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Abstract: Salmonellosis is an important but neglected disease in sub-Saharan Africa. Food
or fecal-oral associated transmissions are the primary cause of infections, while the role of
waterborne transmission is unclear. Samples were collected from different dug wells in a
rural area of Ghana and analyzed for contamination with bacteria, and with Sa/monella in
particular. In addition, temporal dynamics and riks factors for contamination were
investigated in 16 wells. For all Salmonella isolates antibiotic susceptibility testing was
performed, serovars were determined and strains from the same well with the same serovar
were genotyped. The frequency of well water contamination with Gram-negative
rod-shaped bacteria was 99.2% (n = 395). Out of 398 samples, 26 (6.5%) tested positive
for Salmonella spp. The serovar distribution was diverse including strains not commonly
isolated from clinical samples. Resistance to locally applied antibiotics or resistance to
fluoroquinolones was not seen in the Salmonella isolates. The risk of Salmonella
contamination was lower in wells surrounded by a frame and higher during the rainy
season. The study confirms the overall poor microbiological quality of well water in a
resource-poor area of Ghana. Well contamination with Salmonella poses a potential threat
of infection, thus highlighting the important role of drinking water safety in infectious
disease control.
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1. Introduction

Non-typhoid Salmonella (NTS) are distributed worldwide, in industrialized, as well as in
resource-limited countries. The course of NTS infection in industrialized countries is usually a
self-limiting diarrheal disease, and bloodstream infections are rare, occurring mainly in
immunocompromised individuals [1]. In contrast, in sub-Saharan Africa, NTS are among the most
common causes of bacteraemia [2,3]. In Ghana, studies demonstrated that Salmonella enterica is one
of the most frequent blood culture isolates in febrile children [4—6].

Humans get infected with Sa/monella through the consumption of contaminated food of animal
origin, such as poultry, egg and milk products, and contaminated water, or via the fecal-oral route.
In Africa, access to bottled drinking water especially in rural areas is rare and the role of drinking
water in Salmonella infection is unclear. Main sources for drinking water are rivers, lakes and wells,
which often are contaminated by soil, rubbish, dust, and animal droppings. Previous studies in Africa
have emphasized the problem of drinking water contamination not only with fecal bacteria but also
with Salmonella, indicating that such water may be unsafe for consumption [7,8]. In Ghana, little
information is available on the prevalence of Salmonella serovars in water sources and whether these
are associated with human infections. In addition, there is no data describing the association of well
characteristics and other risk factors for well water contamination with Sa/monella.
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Supply of safe drinking water is high on the political agenda of international institutions. The
Millennium Development Goal (MDG) 7.C, released in 2000 by the United Nations, aspires to halve
the proportion of people without sustainable access to safe drinking water and basic sanitation by the
end of 2015 [9]. The World Health Organization (WHO) has been regularly updating their guidelines
for drinking water quality [10]. Even though much has been learned in recent years, data on risk
factors for water and sanitation related infections and modes of water-borne pathogen transmission are
scarce, but needed to guide local prevention programs. Hence, to assess drinking water quality, water
sources have to be assessed for fecal contamination. To understand whether the same Salmonella
strains present in water sources are associated with human infections, typing of Sa/monella isolates
found in drinking water sources is necessary. The question, how to protect a water source from fecal
contamination seems to be simple, however, in order to protect the health of water users it is important
to identify simple measures, such as putting a lid on the well, which may reduce contamination of
water by enteric pathogens. The aim of this study was to generate information on (i) the frequency of
water contamination, in particular with Salmonella enterica, in wells over time and (ii) to determine
external factors associated with well water contamination in order to recommend on contamination
preventing well construction and maintenance. The study was conducted in a rural village within the
Asante Akyem District in Ghana, an area where many people use local dug wells as drinking
water sources.

2. Methods

In 2009 and 2010, well water samples were collected in Asankare, a rural village situated in the
Asante Akyem District in Ghana. Asankare is a typical rural village of Ghana, in which improved
sanitation facilities are not available. Livestock is commonly found in the area of the wells and surface
water from rivers and lakes is present. In the rainy seasons, flooding of the area is frequent.

