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The problem
Contaminated water, if it is drunk without being adequately treated, can transfer several risk factors, including pathogenic microorganisms, chemical agents and cyanotoxins, to consumers.

Water-related diseases (WRDs) remain one of the major health concerns in the world. Diarrhoeal diseases account for some two million deaths each year, primarily of children in developing countries. They are responsible for 17% of deaths in children under 5 years of age, with an estimated median of 3.2 episodes per child per year. Ninety-four per cent of this disease burden is considered to be attributable to the environment, which includes unsafe water, lack of sanitation and poor hygiene. Moreover, severe outbreaks of diseases such as cholera, typhoid fever and hepatitis A can be transmitted through fecally-contaminated drinking-waters.
Furthermore, the issue of emerging pathogens has become a major concern in recent years. Emerging pathogens comprise different groups of microorganisms: those that have been newly detected (e.g. for water-related pathogens: Cryptosporidium parvum, Legionella pneumophila); those whose pathogenic mutants have been newly detected (V. cholerae 0 139); those whose human-pathogenic aspects have been newly detected (Campylobacter spp.); those that have been newly identified as the cause of a well-known infectious disease (hepatitis E virus); and those whose association with a well-known malignant or degenerative disease has been newly detected (Helicobacter pylori). The increase in WRDs caused by emerging pathogens is associated with the growing numbers of people with reduced immunocompetence, the increase in population age (demographic transition), and new and complex technical applications of water (e.g. dental units, air conditioning, cooling towers and spas).
Drinking-water-related outbreaks often cause the simultaneous infection of a large number of consumers, who may represent a substantial proportion of a community.
In contrast to groundwater, surface waters used for drinking generally represent the major vehicle of human disease transmission. They can be more easily contaminated by animal husbandry, pasture farming, sewage discharge, and the disposal of dangerous substances.
Within the WHO European Region, there are clear differences between the different geographical areas in the burdens of mortality and morbidity attributable to WRDs outbreaks.
Over 30 million cases of WRDs could be avoided annually by means of adequate water and sanitation interventions. Investing in water supply and sanitation has produced benefits far greater than those directly related to the cost of treatment for these human pathologies.

From a human health point of view, the chemical contamination of drinking-water is generally of much lesser importance than microbiological contamination. Nevertheless, in some situations, some chemicals (e.g., nitrate, fluoride, arsenic) can reach particularly high concentrations and constitute an issue of public concern.

Two main tools, complementary to each other, can be successfully applied to ensure adequate quality of water, to survey the health status of communities and to promote adequate preventive measures.

WHO water safety plans
The experience that has been gained in assessing, managing and preventing the risks to health can be successfully used to reduce and minimize the burden of WRDs. It is well known that:
· raw waters should be protected against pollution in the catchment area;

· surface and shallow water must always be treated before being used as a source of drinking-water, while groundwater from deep wells has to be treated only when contaminated; the higher the level of contamination of raw water, the greater the efficiency of the water treatment process required;

· drinking-water should be subject to surveillance for the main risk factors, with special attention to microbial quality; chemical quality must also be included in the surveillance; and
· the personnel responsible for the safe drinking-water distribution and monitoring systems must be given adequate education and training.

In this context, one of the most important tools in ensuring safe water is represented by the WHO water safety plan (WSP), a management approach that emphasizes prevention or reduction of contamination of water sources, reducing reliance on treatment processes for the removal of contamination. WSPs should be developed for each individual drinking-water system, whether large- or small-scale.

The key steps in developing a WSP are shown below.

· Assemble the team to prepare the WSP.

· Document and describe the system involved in the health problem.

· Undertake a hazard assessment and risk characterization to identify how hazards can enter into the water supply.

· Assess the existing or proposed system, including a description of the system and a flow diagram.

· Identify control measures to reduce and control the risks.

· Define how control measures are to be monitored to ensure acceptable performance of the WSP.

· Establish procedures to verify that the WSP is working effectively and will meet the health-based targets.
· Develop supporting programmes as well as training, hygiene practices, standard operating procedures, upgrading and improvement, and research and development.

· Prepare management procedures, including corrective actions, for normal and incident conditions.

· Establish documentation and communication procedures; these can have a large impact on the efficacy of certain removal processes.

