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Co-supervisor: Dr. S. N. Venter
Department of Microbiology and Plant Pathology

University of Pretoria

for the degree MSc

Rapid and sensitive polymerase chain reaction (PCR)-based assays were developed
for the detection of toxigenic Vibrio cholerae and virulent Shigella spp. in environmental
water samples. In contrast to conventional nested and seminested PCR assays, the
newly developed pit-stop seminested PCR assays are performed in a total of 30
amplification cycles. Oligonucleotide primers were designed to specifically amplify
sequences within the cholera toxin gene (ctxA) of V. cholerae and the invasion plasmid
antigen gene (ipaH) of virulent Shigella spp. By using agarose gel electrophoresis for
detection of the PCR-amplified products, a detection limit of 1.3 x 10° cfu of V.cholerae
and 1.6 x 10°cfu of Shigella flexneri were obtained from crude cell lysates. However, by

coupling the PCR assays with an enrichment culture procedure, the sensitivity of the



v
assays was improved and as few as 4 cfu and 1.6 cfu of V. cholerae and S. flexneri
organisms, respectively, could be detected in pure culture. Analysis of seeded
environmental and drinking water samples yielded detection limits of as few as one V.

cholerae organism/ml and less than 14 cfu/ml S. flexneri in some samples.

The basic PCR detection protocol was modified to incorporate a membrane filtration
step in order to concentrate large volumes of water samples. This allowed for the
detection off low numbers of viable V. cholerae and Shigella spp. in naturally
contaminated waters. By making use of seeded environmental, and drinking water
samples, detection limits of 1 cfu/100 ml of V. cholerae and 8 cfu/100 ml of Shigella
cells were obtained. The detection protocol was successfully applied to the analysis of
naturally contaminated environmental water samples. The results obtained in this study
indicate that the newly developed pit-stop seminested PCR assays, combined with an
enrichment step, fulfills the requirements of simplicity and sensitivity for use in an
environmental laboratory and may represent significant tools in monitoring water

sources for the presence of V. cholerae and Shigella spp.
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CHAPTER FIVE

CONCLUDING REMARKS

Despite drinking water being a precious resource and necessary to human health, well-
being and socio-economic development, nearly one-half of the world’'s population
suffers from diseases contracted by drinking water of inadequate quality (WHO, 1997).
Due to the large number of infectious agents, reservoirs and asymptomatic infected
individuals, it may not be possible to eradicate waterborne diseases. However, it may
be possible to control these agents as long as they can be detected and monitored.
Monitoring of microbial contaminants typically involves filtration and cultivation of
indicator bacteria on selective media, followed by colony counting. These traditional
methods are laborious, time-consuming and not always sensitive enough to exclude risk
of non-specific contamination. In addition, coliforms, the traditional indicators of
pathogens, are beginning to fail in some cases by giving misleading information. There
is thus a great need for more appropriate methodologies, both for routine monitoring and
for investigating disease outbreaks. Due to the rapid advances in biotechnological
research, a wide range of new molecular methods have become available. The use of
PCR, especially, as a means whereby specific microbial strains in a mixed microbial
population can be detected, has become a primary alternative for the detection of
pathogens in different types of environmental samples. In this study, PCR technology
was used to develop novel approaches aimed at detecting toxigenic Vibrio cholerae and
Shigella spp. with a high degree of sensitivity and specificity. Furthermore, the newly
developed detection protocols were modified and their applicability for the detection of
toxigenic Vibrio cholerae and Shigella spp. in environmental water samples was

investigated.

