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® potentially emerging pathogens, including Helicobacter pylori, Tsukamurella, Isos-
pora belli and microsporidia, for which waterborne transmission is plausible but
unconfirmed;

® hazardous cyanobacteria.

The human health effects caused by waterborne transmission vary in severity
from mild gastroenteritis to severe and sometimes fatal diarrhoea, dysentery, hepatitis
and typhoid fever. Contaminated water can be the source of large outbreaks of disease,
including cholera, dysentery and cryptosporidiosis; for the majority of waterborne
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pathogens, however, there are other important sources of infection, such as person-to-
person contact and food.

Most waterborne pathogens are introduced into drinking-water supplies in hu-
man or animal faeces, do not grow in water and initiate infection in the gastrointestin-
al tract following ingestion. However, Legionella, atypical mycobacteria, Burkholderia
pseudomallei, Acanthamoeba spp. and Naegleria fowleri are environmental organisms
that can grow in water and soil. Besides ingestion, other routes of transmission can
include inhalation, leading to infections of the respiratory tract (e.g. Legionella, atypi-
cal mycobacteria), and contact, leading to infections at sites as diverse as the skin and
brain (e.g. Naegleria fowleri, Burkholderia pseudomallei).

Of all the waterborne pathogens, the helminth Dracunculus medinensis is unique
in that it is the only pathogen that is solely transmitted through drinking-water.

The fact sheets on potential pathogens include information on human health ef-
fects, sources and occurrence, routes of transmission and the significance of drinking-
water as a source of infection. The fact sheets on microorganisms that can be used
as indicators of the effectiveness of control measures or of the potential presence of
pathogenic microorganisms provide information on indicator value, source and oc-
currence, application and significance of detection.

11.1 Bacterial pathogens

Most bacterial pathogens potentially transmitted by water infect the gastrointes-
tinal tract and are excreted in the faeces of infected humans and animals. However,
there are also some waterborne bacterial pathogens, such as Legionella, Burkholderia
pseudomallei and atypical mycobacteria, that can grow in water and soil. The routes
of transmission of these bacteria include inhalation and contact (bathing), with infec-
tions occurring in the respiratory tract, in skin lesions or in the brain.

Acinetobacter

General description

Acinetobacter spp. are Gram-negative, oxidase-negative, non-motile coccobacilli (short
plump rods). Owing to difficulties in naming individual species and biovars, the term
Acinetobacter calcoaceticus baumannii complex is used in some classification schemes
to cover all subgroups of this species, such as A. baumannii, A. iwoffii and A. junii.

Human health effects

Acinetobacter spp. are usually commensal organisms, but they occasionally cause in-
fections, predominantly in susceptible patients in hospitals. They are opportunistic
pathogens that may cause urinary tract infections, pneumonia, bacteraemia, second-
ary meningitis and wound infections. These diseases are predisposed by factors such
as malignancy, burns, major surgery and weakened immune systems, such as in neo-
nates and elderly individuals. The emergence and rapid spread of multidrug-resistant
A. calcoaceticus baumannii complex, causing nosocomial infections, are of concern in
health-care facilities.
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Source and occurrence

Acinetobacter spp. are ubiquitous inhabitants of soil, water and sewage environments.
Acinetobacter has been isolated from 97% of natural surface water samples in numbers
of up to 100/ml. The organisms have been found to represent 1.0-5.5% of the hetero-
trophic plate count (HPC) flora in drinking-water samples and have been isolated
from 5-92% of distribution water samples. In a survey of untreated groundwater sup-
plies in the United States of America (USA), Acinetobacter spp. were detected in 38%
of the groundwater supplies at an arithmetic mean density of 8/100 ml. The study
also revealed that slime production, a virulence factor for A. calcoaceticus, was not
significantly different between well water isolates and clinical strains, suggesting some
degree of pathogenic potential for strains isolated from groundwater. Acinetobacter
spp. are part of the natural microbial flora of the skin and occasionally the respiratory
tract of healthy individuals.

Routes of exposure

Environmental sources within hospitals and person-to-person transmission are the
likely sources for most outbreaks of hospital infections. Infection is most commonly
associated with contact with wounds and burns or inhalation by susceptible individ-
uals. In patients with Acinetobacter bacteraemia, intravenous catheters have also been
identified as a source of infection. Outbreaks of infection have been associated with
water baths and room humidifiers. Ingestion is not a usual source of infection.

Significance in drinking-water

Although Acinetobacter spp. are often detected in treated drinking-water supplies, an
association between the presence of Acinetobacter spp. in drinking-water and clinic-
al disease has not been confirmed. There is no evidence of gastrointestinal infection
through ingestion of Acinetobacter spp. in drinking-water among the general popula-
tion. However, transmission of non-gastrointestinal infections by drinking-water may
be possible in susceptible individuals, particularly in settings such as health-care facili-
ties and hospitals. As discussed in chapter 6, specific water safety plans should be de-
veloped for buildings, including hospitals and other health-care facilities. These plans
need to take account of particular sensitivities of occupants. Acinetobacter spp. are
sensitive to disinfectants such as chlorine, and numbers will be low in the presence of a
disinfectant residual. Control measures that can limit growth of the bacteria in distri-
bution systems include treatment to optimize organic carbon removal, restriction of
the residence time of water in distribution systems and maintenance of disinfectant
residuals. Acinetobacter spp. are detected by HPC, which can be used together with par-
ameters such as disinfectant residuals to indicate conditions that could support growth
of these organisms. However, Escherichia coli (or, alternatively, thermotolerant coli-
forms) cannot be used as an indicator for the presence/absence of Acinetobacter spp.

Selected bibliography
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Issues in Water and Infectious Disease Series).
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Aeromonas

General description

Aeromonas spp. are Gram-negative, non-spore-forming, facultative anaerobic bacilli
belonging to the family Vibrionaceae. They bear many similarities to the Enterobac-
teriaceae. The genus is divided into two groups. The group of psychrophilic non-motile
aeromonads consists of only one species, A. salmonicida, an obligate fish pathogen
that is not considered further here. The group of mesophilic motile (single polar fla-
gellum) aeromonads is considered of potential human health significance and consists
of the species A. hydrophila, A. caviae, A. veronii subsp. sobria, A. jandaei, A. veronii
subsp. veronii and A. schubertii. The bacteria are normal inhabitants of fresh water and
occur in water, soil and many foods, particularly meat and milk.

Human health effects

Aeromonas spp. can cause infections in humans, including septicaemia, particularly
in immunocompromised patients, wound infections and respiratory tract infections.
There have been some claims that Aeromonas spp. can cause gastrointestinal illness,
but epidemiological evidence is not consistent. Despite marked toxin production by
Aeromonas spp. in vitro, diarrhoea has not yet been introduced in test animals or hu-
man volunteers.

Source and occurrence

Aeromonas spp. occur in water, soil and food, particularly meat, fish and milk. Aero-
monas spp. are generally readily found in most fresh waters, and they have been de-
tected in many treated drinking-water supplies, mainly as a result of regrowth in dis-
tribution systems. The factors that affect the occurrence of Aeromonas spp. in water
distribution systems are not fully understood, but organic content, temperature, the
residence time of water in the distribution network and the presence of residual chlor-
ine have been shown to influence population sizes.

Routes of exposure

Wound infections have been associated with contaminated soil and water-related ac-
tivities, such as swimming, diving, boating and fishing. Septicaemia can follow from
such wound infections. In immunocompromised individuals, septicaemia may arise
from aeromonads present in their own gastrointestinal tract.
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Significance in drinking-water

Despite frequent isolation of Aeromonas spp. from drinking-water, the body of
evidence does not provide significant support for waterborne transmission. Aeromon-
ads typically found in drinking-water do not belong to the same deoxyribonucleic
acid (DNA) homology groups as those associated with cases of gastroenteritis. The
presence of Aeromonas spp. in drinking-water supplies is generally considered a nuis-
ance. Entry of aeromonads into distribution systems can be minimized by adequate
disinfection. Control measures that can limit growth of the bacteria in distribution
systems include treatment to optimize organic carbon removal, restriction of the resi-
dence time of water in distribution systems and maintenance of disinfectant residuals.
Aeromonas spp. are detected by HPC, which can be used together with parameters
such as disinfectant residuals to indicate conditions that could support growth of
these organisms. However, E. coli (or, alternatively, thermotolerant coliforms) cannot
be used as an indicator for the presence/absence of Aeromonas spp.
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Burkholderia pseudomallei

General description

Burkholderia pseudomallei is a Gram-negative bacillus commonly found in soil and
muddy water, predominantly in tropical regions such as northern Australia and south-
east Asia. The organism is acid tolerant and survives in water for prolonged periods in
the absence of nutrients.

Human health effects

Burkholderia pseudomallei can cause the disease melioidosis, which is endemic in
northern Australia and other tropical regions. The most common clinical manifesta-
tion is pneumonia, which may be fatal. In some of these areas, melioidosis is the most
common cause of community-acquired pneumonia. Cases appear throughout the
year but peak during the rainy season. Many patients present with milder forms of
pneumonia, which respond well to appropriate antibiotics, but some may present with
a severe septicaemic pneumonia. Other symptoms include skin abscesses or ulcers,
abscesses in internal organs and unusual neurological illnesses, such as brainstem en-
cephalitis and acute paraplegia. Although melioidosis can occur in healthy children
and adults, it occurs mainly in people whose defence mechanisms against infection
are impaired by underlying conditions or poor general health associated with poor
nutrition or living conditions.

Source and occurrence

The organism occurs predominantly in tropical regions, typically in soil or surface-
accumulated muddy water, from where it may reach raw water sources and also drink-
ing-water supplies. The number of organisms in drinking-water that would constitute
a significant risk of infection is not known.
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Routes of exposure

Most infections appear to be through contact of skin cuts or abrasions with contamin-
ated water. In south-east Asia, rice paddies represent a significant source of infection.
Infection may also occur via other routes, particularly through inhalation or inges-
tion. The relative importance of these routes of infection is not known.

Significance in drinking-water

In two Australian outbreaks of melioidosis, indistinguishable isolates of B. pseudomal-
lei were cultured from cases and the drinking-water supply. The detection of the
organisms in one drinking-water supply followed replacement of water pipes and
chlorination failure, whereas the second supply was unchlorinated. Within a water
safety plan, control measures that should provide effective protection against this
organism include application of established treatment and disinfection processes
for drinking-water coupled with protection of the distribution system from contam-
ination, including during repairs and maintenance. HPC and disinfectant residual
as measures of water treatment effectiveness and application of appropriate mains
repair procedures could be used to indicate protection against B. pseudomallei. Be-
cause of the environmental occurrence of B. pseudomallei, E. coli (or, alternatively,
thermotolerant coliforms) is not a suitable indicator for the presence/absence of this
organism.
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Campylobacter

General description

Campylobacter spp. are microaerophilic (require decreased oxygen) and capnophilic
(require increased carbon dioxide), Gram-negative, curved spiral rods with a single
unsheathed polar flagellum. Campylobacter spp. are one of the most important causes
of acute gastroenteritis worldwide. Campylobacter jejuni is the most frequently iso-
lated species from patients with acute diarrhoeal disease, whereas C. coli, C. laridis
and C. fetus have also been isolated in a small proportion of cases. Two closely related
genera, Helicobacter and Archobacter, include species previously classified as Campylo-
bacter spp.

Human health effects
An important feature of C. jejuni is relatively high infectivity compared with other
bacterial pathogens. As few as 1000 organisms can cause infection. Most symptomatic
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infections occur in infancy and early childhood. The incubation period is usually 2-4
days. Clinical symptoms of C. jejuni infection are characterized by abdominal pain,
diarrhoea (with or without blood or faecal leukocytes), vomiting, chills and fever. The
infection is self-limited and resolves in 3-7 days. Relapses may occur in 5-10% of
untreated patients. Other clinical manifestations of C. jejuni infections in humans in-
clude reactive arthritis and meningitis. Several reports have associated C. jejuni infec-
tion with Guillain-Barré syndrome, an acute demyelinating disease of the peripheral
nerves.

Source and occurrence

Campylobacter spp. occur in a variety of environments. Wild and domestic animals,
especially poultry, wild birds and cattle, are important reservoirs. Pets and other ani-
mals may also be reservoirs. Food, including meat and unpasteurized milk, are im-
portant sources of Campylobacter infections. Water is also a significant source. The
occurrence of the organisms in surface waters has proved to be strongly dependent on
rainfall, water temperature and the presence of waterfowl.

Routes of exposure

Most Campylobacter infections are reported as sporadic in nature, with food con-
sidered a common source of infection. Transmission to humans typically occurs by
the consumption of animal products. Meat, particularly poultry products, and un-
pasteurized milk are important sources of infection. Contaminated drinking-water
supplies have been identified as a source of outbreaks. The number of cases in these
outbreaks ranged from a few to several thousand, with sources including unchlorin-
ated or inadequately chlorinated surface water supplies and faecal contamination of
water storage reservoirs by wild birds.

Significance in drinking-water

Contaminated drinking-water supplies have been identified as a significant source of
outbreaks of campylobacteriosis. The detection of waterborne outbreaks and cases
appears to be increasing. Waterborne transmission has been confirmed by the isola-
tion of the same strains from patients and drinking-water they had consumed. Within
a water safety plan, control measures that can be applied to manage potential risk
from Campylobacter spp. include protection of raw water supplies from waste from
humans and animals, adequate treatment and protection of water during distribu-
tion. Storages of treated and disinfected water should be protected from bird faeces.
Campylobacter spp. are faecally borne pathogens and are not particularly resistant to
disinfection. Hence, E. coli (or thermotolerant coliforms) is an appropriate indicator
for the presence/absence of Campylobacter spp. in drinking-water supplies.

Selected bibliography
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Enterobacter sakazakii

General description

Enterobacter sakazakii is a motile, Gram-negative, non-spore-forming, rod-shaped
bacterium that has been found in infant formulas as a contaminant. Enterobacter spe-
cies are biochemically similar to Klebsiella; unlike Klebsiella, however, Enterobacter
is ornithine positive. Enterobacter sakazakii has been found to be more resistant to
osmotic and dry stress than other members of the Enterobacteriaceae family.

Human health effects

Enterobacter sakazakii has been associated with sporadic cases or small outbreaks of
sepsis, meningitis, cerebritis and necrotizing enterocolitis. Most of the infections are
seen in low-birth-weight infants (i.e. less than 2 kg) or infants born prematurely (i.e.
less than 37 weeks of gestation). Mortality has been reported to be as high as 50% but
has decreased to less than 20% in recent years.

Source and occurrence

The reservoir for E. sakazakii is unknown. Various environmental samples (surface
water, soil, mud, bird faeces) have tested negative. Enterobacter sakazakii has been
identified in the guts of certain flies. The organism has been frequently identified in
factories that produce milk powder and other food substances and in households.
Commercially produced non-sterile powdered infant formula has often been impli-
cated as the source of the bacteria during outbreaks. In a study of 141 powdered in-
fant formulas, 20 were found to be culture-positive for E. sakazakii, even though
the formulas complied with Codex microbial requirements for coliforms (< 3 colony-
forming units per gram). The bacteria have been found in samples from newly opened
sealed cans. Although sources of the bacteria other than infant formula have not been
identified, environmental sources probably exist.

Routes of exposure

Disease caused by E. sakazakii in infants has been associated with the consumption
of commercially prepared non-sterile infant formula. Contamination has been linked
back to either the infant formula itself or formula preparation equipment (e.g. blend-
ers). Many of the outbreaks have occurred without identified hygienic lapses during
formula preparation. The organism has not been found in drinking-water sources
used to prepare the formula. There is no evidence for person-to-person or more gen-
eral environmental transmission.

Significance in drinking-water

There is no evidence that these bacteria are transmitted through drinking-water, al-
though it is plausible that the organism could be present in water of poor quality.
Enterobacter sakazakii is sensitive to disinfectants, and its presence can be prevented
by adequate treatment.
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Escherichia coli pathogenic strains

General description

Escherichia coli is present in large numbers in the normal intestinal flora of humans and
animals, where it generally causes no harm. However, in other parts of the body, E. coli
can cause serious disease, such as urinary tract infections, bacteraemia and meningitis.
A limited number of enteropathogenic strains can cause acute diarrhoea. Several class-
es of enteropathogenic E. coli have been identified on the basis of different virulence
factors, including enterohaemorrhagic E. coli (EHEC), enterotoxigenic E. coli (ETEC),
enteropathogenic E. coli (EPEC), enteroinvasive E. coli (EIEC), enteroaggregative E.
coli (EAEC) and diftusely adherent E. coli (DAEC). More is known about the first four
classes named; the pathogenicity and prevalence of EAEC and DAEC strains are less
well established.

Human health effects

EHEC serotypes, such as E. coli O157:H7 and E. coli O111, cause diarrhoea that ranges
from mild and non-bloody to highly bloody, which is indistinguishable from haemor-
rhagic colitis. Between 2% and 7% of cases can develop the potentially fatal haemo-
lytic uraemic syndrome, which is characterized by acute renal failure and haemolytic
anaemia. Children under 5 years of age are at most risk of developing haemolytic
uraemic syndrome. The infectivity of EHEC strains is substantially higher than that of
the other strains. As few as 100 EHEC organisms can cause infection. ETEC produces
heat-labile or heat-stable E. coli enterotoxin, or both toxins simultaneously, and is an
important cause of diarrhoea in developing countries, especially in young children.
Symptoms of ETEC infection include mild watery diarrhoea, abdominal cramps, nau-
sea and headache. Infection with EPEC has been associated with severe, chronic, non-
bloody diarrhoea, vomiting and fever in infants. EPEC infections are rare in developed
countries, but occur commonly in developing countries, with infants presenting with
malnutrition, weight loss and growth retardation. EIEC causes watery and occasion-
ally bloody diarrhoea where strains invade colon cells by a pathogenic mechanism
similar to that of Shigella.
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Source and occurrence

Enteropathogenic E. coli are enteric organisms, and humans are the major reservoir,
particularly of EPEC, ETEC and EIEC strains. Livestock, such as cattle and sheep and,
to a lesser extent, goats, pigs and chickens, are a major source of EHEC strains. The
latter have also been associated with raw vegetables, such as bean sprouts. The patho-
gens have been detected in a variety of water environments.

Routes of exposure

Infection is associated with person-to-person transmission, contact with animals,
food and consumption of contaminated water. Person-to-person transmissions are
particularly prevalent in communities where there is close contact between individ-
uals, such as nursing homes and day-care centres.

Significance in drinking-water

Waterborne transmission of pathogenic E. coli has been well documented for recre-
ational waters and contaminated drinking-water. A well-publicized waterborne out-
break of illness caused by E. coli O157:H7 (and Campylobacter jejuni) occurred in the
farming community of Walkerton in Ontario, Canada. The outbreak took place in
May 2000 and led to 7 deaths and more than 2300 illnesses. The drinking-water supply
was contaminated by rainwater runoft containing cattle excreta. Within a water safety
plan, control measures that can be applied to manage potential risk from enteropatho-
genic E. coli include protection of raw water supplies from human and animal waste,
adequate treatment and protection of water during distribution. There is no indica-
tion that the response of enteropathogenic strains of E. coli to water treatment and
disinfection procedures differs from that of other E. coli. Hence, conventional testing
for E. coli (or, alternatively, thermotolerant coliform bacteria) provides an appropri-
ate indicator for the enteropathogenic serotypes in drinking-water. This applies even
though standard tests will generally not detect EHEC strains.
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Helicobacter pylori

General description

Helicobacter pylori, originally classified as Campylobacter pylori, is a Gram-negative,
microaerophilic, spiral-shaped, motile bacterium. There are at least 14 species of
Helicobacter, but only H. pylori has been identified as a human pathogen.

Human health effects

Helicobacter pylori is found in the stomach; although most infections are asymptom-
atic, the organism is associated with chronic gastritis, which may lead to complications
such as peptic and duodenal ulcer disease and gastric cancer. Whether the organism
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is truly the cause of these conditions remains unclear. The majority of H. pylori infec-
tions are initiated in childhood and without treatment are chronic. The infections are
more prevalent in developing countries and are associated with overcrowded living
conditions. Interfamilial clustering is common.

