 
sewage collection and treatment [7], results in most 
residues being released directly into water bodies, 
leading to contamination by enteric pathogens [8], 
including Salmonella. 

Another issue is the threat of antimicrobial 
resistance (AMR) which is considered a global 
challenge by the World Health Organization (WHO), 
both for human and animal health. Inadequate 
sanitation, pollution and other factors related to the 
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natural environment are as relevant in the spread of 
AMR as is the overuse of antibiotics. Therefore, 
prevention policies must focus on the One Health 
concept which is a multidisciplinary view to tackle the 
issue of antimicrobial resistance. AMR frequently 
evolves from environmental bacteria which improve 
and mobilize resistance mechanisms according to the 
selective pressure to which they are exposed [9]. 
Selective pressure can be exerted by antibiotics, 
pesticides, heavy metals, or any other molecule that 
represent a risk for the survival of the bacteria at 
specific periods and/or environments [9,10]. Sewage is 
considered a hotspot for the evolution and mobilization 
of AMR due to the presence of bacteria from several 
sources (homes, hospitals, and industries) and plenty of 
chemical molecules that can induce or activate 
mutations in bacteria. If there is no sewage collection or 
treatment, or if treatment is not effective, AMR bacteria 
and their genes are eventually discharged in the natural 
environment, interacting with environmental bacteria 
and improving their resistance mechanisms [11]. 

Non-typhoidal Salmonella (NTS), which are 
frequently found in sewage, are one of the main causes 
of diarrhea in developed and developing countries [12]. 
An estimated 93.8 million cases of gastroenteritis are 
caused by nontyphoidal Salmonella worldwide, leading 
to 155,000 deaths per year [13]. The serovars 
Salmonella enterica subsp. enterica serovar Enteritidis 
and Salmonella enterica subsp. enterica ser. 
Typhimurium (including monophasic variation S. 
1,4,[5],12:i:-) were responsible for 31.3% of the 
salmonellosis cases in the USA in 2016, when almost 
32,000 cases of non-typhoidal Salmonella infections 
were reported [14]. In Europe, salmonellosis is the 
second most reported infection with a rate of 20 cases 
per 100,000 population [15].  

Salmonellosis has also been the cause of bacteremia 
in 33 out of 54 African countries [16], and is considered 
a threat in sub-Saharan Africa, with lethality rates 
greater than typhoid fever [17]. In a systematic review 
conducted in Latin American countries for NTS 
isolated from food and animal products, Quesada et al. 
(2016) [18] found elevated frequency of antimicrobial 
resistance, including resistance to antibiotics used to 
treat salmonellosis. NTS have the potential to act as 
reservoirs and vehicles for the transmission of 
antimicrobial resistance in different settings. Resistant 
bacteria are transferred from animals to humans via the 
food chain, promoting the exchange of resistance 
mechanisms between commensal and pathogenic 
bacteria. As both animal and human wastes are 
eventually discharged into environmental matrices, the 

soil and water also represent vehicles for AMR 
improvement and spread [9,19,20]. Severe NTS 
Salmonella infections can be invasive and are generally 
treated with beta-lactams (mostly cephalosporins) or 
fluoroquinolones, which are also used in livestock in 
several countries. Therefore, resistance developed in 
these microorganisms is most related to these two 
antibiotic classes, especially through the production of 
extended-spectrum and AmpC beta-lactamases, as well 
as Qnr proteins and mutations in constitutive genes 
[12,21–24]. 

In a recent study in Brazil, our group isolated 
several non-typhoidal Salmonella serovars in sewage 
sludge [25] and raw sewage samples [26] from the 
Metropolitan Region of São Paulo. In this study, we 
investigated the antimicrobial susceptibility profile and 
the primary AMR genes carried by those strains. 

 
Methodology 
Bacterial isolates 

One-hundred and four (104) non-typhoidal 
Salmonella enterica subsp. enterica isolates were 
previously recovered from raw sewage samples in 
2013, according to the USEPA 2012 guidelines [26]. 
For the present study, enterobacterial repetitive 
intergenic consensus polymerase chain reaction (ERIC-
PCR) method [27] was used to assess the genetic 
similarity amongst the isolates (data not shown) and 
select 45 non-clonal strains for this study: 25 
S.1,4,[5],12:i:-, seven Salmonella Cerro, six Salmonella 
Enteritidis, four Salmonella Braenderup and three 
Salmonella Typhimurium. 

