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INTRODUCTION

infectious diseases are the most important concern about water quality (Craun et al, 1994).
Authoritative estimates ascribe about 50 000 deaths per day in the world to waterborne and
water-related infectious diseases. [n addition to mortality, which affects mainly children in
developing communities, waterborne diseases also have far-reaching socie-economic
implications (Craun et al, 1994). Viruses feature prominently among the wide variety of
pathogenic micro-organisms concerned.

The term "enteroviruses’ refers to the following members of the family Picornaviridae: polio,
coxsackie A and B, echo and entero viruses. Enteroviruses are common causes of localised
and systemic infection in patients of all ages. Manifestations include paralytic poliomyelitis
and other central nervous system diseases, myocarditis and other muscular diseases, etc.
The group of enteroviruses belongs to the larger group of enteric viruses, al! of which are
typically transmitied by the faecal-oral route, ie, primarily faecally poliuted water and food.

The importance of enteroviruses is highlighted by recent developments such as:

. The WHO puts every effort into a massive world-wide campaign for eradication of the
poliovirus. No poliomyelitis cases have been reporied in South Africa for some time
now, but fears were raised by a recent outbreak in Namibia {Van Niekerk et al, 1994)
and indications of the disease in Mozambigue (Oostvogel et al, 1994).

. Concerns about the success of poliomyelitis confrol in South Africa are reflected by the
recent declaration of “acute flaccid paralysis” (primarily caused by polio and other
enteroviruses) a notifiable condition,

. Recent risk assessments based on the latest epidemiolagical data indicate that the
health implications of waterborme coxsackieviruses are more serious than previously
thought {Gerba et al, 1995).

. The latest data derived by new molecular techniques indicate that the role of
enteroviruses in diseases of the heart is much larger than previously thought.

. Socio-economic developments in South Africa, such as informal settlements with
inadequate sanitation, create conditions which are ideally suited for the spread of
enteroviruses,

Many enteroviruses are cytopathogenic, ie, detectable by cell culture propagation. However,
some enteroviruses, notably coxsackie A viruses, are not detectable by cell culture.
Detection of these viruses requires inoculation of newborn mice, or recently developed
molecular technigques.

Information on the incidence of enteroviruses in wastewater is of basic importance for
controlling waterborne transmission of the viruses. Analysis of wastewater is being used as
an indicator of enteroviruses circulating in communities, and is standard procedure for
determining the presence of poliovirus or the success of poliomyelitis vaccination campaigns
{lvanova et al, 1995).

In a preceding project (WRC Project No 496/1/96) evidence has been presented that
wastewater and diffuse effluents from informal settiements carry high loads of faecal poliution
and viruses. However, the enteroviruses present in these effluents have not been typed to



meaningful extent, and the behaviour and survival of viruses in these effluents remain to be
investigated. These details are essential for;

. Assessment of the risk of infection and waterborne transmission of enteroviruses
constituted by effiuents from informatl settlements.

. Formulation of guidelines and policies for sanitation and wastewater disposal, as well
fas the protection of water resources.

. Investigation of enteroviruses circulating in the communities concerned. Forinstance,
this gives an indication of the risk of poliomyelitis.

Details on enteroviruses have not been reported for a comparable situation anywhere in the
world. The iechnology, expertise, manpower and infrastructure concerned is of fundamental
importance for research on waterborne transmission of enteroviruses, the epidemiology of
enteroviruses in general, and the safety of water supplies.
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OBJECTIVES

The following is a list of original objectives specified in the project agreement together with
extensions recommended by the Steering Committee during the course of the study period.
The aims were to:

. Optimise techniques for the recovery of viruses (cytopathogenic as well as non-
cytopathogenic) from water

. Establish affinity chromatography techniques for the selective recovery of viruses

. Evaluate application of the L20B mouse cell fine for the selective detection of

polioviruses

. Evaluate plague assays and most probable number procedures for the quantitative
enumeration of cytopathogenic enteroviruses in water

. Optimise molecular techniques for the detection of viruses such as calici, astro, rota,

hepatitis A and E, and certain enteroviruses including coxsackie A viruses, which are
not detectable by conventional methods

. Assess the efficiency of a commercial point-of-use water treatment unit

. Investigate a typical outbreak of enteric viral disease



Study the qgualitative and guantitative incidence of viruses in waste water from selected
informal settiements and polluted water sources

