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Abstract: Enteroviruses belong to the Picornaviridae family and are the smallest, nonenveloped viruses known to infect both humans and animals. The spread of enteroviral
infections is mainly by the faecal-oral and oral-oral route, but also through direct contact
with secretions from ophthalmic and dermal lesions. Water, food and soil contaminated
by infected feaces are an exogenous infection source which creates many opportunities
for the transfer of the infection, and cause an epidemic outbreak in a short period of time.
Enteroviruses are being isolated from all types of water: ground, sea, sewage and fresh
water environments but also – and what is the most important from the epidemiological
point of view – drinking water. They are resilient organisms, able to withstand high concentrations of sodium chloride (NaCl) and large changes in temperature. These abilities
allow the viruses to flourish in a water environment, their natural reservoir. The number
of infections in temperate climate regions peak in summer months and early autumn.
Detection of enteroviruses in the water environment is performed by virus isolation in
cell cultures and the use of molecular techniques. Many researches conducted in different
countries with the use of methods mentioned above, reveal widespread environmental
contamination by enteroviruses.
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INTRODUCTION
Enteric viruses – important causative agents of human
diseases – transit easily to water environments due to varied
human activity. They are usually present in insufficiently
treated drinking water, ground water, rivers and seas. Impurities from human households are a main source of water
contamination. Enteroviruses may cause a wide variety of
pathological symptoms and enteroviral infections that affect especially young children. Enteroviral epidemics are
predominantly waterborne; therefore water contamination
poses an absolute threat to human health [28].
CHARACTERISTIC OF THE SPECIES
Human enteroviruses belong to the Picornaviridae family
(pico = SMALL – RNA viruses), Enterovirus genus [5, 12,
13]. Traditional division organizes this taxonomic group into
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the subgenera polioviruses, coxackieviruses (group A, B),
echoviruses and a group of enteroviruses marked according
to their serotype number (66–71 and newly identified 73–75,
77, 78) [5, 20]. The group of polioviruses includes 3 different serotypes; type 1 and 3 are recognized as epidemic
while type 2 as endemic. Type 1 is the cause of a particularly
severe form of paralytic Polio infection [22]. Coxackieviruses are divided into 2 groups A and B. Group A includes 24
serological types, whereas B group comprises 6 serotypes
[4, 20]. In 2003, the International Committee on Taxonomy
of Viruses created a new taxonomy classification. Enteroviruses henceforth were divided into 5 groups of species based
on their molecular properties (Tab. 1) [20].
Enteroviruses are icosahedral, non-enveloped and small
– only 27–30 nm in diameter, particles. The genome is
made of single stranded, positive polarity RNA molecule
composed of 7.5 thousand base pairs. Replication of enteroviruses takes place in vertebrate’s cell cytoplasm [20, 31].
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Enteroviruses are highly tolerant, not only to residual
chlorine from sewage treatment, but also salinity and temperature fluctuations. These properties significantly facilitate survival in the water environment, which is a main reservoir for these pathogens [13, 23]. These viruses can be
easily eliminated in water temperature above 50°C, but they
remain infectious in refrigerators and freezers [12, 31].
Enteroviruses are one of the most common causes of
human infections [20]. The spread of infections is mainly
by the faecal-oral and oral-oral route, but also through direct contact with secretions from ophthalmic and dermal
lesions. Infection is transmitted by contact with water,
food and ground contaminated with infected feaces [23].
It poses a threat of transmission of infection and even an
epidemic outbreak [12, 31]. The average incubation period for enteroviral contagion is 3–10 days [4, 31]. Replication in intestinal lumen initiates when the pathogen
has successfully penetrated via the oral route. If, however,
replication conditions are restricted, the course of infection becomes asymptomatic. The virus, after breaking the
gastrointestinal tract barrier, is transmitted via the blood
stream to every organ of the body. Enteroviruses reveal tropism towards organs like the heart, skin, and in particular
the central nervous system [4, 12, 31]. It has been proved
that infected people excrete large quantities of the virus,
amounting from 105–1011 parts per gram of stool, for a
period of even 16 weeks [12, 13].
Enteroviral infections are characterized by high heterogeneity of clinical manifestations [5]. Poliovirus can be the
cause of infections of either subclinical or severe course
[31]. The most common and serious diseases are aseptic
meningitis and poliomyelitis (infantile paralysis) [12].
Neuropathic changes evoked by poliovirus are associated
with the direct, destructive effect on anterior horn cells.
The spread of poliovirus infections has been considerably
limited since the fifties through common preventive vaccination. Immunization was conducted with use of 2 vaccines: oral attenuated (Sabin) and inactivated (Salk). Salk
is a trivalent inactivated polio vaccine (IPV) given by injection and stimulates serum IgM, IgG, and IgA, but not
secretory IgA, immunity being induced by antibody transuding into the oropharynx.
Sabin trivalent oral live attenuated polio vaccine (OPV)
is composed of 3 live attenuated strains of polioviruses – 1,
2, and 3 – grown in cell culture. Sabin vaccine is not only
cheaper than Salk but also can be administered orally, and
therefore stimulates production of local secretary IgA in
addition to serum antibody production [16].
Coxackieviruses, depending on the group they belong
to, vary in induced disease symptoms. Group A demonstrates strong organotropism toward muscle tissue, while
group B is more likely to evoke brain tissue and parenchymal organ necrosis. Coxackie infections predominatly
afflict the upper respiratory and gastrointestinal tracts, but
also can produce more serious conditions such as insulin dependent diabetes and heart diseases [12, 14]. Other