Source and occurrence

Humans appear to be the primary host of H. pylori. Other hosts may include domestic
cats. There is evidence that H. pylori is sensitive to bile salts, which would reduce the
likelihood of faecal excretion, although it has been isolated from faeces of young chil-
dren. Helicobacter pylori has been detected in water. Although H. pylori is unlikely to
grow in the environment, it has been found to survive for 3 weeks in biofilms and up
to 20-30 days in surface waters. In a study conducted in the USA, H. pylori was found
in the majority of surface water and shallow groundwater samples. The presence of
H. pylori was not correlated with the presence of E. coli. Possible contamination of the
environment can be through children with diarrhoea or through vomiting by children
as well as adults.

Routes of exposure

Person-to-person contact within families has been identified as the most likely source
of infection through oral-oral transmission. Helicobacter pylori can survive well in
mucus or vomit. However, it is difficult to detect in mouth or faecal samples. Faecal-
oral transmission is also considered possible.

Significance in drinking-water

Consumption of contaminated drinking-water has been suggested as a potential source
of infection, but further investigation is required to establish any link with waterborne
transmission. Humans are the principal source of H. pylori, and the organism is sensi-
tive to oxidizing disinfectants. Hence, control measures that can be applied to protect
drinking-water supplies from H. pylori include preventing contamination by human
waste and adequate disinfection. Escherichia coli (or, alternatively, thermotolerant coli-
forms) is not a reliable indicator for the presence/absence of this organism.
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Klebsiella

General description

Klebsiella spp. are Gram-negative, non-motile bacilli that belong to the family Entero-
bacteriaceae. The genus Klebsiella consists of a number of species, including K. pneu-
moniae, K. oxytoca, K. planticola and K. terrigena. The outermost layer of Klebsiella
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spp. consists of a large polysaccharide capsule that distinguishes the organisms from
other members of the family. Approximately 60-80% of all Klebsiella spp. isolated from
faeces and clinical specimens are K. pneumoniae and are positive in the thermotoler-
ant coliform test. Klebsiella oxytoca has also been identified as a pathogen.

Human health effects

Klebsiella spp. have been identified as colonizing hospital patients, where spread is as-
sociated with the frequent handling of patients (e.g. in intensive-care units). Patients
at highest risk are those with impaired immune systems, such as the elderly or very
young, patients with burns or excessive wounds, those undergoing immunosuppres-
sive therapy or those with human immunodeficiency virus (HIV)/acquired immuno-
deficiency syndrome (AIDS) infection. Colonization may lead to invasive infections.
On rare occasions, Klebsiella spp., notably K. pneumoniae and K. oxytoca, may cause
serious infections, such as destructive pneumonia.

Source and occurrence

Klebsiella spp. are natural inhabitants of many water environments, and they may
multiply to high numbers in waters rich in nutrients, such as pulp mill wastes, textile
finishing plants and sugar-cane processing operations. In drinking-water distribution
systems, they are known to colonize washers in taps. The organisms can grow in water
distribution systems. Klebsiella spp. are also excreted in the faeces of many healthy
humans and animals, and they are readily detected in sewage-polluted water.

Routes of exposure

Klebsiella can cause nosocomial infections, and contaminated water and aerosols may
be a potential source of the organisms in hospital environments and other health-care
facilities.

Significance in drinking-water

Klebsiella spp. are not considered to represent a source of gastrointestinal illness in
the general population through ingestion of drinking-water. Klebsiella spp. detected
in drinking-water are generally biofilm organisms and are unlikely to represent a
health risk. The organisms are reasonably sensitive to disinfectants, and entry into
distribution systems can be prevented by adequate treatment. Growth within distri-
bution systems can be minimized by strategies that are designed to minimize bio-
film growth, including treatment to optimize organic carbon removal, restriction of
the residence time of water in distribution systems and maintenance of disinfectant
residuals. Klebsiella is a coliform and can be detected by traditional tests for total
coliforms.
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Legionella

General description

The genus Legionella, a member of the family Legionellaceae, has at least 50 species
comprising 70 distinct serogroups. Legionellae are Gram-negative, rod-shaped, non-
spore-forming bacteria that require L-cysteine for growth and primary isolation.
Legionella spp. are heterotrophic bacteria found in a wide range of water environ-
ments and can proliferate at temperatures above 25 °C.

Human health effects

Although all Legionella spp. are considered potentially pathogenic for humans, L.
pneumophila is the major waterborne pathogen responsible for legionellosis, of which
two clinical forms are known: Legionnaires” disease and Pontiac fever. The former is
a pneumonic illness with an incubation period of 3-6 days. Host factors influence the
likelihood of illness: males are more frequently affected than females, and most cases
occur in the 40- to 70-year age group. Risk factors include smoking, alcohol abuse,
cancer, diabetes, chronic respiratory or kidney disease and immunosuppression, as in
transplant recipients. Pontiac fever is a milder, self-limiting disease with a high attack
rate and an onset (5 hours to 3 days) and symptoms similar to those of influenza:
fever, headache, nausea, vomiting, aching muscles and coughing. Studies of seropreva-
lence of antibodies indicate that many infections are asymptomatic.

Source and occurrence

Legionella spp. are members of the natural flora of many freshwater environments,
such as rivers, streams and impoundments, where they occur in relatively low num-
bers. However, they thrive in certain human-made water environments, such as water
cooling devices (cooling towers and evaporative condensers) associated with air-
conditioning systems, hot water distribution systems and spas, which provide suitable
temperatures (25-50 °C) and conditions for their multiplication. Devices that sup-
port multiplication of Legionella have been associated with outbreaks of Legionnaires’
disease. Legionella survive and grow in biofilms and sediments and are more easily
detected from swab samples than from flowing water. Legionellae can be ingested by
trophozoites of certain amoebae such as Acanthamoeba, Hartmanella and Naegleria,
which play an important role in their persistence in water environments.

Routes of exposure

The most common route of infection is the inhalation of aerosols containing the bac-
teria. Such aerosols can be generated by contaminated cooling towers, warm water
showers, humidifiers and spas. Aspiration has also been identified as a route of in-
fection in some cases associated with contaminated water, food and ice. There is no
evidence of person-to-person transmission.

Significance in drinking-water

Legionella spp. are common waterborne organisms, and devices such as cooling tow-
ers, hot water systems and spas that utilize mains water have been associated with
outbreaks of infection. Owing to the prevalence of Legionella, the potential for ingress
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into drinking-water systems should be considered as a possibility, and control meas-
ures should be employed to reduce the likelihood of survival and multiplication. Dis-
infection strategies designed to minimize biofilm growth and temperature control
can minimize the potential risk from Legionella spp. The organisms are sensitive to
disinfection. Monochloramine has been shown to be particularly effective, probably
due to its stability and greater effectiveness against biofilms. Water temperature is
an important element of control strategies. Wherever possible, water temperatures
should be kept outside the range of 25-50 °C and preferably 20-50 °C to prevent the
growth of the organism. In hot water systems, temperatures leaving heaters should
be above 60 °C, and temperatures above 50°C should be maintained throughout as-
sociated pipework. However, maintaining temperatures of hot water above 50 °C may
represent a scalding risk in young children, the elderly and other vulnerable groups.
Where temperatures in hot or cold water distribution systems cannot be maintained
outside the range of 25-50 °C, greater attention to disinfection and strategies aimed
at limiting development of biofilms are required. Accumulation of sludge, scale, rust,
algae or slime deposits in water distribution systems supports the growth of Legionella
spp., as does stagnant water. Systems that are kept clean and flowing are less likely to
support excess growth of Legionella spp. Care should also be taken to select plumbing
materials that do not support microbial growth and the development of biofilms.

Legionella spp. represent a particular concern in devices such as cooling towers
and hot water systems in large buildings. As discussed in chapter 6, specific water
safety plans incorporating control measures for Legionella spp. should be developed
for these buildings. Legionella are not detected by HPC techniques, and E. coli (or,
alternatively, thermotolerant coliforms) is not a suitable indicator for the presence/
absence of this organism.
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Leptospira

General description

Leptospires are aerobic spirochetes that are typically 0.1 um in diameter and 5-25 pm
in length. There are two genera: Leptospira, which includes the pathogenic L. interro-
gans, and Leptonoma. Leptospira interrogans causes the important zoonotic and wide-
spread disease leptospirosis. Pathogenic leptospires are maintained in host animals but,
depending on conditions, can survive for days to weeks in water. More than 200 patho-
genic serovars have been identified, and these have been divided into 25 serogroups
based on serologic relatedness.
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Human health effects

Leptospirosis occurs globally, affecting people living in temperate and tropical cli-
mates in both rural and urban areas. The severity of illness and the types of symp-
toms vary widely. Infections are often subclinical or so mild that medical attention
is not sought. Symptoms include fever, headache, muscle pain, chills, redness in the
eyes, abdominal pain, jaundice, haemorrhages in skin and mucous membranes (in-
cluding pulmonary bleeding), vomiting, diarrhoea and rash. Pulmonary bleeding has
been recognized as a dangerous and often fatal result of leptospirosis, but the way it
develops after infection remains unclear. Long-lasting sequelae have been identified,
including depression, headaches, fatigue and joint pains. Weil disease, characterized
by jaundice, renal failure, haemorrhage and myocarditis, has been used as an alterna-
tive term for leptospirosis, but it represents a subset of the manifestations. Estimates
of case fatalities vary from less than 5% to 30%, but the figures are not considered
reliable owing to uncertainties over case prevalence. Fatality rates are influenced by
timeliness of treatment interventions. The number of cases is not well documented as
a result of lack of awareness and adequate methods of diagnosis. It has been estimated
that there are about 0.1-1 cases per 100 000 persons per year in temperate climates and
up to 10-100 cases per 100 000 persons per year in tropical climates.

Source and occurrence

Pathogenic Leptospira interrogans are maintained in the renal tubules of many ani-
mal hosts. This can take the form of chronic asymptomatic infections, with excre-
tion persisting for very long periods and even for life. Rats, especially the brown rat
(Rattus norvegicus), serve as a reservoir for Leptospira interrogans serovars Ictero-
haemorrhagiae and Copenhageni. Cattle are the most important reservoir for serovar
Hardjo, and field mice (Microtus arvalis) and muskrats (Ondatra zibethicus) are the
most important reservoirs for serovar Grippotyphosa. Recent research has shown
that the house mouse (Crocidura russula) may be a reservoir for serovar Mozdok
(type 3). Water contaminated with urine and tissues of infected animals is an estab-
lished source of pathogenic leptospires. Leptospires have a relatively low resistance to
adverse environmental conditions (e.g. low pH, desiccation, direct sunlight); in the
right circumstances (neutral pH, moderate temperatures), however, they can survive
for months in water.

Routes of exposure

Leptospira interrogans can enter the body through cuts and abrasions or via the mu-
cous membranes of the mouth, nose and eyes. It is not transmitted by the faecal-
oral route. Leptospirosis is associated with a broad range of occupational activities
predominantly associated with direct contact with dead or living animals, but also
indirectly via urine-contaminated environments, especially surface water, plants and
mud. Ingestion of contaminated food and water or inhalation of aerosols may oc-
casionally cause infection. Direct person-to-person transmission is rarely observed.
Sexual contact, transplacental transmission and mothers’ milk are potential routes of
exposure. Transmission via urine of infected patients could represent a risk to those
who provide medical attention. There is an increasing trend of outbreaks associated
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with recreational exposure to water contaminated with urine from infected animals.
Outbreaks have also been associated with natural disasters involving flooding.

Significance in drinking-water

Waterborne leptospirosis is normally caused by contact with contaminated surface
water. Leptospires are sensitive to disinfectants; within a water safety plan, control
measures that should provide effective protection against this organism include appli-
cation of standard disinfection processes for drinking-water together with protection
of distribution systems from contamination associated with flooding events. Because
leptospires are excreted in urine and persist in favourable environments, E. coli (or,
alternatively, thermotolerant coliforms) is not a suitable indicator for the presence/
absence of this organism.
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Mycobacterium

General description

The tuberculous or “typical” species of Mycobacterium, such as M. tuberculosis, M.
bovis, M. africanum and M. leprae, have only human or animal reservoirs and are not
transmitted by water. In contrast, the non-tuberculous or “atypical” species of Myco-
bacterium are natural inhabitants of a variety of water environments. These aerobic,
rod-shaped and acid-fast bacteria grow slowly in suitable water environments and
on culture media. Typical examples include the species M. gordonae, M. kansasii, M.
marinum, M. scrofulaceum, M. xenopi, M. intracellulare and M. avium and the more
rapid growers M. chelonae and M. fortuitum. The term M. avium complex has been
used to describe a group of pathogenic species including M. avium and M. intracellu-
lare. However, other atypical mycobacteria are also pathogenic. A distinct feature of all
Mycobacterium spp. is a cell wall with high lipid content, which is used in identifica-
tion of the organisms using acid-fast staining.

Human health effects

Atypical Mycobacterium spp. can cause a range of diseases involving the skeleton,
lymph nodes, skin and soft tissues, as well as the respiratory, gastrointestinal and gen-
itourinary tracts. Manifestations include pulmonary disease, Buruli ulcer, osteomyel-
itis and septic arthritis in people with no known predisposing factors. These bacteria
are a major cause of disseminated infections in immunocompromised patients and are
a common cause of death in HIV-positive persons.

Source and occurrence

Atypical Mycobacterium spp. multiply in a variety of suitable water environments,
notably biofilms. One of the most commonly occurring species is M. gordonae. Other
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species have also been isolated from water, including M. avium, M. intracellulare,
M. kansasii, M. fortuitum and M. chelonae. High numbers of atypical Mycobacterium
spp. may occur in distribution systems after events that dislodge biofilms, such as
flushing or flow reversals. They are relatively resistant to treatment and disinfection
and have been detected in well-operated and well-maintained drinking-water supplies
with HPC less than 500/ml and total chlorine residuals of up to 2.8 mg/l. The growth
of these organisms in biofilms reduces the effectiveness of disinfection. In one sur-
vey, the organisms were detected in 54% of ice and 35% of public drinking-water
samples.

Routes of exposure

Principal routes of infection appear to be inhalation, contact and ingestion of con-
taminated water. Infections by various species have been associated with their pres-
ence in drinking-water supplies. In 1968, an endemic of M. kansasii infections was
associated with the presence of the organisms in the drinking-water supply, and the
spread of the organisms was associated with aerosols from showerheads. In Rotter-
dam, the Netherlands, an investigation into the frequent isolation of M. kansasii from
clinical specimens revealed the presence of the same strains, confirmed by phage type
and weak nitrase activity, in tap water. An increase in numbers of infections by the
M. avium complex in Massachusetts, USA, has also been attributed to their incidence
in drinking-water. In all these cases, there is only circumstantial evidence of a causal
relationship between the occurrence of the bacteria in drinking-water and human
disease. Infections have been linked to contaminated water in spas.

Significance in drinking-water

Detections of atypical mycobacteria in drinking-water and the identified routes of
transmission suggest that drinking-water supplies are a plausible source of infection.
There are limited data on the effectiveness of control measures that could be applied
to reduce the potential risk from these organisms. One study showed that a water
treatment plant could achieve a 99% reduction in numbers of mycobacteria from raw
water. Atypical mycobacteria are relatively resistant to disinfection. Persistent resid-
ual disinfectant should reduce numbers of mycobacteria in the water column but is
unlikely to be effective against organisms present in biofilms. Control measures that
are designed to minimize biofilm growth, including treatment to optimize organic
carbon removal, restriction of the residence time of water in distribution systems
and maintenance of disinfectant residuals, could result in less growth of these organ-
isms. Mycobacteria are not detected by HPC techniques, and E. coli (or, alternatively,
thermotolerant coliforms) is not a suitable indicator for the presence/absence of this
organism.
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Pseudomonas aeruginosa

General description

Pseudomonas aeruginosa is a member of the family Pseudomonadaceae and is a polar-
ly flagellated, aerobic, Gram-negative rod. When grown in suitable media, it pro-
duces the non-fluorescent bluish pigment pyocyanin. Many strains also produce the
fluorescent green pigment pyoverdin. Pseudomonas aeruginosa, like other fluorescent
pseudomonads, produces catalase, oxidase and ammonia from arginine and can grow
on citrate as the sole source of carbon.

Human health effects

Pseudomonas aeruginosa can cause a range of infections but rarely causes serious ill-
ness in healthy individuals without some predisposing factor. It predominantly col-
onizes damaged sites such as burn and surgical wounds, the respiratory tract of people
with underlying disease and physically damaged eyes. From these sites, it may invade
the body, causing destructive lesions or septicaemia and meningitis. Cystic fibrosis
and immunocompromised patients are prone to colonization with P. aeruginosa,
which may lead to serious progressive pulmonary infections. Water-related folliculitis
and ear infections are associated with warm, moist environments such as swimming
pools and spas. Many strains are resistant to a range of antimicrobial agents, which can
increase the significance of the organism in hospital settings.

Source and occurrence

Pseudomonas aeruginosa is a common environmental organism and can be found in
faeces, soil, water and sewage. It can multiply in water environments and also on the
surface of suitable organic materials in contact with water. Pseudomonas aeruginosa is
a recognized cause of hospital-acquired infections with potentially serious complica-
tions. It has been isolated from a range of moist environments such as sinks, water
baths, hot water systems, showers and spa pools.

Routes of exposure
The main route of infection is by exposure of susceptible tissue, notably wounds and
mucous membranes, to contaminated water or contamination of surgical instruments.
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Cleaning of contact lenses with contaminated water can cause a form of keratitis. In-
gestion of drinking-water is not an important source of infection.

Significance in drinking-water

Although P aeruginosa can be significant in certain settings such as health-care
facilities, there is no evidence that normal uses of drinking-water supplies are a source
of infection in the general population. However, the presence of high numbers of
P aeruginosa in potable water, notably in packaged water, can be associated with
complaints about taste, odour and turbidity. Pseudomonas aeruginosa is sensitive to
disinfection, and entry into distribution systems can be minimized by adequate dis-
infection. Control measures that are designed to minimize biofilm growth, includ-
ing treatment to optimize organic carbon removal, restriction of the residence time
of water in distribution systems and maintenance of disinfectant residuals, should
reduce the growth of these organisms. Pseudomonas aeruginosa is detected by HPC,
which can be used together with parameters such as disinfectant residuals to indicate
conditions that could support growth of these organisms. However, as P. aeruginosa
is a common environmental organism, E. coli (or, alternatively, thermotolerant coli-
forms) cannot be used for this purpose.
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Salmonella

General description

Salmonella spp. belong to the family Enterobacteriaceae. They are motile, Gram-
negative bacilli that do not ferment lactose, but most produce hydrogen sulfide or
gas from carbohydrate fermentation. Originally, they were grouped into more than
2000 species (serotypes) according to their somatic (O) and flagellar (H) antigens
(Kauffmann-White classification). There has been much debate about nomencla-
ture and taxonomy of Salmonella, but it is now considered that there are actually two
species (Salmonella enterica and Salmonella bongori). Other previously named species,
including S. Typhi and S. Paratyphi, are considered to be serovars.

Human health effects

Salmonella infections typically cause four clinical manifestations: gastroenteritis (ran-
ging from mild to fulminant diarrhoea, nausea and vomiting), bacteraemia or septi-
caemia (high spiking fever with positive blood cultures), typhoid fever/enteric fever
(sustained fever with or without diarrhoea) and a carrier state in persons with previ-
ous infections. With regard to enteric illness, Salmonella spp. can be divided into two
fairly distinct groups: the typhoidal species/serovars (S. Typhi and S. Paratyphi) and
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the remaining non-typhoidal species/serovars. Symptoms of non-typhoidal gastro-
enteritis appear from 6 to 72 hours after ingestion of contaminated food or water.
Diarrhoea lasts 3-5 days and is accompanied by fever and abdominal pain. Usually the
disease is self-limiting. The incubation period for typhoid fever can be 1-14 days but is
usually 3-5 days. Typhoid fever is a more severe illness and can be fatal. Although ty-
phoid is uncommon in areas with good sanitary systems, it is still prevalent elsewhere,
and there are many millions of cases each year.