Assess the correlation of viruses circulating in a community to viruses detectable in the
waste water from the community

Assess the extent to which wasie water monitoring can serve as an indication of a risk
of poliomyelitis in a community

Assess the implications of viruses in waste water from informal settlements for
sanitation and the protection of water sources

Assess the risk of waterborne human viral infections constituted by animal wastes,
notably rotaviruses

Research on the role of water in enteric diseases in selected communities

Evaluate the reliability of practical indicator organisms for assessment of the virological
quality of water, notably faecal bacteria, bacteriophages and cytopathogenic viruses
Formulate recommendations for the control of waterborne viral diseases

Formulate recommendations for practical routine monitoring of the virological safety of
water.

Research Products
Products:

Techniques for detection of new viruses
Data on risks of waterborne viruses
Technology and expertise for safe water

Target Group:

Water industry. safe water
Health autharities
Water industry: capacity building for safe water

Potential Application of Products

Sanitation and wastewater disposal
Control of waterborne diseases
Assessment of the safety of water supplies
Supply of safe water

Accomplishment of Objectives

All objectives have at least in principle been accomplished as defined above. Due to
deveiopments and progress during the study period, more than the original goals have
eventually been achieved in many cases. However, it should be noted that much of the
research did not have end-point goals. For instance, the development of new technology is
an ongoing exercise. Although major progress has been made, the work revealed
possibilities for further developments which need to be foliowed up. Likewise, valuable
information has been gained on the quality of water supplies and possibilities for the control
of water-borne diseases. However, no final solutions have been established, and new
challenges emerge in the face of a variety of changing situations and conditions. Valuable
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progress has also been made with capacity building and technolegy transfer, but this needs
to be maintained and expanded. The facilities, expertise and infrastructure established by
this project served as the foundations for 2 comprehensive and detailed siudy on the
virolagical quality of drinking water supplies country-wide.

LITERATURE REVIEW

The latest literature on enteroviruses and other enteric viruses has been review in a number
of publications {Grabow, 1996a,b, 1997; Grabow et al, 1996; Marx, 1997; Botma, 1999;
Vivier, 2000). Additional details on specific viruses have been addressed in publications,
dissertations and conference presentations listed in Chapter 11.

DEVELOPMENT OF NEW TECHNOLOGY AND EXPERTISE

Achievements on objectives which specifically address the development of new technology
and expertise are summarised below with reference to further details published in peer review
international scientific journals and reports available on request.

Optimise techniques for the recovery of enteroviruses (cytopathogenic as well as non-
cytopathogenic) from water

A glass wool adsorption-elution technique for the recovery of viruses from water has been
optimised and established in the laboratory (Grabow et al, 1998a). Ongoing literature
surveys and consultations with overseas experts in the field failed to reveal indications of
other procedures which may yield superior results. In an interlaboratory comparison study
carried out in France efficiencies of recovery in excess of 80 % were recorded for raw and
treated water supplies using basically the same method. This procedure is now being used
in routine monitoring programmes, but results indicate that the method can be improved.
This canclusion is based on results obtained from participation in an interlaboratory
comparison study conducted by the Public Health Laboratory Service in the UK. Alternatives
have been identified, and further research on techniques for the recovery of viruses from
water is justified. In seeding experiments the efficiency of recovery was lower for rotaviruses
than for poliovirus. Despite the relatively low efficiency of recovery, rotaviruses were
recovered from a variety of waste waters and polluted rivers (Marx et al, 1997, 1998b; Taylor
et al, 1997, 2000; Grabow et al, 2000a).

A procedure for the detection of viruses in water environments by the identification of their
nucleic acid using malecular techniques based on the polymerase chain reaction (PCR) after
amplification in cell cultures has heen optimised for a spectrum of viruses. This procedure
proved suitable and highly sensitive for both cytopathogenic and non-cytopathogenic viruses,
and has been established successfully for routine detection of a spectrum of viruses (Grabow
et al, 1999a,b; Vivier, 2000).

Progress with the development of advanced techniques for the typing of enteroviruses, as
well as the application of this technology and expertise in practise, has been described
(Vivier, 2000). Typing techniques are based predominantly on PCR using selected primers,
hybridization using specific gene probes, nucleotide sequencing, and restriction enzyme
analysis.
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Establish affinity chromatography techniques for the selective recovery of viruses

An affinity chromatography (AC) procedure far the specific and selective recovery of viruses
from water has been established (Potgieter et al, 1997). In experiments using coxsackie B
virus as model, efficiencies of recovery exceeded 90 %. Unfortunately the AC procedure
inactivated the viruses and they had to be detecied by molecular techniques. The results
suggest that the same principles may be applied for the selective recovery of other viruses.
The principles involved offer opportunities for substantial further improvement, even with
potential for the development of commercial products. AC has been identified as a priority
for future research.