Different sources for drinking water existed, however the main water sources were local dug wells
(Figure 1). Sixteen wells with guaranteed access throughout the study period were randomly selected.
These wells were sampled once every two weeks for a period of one year and temporal changes of
contamination investigated. In total, wells were sampled 26-times throughout the study year.

For each sample, 200 mL water was taken from a well, 100 mL for culturing Gram-negative
rod-shaped bacteria and 100 mL for culturing Salmonella. Samples were transported to the
microbiology laboratory of the Kumasi Centre for Collaborative Research in Tropical Medicine
(KCCR) in a cool box containing ice packs within 4 hours after sample collection. At KCCR, each
sub-sample was filtered using a 0.45 um pore cellulose membrane filter (Millipore, Cork, Ireland).
For the colony counts of Gram-negative rods, the filter was directly placed onto a MacConkey agar
selective for Gram- negative bacteria (Oxoid Ltd., Basingstoke, Hampshire, England) and incubated at
35-37 °C for 18-24 h. Following incubation, the colony counts for total Gram-negatives were
classified into three groups, i.e., <10, 10—100 or >100 colony forming units (CFU) per 100 mL.

To culture Salmonella, the filter was placed in Selenite F broth (Oxoid) for enrichment, the broth
streaked after 18—24 h incubation on a chromogenic selective Salmonella agar (Oxoid) and incubated
at 35-37 °C for 18-24 h. From positive Salmonella cultures, one pure colony was picked and used for
further testing. Salmonella were identified using a latex agglutination Test (Oxoid) and the API 20E
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biochemical identification strip (bioMérieux, Marcy L’etoile, France). Susceptibility was tested for a
set of antibiotics commonly used in the study area, i.e., ampicillin, ampicillin/sulbactam, ceftriaxone,
chloramphenicol, ciprofloxacin, cotrimoxazole, nalidixic acid (used as a screening test for ciprofloxacin)
and tetracycline, following the Clinical and Laboratory Standards Institute (CLSI) guidelines.
Salmonella isolates were stored at —80 °C until transport to Germany on dry ice. For all Salmonella
isolates, the serovar was determined by slide agglutination following the Max von Gruber method [11]
using Salmonella specific antisera (SIFIN GmbH, Berlin, Germany) and the White-Kauffmann-Le
Minor Scheme [12] (carried out at the Bernhard Nocht Institute for Tropical Medicine).

Figure 1. Example of a covered well surrounded by a frame in the village of Asankare,
Asante Akyem District, Ghana (copyright Denise Dekker).

To establish relationships amongst the isolated Sal/monella from water samples, strains with the
same serovar and from the same well were further typed by Pulsed-field gel electrophoresis (PFGE).
After Xbal (Roche Diagnostics GmbH, Mannheim, Germany) restriction, PFGE settings were as
follows: initial switch time 1 minute, final switch time 40 seconds, run time 22 hours, voltage 6 V/cm
and included angle 120°. Gel Compar II software (Applied Maths, Sint-Martens-Latem, Belgium) was
used to compare PFGE patterns, using DICE, UPGMA, 9.5% optimization, 1.0% position tolerance,
with Lambda Ladder as a molecular marker (carried out at the Institute for Medical Microbiology,
Virology and Hygiene, University Hospital Rostock).

For each well, contamination was assessed using the frequency with which CFU Gram-negative
rod-shaped bacteria were found in water samples and the number of positive Salmonella cultures
observed throughout the study year.

Furthermore, repeated water contamination in wells was analyzed. When a well was repeatedly
contaminated with Sa/monella, the serovar identified in each of these samples along with its clonal
identity were assessed to determine Salmonella persistence.

The longitudinal data of the repeatedly sampled wells was analyzed to establish the link between
Salmonella contamination, well characteristics, and seasonality. The dataset follows a hierarchical
structure, where water samples are taken at different time points (level one-unit) from particular wells
(level two-unit). Hence, a random-effect regression model for repeated binary responses was applied to
analyze the data [13]. Sampling points at which identical Sal/monella clones were identified in
consecutive water samples were removed from the analysis, as persistent contamination was assumed.
Missing data, e.g., when a well was locked or dried out, were excluded from the analysis.
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The following covariates were considered to describe well characteristics: closure of well (wooden/
metal cover), presence of a frame (concrete frame, categorized into below or above 30 cm), presence
of rubbish in well and seasonality (rainy vs. dry season). Odds Ratios (OR) and the corresponding 95%
confidence intervals (CI) were calculated. Adjusted ORs are reported from multivariate regression
models to account for confounding. Model selection was based on a likelihood-ratio test.