 
Antimicrobial susceptibility testing 

AMR screening was carried out by the disk 
diffusion method, according to the Clinical and 
Laboratory Standards Institute (CLSI) (2017) 
guidelines [28]. CLSI determines that, when fecal 
isolates of Salmonella are tested for clinical purposes, 
only ampicillin, a fluoroquinolone, and trimethoprim-
sulfamethoxazole should be reported, and that routine 
susceptibility testing is not indicated for fecal NTS. 
This is because aminoglycosides, first- and second-
generation cephalosporins, and cephamycins may 
appear active in vitro, but are not effective clinically. 
However, we analyzed environmental strains, which 
can carry and transfer important AMR genes to other 
Gram-negative species; therefore, we considered the 
Enterobacteriaceae cut-offs for all antimicrobials 
tested. 

The 17 antimicrobials and their respective dosages 
were amoxicillin (20 µg); ampicillin (10 µg); aztreonam 
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(30 µg); cefazolin (30 µg); cefoxitin (30 µg); 
ceftazidime (30 µg); ceftriaxone (30 µg); cefepime (30 
µg); meropenem (10 µg); ciprofloxacin (5 µg); 
chloramphenicol (30 µg); streptomycin (10 µg); 
fosfomycin (200 µg); gentamicin (10 µg); nalidixic acid 
(30 µg); sulfamethoxazole/trimethoprim (23.75 µg); 
tetracycline (30 µg). Quality control was performed 
using the standard strain Escherichia coli ATCC 25922. 

 
Polymerase chain reaction (PCR) amplification of 
resistance genes  

PCR amplifications of resistance-encoding genes 
were performed for the most clinically relevant 
antimicrobials for Gram-negative infections: beta-
lactams, (fluoro)quinolones and aminoglycosides, 
totaling 16 genes [29–34]. Table 1 shows the primers 
used in each reaction. PCR mixtures were submitted to 
a denaturation step of 5 minutes at 94 °C, followed by 
30 cycles of amplification (45 seconds of denaturation 
at 94 °C, 1 minute of annealing at 55 °C, 1 minute of 
elongation at 72 °C), and 10 minutes at 72 °C for final 
elongation. PCR products were visualized in agarose 

gels after electrophoresis and sequenced to confirm the 
results. 

 
Results 

Antimicrobial susceptibility results for the 
seventeen evaluated compounds are shown in Table 2. 
Almost 70% of the 45 isolates expressed a multidrug 
resistant phenotype, and resistance was frequently to β-
lactams, fluoroquinolones, tetracyclines and 
aminoglycosides. Considering all serotypes, the highest 
resistance rates were observed for nalidixic acid 
(89.0%), followed by ampicillin (67.0%), tetracycline 
(67.0%), amoxicillin-clavulanate (64.0%), 
ciprofloxacin (47.0%) and streptomycin (42.0%). One 
Salmonella Braenderup isolate produced an extended-
spectrum beta-lactamase (ESBL). Salmonella 
Typhimurium and S. 1,4,[5],12:i:- showed , 66.7% and 
60% of ciprofloxacin resistance respectively, and S. 
1,4,[5],12:i:- also showed 96% resistance to ampicillin. 

The antimicrobial resistance genes identified are 
presented in Table 3. The plasmidial-mediated 
quinolone resistance (PMQR) gene qnrB was detected 

Table 1. Oligonucleotide sequences of primers used for the detection of antimicrobial resistance genes. 
Assay Primers 5’-3’ Sequences Target gene Product (bp) Reference 
Extended-spectrum 
beta-lactamases 
(CTX-M group) 

CTX-M-geral F 
CTX-M-geral R 

SCSATGTGCAGYACCAGTAA 
CCGCRATATGRTTGGTGGTG blaCTX-M 543 [28] 

AmpC β-lactamases 
(CMY group) 

CMY-F 
CMY-R 

ATGATGAAAAAATCGTTATGC 
GCTTTTCAAGAATGCGCCA blaCMY 1166 This study 

Qnr proteins qnrA-F 
qnrA-R 

AGAGGATTTCTCACGCCAGG 
TGCCAGGCACAGATCTTGAC qnrA 580 

[29] qnrB-F 
qnrB-R 

GGMATHGAAATTCGCCACTG 
TTTGCYGYYCGCCAGTCGAA qnrB 264 

qnrC-F 
qnrC-R 

ATGGGTTGTACATTTATTGAATC 
TCAAAACACTTTGTCTGGAAT qnrC 537 

This study qnrD-F 
qnrD-R 

ATGGAAAAGCACTTTATCAATG 
TTATCGGTGAACAATAACACC qnrD 645 

qnrS-F 
qnrS-R 

GCAAGTTCATTGAACAGGGT 
ATTTTGATACCTGATGTATCGACT qnrS 428 [29] 

