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Abstract
Many coastal cities around the world discharge their wastewaters into the marine
environment. These wastewaters contain a high variety of pathogenic microorganisms
that would have a role in the contamination of this ecosystem and may have potential
risks for public health and environment. Using an environmental approach, we inves‐
tigate the presence of Salmonella in wastewater treatment plants and its presence after
the treatment in its receiving marine environment. In this environmental approach, we
provide information about the ineiciency of wastewater treatment to remove Salmonella,
especially that wastewater is considered as a good tank of high diversity of Salmonella
serotypes. The identiied Salmonella serotypes in the receiving marine environment
almost coincide with those identiied in wastewater. This characterization of Salmonella
strains from wastewater and marine environment involves the direct impact of municipal
wastewater discharges on this environment. Antibiotic susceptibility tests reveal gener‐
ally the presence of multiresistant Salmonella strains in wastewater, which usually end up
in the marine environment and may have a signiicant risk on the public health.
Keywords: antibiotic susceptibility, marine environment, Salmonella, Wastewater,
wastewater treatment

1. Introduction
Many major coastal cities around the world discharge their wastewaters into the marine envi‐
ronment. Wastewater may consist of a combination of domestic, industrial and agricultural
eluent. Generally, wastewater treatment plants (WWTPs) are mostly designed to efectively
remove fecal bacteria, some chemical pollutants but are not provided to eliminate pathogenic
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microorganisms [1, 2]. Furthermore, most of these treatment systems remain imperfect and
continue to reject varied concentrations of enteric bacteria in the environment [1–5].
Pathogenic bacteria become normally more harmful to environment and humans when they
acquire resistance to antibiotics. Moreover, many studies [5–7] conirmed the detection of
antibiotic concentrations in wastewater that treatment systems generally fail to eliminate.
Therefore, when there is a contact between bacteria and antibiotics traces, the wastewater
could be an ideal environment to the exchange of genetic material between bacteria and
consequently the acquisition of antibiotic resistance [5, 6, 8, 9].
The Salmonella genus is one of the pathogen bacteria that could be conveyed to the environmen‐
tal waters through sewage pollution. Therefore, the determination of the presence of Salmonella,
its levels and its antibiotic resistance at the same time in wastewaters and environmental waters
are crucial and are required to assess the related health risks.
Previous works [1, 9–13] have studied the presence of Salmonella in wastewater but they stay
insuicient to provide enough information on the diversity and the antibiotic resistance pro‐
iles of Salmonella. This makes transmission of Salmonella via wastewater, its impact on the
environment and the origin of contamination poorly understood. In Morocco, Salmonella in
wastewater is rarely discussed and its bibliography is very scarce. In this context, we are cur‐
rently leading the irst study about Salmonella in the southern region of Morocco. This work
is focusing on the identiication, serotyping and antibiotic susceptibility of Salmonella strains
isolated from Agadir wastewater treatment plant.
The aim of this chapter is irst to provide qualitative information on the capacity of wastewater
treatment process to eliminate Salmonella considered among the most pathogenic bacteria eas‐
ily transmissible in water. The second aim is to present the most Salmonella serotypes isolated
from wastewater and marine environment and the possible impact of wastewater discharges
on marine environment.

2. WWTPs removal eiciency of Salmonella
Wastewater treatment plants know a growing pressure which leads to the evacuation of
untreated or insuiciently treated eluents into the environment. Thus, the eicient removal
of pathogenic bacteria in wastewater is a crucial task because wastewater discharges can
signiicantly increase the contamination of surface water and lead to water and seafood‐
borne infections. Generally, an optimal wastewater treatment process can atain 90–99% of
reduction of microbial load [2, 14, 15]. However, in some cases, the reduction level decreases
are mostly due to a nonrespective operating mode or due to bad or inadequate plant
maintenance.
Several studies have shown the presence of Salmonella in wastewater before and after treatment
even if treatment processes are diferent [1, 9, 10, 13]. This could be explained by the fact that
WWTPs are mostly designed just to reduce microbial load but are not conceived speciically to
completely eliminate the pathogenic bacteria.
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An activated sludge treatment process remains unable to totally remove Salmonella [9, 12].
Koivunen et al. have also shown that activated sludge process coupled with phosphorus pre‐
cipitation followed by a secondary setling or coupled with denitriication‐nitriication fails to
remove Salmonella from municipal wastewater [1].
Until now, no study has been conducted on the elimination of Salmonella by iniltration
percolation treatment process through sand. However, a current study conducted by our
research team (unpublished data) showed the ineiciency of this treatment system to remove
Salmonella. Thus, treated wastewater still contains Salmonella which continues to be detected
at the treatment plant exit.
To get an eicient reduction or a total removal of Salmonella, a tertiary wastewater treatment
is needed. Indeed, Koivunen et al. show that tertiary treatment by rapid sand contact ilter
allows a very good eiciency to remove Salmonella. Consequently, Salmonella was not found in
wastewaters after tertiary iltration [1]. Furthermore, a current study conducted by our team
showed that tertiary treatment by UV irradiation applied just on a portion of the secondary
treated eluents (which are intended for the irrigation of golf courses) allows total elimination
of Salmonella (unpublished data).