Source and occurrence

Salmonella spp. are widely distributed in the environment, but some species or sero-
vars show host specificity. Notably, S. Typhi and generally S. Paratyphi are restricted to
humans, although livestock can occasionally be a source of S. Paratyphi. A large num-
ber of serovars, including S. Typhimurium and S. Enteritidis, infect humans and also
a wide range of animals, including poultry, cows, pigs, sheep, birds and even reptiles.
The pathogens typically gain entry into water systems through faecal contamination
from sewage discharges, livestock and wild animals. Contamination has been detected
in a wide variety of foods and milk.

Routes of exposure

Salmonella is spread by the faecal-oral route. Infections with non-typhoidal serovars
are primarily associated with person-to-person contact, the consumption of a variety
of contaminated foods and exposure to animals. Infection by typhoid species is as-
sociated with the consumption of contaminated water or food, with direct person-to-
person spread being uncommon.

Significance in drinking-water

Waterborne typhoid fever outbreaks have devastating public health implications.
However, despite their widespread occurrence, non-typhoidal Salmonella spp. rare-
ly cause drinking-water-borne outbreaks. Transmission, most commonly involving
S. Typhimurium, has been associated with the consumption of contaminated ground-
water and surface water supplies. In an outbreak of illness associated with a communal
rainwater supply, bird faeces were implicated as a source of contamination. Salmonella
spp. are relatively sensitive to disinfection. Within a water safety plan, control meas-
ures that can be applied to manage risk include protection of raw water supplies from
human and animal waste, adequate treatment and protection of water during distri-
bution. Escherichia coli (or, alternatively, thermotolerant coliforms) is a generally reli-
able indicator for Salmonella spp. in drinking-water supplies.
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Shigella

General description

Shigella spp. are Gram-negative, non-spore-forming, non-motile, rod-like members
of the family Enterobacteriaceae, which grow in the presence or absence of oxygen.
Members of the genus have a complex antigenic pattern, and classification is based on
their somatic O antigens, many of which are shared with other enteric bacilli, includ-
ing E. coli. There are four species: S. dysenteriae, S. flexneri, S. boydii and S. sonnei.

Human health effects

Shigella spp. can cause serious intestinal diseases, including bacillary dysentery. Over
2 million infections occur each year, resulting in about 600 000 deaths, predominantly
in developing countries. Most cases of Shigella infection occur in children under 10
years of age. The incubation period for shigellosis is usually 24-72 hours. Ingestion
of as few as 10-100 organisms may lead to infection, which is substantially less than
the infective dose of most other enteric bacteria. Abdominal cramps, fever and watery
diarrhoea occur early in the disease. All species can produce severe disease, but illness
due to S. sonnei is usually relatively mild and self-limiting. In the case of S. dysenteriae,
clinical manifestations may proceed to an ulceration process, with bloody diarrhoea
and high concentrations of neutrophils in the stool. The production of Shiga toxin by
the pathogen plays an important role in this outcome. Shigella spp. seem to be better
adapted to cause human disease than most other enteric bacterial pathogens.

Source and occurrence

Humans and other higher primates appear to be the only natural hosts for the shi-
gellae. The bacteria remain localized in the intestinal epithelial cells of their hosts.
Epidemics of shigellosis occur in crowded communities and where hygiene is poor.
Many cases of shigellosis are associated with day-care centres, prisons and psychiatric
institutions. Military field groups and travellers to areas with poor sanitation are also
prone to infection.

Routes of exposure

Shigella spp. are enteric pathogens predominantly transmitted by the faecal-oral route
through person-to-person contact, contaminated food and water. Flies have also been
identified as a transmission vector from contaminated faecal waste.

Significance in drinking-water

A number of large waterborne outbreaks of shigellosis have been recorded. As the or-
ganisms are not particularly stable in water environments, their presence in drinking-
water indicates recent human faecal pollution. Available data on prevalence in water
supplies may be an underestimate, because detection techniques generally used can
have a relatively low sensitivity and reliability. The control of Shigella spp. in drinking-
water supplies is of special public health importance in view of the severity of the dis-
ease caused. Shigella spp. are relatively sensitive to disinfection. Within a water safety
plan, control measures that can be applied to manage potential risk include protection
of raw water supplies from human waste, adequate treatment and protection of water
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during distribution. Escherichia coli (or, alternatively, thermotolerant coliforms) is a
generally reliable indicator for Shigella spp. in drinking-water supplies.
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Staphylococcus aureus

General description

Staphylococcus aureus is an aerobic or anaerobic, non-motile, non-spore-forming,
catalase- and coagulase-positive, Gram-positive coccus, usually arranged in grapelike
irregular clusters. The genus Staphylococcus contains at least 15 different species. Apart
from S. aureus, the species S. epidermidis and S. saprophyticus are also associated with
disease in humans.

Human health effects

Although Staphylococcus aureus is a common member of the human microflora, it
can produce disease through two different mechanisms. One is based on the ability
of the organisms to multiply and spread widely in tissues, and the other is based on
the ability of the organisms to produce extracellular enzymes and toxins. Infections
based on the multiplication of the organisms are a significant problem in hospitals
and other health-care facilities. Multiplication in tissues can result in manifestations
such as boils, skin sepsis, post-operative wound infections, enteric infections, septi-
caemia, endocarditis, osteomyelitis and pneumonia. The onset of clinical symptoms
for these infections is relatively long, usually several days. Gastrointestinal disease
(enterocolitis or food poisoning) is caused by a heat-stable staphylococcal enterotoxin
and characterized by projectile vomiting, diarrhoea, fever, abdominal cramps, electro-
lyte imbalance and loss of fluids. Onset of disease in this case has a characteristic short
incubation period of 1-8 hours. The same applies to the toxic shock syndrome caused
by toxic shock syndrome toxin-1.

Source and occurrence

Staphylococcus aureus is relatively widespread in the environment but is found mainly
on the skin and mucous membranes of animals. The organism is a member of the
normal microbial flora of the human skin and is found in the nasopharynx of 20-30%
of adults at any one time. Staphylococci are occasionally detected in the gastrointes-
tinal tract and can be detected in sewage. Staphylococcus aureus can be released by
human contact into water environments such as swimming pools, spa pools and other
recreational waters. It has also been detected in drinking-water supplies.

Routes of exposure

Hand contact is by far the most common route of transmission. Inadequate hygiene
can lead to contamination of food. Foods such as ham, poultry and potato and
egg salads kept at room or higher temperature offer an ideal environment for the
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multiplication of S. aureus and the release of toxins. The consumption of foods con-
taining S. aureus toxins can lead to enterotoxin food poisoning within a few hours.

Significance in drinking-water

Although S. aureus can occur in drinking-water supplies, there is no evidence of trans-
mission through the consumption of such water. Although staphylococci are slightly
more resistant to chlorine residuals than E. coli, their presence in water is readily
controlled by conventional treatment and disinfection processes. As faecal material
is not their usual source, E. coli (or, alternatively, thermotolerant coliforms) is not a
suitable indicator for S. aureus in drinking-water supplies.
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Tsukamurella

General description

The genus Tsukamurella belongs to the family Nocardiaceae. Tsukamurella spp. are
Gram-positive, weakly or variably acid-fast, non-motile, obligate aerobic, irregular
rod-shaped bacteria. They are actinomycetes related to Rhodococcus, Nocardia and
Mycobacterium. The genus was created in 1988 to accommodate a group of chemically
unique organisms characterized by a series of very long chain (68-76 carbons), highly
unsaturated mycolic acids, meso-diaminopimelic acid and arabinogalactan, common
to the genus Corynebacterium. The type species is T. paurometabola, and the follow-
ing additional species were proposed in the 1990s: T. wratislaviensis, T. inchonensis,
T. pulmonis, T. tyrosinosolvens and T. strandjordae.

Human health effects

Tsukamurella spp. cause disease mainly in immunocompromised individuals. Infec-
tions with these microorganisms have been associated with chronic lung diseases,
immune suppression (leukaemia, tumours, HIV/AIDS infection) and post-operative
wound infections. Tsukamurella were reported in four cases of catheter-related bac-
teraemia and in individual cases including chronic lung infection, necrotizing teno-
synovitis with subcutaneous abscesses, cutaneous and bone infections, meningitis and
peritonitis.

Source and occurrence

Tsukamurella spp. exist primarily as environmental saprophytes in soil, water and
foam (thick stable scum on aeration vessels and sedimentation tanks) of activated
sludge. Tsukamurella are represented in HPC populations in drinking-water.

Routes of exposure
Tsukamurella spp. appear to be transmitted through devices such as catheters or
lesions. The original source of the contaminating organisms is unknown.
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Significance in drinking-water

Tsukamurella organisms have been detected in drinking-water supplies, but the signifi-
cance is unclear. There is no evidence of a link between organisms in water and illness.
As Tsukamurella is an environmental organism, E. coli (or, alternatively, thermotoler-
ant coliforms) is not a suitable indicator for this organism.
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Vibrio

General description

Vibrio spp. are small, curved (comma-shaped), Gram-negative bacteria with a single
polar flagellum. Species are typed according to their O antigens. There are a number of
pathogenic species, including V. cholerae, V. parahaemolyticus and V. vulnificus. Vibrio
cholerae is the only pathogenic species of significance from freshwater environments.
Although a number of serotypes can cause diarrhoea, only O1 and 0139 currently
cause the classical cholera symptoms in which a proportion of cases suffer fulminating
and severe watery diarrhoea. The O1 serovar has been further divided into “classical”
and “El Tor” biotypes. The latter is distinguished by features such as the ability to pro-
duce a dialysable heat-labile haemolysin, active against sheep and goat red blood cells.
The classical biotype is considered responsible for the first six cholera pandemics,
whereas the El Tor biotype is responsible for the seventh pandemic that commenced
in 1961. Strains of V. cholerae O1 and 0139 that cause cholera produce an enterotoxin
(cholera toxin) that alters the ionic fluxes across the intestinal mucosa, resulting in
substantial loss of water and electrolytes in liquid stools. Other factors associated with
infection are an adhesion factor and an attachment pilus. Not all strains of serotypes
O1 or 0139 possess the virulence factors, and they are rarely possessed by non-O1/
0139 strains.

Human health effects

Cholera outbreaks continue to occur in many areas of the developing world. Symptoms
are caused by heat-labile cholera enterotoxin carried by toxigenic strains of V. cholerae
01/0139. A large percentage of infected persons do not develop illness; about 60%
of the classical and 75% of the El Tor group infections are asymptomatic. Symptom-
atic illness ranges from mild or moderate to severe disease. The initial symptoms of
cholera are an increase in peristalses followed by loose, watery and mucus-flecked
“rice-water” stools that may cause a patient to lose as much as 10-15 litres of liquid
per day. Decreasing gastric acidity by administration of sodium bicarbonate reduces
the infective dose of V. cholerae O1 from more than 10® to about 10* organisms. Case
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fatality rates vary according to facilities and preparedness. As many as 60% of un-
treated patients may die as a result of severe dehydration and loss of electrolytes, but
well-established diarrhoeal disease control programmes can reduce fatalities to less
than 1%. Non-toxigenic strains of V. cholerae can cause self-limiting gastroenteritis,
wound infections and bacteraemia.

Source and occurrence

Non-toxigenic V. cholerae is widely distributed in water environments, but toxigenic
strains are not distributed as widely. Humans are an established source of toxigenic
V. cholerae; in the presence of disease, the organism can be detected in sewage. Although
V. cholerae O1 can be isolated from water in areas without disease, the strains are not
generally toxigenic. Toxigenic V. cholerae has also been found in association with live
copepods as well as other aquatic organisms, including molluscs, crustaceans, plants,
algae and cyanobacteria. Numbers associated with these aquatic organisms are often
higher than in the water. Non-toxigenic V. cholerae has been isolated from birds and
herbivores in areas far away from marine and coastal waters. The prevalence of V. chol-
erae decreases as water temperatures fall below 20 °C.

Routes of exposure

Cholera is typically transmitted by the faecal-oral route, and the infection is pre-
dominantly contracted by the ingestion of faecally contaminated water and food. The
high numbers required to cause infection make person-to-person contact an unlikely
route of transmission.

Significance in drinking-water

Contamination of water due to poor sanitation is largely responsible for transmis-
sion, but this does not fully explain the seasonality of recurrence, and factors other
than poor sanitation must play a role. The presence of the pathogenic V. cholerae O1
and O139 serotypes in drinking-water supplies is of major public health importance
and can have serious health and economic implications in the affected communities.
Vibrio cholerae is highly sensitive to disinfection processes. Within a water safety plan,
control measures that can be applied to manage potential risk from toxigenic V. chol-
erae include protection of raw water supplies from human waste, adequate treatment
and protection of water during distribution. Vibrio cholerae O1 and non-O1 have been
detected in the absence of E. coli, and this organism (or, alternatively, thermotolerant
coliforms) is not a reliable indicator for V. cholerae in drinking-water.
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Yersinia

General description

The genus Yersinia is classified in the family Enterobacteriaceae and comprises
seven species. The species Y. pestis, Y. pseudotuberculosis and certain serotypes of
Y. enterocolitica are pathogens for humans. Yersinia pestis is the cause of bubonic
plague through contact with rodents and their fleas. Yersinia spp. are Gram-negative
rods that are motile at 25 °C but not at 37 °C.

Human health effects

Yersinia enterocolitica penetrates cells of the intestinal mucosa, causing ulcerations of
the terminal ilium. Yersiniosis generally presents as an acute gastroenteritis with diar-
rhoea, fever and abdominal pain. Other clinical manifestations include greatly en-
larged painful lymph nodes referred to as “buboes”. The disease seems to be more
acute in children than in adults.

Source and occurrence

Domestic and wild animals are the principal reservoir for Yersinia spp.; pigs are the
major reservoir of pathogenic Y. enterocolitica, whereas rodents and small animals are
the major reservoir of Y. pseudotuberculosis. Pathogenic Y. enterocolitica has been de-
tected in sewage and polluted surface waters. However, Y. enterocolitica strains detected
in drinking-water are more commonly non-pathogenic strains of probable environ-
mental origin. At least some species and strains of Yersinia seem to be able to replicate
in water environments if at least trace amounts of organic nitrogen are present, even at
temperatures as low as 4 °C.

Routes of exposure

Yersinia spp. are transmitted by the faecal-oral route, with the major source of in-
fection considered to be foods, particularly meat and meat products, milk and dairy
products. Ingestion of contaminated water is also a potential source of infection. Dir-
ect transmission from person to person and from animals to humans is also known
to occur.

Significance in drinking-water

Although most Yersinia spp. detected in water are probably non-pathogenic, cir-
cumstantial evidence has been presented to support transmission of Y. enterocolitica
and Y. pseudotuberculosis to humans from untreated drinking-water. The most likely
source of pathogenic Yersinia spp. is human or animal waste. The organisms are sensi-
tive to disinfection processes. Within a water safety plan, control measures that can be
used to minimize the presence of pathogenic Yersinia spp. in drinking-water supplies
include protection of raw water supplies from human and animal waste, adequate dis-
infection and protection of water during distribution. Owing to the long survival and/
or growth of some strains of Yersinia spp. in water, E. coli (or, alternatively, thermotol-
erant coliforms) is not a suitable indicator for the presence/absence of these organisms
in drinking-water.
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11.2 Viral pathogens

Viruses associated with waterborne transmission are predominantly those that can
infect the gastrointestinal tract and are excreted in the faeces of infected humans (en-
teric viruses). With the exception of hepatitis E virus, humans are considered to be the
only source of human infectious species. Enteric viruses typically cause acute disease
with a short incubation period. Water may also play a role in the transmission of
other viruses with different modes of action. As a group, viruses can cause a wide
variety of infections and symptoms involving different routes of transmission, routes
and sites of infection and routes of excretion. The combination of these routes and
sites of infection can vary and will not always follow expected patterns. For example,
viruses that are considered to primarily cause respiratory infections and symptoms
are usually transmitted by person-to-person spread of respiratory droplets. However,
some of these respiratory viruses may be discharged in faeces, leading to potential
contamination of water and subsequent transmission through aerosols and droplets.
Another example is viruses excreted in urine, such as polyomaviruses, which could
contaminate and then be potentially transmitted by water, with possible long-term
health effects, such as cancer, that are not readily associated epidemiologically with
waterborne transmission.

Adenoviruses

General description

The family Adenoviridae is classified into the two genera Mastadenovirus (mammal
hosts) and Aviadenovirus (avian hosts). Adenoviruses are widespread in nature,
infecting birds, mammals and amphibians. To date, 51 antigenic types of human
adenoviruses have been described. Human adenoviruses have been classified into
six groups (A-F) on the basis of their physical, chemical and biological properties.
Adenoviruses consist of a double-stranded DNA genome in a non-enveloped icosa-
hedral capsid with a diameter of about 80 nm and unique fibres. The subgroups
A-E grow readily in cell culture, but serotypes 40 and 41 are fastidious and do not
grow well. Identification of serotypes 40 and 41 in environmental samples is gener-
ally based on polymerase chain reaction (PCR) techniques with or without initial cell
culture amplification.
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Human health effects

Human adenoviruses cause a wide range of infections with a spectrum of clinical
manifestations. These include infections of the gastrointestinal tract (gastroenteritis),
the respiratory tract (acute respiratory diseases, pneumonia, pharyngoconjunctival
fever), the urinary tract (cervicitis, urethritis, haemorrhagic cystitis) and the eyes
(epidemic keratoconjunctivitis, also known as “shipyard eye”; pharyngoconjunctival
fever, also known as “swimming pool conjunctivitis”). Different serotypes are associ-
ated with specific illnesses; for example, types 40 and 41 are the main causes of enteric
illness. Adenoviruses are an important source of childhood gastroenteritis. In general,
infants and children are most susceptible to adenovirus infections, and many infec-
tions are asymptomatic. High attack rates in outbreaks imply that infecting doses are
low.

Source and occurrence

Adenoviruses are excreted in large numbers in human faeces and are known to occur
in sewage, raw water sources and treated drinking-water supplies worldwide. Although
the subgroup of enteric adenoviruses (mainly types 40 and 41) is a major cause of
gastroenteritis worldwide, notably in developing communities, little is known about
the prevalence of these enteric adenoviruses in water sources. The limited availability
of information on enteric adenoviruses is largely due to the fact that they are not de-
tectable by conventional cell culture isolation.

Routes of exposure

Owing to the diverse epidemiology of the wide spectrum of human adenoviruses,
exposure and infection are possible by a variety of routes. Person-to-person contact
plays a major role in the transmission of illness; depending on the nature of the ill-
ness, this can include faecal-oral, oral-oral and hand-eye contact transmission, as
well as indirect transfer through contaminated surfaces or shared utensils. There have
been numerous outbreaks associated with hospitals, military establishments, child-
care centres and schools. Symptoms recorded in most outbreaks were acute respira-
tory disease, keratoconjunctivitis and conjunctivitis. Outbreaks of gastroenteritis have
also been reported. The consumption of contaminated food or water may be an im-
portant source of enteric illness, although there is no substantial evidence supporting
this route of transmission. Eye infections may be contracted by the exposure of eyes
to contaminated water, the sharing of towels at swimming pools or the sharing of
goggles, as in the case of “shipyard eye”. Confirmed outbreaks of adenovirus infections
associated with water have been limited to pharyngitis or conjunctivitis, with expos-
ure arising from use of swimming pools.