3. Results

Sixteen wells were sampled biweekly from 10 November 2009 to 17 November 2010, i.e., at
26 sampling time-points. Eighteen samples could not be collected; hence 398 water samples were
analyzed. The analysis is divided into the following parts: (i) well contamination with Gram-negative
rod-shaped bacteria and Salmonella, (i1) Salmonella serovars and antibiotic susceptibility, (iii)) PFGE
genotypes of consecutively contaminated wells, and (iv) well characteristics and their associations with
Salmonella contamination.

3.1. Contamination with Gram-Negative Rod-Shaped Bacteria

Out of the 398 water samples tested, 395 (99.2%) were contaminated with >100 CFU/100 mL
Gram-negative rods. In the remaining three (0.8%) water samples between 10 and 100 CFU/100 mL
were detected.

3.2. Salmonella Isolates and Serovars

Of the 398 tested well water samples, 26 (6.5%) tested positive for Salmonella (Figure 2).
One isolate was lost during culture for serotyping and in one sample two serovars were detected.
The following serovars were identified: S. Pramiso (n = 2), S. Stanleyville (n = 4), S. Rubislaw (n = 4),
S. Duisburg (n = 3), S. Nima (n = 2), S. Saarbruecken (n = 3), S. Give (n = 1) and S. Colindale (n = 7).
Salmonella were never isolated from six of the 16 study wells. The remaining ten wells tested positive
between one and eight times each.
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Figure 2. Salmonella contamination in 16 dug wells throughout the study period in
Asankare, Asante Akyem District, November 2009—November 2010.
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3.3. Clusters of Salmonella Isolates

Contamination of wells with Salmonella was highest in November 2009. Salmonella clusters were
observed from February 2010 until May 2010. Sa/monella colonization was less frequent from January
2010 until February 2010, and from September 2010 until November 2010. Seasonal associations and
Salmonella clusters are further described below.

3.4. Antibiotic Susceptibility

Antibiotic susceptibility of Salmonella is shown in Table 1. Resistance was restricted to ampicillin
and tetracycline in one of the isolates and to ampicillin and ampicillin/sulbactam in another isolate.

Table 1. Antibiotic susceptibility of Salmonella isolates (N = 26) found in Asankare wells,
Asante Akyem District, November 2009—November 2010.

Frequency (%)
Drug (AC pg) Susceptible Resistant
Ampicillin (10) 24 (92.3) 2(7.7)
Ampicillin/Sulbactam (20) 25 (96.2) 1(3.8)
Ceftriaxone (30) 26 (100.0) 0 (0)
Chloramphenicol (30) 26 (100.0) 0(0)
Ciprofloxacin (5) 26 (100.0) 0 (0)
Cotrimoxazole (25) 26 (100.0) 0(0)
Nalidixic acid (30) 26 (100.0) 0 (0)
Tetracycline (30) 25 (96.2) 1(3.8)

AC: antibiotic concentration.

3.5. PFGE Genotyping

Salmonella of the same serovar and isolated from the same well were eligible for PFGE to identify
clonal clusters. Clonal identity was accepted at 95 % identity. In total, eight Salmonella isolates from
three wells were discriminated to seven distinct clones by PFGE. Thus, individual wells were mostly
colonized by different strains. From one well, a single clone persisted for about four weeks. PFGE
results stratified by well are shown in Figure 3.
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Figure 3. Dendrogram of pulsed-field gel electrophoresis (PFGE) profiles of three
different serovars showing the genetic relationships for Sa/monella isolates in Asankare
wells, Asante Akyem District. The numbers on the right indicate sampling date.
The numbers on the top (scale) indicate the genetic identity in percent.