Evaluate application of the L20B mouse cell line for the selective detection of
polioviruses

The L20B mouse cell line has been studied comprehensively in laboratory tests as well as
field investigations. The cells proved superior to a number of cell lines and primary vervet
kidney cells for the detection of polioviruses. However, the cells were not absolutely selective
for polioviruses. A small number of other viruses, apparently of animal origin, were aiso
isolated on these cells. Best results for the isolation of polioviruses were obtained by using
the L20B mouse cell line in combination with the PLC/PRF/5 human liver cell line and the
BGM monkey kidney cell ine, L20B cells are now part of the battery of cell culture systems
routinely used for the detection of polioviruses in patient specimens as well as environmental
samples (Grabow et al, 1999a).

Evaluate plaque assays and most probable number procedures for the quantitative
enumeration of cytopathogenic enteroviruses in wastewater

A number of cell cultures has been compared for detecting viruses using plaque assays (PA)
and most probable number assays (MPN). PA proved well suited for the accurate
enumeration of rapidly growing highly cytopathogenic viruses, such as poliovirus, whenthese
viruses are present in relative high numbers in test samples. PA have shortcomings for siow
growing viruses such as reovirus and injured enteroviruses because it is not possible to keep
the cell cultures viable for long encugh in these assays. MPN proved more sensitive because
cells can be kept viable for longer periods. However, since counts of viruses in test samples
are statistically calcufated from numbers of positive and negative wells, MPN is less accurate
than PA where viruses are physically counted as plaques on a f[awn of host cells. The most
sensitive method for the detection of small numbers of viruses was by inoculating relatively
large volumes of test samples into flasks with cell cultures. This basically qualitative
detection method has the benefit that cells can be kept viable for prolonged periods of time:
and it is easy to passage viruses to fresh cells in new flasks for repeated cultivation. This
allows ample time for recovery or adaptation to produce a visible cytopathogenic effect
(CPE). The inoculation of relatively large volumes of test samples into flasks with cell
cultures proved the method of choice for the qualitative detection of small numbers of
viruses, The ability of 2 number of compounds to enhance viral CPE has been investigated
as part of this study. 5-lodo-2-deoxy-uridine {IDU) has been found to enhance CPE of a
number of laboratory strains of viruses in both PA and MPN assays. 1DU also increased PA
and MPN counts of cytopathogenic viruses in waste water and raw water sources to
meaningful extent. Other chemicals associated with enhancement of CPE, failed to yield
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meaningful results. These included polyethylene-imine, cholesterol and indomethacin. Mixed
cell cultures likewise failed to stand up to expectations created by some reports. Findings
and recommendations have been recorded by Botma (1999).

Optimise molecular techniques for the detection of viruses such as calici, astro, rota,
hepatitis A and E, and certain enteroviruses including coxsackie A viruses, which are
not detectable by conventional methods

This was a major activity of the project. New technigues have been developed for the
detection of a wide spectrum of viruses. The new technology is now being used routinely in
research on viruses in water, the efficiency of water treatment processes and the safety of
water supplies. The new technology has established this laboratory as a centre of excellence
on viruses in water, thus enabling the laboratory to offer services and the training of
manpower which compare favourably with the best in the world. However, this is a rapidly
developing field of expertise with many attractive opportunities for further development. An
important goal is to reduce the cost of virological analysis and to develap technigues which
are within reach of a wider spectrum of laboratories. Further work on viral detection
fechniques has therefore been identified as a high future priority.