Significance in drinking-water

Human adenoviruses have been shown to occur in substantial numbers in raw water
sources and treated drinking-water supplies. In one study, the incidence of human
adenoviruses in such waters was exceeded only by the group of enteroviruses among
viruses detectable by PCR-based techniques. In view of their prevalence as an enteric
pathogen and detection in water, contaminated drinking-water represents a likely but
unconfirmed source of human adenovirus infections. Human adenoviruses are also
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considered important because they are exceptionally resistant to some water treat-
ment and disinfection processes, notably ultraviolet (UV) light irradiation. Human
adenoviruses have been detected in drinking-water supplies that met accepted speci-
fications for treatment, disinfection and conventional indicator organisms. Within a
water safety plan, control measures to reduce potential risk from human adenoviruses
should focus on prevention of source water contamination by human waste, followed
by adequate treatment and disinfection. The effectiveness of treatment processes
used to remove human adenoviruses will require validation. Drinking-water supplies
should also be protected from contamination during distribution. Because of the high
resistance of the viruses to disinfection, E. coli (or, alternatively, thermotolerant coli-
forms) is not a reliable indicator of the presence/absence of human adenoviruses in
drinking-water supplies.
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Astroviruses

General description

Human and animal strains of astroviruses are single-stranded ribonucleic acid (RNA)
viruses classified in the family Astroviridae. Astroviruses consist of a single-stranded
RNA genome in a non-enveloped icosahedral capsid with a diameter of about 28 nm.
In a proportion of the particles, a distinct surface star-shaped structure can be seen
by electron microscopy. Eight different serotypes of human astroviruses have been
described. The most commonly identified is human astrovirus serotype 1. Human
astroviruses can be detected in environmental samples using PCR techniques with or
without initial cell culture amplification.

Human health effects

Human astroviruses cause gastroenteritis, predominantly diarrhoea, mainly in chil-
dren under 5 years of age, although it has also been reported in adults. Seroprevalence
studies showed that more than 80% of children between 5 and 10 years of age have
antibodies against human astroviruses. Occasional outbreaks in schools, nurseries and
families have been reported. The illness is self-limiting, is of short duration and has a
peak incidence in the winter. Human astroviruses are the cause of only a small propor-
tion of reported gastroenteritis infections. However, the number of infections may be
underestimated, as the illness is usually mild, and many cases will go unreported.
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Source and occurrence

Infected individuals generally excrete large numbers of human astroviruses in faeces;
hence, the viruses will be present in sewage. Human astroviruses have been detected
in water sources and in drinking-water supplies.

Routes of exposure

Human astroviruses are transmitted by the faecal-oral route. Person-to-person spread
is considered the most common route of transmission, and clusters of cases are seen
in child-care centres, paediatric wards, families, homes for the elderly and military
establishments. Ingestion of contaminated food or water could also be important.

Significance in drinking-water

The presence of human astroviruses in treated drinking-water supplies has been con-
firmed. As the viruses are typically transmitted by the faecal-oral route, transmis-
sion by drinking-water seems likely, but has not been confirmed. Human astroviruses
have been detected in drinking-water supplies that met accepted specifications for
treatment, disinfection and conventional indicator organisms. Within a water safety
plan, control measures to reduce potential risk from human astroviruses should focus
on prevention of source water contamination by human waste, followed by adequate
treatment and disinfection. The effectiveness of treatment processes used to remove
human astroviruses will require validation. Drinking-water supplies should also be
protected from contamination during distribution. Owing to the higher resistance of
the viruses to disinfection, E. coli (or, alternatively, thermotolerant coliforms) is not
a reliable indicator of the presence/absence of human astroviruses in drinking-water
supplies.
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Caliciviruses

General description

The family Caliciviridae consists of four genera of single-stranded RNA viruses with
a non-enveloped capsid (diameter 35-40 nm), which generally displays a typical sur-
face morphology resembling cup-like structures. Human caliciviruses include the
genera Norovirus (Norwalk-like viruses) and Sapovirus (Sapporo-like viruses). Sapo-
virus spp. demonstrate the typical calicivirus morphology and are called classical
caliciviruses. Noroviruses generally fail to reveal the typical morphology and were in
the past referred to as small round-structured viruses. The remaining two genera of
the family contain viruses that infect animals other than humans. Human caliciviruses
cannot be propagated in available cell culture systems. The viruses were originally
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discovered by electron microscopy. Some Norovirus spp. can be detected by enzyme-
linked immunosorbent assay using antibodies raised against baculovirus-expressed
Norovirus capsid proteins. Several reverse transcriptase PCR procedures have been
described for the detection of human caliciviruses.

Human health effects

Human caliciviruses are a major cause of acute viral gastroenteritis in all age groups.
Symptoms include nausea, vomiting and abdominal cramps. Usually about 40% of
infected individuals present with diarrhoea; some have fever, chills, headache and mus-
cular pain. As some cases present with vomiting only and no diarrhoea, the condition
is also known as “winter vomiting disease”. Infections by human caliciviruses induce a
short-lived immunity. The symptoms are usually relatively mild and rarely last for more
than 3 days. High attack rates in outbreaks indicate that the infecting dose is low.

Source and occurrence

Human caliciviruses are excreted in faeces of infected individuals and will therefore
be present in domestic wastewaters as well as faecally contaminated food and water,
including drinking-water supplies.

Routes of exposure

The epidemiology of the disease indicates that person-to-person contact and the in-
halation of contaminated aerosols and dust particles, as well as airborne particles of
vomitus, are the most common routes of transmission. Drinking-water and a wide
variety of foods contaminated with human faeces have been confirmed as major
sources of exposure. Numerous outbreaks have been associated with contaminated
drinking-water, ice, water on cruise ships and recreational waters. Shellfish harvested
from sewage-contaminated waters have also been identified as a source of outbreaks.

Significance in drinking-water

Many human calicivirus outbreaks have been epidemiologically linked to contamin-
ated drinking-water supplies. Within a water safety plan, control measures to reduce
potential risk from human caliciviruses should focus on prevention of source water
contamination by human waste, followed by adequate treatment and disinfection. The
effectiveness of treatment processes used to remove human caliciviruses will require
validation. Drinking-water supplies should also be protected from contamination dur-
ing distribution. Owing to the higher resistance of the viruses to disinfection, E. coli
(or, alternatively, thermotolerant coliforms) is not a reliable indicator of the presence/
absence of human caliciviruses in drinking-water supplies.
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Enteroviruses

General description

The genus Enterovirus is a member of the family Picornaviridae. This genus consists of
69 serotypes (species) that infect humans: poliovirus types 1-3, coxsackievirus types
A1-A24, coxsackievirus types B1-B6, echovirus types 1-33 and the numbered entero-
virus types EV68-EV73. Members of the genus are collectively referred to as entero-
viruses. Other species of the genus infect animals other than humans—for instance,
the bovine group of enteroviruses. Enteroviruses are among the smallest known
viruses and consist of a single-stranded RNA genome in a non-enveloped icosahedral
capsid with a diameter of 20-30 nm. Some members of the genus, notably poliovirus,
coxsackievirus B, echovirus and enterovirus, are readily isolated by cytopathogenic
effect in cell cultures.

Human health effects

Enteroviruses are one of the most common causes of human infections. They have
been estimated to cause about 30 million infections in the USA each year. The
spectrum of diseases caused by enteroviruses is broad and ranges from a mild febrile
illness to myocarditis, meningoencephalitis, poliomyelitis, herpangina, hand-foot-
and-mouth disease and neonatal multi-organ failure. The persistence of the viruses in
chronic conditions such as polymyositis, dilated cardiomyopathy and chronic fatigue
syndrome has been described. Most infections, particularly in children, are asymp-
tomatic, but still lead to the excretion of large numbers of the viruses, which may
cause clinical disease in other individuals.

Source and occurrence

Enteroviruses are excreted in the faeces of infected individuals. Among the types of
viruses detectable by conventional cell culture isolation, enteroviruses are generally
the most numerous in sewage, water resources and treated drinking-water supplies.
The viruses are also readily detected in many foods.

Routes of exposure

Person-to-person contact and inhalation of airborne viruses or viruses in respiratory
droplets are considered to be the predominant routes of transmission of enteroviruses
in communities. Transmission from drinking-water could also be important, but this
has not yet been confirmed. Waterborne transmission of enteroviruses (coxsackie-
virus A16 and B5) has been epidemiologically confirmed for only two outbreaks, and
these were associated with children bathing in lake water in the 1970s.

Significance in drinking-water

Enteroviruses have been shown to occur in substantial numbers in raw water sources
and treated drinking-water supplies. In view of their prevalence, drinking-water rep-
resents a likely, although unconfirmed, source of enterovirus infection. The limited
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knowledge on the role of waterborne transmission could be related to a number of
factors, including the wide range of clinical symptoms, frequent asymptomatic in-
fection, the diversity of serotypes and the dominance of person-to-person spread.
Enteroviruses have been detected in drinking-water supplies that met accepted speci-
fications for treatment, disinfection and conventional indicator organisms. Within a
water safety plan, control measures to reduce potential risk from enteroviruses should
focus on prevention of source water contamination by human waste, followed by
adequate treatment and disinfection. The effectiveness of treatment processes used
to remove enteroviruses will require validation. Drinking-water supplies should also
be protected from contamination during distribution. Owing to the higher resistance
of the viruses to disinfection, E. coli (or, alternatively, thermotolerant coliforms) is
not a reliable indicator of the presence/absence of enteroviruses in drinking-water
supplies.
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Hepatitis A virus

General description

Hepatitis A virus (HAV) is the only species of the genus Hepatovirus in the family Pi-
cornaviridae. The virus shares basic structural and morphological features with other
members of the family, as described for enteroviruses. Human and simian HAV's are
genotypically distinguishable. HAV cannot be readily detected or cultivated in con-
ventional cell culture systems, and identification in environmental samples is based
on the use of PCR techniques.

Human health effects

HAV is highly infectious, and the infecting dose is considered to be low. The virus
causes the disease hepatitis A, commonly known as “infectious hepatitis”. Like other
members of the group enteric viruses, HAV enters the gastrointestinal tract by inges-
tion, where it infects epithelial cells. From here, the virus enters the bloodstream and
reaches the liver, where it may cause severe damage to liver cells. In as many as 90%
of cases, particularly in children, there is little, if any, liver damage, and the infec-
tion passes without clinical symptoms and elicits lifelong immunity. In general, the
severity of illness increases with age. The damage to liver cells results in the release of
liver-specific enzymes such as aspartate aminotransferase, which are detectable in the
bloodstream and used as a diagnostic tool. The damage also results in the failure of the
liver to remove bilirubin from the bloodstream; the accumulation of bilirubin causes
the typical symptoms of jaundice and dark urine. After a relatively long incubation
period of 28-30 days on average, there is a characteristic sudden onset of illness, in-
cluding symptoms such as fever, malaise, nausea, anorexia, abdominal discomfort and
eventually jaundice. Although mortality is generally less than 1%, repair of the liver

264



11. MICROBIAL FACT SHEETS

damage is a slow process that may keep patients incapacitated for 6 weeks or longer.
This has substantial burden of disease implications. Mortality is higher in those over
50 years of age.

Source and occurrence

HAV occurs worldwide, but the prevalence of clinical disease has typical geographic-
ally based characteristics. HAV is excreted in faecal material of infected people, and
there is strong epidemiological evidence that faecally contaminated food and water
are common sources of the virus. In areas with poor sanitation, children are often
infected at a very early age and become immune for life without clinical symptoms of
disease. In areas with good sanitation, infection tends to occur later in life.

Routes of exposure

Person-to-person spread is probably the most common route of transmission, but
contaminated food and water are important sources of infection. There is stronger
epidemiological evidence for waterborne transmission of HAV than for any other
virus. Foodborne outbreaks are also relatively common, with sources of infection
including infected food handlers, shellfish harvested from contaminated water and
contaminated produce. Travel of people from areas with good sanitation to those with
poor sanitation provides a high risk of infection. Infection can also be spread in as-
sociation with injecting and non-injecting drug use.

Significance in drinking-water

The transmission of HAV by drinking-water supplies is well established, and the pres-
ence of HAV in drinking-water constitutes a substantial health risk. Within a water
safety plan, control measures to reduce potential risk from HAV should focus on pre-
vention of source water contamination by human waste, followed by adequate treat-
ment and disinfection. The effectiveness of treatment processes used to remove HAV
will require validation. Drinking-water supplies should also be protected from con-
tamination during distribution. Owing to the higher resistance of the viruses to dis-
infection, E. coli (or, alternatively, thermotolerant coliforms) is not a reliable indicator
of the presence/absence of HAV in drinking-water supplies.
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Hepatitis E virus

General description

Hepatitis E virus (HEV) consists of a single-stranded RNA genome in a non-enveloped
icosahedral capsid with a diameter of 27-34 nm. HEV shares properties with a num-
ber of viruses, and classification is a challenge. At one stage, HEV was classified as a
member of the family Caliciviridae, but most recently it has been placed in a separ-
ate family called hepatitis E-like viruses. There are indications of antigenic variation,
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and possibly even differences in serotypes of the virus, whereas human HAV consists
of only one clearly defined serotype. HEV cannot be readily detected or cultivated
in conventional cell culture systems, and identification in environmental samples is
based on the use of PCR techniques.

Human health effects

HEV causes hepatitis that is in many respects similar to that caused by HAV. However,
the incubation period tends to be longer (average 40 days), and infections typically
have a mortality rate of up to 25% in pregnant women. In endemic regions, first infec-
tions are typically seen in young adults rather than young children. Despite evidence
of antigenic variation, single infection appears to provide lifelong immunity to HEV.
Global prevalence has a characteristic geographic distribution. HEV is endemic and
causes clinical diseases in certain developing parts of the world, such as India, Nepal,
central Asia, Mexico and parts of Africa. In many of these areas, HEV is the most
important cause of viral hepatitis. Although seroprevalence can be high, clinical cases
and outbreaks are rare in certain parts of the world, such as Japan, South Africa, the
United Kingdom, North and South America, Australasia and central Europe. The rea-
son for the lack of clinical cases in the presence of the virus is unknown.

Source and occurrence

HEV is excreted in faeces of infected people, and the virus has been detected in raw
and treated sewage. Contaminated water has been associated with very large out-
breaks. HEV is distinctive, in that it is the only enteric virus with a meaningful animal
reservoir, including domestic animals, particularly pigs, as well as cattle, goats and
even rodents.

Routes of exposure

Secondary transmission of HEV from cases to contacts and particularly nursing staff
has been reported, but appears to be much less common than for HAV. The lower level
of person-to-person spread suggests that faecally polluted water could play a much
more important role in the spread of HEV than of HAV. Waterborne outbreaks involv-
ing thousands of cases are on record. These include one outbreak in 1954 with approxi-
mately 40 000 cases in Delhi, India; one with more than 100 000 cases in 1986-1988
in the Xinjiang Uighar region of China; and one in 1991 with some 79 000 cases in
Kanpur, India. Animal reservoirs may also serve as a route of exposure, but the extent
to which humans contract HEV infection from animals remains to be elucidated.

Significance in drinking-water

The role of contaminated water as a source of HEV has been confirmed, and the
presence of the virus in drinking-water constitutes a major health risk. There is no
laboratory information on the resistance of the virus to disinfection processes, but
data on waterborne outbreaks suggest that HEV may be as resistant as other enteric
viruses. Within a water safety plan, control measures to reduce potential risk from
HEV should focus on prevention of source water contamination by human and ani-
mal waste, followed by adequate treatment and disinfection. The effectiveness of treat-
ment processes used to remove HEV will require validation. Drinking-water supplies
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should also be protected from contamination during distribution. Owing to the like-
lihood that the virus has a higher resistance to disinfection, E. coli (or, alternatively,
thermotolerant coliforms) is not a reliable indicator of the presence/absence of HEV
in drinking-water supplies.
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Rotaviruses and orthoreoviruses

General description

Members of the genus Rotavirus consist of a segmented double-stranded RNA
genome in a non-enveloped icosahedral capsid with a diameter of 50-65 nm. This
capsid is surrounded by a double-layered shell, giving the virus the appearance of a
wheel—hence the name rotavirus. The diameter of the entire virus is about 80 nm.
Rotavirus and Orthoreovirus are the two genera of the family Reoviridae typically
associated with human infection. Orthoreoviruses are readily isolated by cytopatho-
genic effect on cell cultures. The genus Rotavirus is serologically divided into seven
groups, A-G, each of which consists of a number of subgroups; some of these sub-
groups specifically infect humans, whereas others infect a wide spectrum of animals.
Groups A-C are found in humans, with group A being the most important human
pathogens. Wild-type strains of rotavirus group A are not readily grown in cell cul-
ture, but there are a number of PCR-based detection methods available for testing
environmental samples.

Human health effects

Human rotaviruses are the most important single cause of infant death in the world.
Typically, 50-60% of cases of acute gastroenteritis of hospitalized children through-
out the world are caused by human rotaviruses. The viruses infect cells in the villi of
the small intestine, with disruption of sodium and glucose transport. Acute infec-
tion has an abrupt onset of severe watery diarrhoea with fever, abdominal pain and
vomiting; dehydration and metabolic acidosis may develop, and the outcome may be
fatal if the infection is not appropriately treated. The burden of disease of rotavirus
infections is extremely high. Members of the genus Orthoreovirus infect many hu-
mans, but they are typical “orphan viruses” and not associated with any meaningful
disease.

Source and occurrence
Human rotaviruses are excreted by patients in numbers up to 10" per gram of faeces
for periods of about 8 days. This implies that domestic sewage and any environments
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polluted with the human faeces are likely to contain large numbers of human rota-
viruses. The viruses have been detected in sewage, rivers, lakes and treated drinking-
water. Orthoreoviruses generally occur in wastewater in substantial numbers.

Routes of exposure

Human rotaviruses are transmitted by the faecal-oral route. Person-to-person trans-
mission and the inhalation of airborne human rotaviruses or aerosols containing the
viruses would appear to play a much more important role than ingestion of contam-
inated food or water. This is confirmed by the spread of infections in childrens wards
in hospitals, which takes place much faster than can be accounted for by the ingestion
of food or water contaminated by the faeces of infected patients. The role of contam-
inated water in transmission is lower than expected, given the prevalence of human
rotavirus infections and presence in contaminated water. However, occasional water-
borne and foodborne outbreaks have been described. Two large outbreaks in China in
1982-1983 were linked to contaminated water supplies.

Significance in drinking-water

Although ingestion of drinking-water is not the most common route of transmis-
sion, the presence of human rotaviruses in drinking-water constitutes a public health
risk. There is some evidence that the rotaviruses are more resistant to disinfection
than other enteric viruses. Within a water safety plan, control measures to reduce
potential risk from human rotaviruses should focus on prevention of source water
contamination by human waste, followed by adequate treatment and disinfection.
The effectiveness of treatment processes used to remove human rotaviruses will re-
quire validation. Drinking-water supplies should also be protected from contamina-
tion during distribution. Owing to a higher resistance of the viruses to disinfection,
E. coli (or, alternatively, thermotolerant coliforms) is not a reliable indicator of the
presence/absence of human rotaviruses in drinking-water supplies.
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11.3 Protozoan pathogens

Protozoa and helminths are among the most common causes of infection and disease
in humans and animals. The diseases have a major public health and socioeconomic
impact. Water plays an important role in the transmission of some of these pathogens.
The control of waterborne transmission presents real challenges, because most of
the pathogens produce cysts, oocysts or eggs that are extremely resistant to processes
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generally used for the disinfection of water and in some cases can be difficult to remove
by filtration processes. Some of these organisms cause “emerging diseases” In the last
30 years, the most notable example of an emerging disease caused by a protozoan
pathogen is cryptosporidiosis. Other examples are diseases caused by microsporidia
and Cyclospora. As evidence for waterborne transmission of “emerging diseases” has
been reported relatively recently, some questions about their epidemiology and behav-
iour in water treatment and disinfection processes remain to be elucidated. It would
appear that the role of water in the transmission of this group of pathogens may in-
crease substantially in importance and complexity as human and animal populations
grow and the demands for potable drinking-water escalate.

Further information on emerging diseases is provided in Emerging issues in water
and infectious disease (WHO, 2003) and associated texts.

Acanthamoeba

General description

Acanthamoeba spp. are free-living amoebae (10-50 pm in diameter) common in aqua-
tic environments and one of the prominent protozoa in soil. The genus contains some
20 species, of which A. castellanii, A. polyphaga and A. culbertsoni are known to be hu-
man pathogens. However, the taxonomy of the genus may change substantially when
evolving molecular biological knowledge is taken into consideration. Acanthamoeba
has a feeding, replicative trophozoite, which, under unfavourable conditions, such as
an anaerobic environment, will develop into a dormant cyst that can withstand ex-
tremes of temperature (—20 to 56 °C), disinfection and desiccation.