3.6. Well Characteristics and Salmonella Contamination

Three hundred and ninety-seven well water samples were included in this analysis, of which
25 (6.3%) were Salmonella positive and 372 (93.7%) were negative. One observation was discarded
because of persistent Salmonella contamination. Most samples were from covered wells (n = 269;
67.8%) and from wells with a frame (n = 294; 74.1%). The majority of samples were collected during
the rainy seasons, from March to July, and September to November. Table 2 shows bivariate
(Model A-D) and multivariate (Model E) random-effect models on well characteristics and their
associations with Sa/monella contamination. In the bivariate models, a frame with a minimum height
of 30 cm indicated a possible protective association (OR: 0.3; 95% CI = 0.1-1.3) and rainy season a
risk factor (OR: 2.6; 95% CI = 1.2-5.6) for Salmonella contamination. The multivariate model
confirmed the protective effect of a well frame (OR: 0.3; 95% CI = 0.1-0.8) and the risk of rainy
season (OR: 2.6; 95% CI = 1.2-5.5). In addition, an association between Sal/monella contamination
and the presence of rubbish was indicated (OR: 2.9; 95% CI = 0.9-9.6).

Table 2. Description of well characteristics and results from the random-effect models for
well characteristics and Salmonella contamination, Asankare wells (397 sampling
occasions from 16 wells), Asante Akyem District.

Independent Random-Effect Models OR (95% CI)
] Frequency (%)

Variables Model A Model B Model C Model D Model E
Presence of 294 (74.1) 0.3 B B B 0.3
frame (>30 cm) (0.1-1.3) (0.1-0.8)

2.0 -
Well covered 269 (67.8) - - -

(0.3-13.6)
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Table 2. Cont.

Independent Random-Effect Models OR (95% CI)
] Frequency (%)
Variables Model A Model B Model C Model D Model E
2.6 2.9
Rubbish i 11 75 (18.9 - -
UDDISTHIWE (18.9) (0.9-7.4) (0.9-9.6)
S 2.6 2.6
| Deason 272 (68.5) - - -
(rainy versus dry) (1.2-5.6) (1.2-5.5)
Random 0.89
Intercept - (0‘82) 2.96 (3.21) 0.96(0.49) 1.68(0.97) 0.76(1.28)

Variance (SE)

OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval; SE: standard error.

4. Discussion

The main findings of this study are that (i) the majority of well water samples (99.2%) were
contaminated with Gram-negative rod-shaped bacteria with >100 CFU/100 mL, (ii) 6.5% of water
samples were contaminated with Sa/monella, (ii1) resistance to locally administered antibiotics was
negligible in the Salmonella strains isolated from well water, (iv) the serovar distribution consisted of
serovars not typically seen in clinical specimens, (v) wells were colonized by strains that persist for
several weeks and (vi) certain well characteristics were associated with Salmonella contamination.

WHO standards for potable water demand the total absence of coliforms and fecal indicator
bacteria [14]. In this study, nearly all samples were contaminated with Gram-negative rod-shaped
bacteria above 100 CFU/100 mL, indicating a potential health hazard for the local population.
The current study could not reveal the spectrum of organisms present in the water samples,
nevertheless the colonial morphology pointed to fecal contamination. The number of infections
actually transmitted via well water was not assessed since simultaneous gastrointestinal infections
were not monitored during the study period.

At present, little information is available on the prevalence of Sa/monella serovars in water sources
in developing countries, yet studies have shown the presence of various human-pathogenic organisms
in the aquatic environment [15-17]. Despite these reports, the Salmonella serovars identified in the
present study are not those typically seen in clinical samples, but are rather known to be associated
with reptiles or poultry. Serovars commonly found in reptiles are S. Pramiso [18], S. Rubislaw [19],
and S. Nima [20]. S. Duisburg [21] and S. Saarbruecken [22] are found in poultry. Isolated serovars
with pathogenic potential for humans are S. Stanleyville [23], S. Give [24] and S. Colindale [25].
Nevertheless, it has to be considered that all detected pathogens occur infrequently in clinical samples.

In the aquatic environment Salmonella are expected to be present in low concentrations. As only
quite small amounts of water were sampled, the test sensitivity may be limited. In addition, the
reported number of serovars per sample may be an underestimate as per positive sample only one
colony was picked for further testing and, thus, for serotyping.