clinical syndromes caused by these pathogens are: meningitis, aseptic encephalitis, paralysis (A group – flaccid, B
group – spastic), haemorrhagic conjunctivitis, herpangina,
epidemic pleurodynia – Bornholm disease, enanthema and
cutaneous eruptions [31].
Symptoms of echoviral infections are usually very similar to those produced by Polio or Coxackie viruses. Echoviruses are more likely to cause the common cold, but can
also inflict serious conditions such as aseptic meningitis
[5, 12, 22].
Serotypes of Enterovirus subgenera numbered from
68–71 are the least explored; however their contribution
to causing bronchiolitis, conjunctivitis, meningitis and paralysis similar to poliomyelitis is broadly postulated [12].
Immunoglobulin production is one of the protective
mechanisms generated by the diseased organism in order
to neutralize and eliminate the virus. IgM antibodies can be
present in blood serum after only 1week of infection and
remain there for approximately 6 months, whereas IgG are
detectable for more than 2 years. Nonetheless, the majority of enteroviral infections stimulate the development of
acquired immunity for life [31].
PREVALENCE OF ENTEROVIRUSES
IN AQUATIC ENVIRONMENTS
Enteroviral infections are the second most common viral
infections, next to the Rhinoviruses which cause the common cold. It is estimated that in the United States alone
30–50 million new enteroviral infections occur a year, of
which only 5–15 million are symptomatic. Severe CNS infections requiring hospitalization account for 30–50 thousand cases [13].
Enteroviruses are very resilient to the environmental conditions of the gastrointestinal tract – virions remain stable
at pH 3–5 for 1–3 hours, are not susceptible to proteolytic
enzymes nor to bile salts. Stability of the virus in external
environmental conditions depends on the temperature, humidity and UV radiation. In order to inactivate 90% of saltwater dwelling polioviruses (PV), 671 days at a temperature
of 4°C are required; at the temperature of 25°C that period
is reduced to 25 days. In comparison, exposition to daylight
for 24 hours has led to inactivation of 99.9% of PV [12, 18,
33]. The risk of viral infection via contaminated liquids is
10–10,000 times greater than through drinking water containing a similar numbers of bacteria of faecal origin [8, 12,
13, 15]. Due to the above-mentioned factors, the greatest
numbers of enteroviral infections occur during the summer
and early autumn months in the temperate climate regions;
meanwhile, the tropical and subtropical areas maintain a
constant level of infections throughout the year [12].
Due to the stability of the virion in the environment, multiple studies have been conducted in order to demonstrate
the presence of enteroviruses in surface waters worldwide.
A study conducted by Lodder et al. demonstrated that local sewage which is being discarded into the river Maas in
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Table 1. Classification of human enteroviruses [15].
Groups of enteroviruses

Species of enteroviruses

Main pathological syndromes

HEV-A

Coxackievirus A2–8, 10, 12, 14, 16

herpangina, meningitis, hand, foot and mouth disease, Gianotti-Crostilike eruption, acute bronchitis