3. Microbiological risks associated with Salmonella in wastewater
Wastewater is known to be a common vehicle for the transport and transmission of Salmonella
serovars and is able to pollute environment and infect humans. Indeed, several outbreaks
and contaminations have been related to Salmonella in wastewater through irrigation of
crops [16–18], iniltration and transport in soil to groundwater [19–21] or to its discharge
into the marine environment [22, 23]. In this last case, although some pathogens are natu‐
rally present in the aquatic environment, Salmonella may be introduced through animal or
human fecal and sewage pollution [24].
The risk of contamination linked to Salmonella is enhanced by its ability to survive lon‐
ger in the environment. Indeed, contamination of groundwater, environmental water and
soil by Salmonella is due to its ability to survive very long time in these environments [25].
Furthermore, contaminations related to Salmonella in seawater and seafood are increased by
the capacity of Salmonella to survive in relatively high salt conditions [26]. Thus, the per‐
sistence of wastewater discharges in coastal waters may increase the load of Salmonella in
marine environment, and therefore increase the higher incidence of seawater and seafood‐
borne infections.

4. Identiication methods of Salmonella
Various methods have been developed for the subtyping of Salmonella. Each of them has its
advantages and drawbacks in terms of cost, speed, robustness, and sensitivity [27]. The choice of
identiication techniques of bacteria is generally done according to the objectives of identifying

139

140

Current Topics in Salmonella and Salmonellosis

and the available means. Biochemical techniques are usually used to isolate and identify only
species. For further characterization, determination of the origins and the relationships between
diferent isolates, many other accurate methods are needed.
Conventional serotyping using somatic and lagellar Salmonella antisera is the most frequently
used reference method for serotyping Salmonella isolated from wastewater [1, 9, 28, 29]. This
method is based on the direct agglutination technique blade, involving Salmonella strains with
diferent antisera to identify variants of the somatic O and lagellar H antigens. Serotyping
is generally performed according to the antigenic formulae of Kaufmann‐White‐Le Minor
scheme [30]. The main limitation of this technique is that not all O serotypes are included
in Polyvalent O antisera which Salmonella species should agglutinate with [31]. A combina‐
tion between conventional serotyping and the ribosomal spacer‐heteroduplex polymorphism
(RS‐HP) methods was also used to characterize Salmonella strains from wastewater [13]. This
technique based on the PCR ampliication of the intergenic spacer region between the 16S and
23S rRNA genes can produce amplicon proiles allowing the discrimination of species at both
serotype and intraserotype levels [13].
PFGE allows a high discrimination and it is usually used for outbreak investigations and it is
also widely used for characterizing epidemic Salmonella strains. The capacity of PFGE to difer‐
entiate strains of bacterial pathogens makes it a standard method used to assess the epidemic
spread of infectious diseases and to trace Salmonella outbreaks. However, even if it is reproduc‐
ible and discriminatory, some strains of Salmonella cannot be typed by PFGE [27]. Recently,
matrix‐assisted laser desorption/ionization time of light mass spectrometry (MALDI‐TOF MS)
has been used for the identiication of Salmonella. It is also utilized to discriminate Salmonella
Typhi from other Salmonella serovars [32]. Despite its rapidity and simplicity, the preparation
of MALDI‐TOF requires more modiications and improvements to available protocols before
being adopted as an autonomous method [32]. Other molecular methods developed as alter‐
natives to conventional serotyping (MLST, MLVA, SNP, and molecular typing with composite
microarrays) seem successful. However, these methods do not provide exactly similar results
like those obtained by the current reference method which is agglutination serotyping [27].