Human health effects

Acanthamoeba culbertsoni causes granulomatous amoebic encephalitis, whereas A.
castellanii and A. polyphaga are associated with acanthamoebic keratitis and acanth-
amoebic uveitis.

Granulomatous amoebic encephalitis is a multifocal, haemorrhagic and nec-
rotizing encephalitis that is generally seen only in debilitated or immunodeficient
persons. It is a rare, but usually fatal, disease. Early symptoms include drowsiness,
personality changes, intense headaches, stiff neck, nausea, vomiting, sporadic low
fevers, focal neurological changes, hemiparesis and seizures. This is followed by
an altered mental status, diplopia, paresis, lethargy, cerebellar ataxia and coma.
Death follows within a week to a year after the appearance of the first symptoms,
usually as a result of bronchopneumonia. Associated disorders of granulomatous
amoebic encephalitis include skin ulcers, liver disease, pneumonitis, renal failure
and pharyngitis.

Acanthamoebic keratitis is a painful infection of the cornea and can occur in
healthy individuals, especially among contact lens wearers. It is a rare disease that may
lead to impaired vision, permanent blindness and loss of the eye. The prevalence of
antibodies to Acanthamoeba and the detection of the organism in the upper airways of
healthy persons suggest that infection may be common with few apparent symptoms
in the vast majority of cases.
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Source and occurrence

The wide distribution of Acanthamoeba in the natural environment makes soil,
airborne dust and water all potential sources. Acanthamoeba can be found in many
types of aquatic environments, including surface water, tap water, swimming pools
and contact lens solutions. Depending on the species, Acanthamoeba can grow over
a wide temperature range in water, with the optimum temperature for pathogenic
species being 30 °C. Trophozoites can exist and replicate in water while feeding on
bacteria, yeasts and other organisms.

Routes of exposure

Acanthamoebic keratitis has been associated with contact lenses being washed with
contaminated home-made saline solutions or contamination of the contact lens con-
tainers. Although the source of the contaminating organisms has not been established,
tap water is one possibility. Warnings have been issued by a number of health agencies
that only sterile water should be used to prepare wash solutions for contact lenses.
The mode of transmission of granulomatous amoebic encephalitis has not been estab-
lished, but water is not considered to be a source of infection. The more likely routes
of transmission are via the blood from other sites of colonization, such as skin lesions
or lungs.

Significance in drinking-water

Cases of acanthamoebic keratitis have been associated with drinking-water due to
use of tap water in preparing solutions for washing contact lenses. Cleaning of con-
tact lenses is not considered to be a normal use for tap water, and a higher-quality
water may be required. Compared with Cryptosporidium oocysts and Giardia cysts,
Acanthamoeba cysts are relatively large and amenable to removal from raw water by
filtration. Reducing the presence of biofilm organisms is likely to reduce food sources
and growth of the organism in distribution systems, but the cyst is highly resistant to
disinfection. However, as normal uses of drinking-water lack significance as a source
of infection, setting a health-based target for Acanthamoeba spp. is not warranted.
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Balantidium coli

General description

Balantidium coli is a unicellular protozoan parasite with a length up to 200 pm, mak-
ing it the largest of the human intestinal protozoa. The trophozoites are oval in shape
and covered with cilia for motility. The cysts are 60-70 pum in length and resistant to
unfavourable environmental conditions, such as pH and temperature extremes. Bal-
antidium coli belongs to the largest protozoan group, the ciliates, with about 7200
species, of which only B. coli is known to infect humans.
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Human health effects

Infections in humans are relatively rare, and most are asymptomatic. The trophozoites
invade the mucosa and submucosa of the large intestine and destroy the host cells
when multiplying. The multiplying parasites form nests and small abscesses that break
down into oval, irregular ulcers. Clinical symptoms may include dysentery similar to
amoebiasis, colitis, diarrhoea, nausea, vomiting, headache and anorexia. The infec-
tions are generally self-limiting, with complete recovery.

Source and occurrence

Humans seem to be the most important host of B. coli, and the organism can be de-
tected in domestic sewage. Animal reservoirs, particularly swine, also contribute to
the prevalence of the cysts in the environment. The cysts have been detected in water
sources, but the prevalence in tap water is unknown.

Routes of exposure

Transmission of B. coli is by the faecal-oral route, from person to person, from contact
with infected swine or by consumption of contaminated water or food. One water-
borne outbreak of balantidiasis has been reported. This outbreak occurred in 1971
when a drinking-water supply was contaminated with stormwater runoff containing
swine faeces after a typhoon.

Significance in drinking-water

Although water does not appear to play an important role in the spread of this or-
ganism, one waterborne outbreak is on record. Balantidium coli is large and amen-
able to removal by filtration, but cysts are highly resistant to disinfection. Within a
water safety plan, control measures to reduce potential risk from B. coli should focus
on prevention of source water contamination by human and swine waste, followed
by adequate treatment. Owing to resistance to disinfection, E. coli (or, alternatively,
thermotolerant coliforms) is not a reliable indicator for the presence/absence of B. coli
in drinking-water supplies.
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Blastocystis

General description

Blastocystis is a common anaerobic intestinal parasite that was first described in the
early 1900s. Despite this long history, there are large gaps in knowledge about the
organism, and the issue of pathogenicity remains a subject of some debate. Blasto-
cystis spp. have been detected in a range of animal hosts, with isolates from humans
identified as Blastocystis hominis. However, molecular studies suggest that there is con-
siderable antigenic and genetic heterogeneity within B. hominis and Blastocystis spp.
Blastocystis hominis lives in the colon and has several morphological forms, including
a faecal cyst that is believed to be the infective form.
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Human health effects

Blastocystis hominis is probably the most common protozoan detected in hu-
man faecal samples worldwide. Infection occurs in both immunocompetent and
immunocompromised individuals. Reported prevalence ranges from 2% to 50%, with
the highest rates reported for developing countries with poor environmental hygiene.
Infection appears to be more common in adults than in children. However, one study
showed that peak infection occurs at 10 years of age and then later in life. Pathogenicity
of B. hominis is controversial because of the nonspecific symptoms and prevalence of
asymptomatic infections. Some case—control studies of individuals with and without
symptoms show no difference in the prevalence of B. hominis. Symptoms attributed
to B. hominis include watery or loose stools, diarrhoea, abdominal pain, anal itching,
weight loss and excess gas. Duration of infection is not well known; some infections
can last for weeks, months or years. In some patients, the symptoms resolve, even
though Blastocystis can still be detected in stools. It has been suggested that B. hominis
may be a commensal organism that becomes pathogenic when the host is immuno-
suppressed, is malnourished or has other infections.

Source and occurrence

The source of human infectious Blastocystis is uncertain. Blastocystis occurs in many
animals, including insects, reptiles, birds and mammals. Some evidence suggests that
Blastocystis may not be host specific and that animal-to-human transmission is possible.
A recent survey in Malaysia showed that animal handlers and abattoir workers were at
greater risk of infection than a control group of high-rise city dwellers. Blastocystis is
excreted as a cyst, which could be environmentally persistent, but there are no data on
its survival in the environment. Blastocystis has been identified in sewage samples.

Routes of exposure

The routes of transmission have not been established, but the faecal-oral route is con-
sidered to be the main mode of transmission. Studies of transmission between mice
indicate infection after oral inoculation of faecal cysts. Water and foodborne trans-
mission have been suggested, but not confirmed.

Significance in drinking-water

The role of drinking-water as a source of Blastocystis infections has not been estab-
lished. However, an investigation in Thailand provided evidence of waterborne trans-
mission, and identification in sewage samples suggests potential for this to occur.
Within a water safety plan, control measures focused on prevention of source water
contamination by human and animal waste should reduce potential risks. There is
little information on the removal and/or inactivation of Blastocystis by water and
wastewater treatment processes. The morphology of Blastocystis varies over a broad
range, and size estimates vary. Faecal cysts can be as small as 3-10 pm in diameter,
and these are likely to be removed by conventional granular media-based filtration
methods in a similar manner to Cryptosporidium oocysts that are 4-6 um in diam-
eter. It has been reported that Blastocystis cysts are relatively resistant to chlorine.
Because of this resistance, E. coli (or, alternatively, thermotolerant coliforms) should
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not be relied upon as an indicator of the presence/absence of Blastocystis in drinking-
water sources.
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Cryptosporidium

General description

Cryptosporidium is an obligate, intracellular, coccidian parasite with a complex life
cycle including sexual and asexual replication. Thick-walled oocysts with a diameter
of 4-6 pum are shed in faeces. The genus Cryptosporidium has about 13 species, with
human infections predominantly caused by C. hominis and the cattle genotype of
C. parvum. Other Cryptosporidium species have been reported to cause infrequent
infections. Cryptosporidium was discovered to infect humans in 1976, and waterborne
transmission was confirmed for the first time in 1984.

Human health effects

Cryptosporidium generally causes self-limiting diarrhoea, sometimes including nausea,
vomiting and fever, which usually resolves within a week in normally healthy people,
but can last for a month or more. Severity of cryptosporidiosis varies according to age
and immune status, and infections in severely immunocompromised people can be
life-threatening. The impact of cryptosporidiosis outbreaks is relatively high due to
the large numbers of people that may be involved and the associated socioeconomic
implications. The total cost of illness associated with the 1993 outbreak in Milwaukee,
USA, has been estimated at US$ 96.2 million.

Source and occurrence

A large range of animals are reservoirs of C. hominis/parvum, but humans and live-
stock, particularly young animals, are the most significant source of human infec-
tious organisms. Calves can excrete 10'° oocysts per day. Concentrations of oocysts as
high as 14 000 per litre for raw sewage and 5800 per litre for surface water have been
reported. Oocysts can survive for weeks to months in fresh water. Cryptosporidium
oocysts have been detected in many drinking-water supplies. However, in most cases,
there is little information about whether human infectious species were present. The
currently available standard analytical techniques provide an indirect measure of
viability and no indication of human infectivity. Oocysts also occur in recreational
waters.
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Routes of exposure

Cryptosporidium is transmitted by the faecal-oral route. The major route of infec-
tion is person-to-person contact. Other sources of infection include the consump-
tion of contaminated food and water and direct contact with infected farm animals
and possibly domestic pets. Contaminated drinking-water, recreational water and, to
a lesser extent, food have been associated with outbreaks. In 1993, Cryptosporidium
caused the largest waterborne outbreak of disease on record, when more than 400 000
people were infected by the drinking-water supply of Milwaukee, USA. The infectivity
of Cryptosporidium oocysts is relatively high. Studies on healthy human volunteers
revealed that ingestion of fewer than 10 oocysts can lead to infection.

Significance in drinking-water

The role of drinking-water in the transmission of Cryptosporidium, including in large
outbreaks, is well established. Attention to these organisms is therefore important.
The oocysts are extremely resistant to oxidizing disinfectants such as chlorine, but
investigations based on assays for infectivity have shown that UV light irradiation
inactivates oocysts. Within a water safety plan, control measures to reduce potential
risk from Cryptosporidium should focus on prevention of source water contamination
by human and livestock waste, adequate treatment and protection of water during
distribution. Because of their relatively small size, the oocysts represent a challenge
for removal by conventional granular media-based filtration processes. Acceptable
removal requires well-designed and well-operated systems. Membrane filtration pro-
cesses that provide a direct physical barrier may represent a viable alternative for the
effective removal of Cryptosporidium oocysts. Owing to the exceptional resistance of
the oocysts to disinfectants, E. coli (or, alternatively, thermotolerant coliforms) cannot
be relied upon as an indicator for the presence/absence of Cryptosporidium oocysts in
drinking-water supplies.
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Cyclospora cayetanensis

General description
Cyclospora cayetanensis is a single-celled, obligate, intracellular, coccidian protozoan
parasite, which belongs to the family Eimeriidae. It produces thick-walled oocysts of
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8-10 pum in diameter that are excreted in the faeces of infected individuals. Cyclospora
cayetanensis is considered an emerging waterborne pathogen.

Human health effects

Sporozoites are released from the oocysts when ingested and penetrate epithelial cells
in the small intestine of susceptible individuals. Clinical symptoms of cyclosporiasis
include watery diarrhoea, abdominal cramping, weight loss, anorexia, myalgia and
occasionally vomiting and/or fever. Relapsing illness often occurs.

Source and occurrence

Humans are the only host identified for this parasite. The unsporulated oocysts pass
into the external environment with faeces and undergo sporulation, which is complete
in 7-12 days, depending on environmental conditions. Only the sporulated oocysts
are infectious. Owing to the lack of a quantification technique, there is limited infor-
mation on the prevalence of Cyclospora in water environments. However, Cyclospora
has been detected in sewage and water sources.

Routes of exposure

Cyclospora cayetanensis is transmitted by the faecal-oral route. Person-to-person
transmission is virtually impossible, because the oocysts must sporulate outside the
host to become infectious. The primary routes of exposure are contaminated water
and food. The initial source of organisms in foodborne outbreaks has generally not
been established, but consumption of food crops irrigated with contaminated water
has been implicated in several cases. Drinking-water has also been implicated as a
cause of outbreaks. The first report was among staff of a hospital in Chicago, USA, in
1990. The infections were associated with drinking tap water that had possibly been
contaminated with stagnant water from a rooftop storage reservoir. Another outbreak
was reported from Nepal, where drinking-water consisting of a mixture of river and
municipal water was associated with infections in 12 of 14 soldiers.

Significance in drinking-water

Transmission of the pathogens by drinking-water has been confirmed. The oocysts
are resistant to disinfection and are not inactivated by chlorination practices gener-
ally applied in the production of drinking-water. Within a water safety plan, con-
trol measures that can be applied to manage potential risk from Cyclospora include
prevention of source water contamination by human waste, followed by adequate
treatment and protection of water during distribution. Owing to the resistance of
the cysts to disinfectants, E. coli (or, alternatively, thermotolerant coliforms) cannot
be relied upon as an indicator of the presence/absence of Cyclospora in drinking-
water supplies.
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Entamoeba histolytica

General description

Entamoeba histolytica is the most prevalent intestinal protozoan pathogen worldwide
and belongs to the superclass Rhizopoda in the subphylum Sarcodina. Entamoeba has
a feeding, replicative trophozoite (diameter 10-60 pm), which, under unfavourable
conditions, will develop into a dormant cyst (diameter 10-20 um). Infection is con-
tracted by the ingestion of cysts. Recent studies with RNA and DNA probes demon-
strated genetic differences between pathogenic and non-pathogenic E. histolytica; the
latter has been separated and reclassified as E. dispar.

Human health effects

About 85-95% of human infections with E. histolytica are asymptomatic. Acute in-
testinal amoebiasis has an incubation period of 1-14 weeks. Clinical disease results
from the penetration of the epithelial cells in the gastrointestinal tract by the amoebic
trophozoites. Approximately 10% of infected individuals present with dysentery or
colitis. Symptoms of amoebic dysentery include diarrhoea with cramping, lower ab-
dominal pain, low-grade fever and the presence of blood and mucus in the stool. The
ulcers produced by the invasion of the trophozoites may deepen into the classic flask-
shaped ulcers of amoebic colitis. Entamoeba histolytica may invade other parts of the
body, such as the liver, lungs and brain, sometimes with fatal outcome.

Source and occurrence

Humans are the reservoir of infection, and there would not appear to be other mean-
ingful animal reservoirs of E. histolytica. In the acute phase of infection, patients
excrete only trophozoites that are not infectious. Chronic cases and asymptomatic
carriers who excrete cysts are more important sources of infection and can dis-
charge up to 1.5 x 107 cysts daily. Entamoeba histolytica can be present in sewage
and contaminated water. Cysts may remain viable in suitable aquatic environments
for several months at low temperature. The potential for waterborne transmission
is greater in the tropics, where the carrier rate sometimes exceeds 50%, compared
with more temperate regions, where the prevalence in the general population may
be less than 10%.

Routes of exposure
Person-to-person contact and contamination of food by infected food handlers ap-
pear to be the most significant means of transmission, although contaminated water
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also plays a substantial role. Ingestion of faecally contaminated water and consump-
tion of food crops irrigated with contaminated water can both lead to transmission
of amoebiasis. Sexual transmission, particularly among male homosexuals, has also
been documented.

Significance in drinking-water

The transmission of E. histolytica by contaminated drinking-water has been con-
firmed. The cysts are relatively resistant to disinfection and may not be inactivated by
chlorination practices generally applied in the production of drinking-water. Within a
water safety plan, control measures that can be applied to manage potential risk from
E. histolytica include prevention of source water contamination by human waste, fol-
lowed by adequate treatment and protection of water during distribution. Owing to
the resistance of the cysts to disinfectants, E. coli (or, alternatively, thermotolerant coli-
forms) cannot be relied upon as an indicator of the presence/absence of E. histolytica
in drinking-water supplies.
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Giardia intestinalis

General description

Giardia spp. are flagellated protozoa that parasitize the gastrointestinal tract of humans
and certain other animals. The genus Giardia consists of a number of species, but human
infection (giardiasis) is usually assigned to G. intestinalis, also known as G. lamblia
or G. duodenalis. Giardia has a relatively simple life cycle consisting of a flagellate
trophozoite that multiplies in the gastrointestinal tract and an infective thick-walled
cyst that is shed intermittently but in large numbers in faeces. The trophozoites are
bilaterally symmetrical and ellipsoidal in shape. The cysts are ovoid in shape and 8-12
pm in diameter.

Human health effects

Giardia has been known as a human parasite for 200 years. After ingestion and excysta-
tion of cysts, the trophozoites attach to surfaces of the gastrointestinal tract. Infections
in both children and adults may be asymptomatic. In day-care centres, as many as 20%
of children may carry Giardia and excrete cysts without clinical symptoms. The symp-
toms of giardiasis may result from damage caused by the trophozoites, although the
mechanisms by which Giardia causes diarrhoea and intestinal malabsorption remain
controversial. Symptoms generally include diarrhoea and abdominal cramps; in se-
vere cases, however, malabsorption deficiencies in the small intestine may be present,
mostly among young children. Giardiasis is self-limiting in most cases, but it may be
chronic in some patients, lasting more than 1 year, even in otherwise healthy people.
Studies on human volunteers revealed that fewer than 10 cysts constitute a meaningful
risk of infection.
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Source and occurrence

Giardia can multiply in a wide range of animal species and humans, which excrete
cysts into the environment. Numbers of cysts as high as 88 000 per litre in raw sew-
age and 240 per litre in surface water resources have been reported. These cysts are
robust and can survive for weeks to months in fresh water. The presence of cysts in
raw water sources and drinking-water supplies has been confirmed. However, there
is no information on whether human infectious species were present. The currently
available standard analytical techniques provide an indirect measure of viability and
no indication of human infectivity. Cysts also occur in recreational waters and con-
taminated food.

Routes of exposure

By far the most common route of transmission of Giardia is person-to-person con-
tact, particularly between children. Contaminated drinking-water, recreational water
and, to a lesser extent, food have been associated with outbreaks. Animals have been
implicated as a source of human infectious G. intestinalis, but further investigations
are required to determine their role.

Significance in drinking-water

Waterborne outbreaks of giardiasis have been associated with drinking-water sup-
plies for over 30 years; at one stage, Giardia was the most commonly identified cause
of waterborne outbreaks in the USA. Giardia cysts are more resistant than enteric bac-
teria to oxidative disinfectants such as chlorine, but they are not as resistant as Crypto-
sporidium oocysts. The time required for 90% inactivation at a free chlorine residual
of 1 mg/l is about 25-30 minutes. Within a water safety plan, control measures that
can be applied to manage potential risk from Giardia include prevention of source
water contamination by human and animal waste, followed by adequate treatment
and disinfection and protection of water during distribution. Owing to the resistance
of the cysts to disinfectants, E. coli (or, alternatively, thermotolerant coliforms) cannot
be relied upon as an indicator of the presence/absence of Giardia in drinking-water
supplies.
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Isospora belli

General description

Isospora is a coccidian, single-celled, obligate parasite related to Cryptosporidium and
Cyclospora. There are many species of Isospora that infect animals, but only I. belli is
known to infect humans, the only known host for this species. Isospora belli is one
of the few coccidia that undergo sexual reproduction in the human intestine. Sporu-
lated oocysts are ingested, and, after complete asexual and sexual life cycles in the
mucosal epithelium of the upper small intestine, unsporulated oocysts are released
in faeces.