WSPs should normally be reviewed and agreed on in consultation with the authority responsible for protection of public health to ensure that they will deliver water of a quality consistent with the health-based targets.
Surveillance systems for WRDs
Surveillance systems for the main communicable diseases have been established and implemented in almost all the countries in the Region. However, they often do not include specific surveillance for WRDs. Specific surveillance systems tailored to WRDs would provide relevant added value, as they can:

· identify the diseases transmitted by water;

· define/estimate the burden of WRDs;

· use data and information to identify communities where there are problems with waterborne diseases;

· promote intervention measures to control and prevent WRDs;
· target resources towards areas with priority needs; and
· assess the effectiveness of the implemented water and sanitation interventions in reducing diseases.

WRD surveillance systems can be especially useful in countries with limited resources, where interventions should be designed to be feasible, effective and economical. For example:

· information on the incidence of typhoid fever may indicate the need for targeted vaccine campaigns in specific geographic locations;

· information on epidemic and endemic giardiasis and cryptosoridiosis in communities that use surface water supplies may indicate the need for water filtration processes because chlorination is not very effective against these pathogens;
· information on outbreaks of a waterborne disease in adequately treated piped water supplies may indicate intrusion problems in the water distribution system and the need for booster chlorination systems in the distribution system or additional water treatment at the household level; and
· information showing a high prevalence of helminth infections may suggest the need for improvements in sanitation and increased water availability for hand washing.

How to set up an essential surveillance system for WRDs

Public health surveillance systems represent the ongoing and systematic collection, analysis and interpretation of health data to describe and monitor a health event.
The surveillance of WRDs should be included within more general surveillance systems for communicable diseases. A specific surveillance system for waterborne disease outbreaks should include a method for evaluating the evidence that an outbreak is indeed attributable to contaminated water.

There are several approaches for establishing waterborne disease surveillance systems, depending on the data to be collected, how quickly they need to be collected and analysed, and the human and financial resources available.
A wide spectrum of possible health outcomes, ranging from asymptomatic infections, specific symptoms and diseases to death, can be covered by the surveillance system.

According to the first meeting of the Parties to the Protocol on Water and Health in 2007, WRDs can be defined as priority diseases when they are characterized by a high epidemic potential, as in the case of cholera, diseases caused by enterohaemorrhagic E. coli, viral hepatitis A, bacillary dysentery and typhoid fever. Emerging diseases are those showing a rapid increase in the affected population, or being observed in countries where they were previously absent. They include campylobacteriosis, cryptosporidiosis, giardiasis and legionellosis.

Local diseases are diseases that are not present throughout the country concerned but may potentially have a severe local impact. They include blue baby syndrome, arsenicosis, viral infections, particularly those attributable to noroviruses, and parasitic diseases.

The surveillance system can focus on the detection of individual cases or of outbreaks; it can monitor broad categories of health outcomes such as diarrhoeal disease, or a few specific pathogens (such as typhoid fever, hepatitis, cholera or legionellosis).

Surveillance data should be collected, analysed and interpreted. When necessary, the public health authorities should be informed to allow them to take appropriate action. In most surveillance systems, information is collected on a local level and sent to regional and national health authorities who compile and analyse the data. The results of the data analyses are then summarized in reports that are provided to national and local health authorities. In some countries, these reports are also made available to the public and to international agencies such as the World Health Organization and nongovernmental organizations. Data collectors must understand the purpose of the surveillance system, be committed to the goals of the surveillance system and see evidence that the information is used to improve public health.

Local level

An outbreak management team (OMT) should be set up at the local health unit, headed by a public health officer. The OMT should be composed of representatives of the waterworks and sanitation system, the water department of the regional environmental agency, and an expert in hygiene and environmental medicine.

A local OMT should: set up and improve the surveillance systems; integrate the knowledge of the representatives of the various sectors and identify critical areas/situations in the local territory; and promote the most appropriate preventive measures to protect human health in these areas/situations.

In case of a WRD outbreak, the local OMT should:

· review the evidence for an outbreak

· identify the population at risk

· decide on control measures

· provide quick and adequate information to the public

· make arrangements for the commitment of personnel and resources

· monitor the implementation and effectiveness of measures taken

· decide when an outbreak has ended

· involve local personnel in the goals of the surveillance system.

Regional level

An OMT with similar features should be established at regional level, with the following tasks after WRD outbreaks:
· prepare a notification to be sent to the national agencies;
· prepare a report to be sent to the regional authorities responsible for management measures;
· promote further epidemiological and environmental studies, as necessary;
· provide adequate information to the public; and
· provide feedback on surveillance results and analyses to the local OMT in order to sustain the interest and cooperation of the data collectors and data providers.