5. Salmonella serotypes isolated from wastewater
As reported, wastewater is an ideal tank of Salmonella strains. Furthermore, identiied
Salmonella showed generally high variability of serotypes. The major serotypes isolated in
wastewater from diferent countries are presented in Table 1.
Data concerning Salmonella serotyping (Table 1) show high heterogeneity of serotypes iso‐
lated from wastewater. This high diversity can be explained by the variety of the origin of
eluents carrying these Salmonella strains. The most frequent serotypes identiied in France
wastewater were Newport, Saintpaul, and Brandenburg [13]. Indeed, Serotypes Mbandaka,
Virchow, Hadar, Indiana, Infantis, Saintpaul, and Senftenberg are commonly isolated from
poultry farms. Also, Typhimurium and Indiana serotypes are generally isolated in human
pathology and can derive from healthy carriers [13]. Espigares et al. have also explained this
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diversity by the variety of the origin of Salmonella which may be of human or animal origin [9].
Salmonella Agona, Saintpaul, Virchow, and Corvallis are the most frequent serotypes identi‐
ied in Finnish wastewater [1]. According to Koivunen et al., this diversity may be reported to
the size of the population suggesting, therefore, that larger populations produce larger spec‐
tra of serovars [1]. However, despite these explanations, the origin of this diversity remains
unknown. The large variability in serovars identiied in USA wastewater indicates multiple
sources of the isolates. This variability may be due to fecal shedding in clinical salmonel‐
losis or to animal agriculture [33]. Our current study (not shown data) concerning isolated
Salmonella from wastewater in Agadir, a coastal city in Morocco, show high variability of
serotypes. Thus, among 52 Salmonella strains we identiied 18 diferent serotypes. Salmonella
Muenster was the major serotype which showed a high incidence with 14 isolates followed by
Salmonella Infantis, Salmonella Senftenberg, Salmonella Montevideo, and Salmonella Kentucky as the
most frequent serotypes identiied. This high diversity of serotypes in Agadir wastewater can
be explained by its various origins including domestic and industrial eluents especially those
coming from poultry slaughterhouse and ish processing plants very widespread in the city.
Country

France

Spain

Finland

Morocco

Mexico

USA

Serotypes

Agona

Anatum

Agona

Anatum

Typhimurium

Agona

Bardo

Enteritidis

Corvallis

Give

Vejle

Banana

Brandenburg

Hadar

Blockley

Newport

Corvallis

Montevideo

Derby

London

Enteritidis

Senftenberg

Nchanga

Derby

Hadar

Newport

Hadar

Typhimurium

Nitra

Edinburg

Indiana

Typhimurium

Infantis

Stanleyville

Hadar

References

Infantis

Lexington

Havana

Manhatan

Mbandaka

Infantis

Newport

Muenster

Saintpaul

Saintpaul

Panama

Senftenberg

Senftenberg

Saintpaul

Typhimurium

Typhimurium

Typhimurium

Newport

Virchow

Virchow

Thompson

[13]

[9]

[1]

[28]

[29]

[33]

Table 1. Salmonella serotypes isolated from wastewater.

6. Salmonella serotypes isolated from a wastewater receiving marine
environment
In coastal cities, the marine environment is usually the inal end of treated and untreated sewage.
Table 2 shows some studies throughout the world carried in this regard.
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Country

Serotypes

France

Spain

Mexico

Morocco

USA

Cerro

Anatum

Stanley

Altona

Adelaide

Newport

Enteritidis

Galiema

Anatum

Agona

Typhimurium

Goldcoast

Bulovka

Corvallis

Arizona

Virchow

Hadar

Othmarschen

Hadar

Bardo

London

Tonev

Senftenberg

Hartford

Newport

Subaru

Typhimurium

Newport

Typhimurium

Typhimurium

Kentucky

Poona

Vejle

London

Reading

Winnipeg

Mbandaka

Typhimurium

Muenster
Oakland
Blockley
Labadi
References

[13]

[34]

[29]

[35, 36, 38]

[47]

Table 2. Salmonella serotypes isolated from marine environment.