Human health effects

Illness caused by I belli is similar to that caused by Cryptosporidium and Giardia.
About 1 week after ingestion of viable oocysts, a low-grade fever, lassitude and malaise
may appear, followed soon by mild diarrhoea and vague abdominal pain. The infec-
tion is usually self-limited after 1-2 weeks, but occasionally diarrhoea, weight loss and
fever may last for 6 weeks to 6 months. Symptomatic isosporiasis is more common
in children than in adults. Infection is often associated with immunocompromised
patients, in whom symptoms are more severe and likely to be recurrent or chronic,
leading to malabsorption and weight loss. Infections are usually sporadic and most
common in the tropics and subtropics, although they also occur elsewhere, including
industrialized countries. They have been reported from Central and South America,
Africa and south-east Asia.

Source and occurrence

Unsporulated oocysts are excreted in the faeces of infected individuals. The oocysts
sporulate within 1-2 days in the environment to produce the potentially infectious
form of the organism. Few data are available on numbers of oocysts in sewage and raw
and treated water sources. This is largely because sensitive and reliable techniques for
the quantitative enumeration of oocysts in water environments are not available. Little
is known about the survival of oocysts in water and related environments.

Routes of exposure

Poor sanitation and faecally contaminated food and water are the most likely sources
of infection, but waterborne transmission has not been confirmed. The oocysts are
less likely than Cryptosporidium oocysts or Giardia cysts to be transmitted directly
from person to person, because freshly shed I belli oocysts require 1-2 days in the
environment to sporulate before they are capable of infecting humans.

Significance in drinking-water

The characteristics of 1. belli suggest that illness could be transmitted by contamin-
ated drinking-water supplies, but this has not been confirmed. No information is
available on the effectiveness of water treatment processes for removal of I. belli, but
it is likely that the organism is relatively resistant to disinfectants. It is considerably
larger than Cryptosporidium and should be easier to remove by filtration. Within a
water safety plan, control measures that can be applied to manage potential risk from
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I belli include prevention of source water contamination by human waste, followed
by adequate treatment and disinfection and protection of water during distribution.
Owing to the likely resistance of the oocysts to disinfectants, E. coli (or, alternatively,
thermotolerant coliforms) cannot be relied upon as an indicator of the presence/ab-
sence of 1. belli in drinking-water supplies.
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Microsporidia

General description

Microsporidia are eukaryotic obligate intracellular parasites belonging to the phy-
lum Microspora. Although microsporidia were initially considered to be proto-
zoa, the scientific classification is uncertain, with recent studies indicating that they
could be classified as fungi. More than 100 microsporidial genera and almost 1000
species have been identified. Infections occur in every major animal group, including
vertebrates and invertebrates. A number of genera have been implicated in human
infections, including Enterocytozoon, Encephalitozoon (including Septata), Nosema,
Pleistophora, Vittaforma and Trachipleistophora, as well as a collective group of un-
classified microsporidia referred to as microsporidium. Microsporidia are among the
smallest eukaryotes. They produce unicellular spores with a diameter of 1.0-4.5 pm
and a characteristic coiled polar filament for injecting the sporoplasm into a host cell
to initiate infection. Within an infected cell, a complex process of multiplication takes
place, and new spores are produced and released in faeces, urine, respiratory secre-
tions or other body fluids, depending on the type of species and the site of infection.

Human health effects

Microsporidia are emerging human pathogens identified predominantly in persons
with AIDS, but their ability to cause disease in immunologically normal hosts has
been recognized. Reported human infections are globally dispersed and have been
documented in persons from all continents. The most common clinical manifestation
in AIDS patients is a severe enteritis involving chronic diarrhoea, dehydration and
weight loss. Prolonged illness for up to 48 months has been reported. Infections in the
general population are less pronounced. Enterocytozoon infection generally appears to
be limited to intestinal enterocytes and biliary epithelium. Encephalitozoon spp. infect
a variety of cells, including epithelial and endothelial cells, fibroblasts, kidney tubule
cells, macrophages and possibly other cell types. Unusual complications include kera-
toconjunctivitis, myositis and hepatitis.
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Source and occurrence

The sources of microsporidia infecting humans are uncertain. Spores are likely to be
excreted in faeces and are also excreted in urine and respiratory secretions. Owing to
the lack of a quantification technique, there is limited information on the prevalence
of microsporidia spores in water environments. However, microsporidia have been
detected in sewage and water sources. Indications are that their numbers in raw sew-
age may be similar to those of Cryptosporidium and Giardia, and they may survive in
certain water environments for many months. Certain animals, notably swine, may
serve as a host for human infectious species.

Routes of exposure

Little is known about transmission of microsporidia. Person-to-person contact and
ingestion of spores in water or food contaminated with human faeces or urine are
probably important routes of exposure. A waterborne outbreak of microsporidi-
osis has been reported involving about 200 cases in Lyon, France, during the sum-
mer of 1995. However, the source of the organism and faecal contamination of the
drinking-water supply were not demonstrated. Transmission by the inhalation of
airborne spores or aerosols containing spores seems possible. The role of animals in
transmission to humans remains unclear. Epidemiological and experimental studies
in mammals suggest that Encephalitozoon spp. can be transmitted transplacentally
from mother to offspring. No information is available on the infectivity of the spores.
However, in view of the infectivity of spores of closely related species, the infectivity
of microsporidia may be high.

Significance in drinking-water

Waterborne transmission has been reported, and infection arising from contamin-
ated drinking-water is plausible but unconfirmed. Little is known about the response
of microsporidia to water treatment processes. One study has suggested that the
spores may be susceptible to chlorine. The small size of the organism is likely to make
them difficult to remove by filtration processes. Within a water safety plan, control
measures that can be applied to manage potential risk from microsporidia include
prevention of source water contamination by human and animal waste, followed by
adequate treatment and disinfection and protection of water during distribution.
Owing to the lack of information on sensitivity of infectious species of microsporidia
to disinfection, the reliability of E. coli (or, alternatively, thermotolerant coliforms)
as an indicator for the presence/absence of these organisms from drinking-water
supplies is unknown.
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Naegleria fowleri

General description

Naegleria are free-living amoeboflagellates distributed widely in the environment.
There are several species of Naegleria, of which N. fowleri is the primary infectious
species. Naegleria spp. exist as a trophozoite, a flagellate and a cyst stage. The tropho-
zoite (10-20 pm) moves by eruptive pseudopod formation, feeding on bacteria, and
reproduces by binary fission. The trophozoite can transform into a flagellate stage
with two anterior flagella. The flagellate does not divide but reverts to the trophozoite
stage. Under adverse conditions, the trophozoite transforms into a circular cyst (7-15
pm), which is resistant to unfavourable conditions.

Human health effects

Naegleria fowleri causes primary amoebic meningoencephalitis in healthy individuals.
The amoeba enters the brain by penetrating the olfactory mucosa and cribiform plate.
The disease is acute, and patients often die within 5-10 days and before the infectious
agent can be diagnosed. Treatment is difficult. Although the infection is rare, new
cases are reported every year.

Source and occurrence

Naegleria fowleri is thermophilic and grows well at temperatures up to 45 °C. It oc-
curs naturally in fresh water of suitable temperature, and prevalence is only indirectly
related to human activity, inasmuch as such activity may modify temperature or pro-
mote bacterial (food source) production. The pathogen has been reported from many
countries, usually associated with thermally polluted water environments such as geo-
thermal water or heated swimming pools. However, the organism has been detected in
drinking-water supplies, particularly where water temperature can exceed 25-30 °C.
Water is the only known source of infection. The first cases of amoebic meningitis
were diagnosed in 1965 in Australia and Florida. Since that time, about 100 cases of
primary amoebic meningoencephalitis have been reported throughout the world.

Routes of exposure

Infection with N. fowleri is almost exclusively contracted by exposure of the nasal pas-
sages to contaminated water. Infection is predominantly associated with recreational
use of water, including swimming pools and spas, as well as surface waters natu-
rally heated by the sun, industrial cooling waters and geothermal springs. In a limited
number of cases, a link to recreational water exposure is lacking. The occurrence of
primary amoebic meningoencephalitis is highest during hot summer months, when
many people engage in water recreation and when the temperature of water is con-
ducive to growth of the organism. Consumption of contaminated water or food and
person-to-person spread have not been reported as routes of transmission.
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Significance in drinking-water

Naegleria fowleri has been detected in drinking-water supplies. Although unproven, a
direct or indirect role of drinking-water-derived organisms—for example, through use
of drinking-water in swimming pools—is possible. Any water supply that seasonally
exceeds 30 °C or that continually exceeds 25 °C can potentially support the growth of
N. fowleri. In such cases, a periodic prospective study would be valuable. Free chlorine
or monochloramine residuals in excess of 0.5 mg/1 have been shown to control N. fow-
eri, providing the disinfectant persists through the water distribution system. In addi-
tion to maintaining persistent disinfectant residuals, other control measures aimed at
limiting the presence of biofilm organisms will reduce food sources and hence growth
of the organism in distribution systems. Owing to the environmental nature of this
amoeba, E. coli (or, alternatively, thermotolerant coliforms) cannot be relied upon as
an indicator for the presence/absence of N. fowleri in drinking-water supplies.
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Toxoplasma gondii

General description

Toxoplasma gondii is a coccidian parasite, and the cat is the definitive host. Felid ani-
mals harbour the parasite in the intestinal tract, where sexual reproduction takes place.
The actively multiplying asexual form in the human host is an obligate, intracellular
parasite (diameter 3—6 pm) called a tachyzoite. A chronic phase of the disease develops
as the tachyzoites transform into slowly replicating bradyzoites, which eventually be-
come cysts in the host tissue. In the natural cycle, mice and rats containing infective
cysts are eaten by cats, which host the sexual stage of the parasite. The cyst wall is
digested, and bradyzoites penetrate epithelial cells of the small intestine. Several gen-
erations of intracellular multiplication lead to the development of microgametes and
macrogametes. Fertilization of the latter leads to the development of oocysts that are
excreted in faeces as early as 5 days after a cat has ingested the cysts. Oocysts require
1-5 days to sporulate in the environment. Sporulated oocysts and tissue-borne cysts
can both cause infections in susceptible hosts.

Human health effects
Toxoplasmosis is usually asymptomatic in humans. In a small percentage of cases, flu-
like symptoms, lymphadenopathy and hepatosplenomegaly present 5-23 days after
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the ingestion of cysts or oocysts. Dormant cysts, formed in organ tissue after primary
infection, can be reactivated when the immune system becomes suppressed, producing
disseminated disease involving the central nervous system and lungs and leading to
severe neurological disorders or pneumonia. When these infection sites are involved,
the disease can be fatal in immunocompromised patients. Congenital toxoplasmosis is
mostly asymptomatic, but can produce chorioretinitis, cerebral calcifications, hydro-
cephalus, severe thrombocytopenia and convulsions. Primary infection during early
pregnancy can lead to spontaneous abortion, stillbirth or fetal abnormality.

Source and occurrence

Toxoplasmosis is found worldwide. Estimates indicate that in many parts of the world,
15-30% of lamb and pork meat is infected with cysts. The prevalence of oocyst-shedding
cats may be 1%. By the third decade of life, about 50% of the European population
is infected, and in France this proportion is close to 80%. Toxoplasma gondii oocysts
may occur in water sources and supplies contaminated with the faeces of infected cats.
Owing to a lack of practical methods for the detection of T. gondii oocysts, there is
little information on the prevalence of the oocysts in raw and treated water supplies.
Details on the survival and behaviour of the oocysts in water environments are also not
available. However, qualitative evidence of the presence of oocysts in faecally polluted
water has been reported, and results suggest that T. gondii oocysts may be as resistant to
unfavourable conditions in water environments as the oocysts of related parasites.

Routes of exposure

Both T. gondii oocysts that sporulate after excretion by cats and tissue-borne cysts are
potentially infectious. Humans can become infected by ingestion of oocysts excreted
by cats by direct contact or through contact with contaminated soil or water. Two
outbreaks of toxoplasmosis have been associated with consumption of contaminated
water. In Panama, creek water contaminated by oocysts from jungle cats was identi-
fied as the most likely source of infection, whereas in 1995, an outbreak in Canada
was associated with a drinking-water reservoir being contaminated by excreta from
domestic or wild cats. A study in Brazil during 1997-1999 identified the consumption
of unfiltered drinking-water as a risk factor for T. gondii seropositivity. More com-
monly, humans contract toxoplasmosis through the consumption of undercooked or
raw meat and meat products containing T. gondii cysts. Transplacental infection also
occurs.

Significance in drinking-water

Contaminated drinking-water has been identified as a source of toxoplasmosis out-
breaks. Little is known about the response of T. gondii to water treatment processes.
The oocysts are larger than Cryptosporidium oocysts and should be amenable to re-
moval by filtration. Within a water safety plan, control measures to manage potential
risk from T. gondii should be focused on prevention of source water contamination
by wild and domesticated cats. If necessary, the organisms can be removed by filtra-
tion. Owing to the lack of information on sensitivity of T. gondii to disinfection, the
reliability of E. coli (or, alternatively, thermotolerant coliforms) as an indicator for the
presence/absence of these organisms in drinking-water supplies is unknown.
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11.4 Helminth pathogens

The word “helminth” comes from the Greek word meaning “worm” and refers to all
types of worms, both free-living and parasitic. The major parasitic worms are clas-
sified primarily in the phylum Nematoda (roundworms) and the phylum Platyhel-
minthes (flatworms including trematodes and cestodes). Helminth parasites infect a
large number of people and animals worldwide. For most helminths, drinking-water
is not a significant route of transmission. There are two exceptions: Dracunculus me-
dinensis (guinea worm) and Fasciola spp. (F hepatica and F. gigantica) (liver flukes).
Dracunculiasis and fascioliasis both require intermediate hosts to complete their life
cycles but are transmitted through drinking-water by different mechanisms. Other
helminthiases can be transmitted through water contact (schistosomiasis) or are as-
sociated with the use of untreated wastewater in agriculture (ascariasis, trichuriasis,
hookworm infections and strongyloidiasis) but are not usually transmitted through
drinking-water.

Dracunculus medinensis

Dracunculus medinensis, commonly known as “guinea worm”, belongs to the phy-
lum Nematoda and is the only nematode associated with significant transmission by
drinking-water.

The eradication of guinea worm infection from the world by 1995 was a target
of the International Drinking Water Supply and Sanitation Decade (1981-1990), and
the World Health Assembly formally committed itself to this goal in 1991. The Dracu-
nculus Eradication Programme has achieved a massive reduction in the number of
cases. There were an estimated 3.3 million cases in 1986, 625 000 cases in 1990, fewer
than 60 000 cases in 2002 and only 3190 cases in 2009, with the majority occurring
in Sudan. Dracunculiasis is restricted to a central belt of countries in sub-Saharan
Africa.

General description

The D. medinensis worms inhabit the cutaneous and subcutaneous tissues of infected
individuals, the female reaching a length of up to 700 mm, and the male, 25 mm.
When the female is ready to discharge larvae (embryos), its anterior end emerges from
a blister or ulcer, usually on the foot or lower limb, and releases large numbers of
rhabditiform larvae when the affected part of the body is immersed in water. The
larvae can move about in water for approximately 3 days and during that time can
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be ingested by many species of Cyclops (cyclopoid Copepoda, Crustacea). The larvae
penetrate into the haemocoelom, moult twice and are infective to a new host in about
2 weeks. If the Cyclops (0.5-2.0 mm) are swallowed in drinking-water, the larvae are
released in the stomach, penetrate the intestinal and peritoneal walls and inhabit the
subcutaneous tissues.

Human health effects

The onset of symptoms occurs just prior to the local eruption of the worm. The
early manifestations of urticaria, erythema, dyspnoea, vomiting, pruritus and gid-
diness are of an allergic nature. In about 50% of cases, the whole worm is extruded
in a few weeks; the lesion then heals rapidly, and disability is of limited duration.
In the remaining cases, however, complications ensue, and the track of the worm
becomes secondarily infected, leading to a severe inflammatory reaction that may
result in abscess formation with disabling pain that lasts for months. Mortality is
extremely rare, but permanent disability can result from contractures of tendons
and chronic arthritis. The economic impact can be substantial. One study reported
an 11% annual reduction in rice production from an area of eastern Nigeria, at a
cost of US$ 20 million.

Source and occurrence

Infection with guinea worm is geographically limited to a central belt of countries in
sub-Saharan Africa. Drinking-water containing infected Cyclops is the only source of
infection with Dracunculus. The disease typically occurs in rural areas where piped
water supplies are not available. Transmission tends to be highly seasonal, depending
on changes in water sources. For instance, transmission is highest in the early rainy
season in a dry savannah zone of Mali with under 800 mm annual rainfall but in the
dry season in the humid savannah area of southern Nigeria with over 1300 mm an-
nual rainfall. The eradication strategy combines a variety of interventions, including
integrated surveillance systems, intensified case containment measures, provision of
safe water and health education.

Routes of exposure
The only route of exposure is the consumption of drinking-water containing Cyclops
spp. carrying infectious Dracunculus larvae.

Significance in drinking-water

Dracunculus medinensis is the only human parasite that may be eradicated in the near
future by the provision of safe drinking-water. Infection can be prevented by a num-
ber of relatively simple control measures. These include intervention strategies to pre-
vent the release of D. medinensis larvae from female worms in infected patients into
water and control of Cyclops spp. in water resources by means of fish. Prevention can
also be achieved through the provision of boreholes and safe wells. Wells and springs
should be surrounded by cement curbings, and bathing and washing in these waters
should be avoided. Other control measures include filtration of water carrying infec-
tious Dracunculus larvae through a fine mesh cloth to remove Cyclops spp. or inactiva-
tion of Cyclops spp. in drinking-water by treatment with chlorine.
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Fasciola spp.

Fascioliasis is caused by two trematode species of the genus Fasciola: E hepatica,
present in Europe, Africa, Asia, the Americas and Oceania, and E gigantica, mainly
distributed in Africa and Asia. Human fascioliasis was considered a secondary zoo-
notic disease until the mid-1990s. In most regions, fascioliasis is a foodborne disease.
However, the discovery of floating metacercariae in hyperendemic regions (including
the Andean Altiplano region in South America) indicates that drinking-water may be
a significant transmission route for fascioliasis in certain locations.

General description

The life cycle of E hepatica and E gigantica takes about 14-23 weeks and requires two
hosts. The life cycle comprises four phases. In the first phase, the definitive host ingests
metacercariae. The metacercariae excyst in the intestinal tract and then migrate to the
liver and bile ducts. After 3-4 months, the flukes attain sexual maturity and produce
eggs, which are excreted into the bile and intestine. Adult flukes can live for 9-14 years
in the host. In the second phase, the eggs are excreted by the human or animal. Once
in fresh water, a miracidium develops inside. In the third phase, miracidia penetrate
a snail host and develop into cercaria, which are released into the water. In the fourth
and final phase, cercariae swim for a short period of time until they reach a suit-
able attachment site (aquatic plants), where they encyst to form metacercariae, which
become infective within 24 hours. Some metacercariae do not attach to plants but
remain floating in the water.

Human health effects

The parasites inhabit the large biliary passages and the gall-bladder. Disease symptoms
are different for the acute and chronic phases of the infection. The invasive or acute
phase may last from 2 to 4 months and is characterized by symptoms such as dyspep-
sia, nausea and vomiting, abdominal pain and a high fever (up to 40 °C). Anaemia
and allergic responses (e.g. pruritis, urticaria) may also occur. In children, the acute
infection can be accompanied by severe symptoms and sometimes causes death. The
obstructive or chronic phase (after months to years of infection) may be characterized
by painful liver enlargement and in some cases obstructive jaundice, chest pains, loss
of weight and cholelithiasis. The most important pathogenic sequelae are hepatic le-
sions and fibrosis and chronic inflammation of the bile ducts. Immature flukes may
deviate during migration, enter other organs and cause ectopic fascioliasis in a range
of subcutaneous tissues. Fascioliasis can be treated with triclabendazole.