Details on this work have been published (Marx et al, 1997, 1998a,b; Taylor et al, 1997;
Wehber et al, 1998; Grabow et al, 1999a,b; Vivier, 2000) and presented at a number of
conferences (Chapter 11),

INVESTIGATION OF A TYPICAL OUTBREAK OF ENTERIC VIRAL DISEASE

An outbreak of gastroenteritis in the infant-toddier unit of a child care centre in Pretoria was
investigated for possible viral enteropathogens. Three different enteric viruses were detected
in patient stool specimens from 10 patients. Two patients had co-infection with rota- and
astroviruses, and one had co-infection with rota-, astro- and enteric adenovirus. The results
highlight the diversity of viral enteropathogens that may be associated with a diarrhoeal
outbreak and emphasise the need to investigate the possibility that multiple enteropathogens
may simultaneously cause a single outbreak of diarrhoea. 1t was not possible to determine
the origin of the infection. However, all three the viruses concerned are typically transmitted
by the faecal-oral route and waterborne transmission of these viruses is well documented.

Details of the study have been published by Taylor et al (1997). Further epidemioclogical data
on the incidence in South Africa of viral infections typically associated with water-borne
transmission have been published by Grabow et al (1996), Grabow (1997}, Taylor et al
(1996}, Wolfaardt et al (1997) and Marx et al (1998a).

ASSESSMENT OF THE EFFICIENCY OF A POINT-OF-USE WATER TREATMENT UNIT

The efficiency of the Aquaguard point-of-use domestic water treatment unit has been
evaluated in collaboration with the manufacturers of the unit, Eureka Forbes Ltd, Bangalore,
India. The removal and inactivation of a spectrum of pathogens and indicators have been
investigated. The study offered an ideal opportunity to assess and apply in practice new
techniques developed in this project. The unit proved highly efficient, and could certainly be
used to alleviate the quality problems with domestic drinking water supplies in developing
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communities. However, the unit also had shartcomings for this particular purpose. The most
important of these shoricomings were high cost, dependence on eleciricity and a need for
advanced operation and maintenance. Details of the study have been published by Grabow
et al (1999b).

RESEARCH ON THE ROLE OF WATER IN ENTERIC DISEASES IN SELECTED
COMMUNITIES

The fallowing objectives of the project were addressed in work covered by this Chapter:

. Study the qualitative and quantitative incidence of enteroviruses in wastewater effluents
from selected informal settlements and polluted water sources

. Assess the correlation of enteroviruses circulating in 2 community to enteroviruses
detectable in the wastewater from the community

* Assess the exient to which wastewater monitoring can serve as an indication of a risk
of poliomyelitis in a community

. Assess the implications of enteroviruses in wastewater from informal settiements for
sanitation and the protection of water sources

Waste water from a number of informal settlements and polluted water ‘sources such as
selected rivers, have been found to contain high numbers of a wide spectrum of viruses. At
least some of the rivers serve as the only source of domestic water supply to certain rural
communities. Data on the incidence and types of viruses in the waste waters and poliuted
sources confirm a potential health risk, and emphasise the need for improvement of
sanitation and water supply in many communities. |n economic congiderations regarding
improvement of these services, the cost of improving sanitation and water supply should be
weighed against the cost of the impact of the water-borne and -related diseases concerned,
This is illustrated by the health impact and refated costs of the cholera epidemic which
currently affiicts parts of the country. Studies focussed on the following cormmunities:

Molopo, North West

Substantial inputs had been made into endeavours to carry out 2 study on the incidence of
enteric viral infections in developing communities in the Molopo region near Mmabatho. The
intention was to correlate the incidence of infections with the presence of viruses in water
supplies used by these communities. The study was due to be carried out in collaboration
with the University of the North West in Mmabatho. Preliminary door-to-door surveys had
been completed, and the quality of a number of water sources had been analysed. The key
role player at the University had intentions of using the study for a PhD, but resigned.
Attempts to recruit a suitable candidate at the University of the North West to carry on with
the project were not successful and the study could not proceed.

Atteridgeville, Gauteng

A study on the role of water in the transmission of viruses has been completed. Vaccine
poliovirus was used as model at times when vaccination campaigns were carried out in the
community. The results revealed that the virus was detectable in water environments within
a day or two after the onset of vaccination of children. These findings revealed that enteric
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viruses from infected individuals in communities are released rapidly into the environment
and water resources. The resuits also illustrate the value of monitoring waste water as a tool
to screen viruses circulating in communities. The findings confirm the vaiue of water quality
monitoring to obtain important information on the epidemiology of waterborne viruses, and
the role of water in their transmission. Among other things, the resulis imply that wild type
polioviruses would be detectable in waste waters almost immediately after the onset of an
outbreak in a community. The evidence that such viruses would be detectable in
environmental waters even in communities without conventional sewerage systems is of
particular importance. In this case study the analysis of waste waters yielded valuable
information on the efficiency of the poliomyelitis vaccination campaign carried out in the
community. For further details see Grabow et al (1999a) and Rautenbach (1996).

