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Salmonella in drinking and surface waters following a
pre-cultivation step
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Abstract
A polymerase chain reaction (PCR)-based method for the detection of Salmonella species in water samples was optimised
and evaluated for speed, specificity and sensitivity. Optimisation of Mg2+ and primer concentrations and cycling parameters
increased the sensitivity and limit of detection of PCR to 2.6 x 10 4 cfu/mℓ. A 6h non-selective pre-enrichment step further
increased the limit of detection to 26 cfu/mℓ. Out of 14 different Salmonella strains tested, only two, Salmonella arizonae and
Salmonella pullorum, did not give positive amplification results with primers homologous to a conserved region of the invA
gene. When environmental and drinking waters were assessed, a non-selective pre-enrichment step was included to increase
the detection efficiency of PCR. The PCR method demonstrated specificity in the presence of other competing micro-organisms as confirmed by the conventional culture method. No false positives or negatives were observed when household and
environmental water samples were tested by invA-PCR analysis parallel to the culture method.
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Introduction
The availability of safe water remains an urgent human need
in many countries and has barely kept pace with population
growth. Globally, water is abundant but it is not always available in potable form to many people. One third of the population
in the developing countries suffers serious diseases and fatalities due to unhealthy environment and Africa is most vulnerable
to waterborne diseases and death due to unsafe drinking water.
South Africans who lack access to potable water account for
17% of the population (The Water Wheel, 2006), and this water
scarcity leads to usage of water sources such as dams, pools, rivers and unprotected springs that pose a health risk to the human
population (Obi et al., 2002).
Water sources are often polluted with sewage runoff and
become the main causes of diseases such as typhoid and cholera as a result of lack of sanitation facilities. A study funded by
Water Research Commission (WRC) revealed the predominance
of Salmonella in the environment which could possibly be due to
faecal contamination from human and animal excreta (Lehloesa
and Muyima, 2000 and The Water Wheel, 2006). An outbreak of
typhoid fever that occurred between August and October 2006
in Mpumalanga, RSA, has resulted in four deaths and 600 people infected. Typhoid fever has become endemic in RSA though
at a low frequency (The Water Wheel, 2005). In 1997 there were
17 deaths out of 451 cases reported; 93.8% of these were Africans who were 15 years and older and again 25% of these cases
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ment of Health, 1998). In 1996, 643 cases and 11 deaths were
reported in RSA due to typhoid fever. In 2001, 117 147 cases of
cholera with 265 fatalities were reported in the RSA (Nevondo
and Cloete, 2002; The Water Wheel, 2005), whereas 35 cases
were reported in 2004 (Water Services: National Information
System, 2006). The high level of microbial contamination that
South African water resources receives due to lack of proper
sanitary facilities makes routine detection of Salmonella spp.
in environmental samples a necessary direct component of any
public health strategy.
A number of methods for detecting Salmonella have been published. Immunoassays and PCR-based methods are currently the
dominant methods used for the detection of bacterial pathogens.
Immunoassays generally have a problem of cross-reactivity which
produce false positives (Mansfield and Forsythe, 2000; Caruso et
al., 2000, Liu et al., 2001; Walker et al., 2001 and Fratamico, 2003).
Furthermore, immunoassays inherently have a high detection limit
even when pre-enrichment of between 18 to 30h is included in the
assay (Jaradat et al., 2004; Liu et al., 2001; Chen and Durst, 2006
and De Medici et al., 1998) and this would more often produce
false negatives if the level of Salmonella is low.
PCR offers a more rapid and reliable method for the detection of Salmonella in natural environments. The assay combines
simplicity with specificity and sensitivity in detecting organisms. PCR assay has been used successfully to diagnose the
presence of bacterial pathogens in aquatic environments, food
products and clinical samples (Chen and Griffiths, 2001; Ellingson et al., 2004; Guo et al., 2000; Myint et al., 2006; Patel et
al., 2006; Sandery et al., 1996; Schrank et al., 2001; Soumet et
al., 1999(a); Soumet et al., 1999(b)). The PCR assay can detect
minute amount of the target DNA sequence, however this sensitivity can be influenced by physical dilution in aquatic environments and food products and may result in Salmonella escaping
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