National level
An OMT at national level should be composed of representatives from the following sectors: health, environment, waterworks and sanitation, and agriculture (including animal husbandry and aquaculture). The OMT, leaded by a health officer, should accomplish the following tasks:

· draft the notifications on WRDs and provide information to the public;

· map the WRDs on a national scale (possibly using geographical information systems);

· identify most critical areas/situations;

· assess the burden of WRDs;

· transmit the information on WRDs at international level;

· provide specific guidelines based on priorities and national health goals;

· provide training and educational initiatives;

· promote specific surveys;

· provide feedback on surveillance results and analyses to the regional OMT in order to sustain interest and cooperation;

· assess the functionality of the whole surveillance systems;

· prepare a report to be sent to the national authorities responsible for management measures;

· send processed data to international organizations; and
· coordinate activities in the case of transboundary waterbodies.

How a WRD surveillance system should work in practice

Preparedness

First and foremost, the local OMT should be well prepared to: (i) detect water-related outbreaks; and (ii) react adequately if a water-related outbreak occurs.
The OMT should meet regularly to build up trust and reduce communication barriers. Rules on alternate representation should be established at the beginning of the process to ensure that representatives of each relevant institution are always available.
In setting up a surveillance system, it is crucial to take into account the local situation and focus on critical areas/situations. For example, rural and poorer population groups are less likely to be included in a surveillance system because of their limited access to medical care. Sometimes alternative active surveillance approaches must be used to capture the true disease burden in these populations. Surveillance systems for waterborne disease outbreaks are more likely to detect larger outbreaks that occur in large municipal water systems because more people are likely to be affected and they have better access to medical care and diagnostic laboratories that can detect and report the illness. Smaller water utilities may be at greater risk of problems with waterborne disease because water quality at these facilities may be monitored less frequently, the facilities may have fewer treatment processes, and the operators may have less training and may only work part-time. However, it is more difficult to detect waterborne disease outbreaks associated with small water utilities because fewer people may be affected, they may have limited access to medical care, and there may be limited communication with regional or national health authorities.

Response

The response phase of an outbreak management can be divided into different steps, as shown below.

1. Trigger event: outbreak detection and confirmation.

2. Acute reaction: outbreak declaration, quick and preliminary descriptive hazard investigation, initial and immediate control measures.

3. Analysis: in-depth analytical hazard investigation, continuous re-evaluation of control measures.

4. Normalization: conclusion of outbreak and declaration of normalization.

5. End: evaluation, formal report, lessons learned for the future.

1. Trigger events

This term covers a wide range of situations represented, for example, by:
· an increase in the number of cases of a particular, potentially water-related, disease being reported through the surveillance system (local medical doctors and hospitals may communicate this information);

· drinking-water sample exceeding microbiological or chemical limits; this should always raise the alarm and should prompt immediate action (local laboratories should provide information);
· relevant technical failures in water treatment or distribution facilities give rise to failure in the water treatment process (waterworks should give notification of such events);

· unusual events in the catchment area, e.g. transport accident, extreme rainfall and runoff, flooding, sewage or liquid manure accidents (environmental agencies should provide information); and
· clusters of customers' complaints from one supply zone concerning changes in organoleptic quality of tap water (waterworks should provide information).
Furthermore, pharmacies should provide information on higher use of specific drugs, and schools and workplaces should provide notification when an unusually high number of absences is noticed.

2. Acute reaction

Any trigger event should prompt an immediate first meeting of the OMT. The team should use descriptive epidemiological techniques to summarize key information about the people affected and their illness: who? When? Where? A first case definition has to be formulated. This should be based on the disease (clinical symptoms, laboratory results), the time period for dates of onset, and some geographic locator. The main outcomes of the descriptive study are: (i) an epidemic curve; and (ii) an epidemic map depicting the important information on time and place. Based on this information, the epidemiological risk must be assessed and a hypothesis on the causes of the outbreak generated. The latter is important for both implementing control measures and designing an analytical study.

The major goal of this phase is to reduce the risk by quickly implementing preliminary control measures. Treatment failures have to be corrected; an additional disinfection step may help. Sometimes, if possible, an alternative water supply has to be activated. High-risk individuals should be advised not to use water from the public supply (those individuals and institutions should be identified in advance), and other consumers should apply household-level treatment. Information should be communicated to the public by a single person, who is authorized by the OMT, and it is without any doubt advantageous to have a professional in this position.