Efflux Pumps qepA-F 
qepA-R 

ATGTCCGCCACGCTCCAC 
TCAACCAGATGCGAGCGCT qepA 1536 This study 

oqxA-F 
oqxA-R 

CTCGGCGCGATGATGCT 
CCACTCTTCACGGGAGACGA oqxA 392 

[30] oqxB-F 
oqxB-R 

TTCTCCCCCGGCGGGAAGTAC 
CTCGGCCATTTTGGCGCGTA oqxB 512 

6’-N-acetyl-
transferase 

Faa(+) 
Faa(-) 

GCAACGCAAAAACAAAGTTAGG 
GTGTTTGAACCATGTACA aac(6’)-Ib-cr 561 [31] 

16S rRNA 
methyltransferases 

RmtA F 
RmtA R 

CTAGCGTCCATCCTTTCCTC 
TTGCTTCCATGCCCTTGCC rmtA 635 

[32] RmtB F 
RmtB R 

GCTTTCTGCGGGCGATGTAA 
ATGCAATGCCGCGCTCGTAT rmtB 173 

RmtD F 
RmtD R 

CGGCACGCGATTGGGAAGC 
CGGAAACGATGCGACGAT rmtD 401 

RmtG F 
RmtG R 

AAATACCGCGATGTGTGTCC 
ACACGGCATCTGTTT CTTCC rmtG 300 [33] 

ArmA F 
ArmA R 

ATTCTGCCTATCCTAATTGG 
ACCTATACTTTATCGTCGTC armA 315 [32] 
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in four isolates from three different serotypes, while the 
efflux pump-encoding genes oqxAB, also mediating 
resistance to fluoroquinolones were detected in two 
isolates from S. 1,4,[5],12:i:-. Extended-spectrum beta-
lactamase genes blaCTX-M were detected in seven 
isolates, from serotypes Salmonella S. I.4,12:i:, S. Cerro 
and S. Braenderup. Finally, two S. 1,4,[5],12:i:- carried 
the 16S rRNA methyltransferase gene rmtA. 

 
Discussion 

Salmonellosis is among the leading causes of 
morbidity and mortality in developing countries due to 
poor sanitation conditions. Salmonella is often found in 
environmental samples and is usually present in high 
concentrations in raw or poorly treated sewage, and 
even in treated effluents, which may be eventually 
discharged into natural water bodies. The bacterial load 
released into the environment will depend on the 
sanitation conditions of each geographical region. The 
circulation of Salmonella through environmental 
matrices is a factor of great concern for public health 
because it may facilitate its route through water supply 
and soil [35,36]. 

AMR is a serious global concern that also involves 
interrelationships among people, animals, and the 
environment as well as the challenge of treating 
infections caused by multidrug resistant strains. 
Resistant bacteria and their resistance-encoding genetic 
elements can reach environmental matrices through 
several routes, with great potential for resistance 
genetic interchange between clinical and native 
bacteria, as well as dissemination through water and 
soil [10,37]. Resistance to clinically important drugs 
including ciprofloxacin (quinolone) has increased in 

non-typhoidal Salmonella since 1996. In 2011, about 
5% of Salmonella tested by the Centers for Disease 
Control and Prevention (CDC) were resistant to five or 
more types of drugs [12,24] 

We looked at the antimicrobial profile of 45 non-
clonal NTS from 5 serotypes: S. 1,4,[5], 12:i:-, Cerro, 
Enteritidis, Braenderup and Typhimurium, that are 
generally associated with cases of human and animal 
infections [38–40]. The strains were isolated from raw 
sewage, which was treated by activated sludge and then 
released into natural rivers. Therefore, it is possible that 
these pathogens have reached the environment 
[26,35,41]. While most human Salmonella infections 
appear to be foodborne, salmonellosis can also be 
acquired through contaminated drinking water [42,43]. 
It is also relevant to mention that if Salmonella reaches 
the soil, it can also contaminate groundwater and/or 
internalize several agricultural products, which leads to 
additional possibilities of its dissemination through the 
food chain [42,44]. 

Regarding the serotypes isolated in this study, S. 
1,4,[5],12:i:- represented 55.6% (n = 25) of isolates. 
This monophasic variant of Salmonella Typhimurium 
has been rarely identified before the mid-1990s, but 
now it is among the five most important serotypes that 
have been isolated from human and non-human sources 
associated with foodborne outbreaks in intestinal and 
extra-intestinal infections [14,45]. It has already caused 
substantial outbreaks in several countries, with reports 
of severe infections and deaths [46,47], including cases 
of septicemia in Thailand and Brazil [45,46]. Mandilara 
et al. [47] investigated 403 cases of salmonellosis in 
Greece that were caused by monophasic S. 
Typhimurium, of which 18.4% were related to two 

Table 2. Resistance percentage to antimicrobial agents in non-typhoid Salmonella (NTS) serotypes in raw sewage from the Metropolitan Region 
of São Paulo, Brazil. 