Soshanguwe, Gauteng

The study at Soshanguwe was carried out in collaboration with the Town Council of Akasia
and community authorities concerned. The investigation formed part of an environmental
health and hygiene awareness campaign launched by the Council. The key role player in the
study had intentions of using the study for a PhD degree. A research protocol was
formulated and a questionnaire for door-to-door surveys has been designed taking into
consideration recommendations of the Water Research Commission Steering Committee,
The study has been launched successfully. Students at the Soshanguwe Technikon were
employed in door-to-door surveys and the callection of specimens. The study yielded
valuable information. Forinstance, the results indicated that households with in-house piped
water supplies had lower incidences of gastroenteritis than households where drinking water
supplies had to be collected in containers some distance away and stored in the home. A
report on preliminary results is available (Gacbepe, 1998). Details on rotaviruses isolated
from patients in the communities concerned have also been included in another report
(Grabow et al, 2000a). Unfortunately the researcher resigned from the Soshanguwe
Technikon and toock up new employment where it was not possible to carry on with the study.
This is most unfortunate because an infrastructure and opporfunities were in place to do most
valuable research.

Botshabelo, Free State

Studies at Botshabelo were predominantly carried out at the Technikon Free State in
Bloemfontein. In a comprehensive survey meaningful evidence has been presented that
elevated incidences of water-related infections were associated with the coliection of drinking
water supplies in containers from communal sources for storage in homes. This was
confirmed by an intervention study in which meaningful evidence was presented that the in-
house supply of piped water may reduce the incidence of water-related infections. Details
have been published (Jagals et al, 1987, 1999) and presented at conferences (Chapter 11).

Venda, Northern Province

The work at Venda was predominantly carried out with staff and students at the Department
of Biochemistry and Microbiciegy, University of Venda. The Head of the Department, and
colleagues from other Departments at the University, made most important contributions to
the planning and execution of the research.

Work in Venda focussad on rotavirus as a model for enteroviruses and other enteric viruses.

8



- Reasons included the higher incidence of clinical symptoms caused by rotavirus infections
compared to enteroviruses. This made it easier o trace infected patients in the community
than individuals infected by enteroviruses. Also, the information on rotaviruses is of particutar
interest because these viruses remain the single most important cause of infantile death in
the world.

The homes of patients who presented with rotavirus-diarrhoea at hospitals and clinics were
visited and their drinking water supplies were analysed. Detailed questionnaires on the
incidence of enteric infections in these and control homes were conducted by undergraduate
students. Raw water sources were alsc analysed. These included the Levuvhu River,
horeholes and springs, as well as treated supplies delivered by pipeline or tanker trucks. The
survival of indicators and pathogens in water supplies stored in containers for daily use in
homes has also been investigated. The resulis iliustrate the potential for waterborne
transmission of viruses and other pathogens in these communities.

Special attention was given to the possible water-borne transmission of rotaviruses from
animals to humans. This was done because it is generally believed that rotaviruses are
highly host specific and that animal strains of rotavirus will not readily infect humans.
However, recent reports from some parts of the world suggest that-under circumnstances
rotaviruses may indeed cross species barriers. Venda offers an ideal opportunity for research
along these lines because many people there live in close contact with animals and exposure
to animal wastes. Partners in this part of the study included infernational experts on
rotaviruses, notably Prof H Werchau, Department of Virology, Faculty of Medicine, Ruhr
University, Bochum, Germany, and Prof AD Steele, MRC Research Unit for Enteric Viruses,
Medunsa.

Stool specimens from patients with rotavirus gastroenteritis were collected in the Pretoria
area and rural areas of Venda. These study areas were selected to represent communities
with limited exposure to animais (Pretoria) and communitias with substantial exposure to
animals (Venda).

Specimens from the Pretoria area were predominantly obtained from the Department's
diagnostic Jaboratory where these stool specimens were received from various hospitals,
clinics and medical practitioners for diagnosis of the infections. Specimens from the Venda
area were predominantly collected from clinics and hospitals. A total of 87 Pretoria rotavirus
isolates and 108 Venda isolates were typed in detail. The results show that all infections in
both areas were caused by sirains of rotaviruses typically associated with infections in
humans. There were no meaningful indications of infections in humans which may be of
animal origin.