3. Analysis
The in-depth analysis of the situation is based on three approaches, as shown below.

· Different analytical epidemiological studies can be used for the risk assessment of water-related disease outbreaks: ecological, time series, case-control, (retrospective) cohort, intervention and sero-prevalence studies.

· The detailed hygiene and ecological site inspection, including catchment area, treatment plant and distribution net, may lead to important hypotheses concerning the causes of an outbreak. Mapping is the central method for this approach.

· The investigation of the hygiene of raw water, treated water, disinfected water and water at the consumers' tap is normally based on the interpretation of some microbiological, physical and chemical standard parameters.

During the analytical phase, the further development of the outbreak situation has to be critically monitored: are new cases occurring? Is the incidence of cases increasing or decreasing? The immediate control measures must be continuously reassessed. Recommendations for long-term control measures should be given.
4. Normalization

Before normalization of the situation can be declared, the following questions have to be answered:

· Are the causes of the outbreak completely understood?

· Have efficient control measures been implemented?

· Are new cases occurring, with due consideration of the incubation period?

· Have water sample results met microbiological or chemical requirements for at least three days?

5. End

Finally, the OMT formally declares the end of the outbreak to the public. Its work is completed with a formal outbreak report. The efficiency of incidence management has to be evaluated in terms of what worked and what could have been done better. Additionally, the costs of the outbreak should be assessed, to give decision-makers an idea of what could be saved by installing adequate preventive measures. Finally, lessons learned have to be identified, in order to prevent or at least to better manage future outbreaks.

How to evaluate a surveillance system for WRDs

The output of a surveillance system can be mainly evaluated according to the criteria of: sensitivity, timeliness, representativeness and data quality. The sensitivity of a system is its ability to detect the events under surveillance. A surveillance system should be sensitive enough to detect changes in disease incidence. The timeliness of a waterborne disease surveillance system can be assessed by measuring how long it takes for a case of waterborne disease or an outbreak of waterborne disease to be recognized and reported to the system. The data collected in a surveillance system should be representative of the true situation in the population covered by the surveillance system. Assessments of data quality can be made in order to verify whether data collected in the system are complete and accurate.

The specific issue of rural areas

Most people without access to an improved water source (6 out of 7) live in rural areas. This means that 1.1 billion people lack access to water. In both developing and developed countries, this is the group most affected by waterborne disease outbreaks. Providing safe and reliable water services to these people is an essential long-term goal that will yield health and economic benefits.
The establishment of specific water surveillance systems in rural areas can substantially decrease morbidity and mortality related to diarrhoea, as well as other WRDs.
A fundamental aspect is that a local agency should have the responsibility for managing this issue in the rural area. For example, a local OMT should be set up, with the organization and tasks described above. Furthermore, these agencies should take also responsibility for implementing the main aspects of the WSPs in order to ensure adequate quality of drinking-water.
Additional tasks for the OMTs should include:
· raising awareness among rural people about water quality issues and related waterborne diseases;

· building the capacity of health facilities to perform field tests using simplified kits and, especially, to take managerial responsibility in their respective area;
· establishing water testing laboratories within selected critical services such as schools;

· taking immediate corrective action when water samples are found to be contaminated;

· selecting adequate sources of drinking-water supply that comply with water quality targets as defined in WHO's Guidelines for drinking-water quality; and
· training operators, to ensure the most suitable, continuous and adequate treatment of raw waters.

Many studies indicate a decrease in diarrhoeal episodes by 39% with household water treatment and safe storage. Hence, important results can be achieved in preventing waterborne disease through household interventions, such as those listed below.

· Disinfection at the point of use by adding chlorine in liquid or tablet form to drinking-water stored in a protected container can be a low-cost option.
· Solar disinfection by exposing water in disposable clear plastic bottles to sunlight for a day, typically on the roof of a house, involves the provision of plastic bottles.
· Water filtration is another option to purify water; water purification with ceramic filters, often coated with silver to control bacterial growth, is effective in removing many microbes and other suspended solids.
· Boiling is by far the most commonly used approach to disinfect water at household level.
· A combined approach which uses powders or tablets to coagulate and flocculate sediments in water followed by a timed release of disinfectant is particularly useful for treating turbid water.
But water treatment also needs to be accompanied by safe storage. This can be accomplished by using containers with narrow openings and a dispensing device such as a tap or spigot to protect collected water against contamination. These measures are particularly important because the microbial quality of drinking-water frequently declines after collection.

Finally, significant health benefits can be achieved through hygiene education.
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