Salmonella serotypes 
Antimicrobial agents 

b-Lactam antibiotics Quinolones Aminoglycosides Tetracyclines Sulfonamides Amphenicols 
AMP AMC CFZ CFO CAZ CRO CPM ATM MPM NAL CIP EST GEN AMI TET SUT CLO 

S. 1.4,[5],12:i:- (n=25) 96.0 92 20.0 12.0 0.0 0.0 4.0 0.0 0.0 96.0 60.0 60.0 4.0 0.0 88.0 0.0 0.0 
Cerro (n = 7) 28.6 28.6 43.0 28.6 0.0 0.0 0.0 0.0 0.0 71.0 0.0 14.0 28.6 0.0 28.6 0.0 0.0 
Enteritidis (n = 6) 17.0 17.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 17.0 17.0 0.0 17.0 33.0 0.0 17.0 
Braenderup (n = 4) 50.0 50.0 0.0 0.0 25.0 25.0 25.0 25.0 0.0 75.0 50.0 25.0 0.0 0.0 75.0 25.0 0.0 
Typhimurium (n = 3) 33.3 33.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 66.7 66.7 33.3 0.0 0.0 33.3 66.7 0.0 
Total NTS isolates (n = 45) 67.0 64.0 18.0 11.0 2.0 2.0 4.4 2.2 0.0 89.0 47.0 42.0 7.0 2.0 67.0 7.0 2.0 

AMC: amoxicillin; AMP: ampicillin; ATM: aztreonam; CFZ: cefazolin; CPM: cefepime; CFO: cefoxitin; CAZ: ceftazidime; CRO: ceftriaxone; CIP: 
ciprofloxacin; CLO: chloramphenicol; EST: streptomycin; GEN: gentamicin; MPM: meropenem; NAL: nalidixic acid; SUT: sulfamethoxazole/trimethoprim; 
TET: tetracycline. All isolates were susceptible to fosfomycin. 

Table 3. Number of positive isolates for the presence of antimicrobial resistance genes in non-typhoidal Salmonella (NTS) serotypes in raw 
sewage from the Metropolitan Region of São Paulo. 
Serovar (number of isolates) qnrB oqxA oqxB blaCTX-M rmtA 
S. 1.4,[5],12:i:- (n = 25) 1 2 2 4 2 
Cerro (n = 7) 0 0 0 2 0 
Enteritidis (n = 6) 0 0 0 0 0 
Braenderup (n = 4) 1 0 0 1 0 
Thyphimurium (n = 3) 2 0 0 0 0 
Total (n = 45) 4 (8.9%) 2 (4.4%) 2 (4.4%) 7 (15.6%) 2 (4.4%) 
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community outbreaks in 2017 that were caused by raw 
milk and pork [47]. Similar to what we found in this 
study, AMR was reported against ampicillin, 
streptomycin, sulfamethoxazole, tetracycline, 
trimethoprim, and chloramphenicol. S. Cerro, 
represented by seven (15.6%) isolates in this study, is 
generally less prevalent than other serotypes, maybe 
due to its low pathogenic potential [39], although 
recently Cohn et al. [48] have described its potential 
transcriptional mechanisms which may facilitate its 
survival in and adaptation to the respective hosts and 
impact its ability to cause disease [48]. On the other 
hand, several studies report that S. Enteritidis is 
endemic in the state of São Paulo, due to its high 
prevalence among isolates from human and non-human 
sources [21,45,49]. In the present study, six (13.3%) 
strains were identified, and the presence of this serotype 
in raw sewage may indicate the circulation of this 
pathogen in the population and a potential risk of 
environmental spread. Although serotype S. 
Braenderup is represented by only four isolates (8.9%) 
in this study, the importance of this serotype should not 
be ignored. The CDC (2018) reports an outbreak of this 
serotype where epidemiological, laboratory, and tracing 
evidence indicate that shell eggs produced by the Rose 
Acre farm are the likely source of this outbreak in many 
states of the USA. Laboratory testing identified the 
outbreak strain of Salmonella Braenderup in 
environmental samples taken in the farm [50].  