As reported in wastewater, data from marine environment also reveal a large diversity of
Salmonella serotypes. However, the origin of these serovars remains litle known. Following
to data in Tables 1 and 2, it appears that the most serotypes found in wastewater are also
isolated in the surrounding marine environment. Furthermore, studies from France [13] and
Mexico [29] showed that Newport and Typhimurium were respectively the major Salmonella
serotypes isolated in wastewater. These serotypes were also the same major serotypes isolated
from marine environment [13, 29]. Serovar Typhimurium has been shown to be the most
common serovar isolated from marine environment in diferent parts of the world [13, 29,
34–36]. It was suggested previously that this serotype shows an excellent adaptation to the
marine water stress after passing through wastewater [37]. In Agadir, study conducted by our
team [38] in marine environment has identiied S. Muenster as the major serotype (13 strains
among 46 isolates). This high occurrence of serotype Muenster coincides with its high inci‐
dence in Agadir wastewater. Therefore, these indings reveal that wastewater discharges into
the marine environment could be the main source of contamination and the principal origin
of Salmonella strains found in this environment.

7. Antimicrobial resistance of Salmonella isolated from wastewater
Urban wastewater treatment plants (UWTPs) are suspected to be among the main anthropo‐
genic sources for antibiotics, antibiotic resistant genes (ARGs) and antibiotic resistant bac‐
teria (ARB) spread into the environment [14, 39, 40]. The presence of antibiotics in eluents
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is generally due to incomplete metabolism in humans or because of the mismanagement of
unused antibiotics [4, 41].
Generally, bacteria in wastewater are in permanent contact with various elements including
antibiotics and other chemical products. Furthermore, antibiotic resistance was positively cor‐
related with the occurrence of antibiotic residues. In addition, a relationship between antibi‐
otic residues, bacterial community structure and antibiotic resistance was demonstrated [42].
Therefore, the elimination of these antibiotics from wastewater is a major concern. Sorption
and hydrolysis could be a degradation pathway that may lead to the removal of antibiotics in
wastewater [39]. However, in previous reports, it has been demonstrated that UV radiation
is not efective to remove antibiotics [43]. This indicates that photolysis is not an important
mechanism for degradation of these compounds in wastewater. A combination of physico‐
chemical and biological treatment and the optimization of their operating conditions might
prove an efective removal increase of persistent antibiotic residues in wastewater [39].
According to previous studies [6, 44, 45], ARB have been detected widely in wastewater
samples and comparatively to surface water, higher proportion of ARB was reported in raw
and treated wastewater than in surface water [4, 40]. It has also been reported that Salmonella
strains show a high proportion among other multidrug resistant bacteria [46]. According to
these studies, conditions in wastewater treatment plants (WWTPs) seem to be favorable for
the proliferation of ARB.
Antibiotic resistance (ABR) of Salmonella isolated from wastewater has been discussed in some
studies. A wide variety of antibiotic resistance paterns of Salmonella serotypes have been found
in USA wastewater [33]. Indeed, 86% of 647 Salmonella isolates were susceptible, 4% were
monoresistant and 10% were multiresistant. Salmonella serovars multiresistant to at least four
antibiotics were Salmonella Braenderup, Derby, Edinburg, Hadar, Saintpaul, Typhimurium,
Uganda and Virchow. A resistance to the third generation of cephalosporins considered as
one of the irst drugs of choice to treat human salmonellosis has also been reported [33]. From
Finnish wastewater [1], among 197 isolates, 44% of the Salmonella strains were resistant to
antimicrobial agents, almost 20% were multiresistant. The most multiresistant serotype was
Salmonella Saintpaul (to 6 antibiotics). Moreover, 32% of strains were resistant to nalidixic acid
which can indicates the reduction of sensitivity to ciproloxacin considered as the selected
drug in severe infections [1]. The most resistant serotype isolated in wastewater from Spain
was Salmonella Hadar with a patern of multiresistance to six antibiotics [9]. In Morocco, among
42 strains isolated from wastewater, 19 (45.2%) were resistant at least to two antibiotics. The
most multiresistant serotype was S. Typhimurium followed by S. Hadar and S. Senftenberg.
S. Typhimurium was resistant to ampicillin, chloramphenicol, streptomycin, sulfametoxazole/
trimetoprim, and tetracycline. Serovars Give, Newport and Anatum were susceptible to all
used antibiotics [28]. Antibiotic susceptibility test (ATS) of Salmonella serotypes from Agadir
wastewater treatment plant carried out by our team showed that among 52 isolates 23% of
strains were multiresistant. ATS was carried out by the disk difusion method, with a panel
of 32 antimicrobial drugs (Bio‐Rad) and interpreted according to the EUCAST clinical guide‐
lines (htp://www.eucast.org/clinical_breakpoints/). Multiresistant serovars were Chester,
Kentucky, and Typhimurium. The most multiresistant serotype identiied in this study was
Typhimurium with a patern of multiresistance to 18 antibiotics.
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All these data showed that wastewater is a tank of a wide variety of Salmonella enterica serovars and
ABR paterns. Other data showed that multiresistant bacteria have been detected extensively in
wastewater samples which pass through WWTPs and arrive to the receiving environment [14, 40,
44]. Consequently, this problem is of great concern for the wastewater management of coastal cities
because multiresistant bacteria have become a signiicant public health problem. The caused infec‐
tion is much more diicult to be treated because the panel of efective antibiotics will be reduced.