PFGE genotyping showed identical Salmonella clones at different sampling time points. This could
be a result of repeated contaminations with the same genotype circulating in the environment but is
more likely due to persistence of distinct clones for several weeks. Previous work has shown the
capability of Salmonella to survive in water for several months [26].
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Our study demonstrates well characteristics associated with Salmonella contamination. A frame
around the well is likely to have a protective effect as it serves as a barrier against intrusion by
animals, soil and dust. This effect was observed in a previous study on well water quality, where lined
wells topped with a concrete parapet had lower concentrations of fecal indicator bacteria, especially at
the beginning of the wet season [27]. A frame might prevent contamination of well water by surface
run offs containing animal and human feces and soil, an assumption supported by the observed
association between Salmonella contamination and rainy season. In rural areas, like in the Asankare
village, animals roam freely. Studies in stray dogs and cats in the United States have shown carriages
of Salmonella as high as 51.4% [28]. Reptiles and amphibians, that can easily fall or hide inside the
wells, are also potential Salmonella carriers [29]. An additional risk factor for Salmonella
contamination may be the presence of rubbish in well water. Rubbish might just indicate that the well
is prone to contamination generally or it may contribute directly to Sa/monella contamination.

Limitations of this research include the fact that the calculated odds ratios between environmental
factors and Salmonella presence are of low precision. Furthermore, the assessed risk factors were not
studied on a larger scale. For instance no data on the weekly precipitation was available and the frame
height was analyzed without considering construction quality. Studying these associations with a larger
sample size throughout a broader study region and including other potential risk factors would generate
more valuable information to guide well construction and maintenance. In addition, the culture results
of the Gram-negative rod-shaped bacteria were not reported as CFU per 100 ml but rather as
categories, hence nearly all data fit a single category. As a consequence, it is not possible to identify
measures of Gram-negative rods that might indicate relatively low probability of contamination.

It is estimated that 10% of the total burden of disease worldwide is related to water, sanitation and
hygiene. Of this 62% are associated with drinking water and sanitation alone [30], mainly childhood
diarrheal diseases. To evaluate progress towards the MDGs water targets, water sources are classified as
improved drinking water sources (i.e., piped water on premises, public taps, boreholes, or protected dug
wells) or unimproved sources (i.e., unprotected dug wells, unprotected springs or surface water) [31].
Globally, access to improved water sources has increased during recent years and the MDGs drinking
water target has become one of the first Millennium Goals to be met [32]. However, significant
disparities exist between and within regions, for example access to improved water sources is lowest in
sub-Saharan Africa and in the poorer rural areas within countries [14]. In the current study, all wells
were contaminated at nearly all sampling dates with fecal indicator organisms above the WHO
threshold. Interestingly, the sampled wells belong to both categories, protected and unprotected dug
wells. The current study suggests a more sophisticated classification may be necessary to differentiate
between improved and unimproved sources.

5. Conclusions

The study results provide an overview of the level of contamination in wells with Gram-negative
rod-shaped bacteria and on the presence of unusual Salmonella serovars seen infrequently in patients
but more often in reptiles and poultry. Studying animal reservoirs would provide useful information to
identify the source of such contaminations. External factors leading to contamination of water have
been identified. Building a well with an impervious frame, for example, might be a first step protecting
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water from contamination. In general, more insight into the risks of water contamination and its link to
human infections are needed to promote measures effective in the reduction of water-borne disease.
This is especially necessary as improved water sources are not necessarily safe water sources, given
the high concentrations of Gram-negative rod-shaped bacteria and intermittent presence of Salmonella.

Acknowledgments

This work was supported by the UBS Optimus Foundation. We are very grateful to James Beard for
proofreading this manuscript and to Richard Afrey for guiding and supporting the fieldwork conducted.