AMR in Salmonella can have potential public 
health impact. In our study, the highest resistance rate 
among all serotypes was observed for the (fluoro) 
quinolones nalidixic acid and ciprofloxacin, the latter 
being extensively used in salmonellosis treatment [23]. 
In addition, Hayes et al. have recently reported that the 
presence of ciprofloxacin in wastewater poses a 
significant risk of AMR selection by the microbial 
community [51]. It is to be noted that S. 1,4,[5],12:i:-, 
that was represented by more than a half of the isolates, 
showed 96% and 60% resistance to nalidixic acid and 
ciprofloxacin, respectively (Table 2). Casas et al. also 
found that S. 1,4,[5],12:i:- may be highly associated 
with nalidixic acid and ciprofloxacin resistance, and 
that this serotype may be involved in human diseases 
and foodborne outbreaks [21]. Although represented by 
a smaller number of representative isolates, the 
serotypes S. Typhimurium and S. Braenderup also 
showed high rates of (fluoro) quinolone resistance. 
Corroborating phenotypic results, these three serotypes 
carried the plasmidial-encoded gene qnrB, while S. 
1,4,[5],12:i:- also carried the PMQR efflux pump genes 
oqxAB which can all be easily transferred amongst 

Gram-negative bacteria by conjugation. Regarding 
beta-lactams, the highest resistance rates were observed 
for ampicillin and amoxicillin-clavulanate, again with 
emphasis on serotype S. 1,4,[5],12:i:-, which had more 
than 90% of isolates resistant to these antimicrobials. In 
addition, one isolate from this serotype and two from S. 
Braenderup were resistant to third-generation 
cephalosporins and produced an extended-spectrum 
beta-lactamase, which was confirmed by PCR results 
that indicated the presence of blaCTX-M genes in these 
strains. CTX-M-encoding genes were also detected in a 
S. Cerro strain that did not express the ESBL phenotype. 
Further molecular analysis will be necessary to explain 
these results. Aminoglycoside resistance was observed 
in all the serotypes. In Gram-negative bacteria, the 
transferable genes responsible for resistance to these 
compounds encode 16S rRNA methyltransferases Rmt 
[34]. In this study, we detected two S. 1,4,[5],12:i:- 
isolates carrying rmtA genes, while the other resistant 
strains may express different kinds of aminoglycoside 
resistance. 

Undoubtedly, S. 1,4,[5],12:i:- stood out from the 
other serotypes in this study due to the number of 
isolates, the percentage of antimicrobial resistance 
characterizing most of them as multidrug-resistant, and 
the carriage of five plasmidial resistance genes. These 
findings reinforce the clinical importance of this 
serotype, while raising a concern regarding its role in 
AMR transmission through the food chain and the 
environment. 

 
Conclusions 

The presence of NTS with pathogenic potential and 
resistance to antibiotics in raw sanitary sewers in the 
studied region indicates that these serotypes are 
circulating in the Metropolitan Region of São Paulo. 
Considering that raw sewage may represent a valuable 
tool to investigate the epidemiological status of 
populations, our study supports the view that NTS are 
being excreted by infected and ill people. The 
dissemination and transmission of pathogens 
throughout the environment is worrisome, especially in 
developing countries with low level of sewage 
collection coverage. Improvement in basic sanitation 
could provide a better infectious diseases’ scenery in 
Brazil, and investments in new sewage treatment 
technologies could reduce the risk of AMR 
development, acquisition, and selection. 

 



Martone-Rocha et al. – Non-typhoidal Salmonella in raw sewage in Brazil    J Infect Dev Ctries 2023; 17(1):86-92. 

91 

References 
1. Bartram J, Cairncross S (2010) Hygiene, sanitation, and water: 

Forgotten foundations of health. PLoS Med 7:1–9. 
2. Bairán G, Rebollar-Pérez G, Chávez-Bravo E, Torres E (2020) 

Treatment processes for microbial resistance mitigation: The 
technological contribution to tackle the problem of antibiotic 
resistance. Int J Environ Res Public Health 17:1–20. 

3. Padiyara P, Inoue H, Sprenger M (2018) Global Governance 
Mechanisms to Address Antimicrobial Resistance. Infectious 
Diseases: Research and Treatment 11:1–4. 

4. Irazábal C (2009) Revisiting Urban Planning in Latin America 
and the Caribbean. One of eight regional studies prepared as 
inputs for the seventh issue of the Global Report on Human 
Settlements 2009 Planning Sustainable Cities: Policy 
Directions GRHS. United Nations Human Settlement Program. 
Available: 
https://academiccommons.columbia.edu/doi/10.7916/D85M6
BHX. Accessed 7 June 2022. 

5. Neiderud CJ (2015) How urbanization affects the 
epidemiology of emerging infectious diseases. Infect Ecol 
Epidemiol. 5:27060. 

6. Jarquin C, Arnold BF, Muñoz F, Lopez B, Cuéllar VM, 
Thornton A, Patel J, Reyes L, Roy SL, Bryan JP, McCracken 
JP, Colford JM (2016) Population density, poor sanitation, and 
enteric infections in Nueva Santa Rosa, Guatemala. American 
Journal of Tropical Medicine and Hygiene 94:912–919. 