8. Conclusions
‐ Conventional wastewater treatment without eicient tertiary treatment, like iltration or dis‐
infection by UV, is generally insuicient and consequently constitutes a risk for public health.
‐ Wastewater is an ideal tank of high diversity of Salmonella serotypes and ABR paterns
which usually end up in the marine environment in coastal cities.
‐ The presence of the same major Salmonella serovars simultaneously in sewage and in the
marine environment conirms that the principal source of contamination of marine envi‐
ronment by Salmonella is wastewater discharges.
‐ Improvement in the eiciency of treating antibiotics residues in WWTPs is the irst line
of defense against the potential ecological impacts of these chemicals in the environment.
‐ On the one hand, wastewater treatment must adopt efective methods for treatment, and on
the other hand, there should be a rigorous approach for surveillance and monitoring eluents
before and after treatment and discharge into the environment.

Acknowledgements
We wish to thank the Institute Pasteur (IP) of Paris, France for help. We are grateful to the
Laboratory of Microbiology, National Health Security Food Oice (ONSSA) Agadir, Morocco
for their excellent technical assistance. We thank also AGROTECH Agadir for their cooperation.

Author details
Abdellah El Boulani1, Rachida Mimouni1*, Hasna Mannas1, Fatima Hamadi1 and Nouredine
Chaouqy2
*Address all correspondence to: r_mimouni@yahoo.fr
1 Faculty of Sciences, Laboratory of Microbial Biotechnology & Plant Protection, University
Ibn Zohr, Agadir, Morocco
2 Laboratory of Microbiology, National Health Security Food Oice (ONSSA), Agadir,
Morocco

Salmonella in Wastewater: Identification, Antibiotic Resistance and the Impact on the Marine Environment
http://dx.doi.org/10.5772/67298