Rotaviruses were also detected in 2 samples of waste water from an informal settlement, 2
samples of water from a polivted river, 3 samples of dam water, and 2 samples of waste
water from one abattoir and 13 samples of waste water from another abattoir. However,
these viruses were detected by molecular techniques and typing of the viruses concerned
was not possible. The number of rotaviruses isolated from environmental waters was smaller
that would be expected in view of the incidence of rotavirus infections in study communities.
Although most valuable new techniques for the detection and typing of rotaviruses have been
established as part of this praject, it was evident that technology for the recovery and
detection of rotaviruses in water environments was in need of improvement. This has been
identified as a major priority for future research.

9
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Details on the work have been recorded in a report (Grabow et al, 2000a) and have been
presented at conferences (Chapter 11).

The project at Venda made a major contribution to the establishment of an infrastructure for
mostimportant further research on the control of waterborne diseases in rural and developing
communities.  This includes the training of researchers at the University of Venda where
research on viruses has not previously been carried out. The involvement of undergraduate
students in the project has stimulated interest which is due to have major benefits for their
education and future careers. A number of postgraduate students are now engaged in
studies on the microbiological quality of water. Involvement of communities by door-to-door
surveys created opportunities for education an rotaviruses and basic methods for control of
the infections. This certainly had benefits for at least those households that were visited.

Mamelodi, Gauteng

Detailed studies carried out on waste waters at Mamelodi showed the presence of
exceptionally high numbers of a spectrum of enteric viruses in diffuse effluents from an
informal settlement (Grabow et al, 1996a). These waste waters heavily poliuted a stream
running through the area. Although direct survival studies were not carried out to meaningful
extent in this study, it is known that viruses may remain viable for extended periods of time
in water environments of this kind. This pollution does, therefore, constitute significant health
risks for the utilisation of the water downstream. The findings underline the need for
sanitation and the protection of water resources. Results for similar studies carried out in
other areas are in agreement with the findings for Mamelodi (Grabow et al, 1996a).

CONCLUSIONS AND RECOMMENDATIONS
Reliability of conventional indicator organisms

In extensive analysis of raw water sources (river and dam water) viruses were rarely detected
in the absence of indicators such as coliform bacteria, enterococci and somatic or F-RNA
coliphages. These results suggest that indicators of faecal pollution rarely fail to indicate the
potential presence of viruses in waste water and poliuted water environments (Grabow et al,
1996a).

However, viruses were detected in treated drinking water supplies which met generally
accepted quality limits for heteratrophic plate counts, total coliform bacteria, enterococci, and
somatic and F-RNA coliphages. These results show that conventional indicator tests have
shortcoming for assessing the presence of viruses in treated drinking water supplies. The
findings have substantial implications for international quality guidelines which recommend
the absence of viruses from drinking water supplies {Grabow, 1996a,b; Grabow et al, 1999a,
2000b).

Recommendations for the control of water-borne viral diseases

In the high risk communities addressed in this project domestic drinking water supplies were
largely based on the collection of waier from various sources using a variety of containers
for indoor storage and daily use. At Botshabelo and Soshanguwe these drinking water
supplies were predominantiy collected from good quality waier at communal standpipes and
tanker trucks. In Venda some communities collected domestic water supplies from poliuted
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sources. Evidence has been presented that the quality of the drinking water supplies tends
to deteriorate during storage. This deterioration was due to growth of heterotrophic bacteria,
or to contamination during storage. Although the health risk constituted by these water
supplies has not been clearly defined, there is little doubt that they constitute a potential risk
of infection. Intervention studies were carried out by using clean and decontaminated
vessels with a screw-cap at the top and tap at the bottom {Gaobepe, 1998). These findings
confirmed that the risk of infection constituted by indoor stored drinking water supplies can
be reduced extensively by education, fraining and minor modifications to water storage
practices.

The extent to which practices of indoor water storage may affect virat infections in consumers
was not an objective of this project and is not yet altogether clear. However, results obtained
indicate that 2 meaningful reduction in viral infections may require a more holistic approach
including sanitation, food hygiene and personal hygiene. Evidence has also been presented
that the quality of indoor stored drinking water supplies can be improved extensively by
bringing the source of safe water closer 1o residences. At Botshabelo it was shown that this
strategy resulted in a meaningful reduction in the periods of storage and the volumes of water
that were stored, and more frequent collection of water supplies in smaller containers. This
reduced opportunities for quality deterioration by growth of heterotrophic bacteria, as well as
contamination during storage by handling, dust, flies, etc.(Jagals et al, 1997, 1999).