7. WWAP (United Nations World Water Assessment 
Programme) (2017) The United Nations World Water 
Development Report 2017. Wastewater : the Untapped 
Resource. Paris, UNESCO 198 p. 

8. Prüss-Üstün A, Wolf J, Corvalán CF, Bos R, Neira MP (2016) 
Preventing disease through healthy environments: a global 
assessment of the burden of disease from environmental risks. 
World Health Organization. Available: 
https://apps.who.int/iris/handle/10665/204585. Accessed 7 
June 2022. 

9. Surette MD, Wright GD (2017) Lessons from the 
Environmental Antibiotic Resistome. Annu Rev Microbiol 
71:309–329. 

10. Manore C, Graham T, Carr A, Feryn A, Jakhar S, Mukundan 
H, Highlander HC (2019) Modeling and Cost Benefit Analysis 
to Guide Deployment of POC Diagnostics for Non-typhoidal 
Salmonella Infections with Antimicrobial Resistance. Sci Rep 
9:11245. 

11. Herraiz-Carboné M, Cotillas S, Lacasa E, Sainz de Baranda C, 
Riquelme E, Cañizares P, Rodrigo MA, Sáez C (2021) A 
review on disinfection technologies for controlling the 
antibiotic resistance spread. Science of the Total Environment 
797:149150. 

12. Akinyemi KO, Ajoseh SO, Iwalokun BA, Oyefolu AOB, 
Fakorede CO, Abegunrin RO, Adunmo O (2018) 
Antimicrobial Resistance and Plasmid Profiles of Salmonella 
enterica Serovars from Different Sources in Lagos, Nigeria. 
Health 10:758–772. 

13. Burgueño-Roman A, Castañeda-Ruelas GM, Pacheco-Arjona 
R, Jimenez-Edeza M (2019) Pathogenic potential of non-
typhoidal Salmonella serovars isolated from aquatic 
environments in Mexico. Genes Genomics 41:767-779. 

14. National Center for Emerging and Zoonotic Infectious 
Diseases (2016) National Enteric Disease Surveillance: 
Salmonella Annual Report, 2016. Atlanta, CDC 87 p. 

15. EFSA and ECDC (European Food Safety Authority and 
European Centre for Disease Prevention and Control) (2019) 

The European Union One Health 2018 Zoonoses Report. EFSA 
Journal 17:5926. Parma, EFSA 276 p. 

16. Uche IV, MacLennan CA, Saul A (2017) A Systematic Review 
of the Incidence, Risk Factors and Case Fatality Rates of 
Invasive Nontyphoidal Salmonella (iNTS) Disease in Africa 
(1966 to 2014). PLoS Negl Trop Dis 11: e0005118. 

17. Balasubramanian R, Im J, Lee JS, Jeon HJ, Mogeni OD, Kim 
JH, Rakotozandrindrainy R, Baker S, Marks F (2019) The 
global burden and epidemiology of invasive non-typhoidal 
Salmonella infections. Hum Vaccin Immunother 15:1421–
1426. 

18. Quesada A, Reginatto GA, Español AR, Colantonio LD, 
Burrone MS (2016) Antimicrobial resistance of Salmonella spp 
isolated animal food for human consumption. Rev Peru Med 
Exp Salud Publica 33:32–44. 

19. Mąka Ł, Popowska M (2016) Antimicrobial resistance of 
Salmonella spp. isolated from food. Rocz Panstw Zakl Hig 
67:343–358. 

20. McDermott PF, Zhao S, Tate H (2018) Antimicrobial 
Resistance in Nontyphoidal Salmonella. Microbiol Spectr 
6:ARBA-0014-2017. 

21. Casas MRT, Camargo CH, Soares FB, da Silveira WD, 
Fernandes SA (2016) Presence of plasmid-mediated quinolone 
resistance determinants and mutations in gyrase and 
topoisomerase in Salmonella enterica isolates with resistance 
and reduced susceptibility to ciprofloxacin. Diagn Microbiol 
Infect Dis 85:85–89. 

22. Grevskott DH, Ghavidel FZ, Svanevik CS, Marathe NP (2021) 
Resistance profiles and diversity of β-lactamases in 
Escherichia coli strains isolated from city-scale sewage 
surveillance in Bergen, Norway mimic clinical prevalence. 
Ecotoxicol Environ Saf 226:112788. 

23. Hengkrawit K, Tangjade C (2022) Prevalence and Trends in 
Antimicrobial Susceptibility Patterns of Multi-Drug-
Resistance Non-Typhoidal Salmonella in Central Thailand, 
2012–2019. Infect Drug Resist Volume 15:1305–1315. 