References
[1] Koivunen J, Siitonen A, Heinonen‐Tanski H. Elimination of enteric bacteria in biologi‐
cal–chemical wastewater treatment and tertiary iltration units.Water Research. 2003;37:
690–698. DOI : 10.1016/S0043‐1354(02)00305‐6
[2] Mannas H. Phenotypic and molecular characterization of microorganisms of sanitary
interest isolated from marine environments polluted by urban and industrial liquid dis‐
charges. Thesis, University of Ibn Zohr, Agadir, Morocco. 2016.
[3] Naidoo S, Olaniran AO. Treated wastewater eluent as a source of microbial pollution of
surface water resources. International Journal of Environmental Research and Public Health.
2013;11: 249–270. DOI: 10.3390/ijerph110100249
[4] Bouki C, Venieri D, Diamadopoulos E. Detection and fate of antibiotic resistant bacteria
in wastewater treatment plants: a review. Ecotoxicology and Environmental Safety. 2013;91:
1–9. DOI: 10.1016/j.ecoenv.2013.01.016
[5] Huang J‐J, Hu H‐Y, Lu S‐Q, Li Y, Tang F, Lu Y, Wei B. Monitoring and evaluation of anti‐
biotic‐resistant bacteria at a municipal wastewater treatment plant in China. Environment
International. 2012;42: 31–36. DOI: 10.1016/j.envint.2011.03.001
[6] Michael I, Rizzo L, McArdell C, Manaia C, Merlin C, Schwarz T, Dagot C, Fata‐Kassinos
D. Urban wastewater treatment plants as hotspots for the release of antibiotics in the envi‐
ronment: a review. Water Research. 2013;47: 957–995. DOI: 10.1016/j.watres.2012.11.027
[7] Hartig C, Storm T, Jekel M. Detection and identiication of sulphonamide drugs in
municipal waste water by liquid chromatography coupled with electrospray ionisation
tandem mass spectrometry. Journal of Chromatography A. 1999;854: 163–173. DOI: 10.1016/
S0021‐9673(99)00378‐7
[8] Vaz‐Moreira I, Nunes OC, Manaia CM. Bacterial diversity and antibiotic resistance in
water habitats: searching the links with the human microbiome. FEMS Microbiology
Reviews. 2014;38: 761–778. DOI: 10.1111/1574‐6976.12062
[9] Espigares E, Bueno A, Espigares M, Gálvez R. Isolation of Salmonella serotypes in waste‐
water and eluent: efect of treatment and potential risk. International Journal of Hygiene
and Environmental Health. 2006;209: 103–107. DOI: 10.1016/j.ijheh.2005.08.006
[10] Ben Salem I, Ouardani I, Hassine M, Aouni M. Bacteriological and physico‐chemical
assessment of wastewater in diferent region of Tunisia: impact on human health. BMC
Research Notes. 2011;4: 1. DOI: 10.1186/1756‐0500‐4‐144
[11] Levantesi C, La Mantia R, Masciopinto C, Böckelmann U, Ayuso‐Gabella MN, Salgot M,
Tandoi V, Van Houte E, Wintgens T, Grohmann E. Quantiication of pathogenic micro‐
organisms and microbial indicators in three wastewater reclamation and managed aqui‐
fer recharge facilities in Europe. Science of the Total Environment. 2010;408: 4923–4930.
DOI: 10.1016/j.scitotenv.2010.07.042

145

146

Current Topics in Salmonella and Salmonellosis

[12] Howard I, Espigares E, Lardelli P, Martin J, Espigares M. Evaluation of microbiological and
physicochemical indicators for wastewater treatment. Environmental Toxicology. 2004;19:
241–249. DOI: 10.1002/tox.20016
[13] Baudart J, Lemarchand K, Brisabois A, Lebaron P. Diversity of Salmonella strains iso‐
lated from the aquatic environment as determined by serotyping and ampliication of
the ribosomal DNA spacer regions. Applied and Environmental Microbiology. 2000;66:
1544–1552. DOI: 10.1128/AEM.66.4.1544‐1552.2000
[14] Kümmerer K. Antibiotics in the aquatic environment–a review–part II. Chemosphere.
2009;75: 435–441. DOI: 10.1016/j.chemosphere.2008.12.006
[15] Kayser R, Boll R, Muller H. Quantitative determinations of the elimination of salmonel‐
lae by biological treatment of wastewater. Zentralblat fuer Bacteriologie, Mikrobiologie und
Hygiene, Serie B. 1987; 184: 195–205 (In German).
[16] Melloul AA, Hassani L. Salmonella infection in children from the wastewater‐spreading
zone of Marrakesh city (Morocco). Journal of Applied Microbiology. 1999;87: 536–539.
DOI: 10.1046/j.1365‐2672.1999.00847.x
[17] Melloul AA, Hassani L, Rafouk L. Salmonella contamination of vegetables irrigated with
untreated wastewater. World Journal of Microbiology and Biotechnology. 2001;17: 207–209.
DOI: 10.1023/A:1016686501953
[18] Heaton J, Jones K. Microbial contamination of fruit and vegetables and the behaviour of
enteropathogens in the phyllosphere: a review. Journal of Applied Microbiology. 2008;104:
613–626. DOI: 10.1111/j.1365‐2672.2007.03587.x
[19] Graun G. A Summary of waterborne illness transmited through contaminated groundwa‐
ter. Journal of Environmental Health. 1985; 48: 122–127.
[20] Mathess G, Pekdeger A. Survival and transport of pathogenic bacteria and viruses in
groundwater. 1985; (ed. C. H. Ward, W. Giger, and P. L. McCarty), Groundwater quality,
Wiley, New York, 472–482.
[21] El Heloui M, Mimouni R, Hamadi F. Impact of treated wastewater on groundwater
quality in the region of Tiznit (Morocco). Journal of Water Reuse and Desalination. 2015:
jwrd2015061. DOI: 10.2166/wrd.2015.061
[22] Lemarchand K, Lebaron P. Occurrence of Salmonella spp. and Cryptosporidium spp. in
a French coastal watershed: relationship with fecal indicators. FEMS Microbiology Leters.
2003;218: 203–209. DOI: 10.1111/j.1574‐6968.2003.tb11519.x
[23] Harakeh S, Yassine H, El‐Fadel M. Antimicrobial‐resistant paterns of Escherichia coli
and Salmonella strains in the aquatic Lebanese environments. Environmental Pollution.
2006;143: 269–277. DOI: 10.1016/j.envpol.2005.11.027
[24] Amagliani G, Brandi G, Schiavano G. Incidence and role of Salmonella in seafood safety.
Food Research International. 2012;45: 780–788. DOI: 10.1016/j.foodres.2011.06.022