Rapid sensitive pit-stop seminested PCR assays for the detection of toxigenic V.
cholerae (Chapter 2) and virulent Shigeffa spp. (Chapter 3) in pure culture were
developed. The performance of these assays were subsequently evaluated using small

volumes (1 ml) of environmental water samples seeded with the respective bacterial




5-2
pathogens. The V. cholerae-specific PCR amplifies sequences within the cholera toxin
operon. The PCR procedure coupled with an enrichment culture procedure detected
as few as four V. cholerae organisms in pure culture. Treated sewage, surface, ground
and drinking water samples were seeded with V. cholerae and following enrichment, a
detection limit of as few as one V. cholerae cfu/ml was obtained with amplification
reactions from crude bacterial lysates. Similarly, a set of primers specific for the
invasion plasmid antigen gene (ijpaH) of virulent Shigella spp. and enteroinvasive E. coli
produced a 620 bp fragment that was used as template for the seminested primer pair
delineating a 401 bp fragment. By using agarose gel electrophoresis for detection of
the seminested PCR-amplified products, a detection limit of 1.6 x 10° cfu S. flexneriwas
obtained with amplification reactions from crude bacterial lysates. The PCR procedure
coupled with an enrichment culture incubated for 6 h detected as few as 1.6 organisms
in pure culture. Small volumes (1 ml) treated sewage, ground, surface and drinking
water samples collected from various sources were seeded with S. flexneri and
incubated in GN broth for 6 h before detection by seminested pit-stop PCR. A detection

limit lower than 14 cfu/ml was achieved in some water samples.

To establish the seminested pit-stop PCR assay as a practical tool for routine laboratory
use, its performance with regards to the detection of toxigenic V. cholerae and entero-
invasive Shigella spp. in large volumes (100 ml) of seeded and environmental waters
was evaluated (Chapter 4). The basic PCR detection protocol was modified to
incorporate a membrane filtration step in order to concentrate large volumes of water
samples. By making use of seeded environmental water samples, detection limits of as
few as 1 cfu/100 ml and 8 cfu/100 ml of toxigenic V. cholerae and S. flexner,
respectively, were obtained. Comparative analysis of environmental samples using
bacteriological culturing methods and PCR indicated that the pit-stop seminested PCR
assay was more sensitive for the detection V. cholerae. The higher sensitivity of the
PCR-based detection methods may be due to its ability to amplify a fraction of the
genetic material of the targeted bacteria, even in the presence of mixed microbial
populations. In contrast culture-based methods usually rely on the use of selective

media which may inhibit growth of the targeted bacteria and these methods may also
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yield false-negative results due to the inability of injured or viable, but non-culturable
organisms, to form colonies on the media. In the case of Shigella spp. the results
obtained by seminested PCR and culturing were in agreement, despite the fact that no
bacterial cells could be detected in the tested water samples. Inhibiting substances
hampered PCR detection only in a very limited number of samples. These consisted
mainly of drinking water and heavily contaminated effluents. These problems may be
overcome by extracting the DNA prior to analysis or by further dilution of the sample
prior to analysis. Application of the pit-stop seminested PCR for the detection of V.
cholerae and Shigella spp. in environmental water samples yielded positive results for
6% of the samples analyzed, indicating that the methods may be suitable for use in the
analysis of environmental water samples. In instances where the invasive plasmid
antigen gene, ipaH, are used as the targeted gene in seminested pit-stop PCR, a
positive amplification result maybe due to the presence of shigellae and/or EIEC
bacteria as ipaH, occurs in both virulent shigellae and EIEC. However, both organisms

cause bacillary dysentery and their presence in water is highly undesirable.

Although molecular technologies, such as those developed in this study, present
potential new tools for assessing microbial quality of water, their widespread application
to water may depend on several factors. For example, the detection costs must be low
and the benefits must outweigh the continued use of conventional methods; the
molecular methods must be specific for the microorganisms of concern, which means
specifically being able to detect live organisms capable of causing disease; and the
sensitivity must be adequate to provide protection against waterborne disease, which
means being able to concentrate targets for detection from large volumes of water and
to overcome interfering factors that may be present so as to detect very low numbers
of microorganisms. The results obtained during the course of this investigation have
shown that it is possible to detect pathogenic bacteria from the water samples within 12
hours. The combination of membrane filtration, an enrichment procedure and the pit-
stop seminested PCR provided a sensitive, specific and easy method for the detection

of vaible V. cholerae and Shigella spp. in environmental water samples.
































































