24. Cuypers WL, Jacobs J, Wong V, Klemm EJ, Deborggraeve S, 
van Puyvelde S (2018) Fluoroquinolone resistance in 
Salmonella: Insights by wholegenome sequencing. Microb 
Genom 4:e000195. 

25. Krzyzanowski F, Zappelini L, Martone-Rocha S, Dropa M, 
Matté MH, Nacache F, Razzolini MTP (2014) Quantification 
and characterization of Salmonella spp. Isolates in sewage 
sludge with potential usage in agriculture. BMC Microbiol 
14:263. 

26. Zappelini L, Martone-Rocha S, Dropa M, Matté MH, Tiba MR, 
Breternitz BS, Razzolini MTP (2017) Effective 
characterization of Salmonella Enteritidis by most probable 
number (MPN) followed by multiplex polymerase chain 
reaction (PCR) methods. Environmental Science and Pollution 
Research 24:4828–4834. 

27. Versalovic J, Koeuth T, Lupski JR (1991) Distribution of 
repetitive DNA sequences in eubacteria and application to 
fingerprinting of bacterial genomes. Nucleic Acids Res 
19:6823–6831. 

28. CLSI (Clinical and Laboratory Standards Institute) (2017) 
Performance Standards for Antimicrobial Susceptibility 
Testing: CLSI supplement M100., 27th ed. Wayne, CLSI 282 
p. 

29. Cao V, Lambert T, Nhu DQ, Loan HK, Hoang NK, Arlet G, 
Courvalin P (2002) Distribution of extended-spectrum β-
lactamases in clinical isolates of Enterobacteriaceae in 
Vietnam. Antimicrob Agents Chemother 46:3739–3743. 



Martone-Rocha et al. – Non-typhoidal Salmonella in raw sewage in Brazil    J Infect Dev Ctries 2023; 17(1):86-92. 

92 

30. Cattoir V, Poirel L, Rotimi V, Soussy CJ, Nordmann P (2007) 
Multiplex PCR for detection of plasmid-mediated quinolone 
resistance qnr genes in ESBL-producing enterobacterial 
isolates. Journal of Antimicrobial Chemotherapy 60:394–397. 

31. Hong BK, Wang M, Chi HP, Kim EC, Jacoby GA, Hooper DC 
(2009) oqxAB encoding a multidrug efflux pump in human 
clinical isolates of Enterobacteriaceae. Antimicrob Agents 
Chemother 53:3582–3584. 

32. Pazhani GP, Chakraborty S, Fujihara K, Yamasaki S, Ghosh 
A, Nair GB, Ramamurthy T (2011) QRDR mutations, efflux 
system & antimicrobial resistance genes in enterotoxigenic 
Escherichia coli isolated from an outbreak of diarrhoea in 
Ahmedabad, India. Indian Journal of Medical Research 
134:214–223. 

33. Doi Y, Arakawa Y (2007) 16S Ribosomal RNA Methylation: 
Emerging Resistance Mechanism against Aminoglycosides. 
Clinical Infectious Diseases 45:88–94. 

34. Bueno MFC, Francisco GR, O’Hara JA, de Oliveira Garcia D, 
Doi Y (2013) Coproduction of 16S rRNA methyltransferase 
RmtD or RmtG with KPC-2 and CTX-M group extended-
spectrum β-lactamases in Klebsiella pneumoniae. Antimicrob 
Agents Chemother 57:2397–2400. 

35. Wéry N, Lhoutellier C, Ducray F, Delgenès JP, Godon JJ 
(2008) Behaviour of pathogenic and indicator bacteria during 
urban wastewater treatment and sludge composting, as 
revealed by quantitative PCR. Water Res 42:53–62. 

36. Majowicz SE, Musto J, Scallan E, Angulo FJ, Kirk M, O’Brien 
SJ, Jones TF, Fazil A, Hoekstra RM (2010) The global burden 
of nontyphoidal Salmonella gastroenteritis. Clinical Infectious 
Diseases 50:882–889. 

37. Almakki A, Jumas-Bilak E, Marchandin H, Licznar-Fajardo P 
(2019) Antibiotic resistance in urban runoff. Science of the 
Total Environment 667:64–76. 

38. Dor Z, Shnaiderman-Torban A, Kondratyeva K, Davidovich-
Cohen M, Rokney A, Steinman A, Navon-Venezia S (2020) 
Emergence and Spread of Different ESBL-Producing 
Salmonella enterica Serovars in Hospitalized Horses Sharing a 
Highly Transferable IncM2 CTX-M-3-Encoding Plasmid. 
Front Microbiol 11:616032. 