Salmonella in Wastewater: Identification, Antibiotic Resistance and the Impact on the Marine Environment
http://dx.doi.org/10.5772/67298

[25] Winield MD, Groisman EA. Role of nonhost environments in the lifestyles of Salmonella
and Escherichia coli. Applied and Environmental Microbiology. 2003;69: 3687–3694.
DOI: 10.1128/AEM.69.7.3687‐3694.2003
[26] Johnson JY, Thomas J, Graham T, Townshend I, Byrne J, Selinger L, Gannon VP. Prevalence
of Escherichia coli O157: H7 and Salmonella spp. in surface waters of southern Alberta
and its relation to manure sources. Canadian Journal of Microbiology. 2003;49: 326–335.
DOI: 10.1139/w03‐046
[27] Watiau P, Boland C, Bertrand S. Methodologies for Salmonella enterica subsp. enterica
subtyping: gold standards and alternatives. Applied and Environmental Microbiology.
2011;77: 7877–7885. DOI: 10.1128/AEM.05527‐11
[28] Oubrim N, Ennaji MM, Badri S, Cohen N. Removal of antibiotic‐resistant Salmonella
in sewage water from wastewater treatment plants in Setat and Soualem, Morocco.
European Journal of Scientiic Research. 2012;68: 565–573.
[29] Simental L, Martinez‐Urtaza J. Climate paterns governing the presence and perma‐
nence of salmonellae in coastal areas of Bahia de Todos Santos, Mexico. Applied and
Environmental Microbiology. 2008;74: 5918–5924. DOI: 10.1128/AEM.01139‐08
[30] Grimont P, Weill F. Antigenic Formulas of the Salmonella Serovars, WHO Collaborating.
Centre for Reference and Research on Salmonella. 2007. Forschungsbericht.–9. Ausgabe. 2009.
[31] Nataro JP, Bopp CA, Fields PI, Kaper JB, Strockbine NA (2011). Escherichia, Shigella, and
Salmonella. Manual of Clinical Microbiology, 10th Edition, Washington, DC: American
Society of Microbiology: 603–626. Book DOI: 10.1128/9781555816728.ch35
[32] Kuhns M, Zautner AE, Rabsch W, Zimmermann O, Weig M, Bader O, Groß U. Rapid dis‐
crimination of Salmonella enterica serovar Typhi from other serovars by MALDI‐TOF
mass spectrometry. PLoS One. 2012;7. DOI: 10.1371/journal.pone.0040004
[33] Berge A, Dueger E, Sischo W. Comparison of Salmonella enterica serovar distribu‐
tion and antibiotic resistance paterns in wastewater at municipal water treatment
plants in two California cities. Journal of Applied Microbiology. 2006;101: 1309–1316. DOI:
10.1111/j.1365‐2672.2006.03031.x
[34] Polo F, Figueras M, Inza I, Sala J, Fleisher J, Guarro J. Prevalence of Salmonella serotypes
in environmental waters and their relationships with indicator organisms. Antonie van
Leeuwenhoek. 1999;75: 285–292. DOI: 10.1023/A:1001817305779
[35] Bouchrif B, Paglieti B, Murgia M, Piana AF, Cohen N, Ennaji MM, Rubino S, Timinouni
M. Prevalence and antibiotic‐resistance of Salmonella isolated from food in Morocco.
The Journal of Infection in Developing Countries. 2009;3: 35–40.
[36] Seti I, Rodriguez‐Castro A, Pata MP, Cadarso‐Suarez C, Yacoubi B, Bensmael L,
Moukrim A, Martinez‐Urtaza J. Characteristics and dynamics of Salmonella contamina‐
tion along the coast of Agadir, Morocco. Applied and Environmental Microbiology. 2009;75:
7700–7709. DOI: 10.1128/AEM.01852‐09