Author Contributions

Denise Dekker planned the study, collected samples, led the microbiological analyses and drafted
the manuscript; Ralf Krumkamp conducted the statistical analyses and drafted the manuscript;
Nimako Sarpong planned and coordinated the fieldwork for the study; Hagen Frickmann planned the
PFGE analysis and helped in the interpretation of all microbiological results and supported writing the
manuscript; Kennedy Boahen, Michael Frimpong, Renate Asare and Richard Larbi collected samples
and carried out the laboratory work for the water analyses; Ralf Hagen, Sven Poppert, Florian Marks
and Yaw Adu-Sarkodie contributed to the conceptualization of this study and supported writing the
manuscript; Wolfgang Rabsch supported the serotyping of Salmomella and helped writing the
manuscript; Jiirgen May planned the study and contributed to data analyses and manuscript drafting.
All authors read and approved the final manuscript.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Gordon, M.A. Salmonella infections in immunocompromised adults. J. Infect. 2008, 56, 413—422.

2. Mtove, G.; Amos, B.; von Seidlein, L.; Hendriksen, I.; Mwambuli, A.; Kimera, J.; Mallahiyo, R.;
Kim, D.R.; Ochiai, R.L.; Clemens, J.D.; et al. Invasive salmonellosis among children admitted to
a rural Tanzanian hospital and a comparison with previous studies. PloS One 2010, 5,
doi:10.1371/journal.pone.0009244.

3. Reddy, E.A.; Shaw, A.V.; Crump, J.A. Community-acquired bloodstream infections in Africa:
A systematic review and meta-analysis. Lancet Infect. Dis. 2010, 10, 417-432.

4. Gross, U.; Amuzu, S.K.; de Ciman, R.; Kassimova, I.; Gross, L.; Rabsch, W.; Rosenberg, U.;
Schulze, M.; Stich, A.; Zimmermann, O. Bacteremia and antimicrobial drug resistance over time,
Ghana. Emerg Infect. Dis. 2011, 17, 1879-1882.

5. Wilkens, J.; Newman, M.J.; Commey, J.O.; Seifert, H. Salmonella bloodstream infection in
Ghanaian children. Clin. Microbiol. Infec. 1997, 3, 616—620.

6. Marks, F.; Adu-Sarkodie, Y.; Hunger, F.; Sarpong, N.; Ekuban, S.; Agyekum, A.; Nkrumah, B.;
Schwarz, N.G.; Favorov, M.O.; Meyer, C.G.; et al. Typhoid fever among children, Ghana.
Emerg. Infect. Dis. 2010, 16, 1796—-1797.



Int. J. Environ. Res. Public Health 2015, 12 3545

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

La Qualité de 1'eau de Puits dans la Commune d'Abomey-Calvi au Benin. Available online:
http://gwppnebenin.org/dru/node/163 (accessed on 26 January 2015).

Degbey, C.; Makoutode, M.; Agueh, V.; Dramaix, M.; de Brouwer, C. Factors associated with the
quality of well water and the prevalence of waterborne diseases in the municipality of
Abomey-Calavi in Benin. Sante 2011, 21, 47-55.

UN Goal7: Ensure Environmental Sustainability. Available online: http://www.un.org/
millenniumgoals/environ.shtml (accessed 14 November 2013).

WHO. Guidelines for Drinking-Water Quality; WHO Press: Geneva, Switzerland, 2011.

Chan, K.E. The extended Widal test in the diagnosis of fevers due to Sa/monella infection.
Med. J. Malaya. 1962, 17, 18-24.

Antigenic Formulas of the Sal/monella Serovars. Available online: http://www.pasteur.fr/ip/portal/
action/WebdriveActionEvent/0id/01s-000036-089 (accessed on 26 January 2015).

Rabe-Hesketh, S.; Skrondal, A. Multilevel and Longitudinal Modeling using Stata; Stata Press:
College Station, TX, USA, 2005.

UNICEF; WHO. Drinking Water: Equity, Safety and Sustainability; UNICEF: New York, NY,
USA, 2011.

Baudart, J.; Lemarchand, K.; Brisabois, A.; Lebaron, P. Diversity of Salmonella strains isolated
from the aquatic environment as determined by serotyping and amplification of the ribosomal
DNA spacer regions. Appl. Environ. Microbiol. 2000, 66, 1544—1552.

Arvanitidou, M.; Stathopoulos, G.A.; Constantinidis, T.C.; Katsouyannopoulos, V. The occurrence
of Salmonella, Campylobacter and Yersinia spp. in river and lake waters. Microbiol. Res. 1995,
150, 153-158.