Recommendations for the control of waterborne viral diseases in high risk communities are,
therefore, largely based on education and training regarding the collection and storage of
indoor drinking water supplies. This addresses short-term immediate interventions at
minimum cost. The need for supplying safe water closer to homes is also emphasised. This
option is more expensive and will take longer to implement. The ultimate goal is to supply
running tap water inside households, but this is the most expensive and time consuming
option.

Recommendations for the routine monitoring of water quality

Evidence has been presented that conventional indicators such as heterotrophic plate
counts, coliform bacteria, enterococci and coliphages serve a valuable purpose for indicating
faecal pollution in waste water and polluted raw water sources. This faecal pollution indicates
the potential presence of pathogens such as viruses. However, there is no direct correlation
between any indicators and the incidence of viruses. Indicators of faecal pallution, notably
coliphages and clostridia, may also give a valuable indication of the survival of viruses in the
environment, raw water sources, and water treatment and disinfection processes. The
absence of a direct correlation between any indicators and viruses in treated drinking water
supplies was clearly illustrated by the detection of viruses in drinking water supplies which
met quality limits for all conventional indicatars (Grabow, 1996a,b, Grabow et al, 2000b) A
particularly interesting case of evidence in this regard was the drinking water supplies stored
indoors in informal residences. These storage vessels tended to have high counts of
heterotrophic and coliform bacteria, and the counts of these bacteria tended to increase
during storage, while no viruses were detected. Even if viruses were present initially, they
could not multiply like heterotrophic and coliform bacteria.

These findings show that conventional indicators have shortcomings for assessment of the

virological safety of drinking water supplies (Grabow et al, 2000b). Although conventional
indicators certainly offer valuable indications of the potential presence of pathogens, ultimate
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confirmation of virological safety requires additional strategies. These strategies may include
analyses for viruses themselves. Progress in technology and expertise increasingly renders
this option more practical and feasible. Where the inclusion of virological analysis in routine
monitoring programmes is not possible, as in the case of the high risk communities
addressed in this project, alternative straiegies are reguired. These would include
appropriate sanitary surveys of water sources as well as the handling and storage of drinking
water. This would have to be supplemented by using containers which prevent contamination
during storage, and by cleaning and decontaminating storage vessels by procedures known
to inactivate or remove pathogens like viruses (Grabow et al, 2000a).

RESEARCH PRODUCTS
Research products
9.1.1 Techniques for detection of new viruses

Substantial progress has been made in the development of techniques for the
detection of viruses in water which were not previously detectable. New techniques
are predominantly based on amplification of viral nucleic acid in selected cell
cultures followed by molecular detection of the nucleic acid wsing molecular
techniques. '

9.1.2 Data on risks of waterborne viruses

Data have been recorded on the incidence of potentially water-borne viruses in
water resources and treated drinking water supplies, as well as infections in
patienis caused by viruses which are potentially water-borne. This information
underlines the potential role of water in the spread of enteric viral diseases.

91.3 Technology and expertise for safe water

Evidence has been presented that in high risk communities such as those which
practice the collection of drinking water supplies in a variety of containers for indoor
storage and daily use, the risk of infection may be reduced substantially by a variety
of intervention sirategies. These may include the use of vessels which
appropriately protect the water from contamination, and the proper cleaning and
decontamination of containers prior to filling them with safe water. The success of
these and related intervention strategies heavily depend upon education and
training of user communities.

9.2 Target Group

9.2.1  Water industry: safe water

Techniques and standard operating procedures for routine monitoring of drinking
water supplies have been established and are ready for direct application in
practice.

Information of fundamental importance to the supply of safe drinking water to high
risk communities, notably those in informal settlements and rural areas, has heen
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9.23

recorded,

The results on the incidence of viruses in waste waters and water resources
underline the importance of sanitation aimed at protecting water sources from
poliution with waste waters which contain viruses and other pathogens.

Health authorities

The resulis of the project offer valuable guidelines to health authorities on
strategies that may be followed to reduce the risk of water-borne diseases. Various
options for addressing risks associated with indoor storage of drinking water
supplies have been recorded. The importance of education and training as a
strategy for controlling intestinal infections has been emphasised. Risks of viral
infections have been identified as a point in case illustrating the importance of a
helistic approach to the control of enteric diseases involving sanitation, food and
personal hygiene, and appropriate sanitary surveillance in addition to safe water
supplies.