147

148

Current Topics in Salmonella and Salmonellosis

[37] Dupray E, Derrien A. Inluence of the previous stay of Escherichia coli and Salmonella
spp. in waste waters on their survival in seawater. Water Research. 1995;4: 1005–1011.
[38] Mimouni R. Microbiological study of wastewater in Greater Agadir: Puriication by inil‐
tration‐percolation, impact on the marine environment and reuse in agriculture. Thesis,
University of Ibn Zohr, Faculty of Sciences. Agadir Morocco. 2004.
[39] Bat AL, Kim S, Aga DS. Comparison of the occurrence of antibiotics in four full‐scale
wastewater treatment plants with varying designs and operations. Chemosphere. 2007;68:
428–435. DOI: 10.1016/j.chemosphere.2007.01.008
[40] Rizzo L, Manaia C, Merlin C, Schwarz T, Dagot C, Ploy M, Michael I, Fata‐Kassinos
D. Urban wastewater treatment plants as hotspots for antibiotic resistant bacteria and
genes spread into the environment: a review. Science of the Total Environment. 2013;447:
345–360. DOI: 10.1016/j.scitotenv.2013.01.032
[41] Duong HA, Pham NH, Nguyen HT, Hoang TT, Pham HV, Pham VC, Berg M, Giger W,
Alder AC. Occurrence, fate and antibiotic resistance of luoroquinolone antibacterials in
hospital wastewaters in Hanoi, Vietnam. Chemosphere. 2008;72: 968–973. DOI: 10.1016/j.
chemosphere.2008.03.009
[42] Novo A, André S, Viana P, Nunes OC, Manaia CM. Antibiotic resistance, antimicrobial
residues and bacterial community composition in urban wastewater. Water Research.
2013;47: 1875–1887. DOI: 10.1016/j.scitotenv.2013.01.032
[43] Adams C, Wang Y, Loftin K, Meyer M. Removal of antibiotics from surface and distilled
water in conventional water treatment processes. Journal of Environmental Engineering.
2002;128: 253–260. DOI: 10.1061/(ASCE)0733‐9372(2002)
[44] Czekalski N, Berthold T, Caucci S, Egli A, Bürgmann H. Increased levels of multiresis‐
tant bacteria and resistance genes after wastewater treatment and their dissemination
into Lake Geneva, Swizerland. Role and prevalence of antibiosis and the related resistance
genes in the environment. 2007; 27: 1–18.
[45] Karthikeyan K, Meyer MT. Occurrence of antibiotics in wastewater treatment facilities
in Wisconsin, USA. Science of the Total Environment. 2006;361: 196–207. DOI: 10.1016/j.
scitotenv.2005.06.030
[46] Chen S, Zhao S, White DG, Schroeder CM, Lu R, Yang H, McDermot PF, Ayers S,
Meng J. Characterization of multiple‐antimicrobial‐resistant Salmonella serovars isolated
from retail meats. Applied and Environmental Microbiology. 2004;70: 1–7. DOI: 10.1128/
AEM.70.1.1‐7.2004
[47] Brands DA, Inman AE, Gerba CP, Maré CJ, Billington SJ, Saif LA, Levine JF, Joens LA.
Prevalence of Salmonella spp. in oysters in the United States. Applied and Environmental
Microbiology. 2005;71: 893–897. DOI: 10.1128/AEM.71.2.893‐897.2005