39. Zhao S, Li C, Hsu CH, Tyson GH, Strain E, Tate H, Tran TT, 
Abbott J, McDermott PF (2020) Comparative genomic 
analysis of 450 strains of Salmonella enterica isolated from 
diseased animals. Genes (Basel) 11:2–16. 

40. Gong B, Li H, Feng Y, Zeng S, Zhuo Z, Luo J, Chen X, Li X 
(2022) Prevalence, Serotype Distribution and Antimicrobial 
Resistance of Non-Typhoidal Salmonella in Hospitalized 
Patients in Conghua District of Guangzhou, China. Front Cell 
Infect Microbiol 12:805384. 

41. Majowicz SE, Parmley EJ, Carson C, Pintar K (2018) 
Identifying non-traditional stakeholders with whom to engage, 
when mitigating antimicrobial resistance in foodborne 
pathogens (Canada). BMC Res Notes 11:170. 

42. Proroga YTR, Mancusi A, Peruzy MF, Carullo MR, Montone 
AMI, Fulgione A, Capuano F (2019) Characterization of 
Salmonella Typhimurium and its monophasic variant 1,4, 

[5],12:i:- isolated from different sources. Folia Microbiol 
(Praha) 64:711–718. 

43. Moreno Switt AI, Soyer Y, Warnick LD, Wiedmann M (2009) 
Emergence, Distribution, and Molecular and Phenotypic 
Characteristics of Salmonella enterica Serotype 4,5,12:i. 
Foodborne Pathog Dis 6:407–415. 

44. Hanning IB, Nutt JD, Ricke SC Salmonellosis Outbreaks in the 
United States Due to Fresh Produce: Sources and Potential 
Intervention Measures. Foodborne Pathogen Dis 6:635-648. 

45. Tavechio AT, Fernandes SA, Cr Ghilardi Â, Soule G, Ahmed 
R, Melles CE (2009) Tracing lineage by phenotypic and 
genotypic markers in Salmonella enterica subsp. enterica 
serovar 1,4,[5],12:i:-and Salmonella Typhimurium isolated in 
state of São Paulo, Brazil. Mem Inst Oswaldo Cruz 104:1042–
1046. 

46. Hopkins KL, Kirchner M, Guerra B, Granier SA, Lucarelli C, 
Porrero MC, Jakubczak A, Threlfall EJ, Mevius DJ (2010) 
Multiresistant Salmonella enterica serovar 4,[5],12:i:-in 
Europe: a new pandemic strain? Euro Surveill 15:pii-19580. 

47. Mandilara G, Sideroglou T, Chrysostomou A, Rentifis I, 
Papadopoulos T, Polemis M, Tzani M, Tryfinopoulou K, 
Mellou K (2021) The rising burden of salmonellosis caused by 
monophasic Salmonella Typhimurium (1,4,[5],12:I:-) in 
Greece and new food vehicles. Antibiotics 10:1–9. 

48. Cohn AR, Orsi RH, Carroll LM, Chen R, Wiedmann M, Cheng 
RA (2021) Characterization of Basal Transcriptomes Identifies 
Potential Metabolic and Virulence-Associated Adaptations 
Among Diverse Nontyphoidal Salmonella enterica Serovars. 
Front Microbiol 12:730411. 

49. Medeiros MAN, Oliveira DCN, Rodrigues D dos P, Freitas 
DRC (2011) Prevalence and antimicrobial resistance of 
Salmonella in chicken carcasses at retail in 15 Brazilian cities. 
Rev Panam Salud Publica 30:555–560. 

50. CDC (Centers for Disease Control and Prevention) (2018) 
Multistate Outbreak of Salmonella Braenderup Infections 
Linked to Rose Acre Farms Shell Eggs (Final Update). 
Available: https://www.cdc.gov/salmonella/braenderup-04-
18/. Accessed 7 June 2022. 

51. Hayes A, May Murray L, Catherine Stanton I, Zhang L, Snape 
J, Hugo Gaze W, Kaye Murray A (2022) Predicting selection 
for antimicrobial resistance in UK wastewater and aquatic 
environments: Ciprofloxacin poses a significant risk. Environ 
Int 169:107488. 

 
 
Corresponding author 
Milena Dropa, PhD. 
MicroRes Laboratory Researcher  
Avenida Dr. Arnaldo, 715, Cerqueira César, CEP 01246-904, São 
Paulo, SP, Brasil.  
Tel: +55 11 30617753 
Fax: +55 11 30617903 
Email: milenadropa@usp.br 
 
Conflict of interests: No conflict of interests is declared. 

 


	Introduction
	Methodology
	Bacterial isolates
	Antimicrobial susceptibility testing
	Polymerase chain reaction (PCR) amplification of resistance genes

	Results
	Discussion
	Conclusions
	References
	Corresponding author