Source and occurrence

Human cases have been increasing in 51 countries on five continents. Estimates of
the numbers of humans with fascioliasis range from 2.4 to 17 million people or even
higher, depending on unquantified prevalence in many African and Asian countries.
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Analysis of the geographical distribution of human cases shows that the correla-
tion between human fascioliasis and fascioliasis in animals occurs only at a basic level.
High prevalences in humans are not necessarily related to areas where fascioliasis is a
great veterinary problem. Major health problems associated with fascioliasis occur in
Andean countries (the Plurinational State of Bolivia, Peru, Chile, Ecuador), the Carib-
bean (Cuba), northern Africa (Egypt), the Near East (the Islamic Republic of Iran and
neighbouring countries) and western Europe (Portugal, France and Spain).

Routes of exposure

Humans can contract fascioliasis when they ingest infective metacercariae by eating
raw aquatic plants (and, in some cases, terrestrial plants, such as lettuce, irrigated with
contaminated water), drinking contaminated water, using utensils washed in contam-
inated water or eating raw liver infected with immature flukes.

Significance in drinking-water

Water is often cited as a human infection source. In the Bolivian Altiplano, 13% of
metacercariae isolates are floating. Untreated drinking-water in hyperendemic regions
often contains floating metacercariae; for example, a small stream crossing in the Alti-
plano region of the Plurinational State of Bolivia contained up to 7 metacercariae per
500 ml. The importance of fascioliasis transmission through water is supported by
indirect evidence. There are significant positive associations between liver fluke infec-
tion and infection by other waterborne protozoans and helminths in Andean coun-
tries and in Egypt. In many human hyperendemic areas of the Americas, people do
not have a history of eating watercress or other water plants. In the Nile Delta region,
people living in houses with piped water had a higher infection risk. Metacercariae
are likely to be resistant to chlorine disinfection but should be removed by various
filtration processes. For example, in Tiba, Egypt, human prevalence was markedly de-
creased after filtered water was supplied to specially constructed washing units.
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Free-living nematodes

General description

Nematodes are the most numerous metazoan (many-celled) animals on Earth. Many
of them are parasites of insects, plants or animals, including humans. Free-living spe-
cies are abundant in aquatic environments, both freshwater and saltwater, and soil
habitats. Not only are the vast majority of species encountered poorly understood
biologically, but there may be thousands more unknown species of nematodes yet
to be discovered. Nematodes are structurally simple, with the digestive tract run-
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ning from the mouth on the anterior end to the posterior opening near the tail, being
characterized as a tube in a tube. Nematodes found in drinking-water systems range
in size from 0.1 mm to over 0.6 mm.

About 20 different orders have been distinguished within the phylum Nematoda.
Four of these orders (Rhabditida, Tylenchida, Aphelenchida and Dorylaimida) are par-
ticularly common in soil. Non-pathogenic free-living nematodes that have been found
in drinking-water include Cheilobus, Diplogaster, Tobrilus, Aphelenchus and Rhabditis.

Human health effects

The presence of free-living nematodes in drinking-water does not necessarily indi-
cate a direct health threat. It has largely been regarded by water suppliers as an “aes-
thetic” problem, either directly or through their association with discoloured water.
High concentrations of nematodes in drinking-water have been reported to impart
an unpleasant taste to the drinking-water. The presence of free-living nematodes in
drinking-water reduces its acceptability to the consumer.

It has been suggested that free-living nematodes could carry pathogenic bacteria
in their gut. Such bacteria would be protected from chlorine disinfection and might
therefore present a health hazard. Enterobacteriaceae have been isolated from the
microflora in the guts of nematodes taken from a treated water supply and from the
raw water from which it was derived. However, they were of non-pathogenic genera.
Opportunistic pathogens such as Nocardia and Mycobacterium may also be carried
in the gut of the free-living nematodes. There is no reason to suppose that patho-
gens would be selectively favoured. The microorganisms present in the gut of the free-
living nematodes are much more likely to reflect those in the sediments and biofilms
where they are feeding.

In some cases, the motile larvae of parasitic nematodes such as hookworms
(Necator americanus and Ancylostoma duodenale) and threadworms (Strongyloides
stercoralis) are capable of moving themselves through sand filters or may be intro-
duced into drinking-water during distribution as the result of faecal contamination.
There are also some other species of nematodes that theoretically could infect hu-
mans through ingestion of contaminated water. Such a source of infection, however,
is difficult to prove. Dracunculus medinensis is a noticeable parasitic nematode that
may occur in drinking-water. This parasite is reported elsewhere in this section.

Source and occurrence

Because free-living nematodes are ubiquitous, they, as an egg or free-living larval or
adult form, can enter the drinking-water supply at the storage, treatment, distribu-
tion or household level. The concentration of free-living nematodes in the raw water
source generally corresponds to the turbidity of the water. The higher the turbidity,
the larger the concentration of free-living nematodes there will be.

In warm or even temperate weather, slow sand filters may discharge nematodes—
and Origochaetes (e.g. Aeolosoma spp.), insect larvae (e.g. Chironomus spp.) and
mosquitoes (Culex spp.)—by drawdown into the filtered water. Aquatic animals that
successfully penetrate drinking-water treatment processes are largely benthic species,
living on the bottoms or margins of water bodjes.
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Routes of exposure

Potential health concerns arise from exposure to the nematodes through ingestion
of drinking-water, during recreation and potentially through consumption of fresh
vegetables fertilized with sewage that received non-lethal treatment. Distinguishing
pathogenic larvae of the hookworm and threadworm from free-living non-pathogenic
nematodes in water is difficult and requires special knowledge of nematology.

Significance in drinking-water

Large numbers of nematodes are not normally found in well-maintained, piped
drinking-water systems. Eggs or infective larvae from species parasitic to humans (As-
caris, Trichuris, Ancylostoma, Necator and Strongyloides) and the many non-pathogenic
nematodes are not usually present in protected groundwater sources or are generally
removed during treatment processes.

In some circumstances, when the water contains a high nutrient or organic mat-
ter content and the ambient temperatures are appropriate, it may be possible for free-
living nematodes to feed on microbial growth in the biofilms or slimes in treatment
processes or in water mains and thus multiply within the system. This is particularly true
if drinking-water sources have not been adequately protected, treatment systems are not
adequate or not operated and maintained properly, the distribution system is leaking or
there are many stagnant areas or “dead zones” in the distribution system. Detection of
large numbers of nematodes (live and dead) in drinking-water indicates that there is a
problem that needs to be resolved, without necessarily implying a direct health risk.
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Schistosoma spp.

General description
The genus Schistosoma is a member of the class Trematoda, commonly known as
trematodes or blood flukes. The life cycle takes about 3-4 months and requires two

290



11. MICROBIAL FACT SHEETS

hosts. There are about 20 species of Schistosoma, and adult flukes are found in hu-
mans, other mammals and birds. Unlike other trematode species, Schistosoma has two
distinct sexual forms. In the most important human schistosomes, adult flukes are
12-20 mm in length and 0.3-0.6 mm in width; male flukes are shorter and thicker
than the females. Adult worms of schistosomes reside in the mesenteric blood vessels
of the definitive host. Once the worms mature, they mate, and the females produce
eggs that are round or oval and vary in length from 50 to 200 pm. Depending on the
infecting species, a large number of eggs released by the females reach either the intes-
tine or the bladder and are excreted in faeces or urine, respectively. The eggs hatch in
fresh water, and the larvae (miracidia) invade snail hosts, where they undergo asexual
reproduction and develop into the infective larvae (cercariae). Cercariae have pear-
shaped heads and forked tails and are 400-600 um in length. They emerge into the
water from snails and invade the final hosts, including humans.

Human health effects

Schistosomiasis, also known as bilharzia, is a group of infectious diseases caused by
five major species of Schistosoma in humans. Intestinal schistosomiasis is caused by
Schistosoma mansoni, S. japonicum, S. mekongi and S. intercalatum, whereas urin-
ary schistosomiasis is caused by S. haematobium. Most of the symptoms of schis-
tosomiasis are the manifestation of the body’s reaction to the eggs laid and are due
to the intensity of the immune response of the host, not to the worms themselves.
Therefore, the symptoms depend on the amount and location of eggs in the hu-
man host, and light infections can be asymptomatic. In some people, an initial al-
lergic reaction (Katayama fever), including fever, chills, muscle pains and cough,
can begin within 1-2 months of infection immediately before and during initial egg
deposition. Chronic infections with S. mansoni, S. japonicum, S. intercalatum and S.
mekongi result primarily in intestinal and hepatic symptoms, including bloody diar-
rhoea (bilharzial dysentery), abdominal pains and hepatosplenomegaly, whereas S.
haematobium infection leads to urinary manifestation, including dysuria and haem-
aturia. Important life-threatening complications that arise from chronic infections
include liver fibrosis and portal hypertension. Later development of bladder cancer
and renal failure is associated with urinary schistosomiasis. Rarely, eggs are found
in the brain or spinal cord and can cause cerebral symptoms, such as seizures and
paralysis. Anaemia and malnutrition are also found in young infected cases. Impaired
growth, impaired development and poor cognition are signs of morbidity in infected
school-age children. In total, more than 200 million people are infected in 75 coun-
tries. The number of deaths associated with schistosomiasis is estimated at 20 000
annually. Schistosomiasis is of great public health and socioeconomic importance in
developing countries where it is endemic.

Source and occurrence

Schistosomes occur in tropical and subtropical freshwater sources. Schistosoma man-
soni is found in Africa, the Arabian Peninsula, Brazil, Suriname, the Bolivarian Re-
public of Venezuela and some Caribbean islands; S.haematobium is found in Africa
and the Middle East; S. japonicum is found in China, the Philippines and the Sulawesi
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Island of Indonesia; S. intercalatum is found in some countries of Central Africa; and
S. mekongi is limited to the Mekong River in Cambodia and the Lao People’s Demo-
cratic Republic. Water resource development projects, including dam construction,
have been identified as potential sources of elevated rates of schistosomiasis as a result
of the production of increased habitats for freshwater snails. Humans are the principal
reservoirs of S. haematobium, S. intercalatum and S. mansoni, although the latter has
been reported in rodents. Various animals, such as humans, dogs, cats, rodents, pigs,
cattle and water buffalo, are potential reservoirs of S. japonicum, whereas humans and
dogs are potential reservoirs of S. mekongi.

Routes of exposure

Infection occurs through skin penetration when people are exposed to free-swimming
cercariae in infested water used for agricultural, domestic and recreational activities.
Infection does not occur through consumption of drinking-water. Cercariae of hu-
man infectious schistosomes penetrate the skin rapidly and transform into schisto-
somules, which migrate to the lungs through the circulatory system and develop into
adult flukes in the mesenteric veins. If cercariae of non-human infectious schistosomes
come in contact with human skin, they do not survive but can cause an inflammatory
response, especially in hosts that have been exposed previously. Papular rash, known
as schistosome cercarial dermatitis, can result at points of penetration of cercariae.
The cercariae of avian schistosomes and probably bovine schistosomes are responsible
for a majority of cases of this dermatitis, which has been reported throughout the
world. Person-to-person transmission does not occur.

Significance in drinking-water

Most infections occur in poor communities without access to safe drinking-water and
adequate sanitation. Ready availability of safe drinking-water contributes to disease
prevention by replacing use of infested water for domestic purposes. Within a water
safety plan, control measures include prevention of source water contamination by
human waste, snail control programmes and adequate treatment. Schistosoma cercar-
iae can be removed by filtration and inactivated by chlorination.
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Table 11.1 Cyanotoxins produced by cyanobacteria

Toxic species Cyanotoxins

Anabaena spp. Microcystins, saxitoxins, anatoxin-a, anatoxin-a(s)
Aphanizomenon spp. Anatoxin-a, saxitoxins, cylindrospermopsins
Cylindrospermum spp. Anatoxin-a

Cylindrospermopsis spp. Cylindrospermopsins, saxitoxins

Lyngbya spp. Cylindrospermopsins, saxitoxins, lyngbyatoxins
Microcystis spp. Microcystins, anatoxin-a (minor amounts)
Nodularia spp. Nodularins

Nostoc spp. Microcystins

Oscillatoria spp. Anatoxin-a, microcystins

Planktothrix spp. Anatoxin-a, homoanatoxin-a, microcystins
Raphidiopsis curvata Cylindrospermopsins

Umezakia natans Cylindrospermopsins

11.5 Toxic cyanobacteria
Detailed information on toxic cyanobacteria is available in the supporting document
Toxic cyanobacteria in water (Annex 1).

General description

Cyanobacteria are photosynthetic bacteria that share some properties with algae.
Notably, they possess chlorophyll a and liberate oxygen during photosynthesis. The
species used for early nomenclature were blue-green in colour; hence, a common term
for these organisms is blue-green algae. However, owing to the production of differ-
ent pigments, there are a large number that are not blue-green, and they can range in
colour from blue-green to yellow-brown to red. Most cyanobacteria are phototrophs,
but some exhibit heterotrophic growth. They may grow as separate cells or in multi-
cellular filaments or colonies. They can be identified by their morphology to genus or
even to species level under a microscope. Some species form surface blooms or scums,
whereas others are evenly dispersed throughout the mixed layers of the water body or
are bottom dwelling (benthic). Some cyanobacteria possess the ability to regulate their
buoyancy via intracellular gas vacuoles, and some species can fix elemental nitrogen
dissolved in water. The most notable feature of cyanobacteria in terms of public health
impact is that a range of species can produce toxins.

Human health effects

Many cyanobacteria produce potent toxins, as shown in Table 11.1. Cyanobacterial tox-
ins are also discussed in section 8.5.1. Each toxin has specific properties, with distinct
concerns including liver damage, neurotoxicity and tumour promotion. Acute symp-
toms reported after exposure include gastrointestinal disorders, fever and irritations
of the skin, ears, eyes, throat and respiratory tract. Cyanobacteria do not multiply in
the human body and hence are not infectious.
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Source and occurrence
Cyanobacteria are widespread and found in a diverse range of environments, includ-
ing soils, seawater and, most notably, freshwater environments. Some environmental
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conditions, including sunlight, high nutrient levels, low turbulence and warm weather,
can promote growth. Depending on the species, this may result in greenish discolora-
tion of water due to a high density of suspended cells and, in some cases, the formation
of surface scums. Such cell accumulations may lead to high toxin concentrations.

Routes of exposure

Potential health concerns arise from exposure to the toxins through ingestion of
drinking-water, during recreation, through showering and potentially through con-
sumption of algal food supplement tablets. Repeated or chronic exposure is the pri-
mary concern for many of the cyanotoxins; in some cases, however, acute toxicity
is more important (e.g. lyngbyatoxins and the neurotoxins saxitoxin and anatoxin).
Human fatalities have occurred through use of inadequately treated water containing
high cyanotoxin levels for renal dialysis. Dermal exposure may lead to irritation of the
skin and mucous membranes and possibly also to allergic reactions.

Significance in drinking-water

Cyanobacteria occur in low cell density in most surface waters. However, under environ-
mental conditions supporting their proliferation, high-density “blooms” can occur.
Eutrophication (increased biological growth associated with increased nutrients) can
support the development of cyanobacterial blooms. Control measures to reduce the
potential for “blooms” include catchment management to minimize nutrient inputs to
source waters, maintaining flow in regulated rivers and water mixing techniques, both to
eliminate stratification and to reduce nutrient release from sediments in reservoirs.
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11.6 Indicator organisms
Indicator organisms are used for a range of purposes, including as indicators of:

e faecal pollution in verification and surveillance monitoring;
o the effectiveness of processes such as filtration or disinfection in validation;
® integrity and cleanliness of distribution systems in operational monitoring.

Further discussion on indicator organisms is contained in section 7.4 and the
supporting document Assessing microbial safety of drinking water (Annex 1).

Total coliform bacteria

General description
Total coliform bacteria include a wide range of aerobic and facultatively anaerobic,
Gram-negative, non-spore-forming bacilli capable of growing in the presence of
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relatively high concentrations of bile salts with the fermentation of lactose and
production of acid or aldehyde within 24 hours at 35-37 °C. Escherichia coli and
thermotolerant coliforms are a subset of the total coliform group that can ferment
lactose at higher temperatures (see below). As part of lactose fermentation, total
coliforms produce the enzyme P-galactosidase. Traditionally, coliform bacteria were
regarded as belonging to the genera Escherichia, Citrobacter, Klebsiella and Enterobac-
ter, but the group is more heterogeneous and includes a wider range of genera, such
as Serratia and Hafnia. The total coliform group includes both faecal and environ-
mental species.

Indicator value

Total coliforms include organisms that can survive and grow in water. Hence, they
are not useful as an indicator of faecal pathogens, but they can be used to assess the
cleanliness and integrity of distribution systems and the potential presence of biofilms.
However, there are better indicators for these purposes. It has been proposed that total
coliforms could be used as a disinfection indicator. However, the test for total coliforms
is far slower and less reliable than direct measurement of disinfectant residual. In addi-
tion, total coliforms are far more sensitive to disinfection than are enteric viruses and
protozoa. HPC measurements detect a wider range of microorganisms and are gener-
ally considered a better indicator of distribution system integrity and cleanliness.

Source and occurrence

Total coliform bacteria (excluding E. coli) occur in both sewage and natural waters.
Some of these bacteria are excreted in the faeces of humans and animals, but many
coliforms are heterotrophic and able to multiply in water and soil environments. Total
coliforms can also survive and grow in water distribution systems, particularly in the
presence of biofilms.

Application in practice

Total coliforms are generally measured in 100 ml samples of water. A variety of rela-
tively simple procedures are available based on the production of acid from lactose
or the production of the enzyme B-galactosidase. The procedures include membrane
filtration followed by incubation of the membranes on selective media at 35-37 °C
and counting of colonies after 24 hours. Alternative methods include most probable
number procedures using tubes or microtitre plates and presence/absence tests. Field
test kits are available.

Significance in drinking-water

Total coliforms should be absent immediately after disinfection, and the presence of
these organisms indicates inadequate treatment. The presence of total coliforms in dis-
tribution systems and stored water supplies can reveal regrowth and possible biofilm for-
mation or contamination through ingress of foreign material, including soil or plants.
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Escherichia coli and thermotolerant coliform bacteria

General description

Total coliform bacteria that are able to ferment lactose at 44-45 °C are known as
thermotolerant coliforms. In most waters, the predominant genus is Escherichia,
but some types of Citrobacter, Klebsiella and Enterobacter are also thermotolerant.
Escherichia coli can be differentiated from the other thermotolerant coliforms by
the ability to produce indole from tryptophan or by the production of the enzyme
B-glucuronidase. Escherichia coli is present in very high numbers in human and ani-
mal faeces and is rarely found in the absence of faecal pollution, although there is
some evidence for growth in tropical soils. Thermotolerant coliform species other
than E. coli can include environmental organisms.

Indicator value

Escherichia coli is considered the most suitable indicator of faecal contamination. In
most circumstances, populations of thermotolerant coliforms are composed pre-
dominantly of E. coli; as a result, this group is regarded as a less reliable but accept-
able indicator of faecal pollution. Escherichia coli (or, alternatively, thermotolerant
coliforms) is the first organism of choice in monitoring programmes for verification,
including surveillance of drinking-water quality. These organisms are also used as dis-
infection indicators, but testing is far slower and less reliable than direct measurement
of disinfectant residual. In addition, E. coli is far more sensitive to disinfection than are
enteric viruses and protozoa.

Source and occurrence

Escherichia coli occurs in high numbers in human and animal faeces, sewage and water
subject to recent faecal pollution. Water temperatures and nutrient conditions present
in drinking-water distribution systems are highly unlikely to support the growth of
these organisms.

Application in practice

Escherichia coli (or, alternatively, thermotolerant coliforms) are generally measured
in 100 ml samples of water. A variety of relatively simple procedures are available
based on the production of acid and gas from lactose or the production of the enzyme
B-glucuronidase. The procedures include membrane filtration followed by incuba-
tion of the membranes on selective media at 44-45 °C and counting of colonies after
24 hours. Alternative methods include most probable number procedures using tubes
or microtitre plates and presence/absence tests, some for volumes of water larger than
100 ml. Field test kits are available.
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Significance in drinking-water

The presence of E. coli (or, alternatively, thermotolerant coliforms) provides evidence
of recent faecal contamination, and detection should lead to consideration of further
action, which could include further sampling and investigation of potential sources
such as inadequate treatment or breaches in distribution system integrity.
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Heterotrophic plate counts
A substantial review of the use of HPC is available (see the supporting document
Heterotrophic plate counts and drinking-water safety; Annex 1).