Catalao Dionisio, L.P.; Joao, M.; Ferreiro, V.S.; Fidalgo, M.L.; Garcia Rosado, M.E.;
Borrego, J.J. Occurrence of Salmonella spp. in estuarine and coastal waters of Portugal.
Antonie Van Leeuwenhoek 2000, 78, 99—106.

Guinee, P.A.; Kampelmacher, E.H. Four new Salmonella types (S. Gambaga, S. Kumasi,
S. Pramiso and S. Ashanti isolated in Ghana. Antonie Van Leeuwenhoek 1961, 27, 203-205.

Ward, L. Fatal neonatal Sa/monella Rubislaw infection in household with pet reptile in England.
Euro surveillance: Bulletin Europeen sur les maladies transmissibles. Euro. Commun. Dis. Bull.
2000, 4, doi:10.2807/1560-7917.

Kennedy, M.E. Salmonella isolations from snakes and other reptiles. Can. J. Comp. Med. 1973,
37,325-326.

Huehn, S.; Bunge, C.; Junker, E.; Helmuth, R.; Malorny, B. Poultry-associated Sal/monella enterica
subsp. enterica serovar 4,12:d:—Reveals high clonality and a distinct pathogenicity gene
repertoire. Appl. Environ. Microbiol. 2009, 75, 1011-1020.

Kagambega, A.; Barro, N.; Traore, A.S.; Siitonen, A.; Haukka, K. Characterization of
Salmonella enterica and detection of the virulence genes specific to diarrheagenic
Escherichia coli from poultry carcasses in Ouagadougou, Burkina Faso. Foodborne Pathog. Dis.
2012, 9, 589-593.



Int. J. Environ. Res. Public Health 2015, 12 3546

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Tennant, S.M.; Diallo, S.; Levy, H.; Livio, S.; Sow, S.0O.; Tapia, M.; Fields, P.I.; Mikoleit, M.;
Tamboura, B.; Kotloff, K.L.; ef al. Identification by PCR of non-typhoidal Salmonella enterica
serovars associated with invasive infections among febrile patients in Mali. PLoS Negl. Trop. Dis.
2010, 4, doi:10.1371/journal.pntd.0000621.

Jansen, A.; Frank, C.; Prager, R.; Oppermann, H.; Stark, K. Nation-wide outbreak of Salmonella
give in Germany, 2004. Z. Gastroenterol. 2005, 43, 707-713.

Lebeaux, D.; Zarrouk, V.; Petrover, D.; Nicolas-Chanoine, M.H.; Fantin, B. Sa/monella Colindale
osteomyelitis in an immunocompetent female patient. Med. Mal. Infect. 2012, 42, 36-37.

Moore, B.C.; Martinez, E.; Gay, J.M.; Rice, D.H. Survival of Salmonella enterica in freshwater
and sediments and transmission by the aquatic midge Chironomus tentans (Chironomidae:
Diptera). Appl. Environ Microbiol. 2003, 69, 4556—4560.

Barrell, R.A.; Rowland, M.G. The relationship between rainfall and well water pollution in a West
African (Gambian) village. J. Hyg. 1979, 83, 143—150.

Marks, S.L.; Rankin, S.C.; Byrne, B.A.; Weese, J.S. Enteropathogenic bacteria in dogs and cats:
Diagnosis, epidemiology, treatment, and control. J. Vet. Intern. Med. 2011, 25, 1195-1208.
Salmonella Infections Associated with Reptiles: The Current Situation in Europe. Available
online: http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=18902 (accessed on 26
January 2015).

Priiss-Ustiin, A.; Bos, R.; Gore, F.; Bartram, J. Safer Water, Better Health: Costs, Benefits and
Sustainability of Interventions to Protect and Promote Health; WHO: Geneva, Swizarland, 2008.
WHO; UNICEF. Joint Monitoring Programme (JMP) for Water Supply and Sanitation.
Available online: http://www.wssinfo.org/definitions-methods/watsan-categories/ (accessed 15
November 2013).

WHO. Progress on Sanitation and Drinking Water: 2013 Update; WHO Press: Geneva,
Swizarland, 2013.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