Water industry: capacity building for safe water

A number of postgraduate students and research assistants have been frained in
advanced technology and expertise of fundamental importance to the water
industry, This includes the training of post- and undergraduate students at the
Bloemfontein Technikon and the University of Venda. Undergraduate students
were involved in the collection of samples, door-to-door surveys to collect
information and samples, and basic laboratory tests. This involvement of young
students contributed to the creation of awareness and interest in the water industry.
Visits to households in informal settlements and rural communities, and the
involvement of residents in experiments on different types of water containers,
contributed to education and training.

9.3 Potential application of Products

9.3.1

9.3.2

9.3.3

Sanitation and waste water disposal

Technology and expertise have been developed for assessment of the virological
quality of waste water, and the efficiency of waste water treatment and disposal
practices.

Control of water-borne diseases

Strategies for the control of water-borne viral diseases in high risk communities
have been defined. A number of options for reducing the risk of viral infections have
been proposed.

Assessment of the safety of water supplies

An advanced standard operating procedure for monitoring the virological safety of
water supplies has been established.
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10.1

10.2

10.3

10.4

9.3.4  Supply of safe water

Strategies for improving the safety of drinking water supplies in high risk
communities such as informal settlements and rural communities where drinking
water supplies are stored indoors in various types of containers, have been
formulated.

RECOMMENDATIONS FOR FURTHER RESEARCH

Progress in technology development and findings on water-barne transmission of viral
diseases in high risk communities recorded in this project reveal a number of areas for
essential further research. The most important of these include:

Technology development

Potential has been identified for the further improvement of techniques for the recovery of
viruses from large volumes of water, and the subsequent detection and characterisation of
these viruses. This includes application of the principles of affinity chromatography and new
approaches to the recovery of viruses by filtration procedures followed by the direct
cultivation of viruses on membranes. A highly successful infrastructure for progress in the
development of new techniques to detect and characterise viruses in water has been
established. This should be duly utilised not only for the development of new technology and
expertise, but also for capacity building and the training of manpower in a field of
fundamental importance to the water industry and related disciplines. There is great potential
for increasing the sensitivity and reliabifity of detection methods, as well as the reduction of
costs. In addition, viral detection techniques may be simplified to bring virological analyses
within reach of the technological and financial capabilities of many more laboratories.

Water-borne trapnsmission of viruses from animals to humans

Observations that enteric viruses seem to be highly host specific and that animal viruses are
rarely if ever transmitted by water to humans, have important implications for the
epidemiology of water-borne diseases. Indications are that the hepatitis E virus may he the
only exception to the rule. This needs to be confirmed because evidence has been
presented that hepatitis E is endemic in South Africa and that the virus does infect at least
pigs in many parts of the country. '

Indicators

Evidence on the host specificity of viruses places new emphasis on the importance of
distinguishing between faecal pollution of human and animal origin for assessment of the
safety of water supplies and risks of infection. This underlines the need for further research
and optimisation of techniques to use phages for this purpose, notably serogroups of F-RNA
coliphages and Baciteroides fragilis HSP40 phages.

Control of water-borne diseases in high risk communities
This project has made fundamental contributions to the establishment of an infrastructure

and oppartunities for most valuable research on the control of water-borne diseases in high
risk communities. it is now possible to conduct qualitative and quantitative assessments of
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11.

the risks of infection constituted by viruses and other pathogens in drinking water supplies.
This information is essential to calculate the feasibility and cost effectiveness of intervention
strategies, The project has also disclosed valuable opportunities for intervention in the
transmission of these diseases. An atiractive variety of intervention strategies are available,
and their application should be investigated. This will inevitably lead to major progress in the
control of water-borne diseases in high risk communities.

Technology transfer and capacity building:

New technology has been transferred to establishments such as the Universities of Venda
and Fort Hare, and the Technikon Free State. Other historically disadvantaged tertiary
education facilities and laboratories have been targeted for future activities. A number of
students have been earmarked for postgraduate studies on topics initiated by this project.

RESEARCH OUTPUTS

The following outputs generated by the project are available in the literature or on request.
The peer review publications in international scientific journals and reporis contain further
details on work summarised in this report.
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