General description

HPC measurement detects a wide spectrum of heterotrophic microorganisms, includ-
ing bacteria and fungi, based on the ability of the organisms to grow on rich growth
media, without inhibitory or selective agents, over a specified incubation period and at
a defined temperature. The spectrum of organisms detected by HPC testing includes
organisms sensitive to disinfection processes, such as coliform bacteria; organisms re-
sistant to disinfection, such as spore formers; and organisms that rapidly proliferate
in treated water in the absence of residual disinfectants. The tests detect only a small
proportion of the microorganisms that are present in water. The population recovered
will differ according to the method and conditions applied. Although standard meth-
ods have been developed, there is no single universal HPC measurement. A range of
media is available, incubation temperatures used vary from 20 °C to 37 °C and incuba-
tion periods range from a few hours to 7 days or more.

Indicator value

The test has little value as an indicator of pathogen presence but can be useful in
operational monitoring as a treatment and disinfectant indicator, where the objective
is to keep numbers as low as possible. In addition, HPC measurement can be used

in assessing the cleanliness and integrity of distribution systems and the presence of
biofilms.

Source and occurrence
Heterotrophic microorganisms include both members of the natural (typically non-
hazardous) microbial flora of water environments and organisms present in a range
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of pollution sources. They occur in large numbers in raw water sources. The actual
organisms detected by HPC tests vary widely between locations and between con-
secutive samples. Some drinking-water treatment processes, such as coagulation and
sedimentation, reduce the number of HPC organisms in water. However, the organ-
isms proliferate in other treatment processes, such as biologically active carbon and
sand filtration. Numbers of HPC organisms are reduced significantly by disinfec-
tion practices, such as chlorination, ozonation and UV light irradiation. However,
in practice, none of the disinfection processes sterilizes water; under suitable condi-
tions, such as the absence of disinfectant residuals, HPC organisms can grow rapidly.
HPC organisms can grow in water and on surfaces in contact with water as biofilms.
The principal determinants of growth or “regrowth” are temperature, availability of
nutrients, including assimilable organic carbon, lack of disinfectant residual and
stagnation.

Application in practice

No sophisticated laboratory facilities or highly trained staff are required. Results on
simple aerobically incubated agar plates are available within hours to days, depending
on the characteristics of the procedure used.

Significance in drinking-water

After disinfection, numbers would be expected to be low; for most uses of HPC
test results, however, actual numbers are of less value than changes in numbers at
particular locations. In distribution systems, increasing numbers can indicate a
deterioration in cleanliness, possibly stagnation and the potential development of
biofilms. HPC can include potentially “opportunistic” pathogens such as Acineto-
bacter, Aeromonas, Flavobacterium, Klebsiella, Moraxella, Serratia, Pseudomonas
and Xanthomonas. However, there is no evidence of an association of any of these
organisms with gastrointestinal infection through ingestion of drinking-water in the
general population.
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Intestinal enterococci

General description

Intestinal enterococci are a subgroup of the larger group of organisms defined as
faecal streptococci, comprising species of the genus Streptococcus. These bacteria are
Gram-positive and relatively tolerant of sodium chloride and alkaline pH levels. They
are facultatively anaerobic and occur singly, in pairs or as short chains. Faecal strep-
tococci including intestinal enterococci all give a positive reaction with Lancefield’s
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Group D antisera and have been isolated from the faeces of warm-blooded animals.
The subgroup intestinal enterococci consists of the species Enterococcus faecalis,
E. faecium, E. durans and E. hirae. This group was separated from the rest of the faecal
streptococci because they are relatively specific for faecal pollution. However, some
intestinal enterococci isolated from water may occasionally also originate from other
habitats, including soil, in the absence of faecal pollution.

Indicator value

The intestinal enterococci group can be used as an indicator of faecal pollution. Most
species do not multiply in water environments. The numbers of intestinal enterococci
in human faeces are generally about an order of magnitude lower than those of E. coli.
Important advantages of this group are that they tend to survive longer in water en-
vironments than E. coli (or thermotolerant coliforms), are more resistant to drying
and are more resistant to chlorination. Intestinal enterococci have been used in testing
of raw water as an indicator of faecal pathogens that survive longer than E. coli and in
drinking-water to augment testing for E. coli. In addition, they have been used to test
water quality after repairs to distribution systems or after new mains have been laid.

Source and occurrence

Intestinal enterococci are typically excreted in the faeces of humans and other warm-
blooded animals. Some members of the group have also been detected in soil in the
absence of faecal contamination. Intestinal enterococci are present in large numbers
in sewage and water environments polluted by sewage or wastes from humans and
animals.

Application in practice

Enterococci are detectable by simple, inexpensive cultural methods that require basic
bacteriology laboratory facilities. Commonly used methods include membrane filtra-
tion with incubation of membranes on selective media and counting of colonies after
incubation at 35-37 °C for 48 hours. Other methods include a most probable number
technique using microtitre plates where detection is based on the ability of intestinal
enterococci to hydrolyse 4-methyl-umbelliferyl-B-D-glucoside in the presence of thal-
lium acetate and nalidixic acid within 36 hours at 41 °C.

Significance in drinking-water

The presence of intestinal enterococci provides evidence of recent faecal contamina-
tion, and detection should lead to consideration of further action, which could include
further sampling and investigation of potential sources such as inadequate treatment
or breaches in distribution system integrity.
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Clostridium perfringens

General description

Clostridium spp. are Gram-positive, anaerobic, sulfite-reducing bacilli. They produce
spores that are exceptionally resistant to unfavourable conditions in water environ-
ments, including UV irradiation, temperature and pH extremes, and disinfection
processes, such as chlorination. The characteristic species of the genus, C. perfrin-
gens, is a member of the normal intestinal flora of 13-35% of humans and other
warm-blooded animals. Other species are not exclusively of faecal origin. Like E. coli,
C. perfringens does not multiply in most water environments and is a highly specific
indicator of faecal pollution.

Indicator value

In view of the exceptional resistance of C. perfringens spores to disinfection processes
and other unfavourable environmental conditions, C. perfringens has been proposed as
an indicator of protozoa in treated drinking-water supplies. In addition, C. perfringens
can serve as an indicator of faecal pollution that took place previously and hence can
indicate sources liable to intermittent contamination. The evidence that Clostridium is
a reliable indicator for enteric viruses is limited and inconsistent, largely based on one
study of reductions by drinking-water treatment. Results should be treated with some
caution, as the exceptionally long survival times of its spores are likely to far exceed
those of enteric pathogens. Clostridium perfringens spores are smaller than protozoan
(0o)cysts and may be useful indicators of the effectiveness of filtration processes.

Source and occurrence

Clostridium perfringens and its spores are virtually always present in sewage. The or-
ganism does not multiply in water environments. Clostridium perfringens is present
more often and in higher numbers in the faeces of some animals, such as dogs, than
in the faeces of humans and less often in the faeces of many other warm-blooded
animals. The numbers excreted in faeces are normally substantially lower than those
of E. coli.

Application in practice

Vegetative cells and spores of C. perfringens are usually detected by membrane filtra-
tion techniques in which membranes are incubated on selective media under strict
anaerobic conditions. These detection techniques are not as simple and inexpensive as
those for other indicators, such as E. coli and intestinal enterococci.

Significance in drinking-water
The presence of C. perfringens in drinking-water can be an indicator of intermittent
faecal contamination. Potential sources of contamination should be investigated.
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Filtration processes designed to remove enteric viruses or protozoa should also re-
move C. perfringens. Detection in water immediately after treatment should lead to
investigation of filtration plant performance.
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Coliphages

General description

Bacteriophages (phages) are viruses that use only bacteria as hosts for replication.
Coliphages use E. coli and closely related species as hosts and hence can be released by
these bacterial hosts into the faeces of humans and other warm-blooded animals. Co-
liphages used in water quality assessment are divided into the major groups of somatic
coliphages and F-RNA coliphages. Differences between the two groups include the
route of infection.

Somatic coliphages initiate infection by attaching to receptors permanently lo-
cated on the cell wall of hosts. They replicate more frequently in the gastrointestinal
tract of warm-blooded animals but can also replicate in water environments. Somatic
coliphages consist of a wide range of phages (members of the phage families Myo-
viridae, Siphoviridae, Podoviridae and Microviridae) with a spectrum of morpho-
logical types.

F-RNA coliphages initiate infection by attaching to fertility (F-, sex) fimbriae
on E. coli hosts. These F-fimbriae are produced only by bacteria carrying the fertil-
ity (F-) plasmid. As F-fimbriae are produced only in the logarithmic growth phase at
temperatures above 30 °C, F-RNA phages are not likely to replicate in environments
other than the gastrointestinal tract of warm-blooded animals. F-RNA coliphages
comprise a restricted group of closely related phages, which belong to the family
Leviviridae, and consist of a single-stranded RNA genome and an icosahedral capsid
that is morphologically similar to that of picornaviruses. F-RNA coliphages have been
divided into serological types I-IV, which can be identified as genotypes by molecular
techniques such as gene probe hybridization. Members of groups I and IV have to date
been found exclusively in (non-human) animal faeces, and group IIT in human faeces.
Group II phages have been detected in human faeces and no animal faeces other than
about 28% of porcine faeces. This specificity, which is not fully understood, offers a
potential tool to distinguish between faecal pollution of human and animal origin
under certain conditions and limitations.
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Indicator value

Phages share many properties with human viruses, notably composition, morphol-
ogy, structure and mode of replication. As a result, coliphages are useful models or
surrogates to assess the behaviour of enteric viruses in water environments and the
sensitivity to treatment and disinfection processes. In this regard, they are superior to
faecal bacteria and could be considered for inclusion in verification and surveillance
monitoring where source waters are known to be affected by human faecal waste.
However, there is no direct correlation between numbers of coliphages and numbers
of enteric viruses. In addition, coliphages cannot be absolutely relied upon as an indi-
cator for enteric viruses. This has been confirmed by the isolation of enteric viruses
from treated and disinfected drinking-water supplies that yielded negative results in
conventional tests for coliphages.

F-RNA coliphages provide a more specific indicator of faecal pollution than
somatic phages. In addition, F-RNA coliphages are better indicators of the behaviour
of enteric viruses in water environments and their response to treatment and disinfec-
tion processes than are somatic coliphages. This has been confirmed by studies in
which the behaviour and survival of F-RNA coliphages, somatic phages, faecal bacteria
and enteric viruses have been compared. Available data indicate that the specificity of
F-RNA serogroups (genotypes) for human and animal excreta may prove useful in the
distinction between faecal pollution of human and animal origin. However, there are
shortcomings and conflicting data that need to be resolved, and the extent to which
this tool can be applied in practice remains to be elucidated. Owing to the limitations
of coliphages, they are best used in laboratory investigations, pilot trials and possibly
validation testing. They are not suitable for operational or verification (including sur-
veillance) monitoring.

Source and occurrence

Coliphages are excreted by humans and animals in relatively low numbers. As a re-
sult of their respective modes of replication and host specificity, somatic coliphages
are generally excreted by most humans and animals, whereas F-RNA coliphages are
excreted by a variable and generally lower percentage of humans and animals. Avail-
able data indicate that in some communities, F-RNA phages are detectable in 10% of
human, 45% of bovine, 60% of porcine and 70% of poultry faecal specimens. Somatic
coliphages have been found to generally outnumber F-RNA phages in water environ-
ments by a factor of about 5 and cytopathogenic human viruses by a factor of about
500, although these ratios vary considerably. Sewage contains somatic coliphages in
numbers of the order of 10°-10° per litre; in one study, slaughterhouse wastewater was
found to contain somatic coliphages in numbers up to 10" per litre. There are indica-
tions that they may multiply in sewage, and somatic coliphages may multiply in nat-
ural water environments using saprophytic hosts. Somatic phages and F-RNA phages
have been detected in numbers up to 10° per litre in lake and river water.

Application in practice
Somatic coliphages are detectable by relatively simple and inexpensive plaque assays,
which yield results within 24 hours. Plaque assays for F-RNA coliphages are not quite
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as simple, because the culture of host bacteria has to be in the logarithmic growth
phase at a temperature above 30 °C to ensure that F-fimbriae are present. Plaque
assays using large petri dishes have been designed for the quantitative enumeration
of plaques in 100 ml samples, and presence/absence tests have been developed for
volumes of water of 500 ml or more.

Significance in drinking-water

As coliphages typically replicate in the gastrointestinal tract of humans and warm-
blooded animals, their presence in drinking-water provides an indicator of faecal
pollution and hence the potential presence of enteric viruses and possibly also other
pathogens. The presence of coliphages in drinking-water also indicates shortcomings
in treatment and disinfection processes designed to remove enteric viruses. F-RNA
coliphages provide a more specific indicator for faecal pollution. The absence of coli-
phages from treated drinking-water supplies does not confirm the absence of patho-
gens such as enteric viruses and protozoan parasites.
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Bacteroides fragilis phages

General description

The bacterial genus Bacteroides inhabits the human gastrointestinal tract in greater
numbers than E. coli. Faeces can contain 10°-10'° Bacteroides per gram compared with
10°-10® E. coli per gram. Bacteroides are rapidly inactivated by environmental oxygen
levels, but Bacteroides bacteriophages are resistant to unfavourable conditions. Two
groups of B. fragilis phages are used as indicators in water quality assessment. One is
a restricted group of phages that specifically uses B. fragilis strain HSP40 as host. This
group of phages appears unique, because it is found only in human faeces and not in
faeces of animals. The numbers of these phages in sewage appear to be relatively low,
and they are almost absent in some geographical areas. The B. fragilis HSP40 phages
belong to the family Siphoviridae, with flexible non-contractile tails, double-stranded
DNA and capsids with a diameter of up to 60 nm. The second group of Bacteroides
phages used as indicators is those that use B. fragilis strain RYC2056 as a host. This
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group includes a substantially wider spectrum of phages, occurring in the faeces of
humans and many animals. The numbers of these phages in sewage are generally sub-
stantially higher than those of B. fragilis HSP40 phages.

Indicator value

Bacteroides bacteriophages have been proposed as a possible indicator of faecal pollu-
tion as a result of their specific association with faecal material and exceptional resist-
ance to environmental conditions. In particular, B. fragilis HSP40 phages are found
only in human faeces. Bacteroides fragilis phage B40-8, a typical member of the group
of B. fragilis HSP40 phages, has been found to be more resistant to inactivation by
chlorine than poliovirus type 1, simian rotavirus SA11, coliphage {2, E. coli and Strepto-
coccus faecalis. Bacteroides fragilis strain RYC2056 phages seem to be likewise relatively
resistant to disinfection. Indicator shortcomings of B. fragilis phages include relatively
low numbers in sewage and polluted water environments. This applies in particular to
B. fragilis HSP40 phages. Human enteric viruses have been detected in drinking-water
supplies that yielded negative results in conventional tests for B. fragilis HSP40 phages.
Owing to the limitations of Bacteroides bacteriophages, they are best used in labora-
tory investigations, pilot trials and possibly validation testing.

Source and occurrence

Bacteroides fragilis HSP40 phages are excreted by about 10-20% of humans in certain
parts of the world; consequently, their numbers in sewage are substantially lower than
those of somatic and even F-RNA coliphages. A mean count of 67 B. fragilis HSP40
phages per litre in a sewage-polluted river has been reported. In some parts of the
world, B. fragilis HSP40 phages would appear not to be detectable in sewage at all.
Phages using B. fragilis RYC2056 as host are excreted in larger numbers and seem to
occur more universally. On average, these phages are excreted by more than 25% of
humans. In a survey of water environments, B. fragilis HSP40 phages have been found
to outnumber cytopathogenic enteric viruses on average by only about 5-fold. Theor-
etically, wastewaters could be expected to contain higher levels of B. fragilis phages
than those detected. The reason for the discrepancy may be due to failure in main-
taining sufficiently anaerobic conditions during the performance of plaque assays.
Improvement of detection methods may result in the recording of higher numbers of
B. fragilis phages in sewage and polluted water environments.

Application in practice

Disadvantages of B. fragilis phages are that the detection methods are more com-
plex and expensive than those for coliphages. Costs are increased by the need to use
antibiotics for purposes of selection and to incubate cultures and plaque assays under
absolute anaerobic conditions. Results of plaque assays are usually available after about
24 hours compared with about 8 hours for coliphages.

Significance in drinking-water

The presence of B. fragilis phages in drinking-water is sound evidence of faecal pol-
lution as well as shortcomings in water treatment and disinfection processes. In addi-
tion, the presence of B. fragilis HSP40 phages strongly indicates faecal pollution of
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human origin. However, B. fragilis phages occur in relatively low numbers in sewage,
polluted water environments and drinking-water supplies. This implies that the ab-
sence of B. fragilis phages from treated drinking-water supplies does not confirm the
absence of pathogens such as enteric viruses and protozoan parasites.
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Enteric viruses

General description

The viruses referred to here are a combined group of those that infect the human
gastrointestinal tract and are predominantly transmitted by the faecal-oral route.
Well-known members of this group include the enteroviruses, astroviruses, enteric
adenoviruses, orthoreoviruses, rotaviruses, caliciviruses and hepatitis A and E
viruses. The enteric viruses cover a wide spectrum of viruses, members of which
are a major cause of morbidity and mortality worldwide. Members of the group
of enteric viruses differ with regard to structure, composition, nucleic acid and
morphology. There are also differences in the numbers and frequency of excretion,
survival in the environment and resistance to water treatment processes. Enteric
viruses have robust capsids that enable them to survive unfavourable conditions in
the environment as well as allowing passage through the acidic and proteolytic con-
ditions in the stomach on their way to the duodenum, where they infect susceptible
epithelial cells.

Indicator value

The use of enteric viruses as indicator organisms is based on the shortcomings of the
existing choices. The survival of faecal bacteria in water environments and the sensi-
tivity to treatment and disinfection processes differ substantially from those of enteric
viruses. Monitoring based on one or more representatives of the large group of enteric
viruses themselves would therefore be more valuable for assessment of the presence of
any of the enteric viruses in water and the response to control measures.

Source and occurrence
Enteric viruses are excreted by individuals worldwide at a frequency and in numbers
that result in many of these viruses being universally present in substantial numbers
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in wastewater. However, the prevalence of individual members may vary to a large ex-
tent as a result of variations in rates of infection and excretion. Much higher numbers
would be present during outbreaks.

Application in practice

Practical methods are not yet available for the routine monitoring of water supplies
for a broad spectrum of enteric viruses. Viruses that are more readily detectable
include members of the enterovirus, adenovirus and orthoreovirus groups. These
viruses occur in polluted environments in relatively high numbers and can be
detected by reasonably practical and moderate-cost techniques based on cytopatho-
genic effect in cell culture that yield results within 3-12 days (depending on the
type of virus). In addition, progress in technology and expertise is decreasing costs.
The cost for the recovery of enteric viruses from large volumes of drinking-water
has been reduced extensively. Some techniques—for instance, those based on glass
wool adsorption-elution—are inexpensive. The cost of cell culture procedures has
also been reduced. Consequently, the cost of testing drinking-water supplies for
cytopathogenic viruses has become acceptable for certain purposes. Testing could
be used to validate the effectiveness of treatment processes and, in certain circum-
stances, as part of specific investigations to verify the performance of processes. The
incubation times, cost and relative complexity of testing mean that enteric virus
testing is not suitable for operational or verification (including surveillance) mon-
itoring. Orthoreoviruses, and at least the vaccine strains of polioviruses detected in
many water environments, also have the advantage of not constituting a health risk
to laboratory workers.

Significance in drinking-water

The presence of any enteric viruses in drinking-water should be regarded as an indica-
tor for the potential presence of other enteric viruses, is conclusive evidence of faecal
pollution and also provides evidence of shortcomings in water treatment and dis-
infection processes.
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