Enterovirus 71, 76, 89, 90, 91

hand, foot and mouth disease, poliomyelitis

Coxackievirus A9

herpangina, meningitis, hand, foot and mouth disease

Coxackievirus B1-6

myocarditis, pleurodynia, meningitis

Echovirus 1–7, 9, 11–21, 24–27, 29–33

meningitis, pleurodynia, exanthema, eruptive pseudoangiomatosis,
vesicular stomatitis with exanthema

Enterovirus 69, 73–75, 77–78, 79–88, 100–101

pharyngitis

Coxackievirus A1, 11, 13, 17–22, 24

common cold, acute epidemic haemorrhagic coniunctivitis, carditis,
meningitis

Poliovirus 1–3

acute paralytic poliomyelitis: vaccine-associated, acute poliomyelitis:
unspecified, acute non-paralytic poliomyelitis

Enterovirus 68, 70

acute bronchitis, encephalitis, meningitis, acute haemorrhagic coniunctivitis

HEV-B

HEV-C

HEV-D

Holland has very high concentrations of enterovirus particles [24]. A different study of the waters of the Gulf of
Mexico revealed the presence of Enteroviruses in 14% of
water samples and in 72% of samples of the sea bed silt.
Water wells in the USA were also examined. In wells located in 35 US states, over 30% of samples proved positive
for Enteroviruses [1].
The contamination of both fresh and salt water environments with viral particles was reflected in a study of
mussels tested for presence of enteroviral RNA. The study
conducted in Holland returned 14 positive results out of 64
[25]. Not only mussels but any food that comes in contact
with contaminated water and is improperly prepared can be
a source of an epidemic outbreak.
Third world countries and areas undergoing recurrent
flooding are at greatest risk of developing enteroviral epidemics. Poor sanitary conditions and overcrowding are also
contributing factors. Studies conducted in South African
countries and areas of Indonesia demonstrated that over
90% of children aged 5 have systemic antibodies proving
contact with at least one enterovirus [11].
The largest European outbreak of enterovirus-related infections occurred in Minsk, Belarus, in 2003. The source of
infection was established to be water contaminated mostly
with ECHO 30, 6 and Coxackie B5 viruses. The number of
hospital referred patients reached 1,300 [2].
The World Health Organization (WHO), in order to decrease the frequency of enteroviral infections, recommends
basic hygiene techniques as the most important factor in
the termination of the epidemic chain. Simple hand washing after contact with potentially contagious material practically eliminates the risk of oral transmission of enteroviruses. The use of chloride and iodine containing disinfectants effectively neutralizes viruses [32].
A separate article should be written on the epidemiology
of Polioviruses, but the fact that these viruses belong to
the genus Enterovirus, justifies a short note on this topic
in this paper.

Poliovirus type 3 is the most common strain in the world.
It is endemic to Nigeria, with 2 small foci in northern India, southern Afghanistan and Pakistan. Type 1 of PV is
endemic to northern Nigeria where it coexists with PV type
3. Since February 2006, the list of countries with endemic
presence of wild poliovirus strains comprises 4 countries:
Afghanistan, with 9 confirmed cases of polio in 2005, India
– 66 cases, Nigeria – 799 and Pakistan – with 28 cases. It
is a disturbing fact that infection is occurring in countries
so far free of wild PV strains. Since July 2005, new infections were identified in Angola, Bangladesh, Chad, Ethiopia, Indonesia, Nepal, Somalia and Yemen. The greatest
epidemiological threat worldwide comes from Nigeria. It
has been confirmed, that 94% of global PV infections have
been caused by a virus originating from that area. In Poland, the last isolation of wild PV took place in 1982 and
1984 [9, 10].
The most effective way of dealing with polio transmission is a worldwide programme of vaccinations. According
to WHO reports and predictions from the late XX century,
PV was to be entirely eliminated by the year 2005. This
goal so far has not yet been achieved – lack of funds and international agreement issues are the most important factors
in the above failure. WHO estimates that in the year 2004
only 80% of children worldwide were administered with 3
doses of OPV3 (oral polio vaccine 3) with large regional
differences – in Europe almost 94% of children were vaccinated, while in countries where polio is still endemic
the percentage of immunized children varied from 39%
in Nigeria to 70% in India. However, a noteworthy success is the elimination of wild polio virus from the western
hemisphere, countries of the Western Pacific and Europe,
as well as a significant decrease in cases of acute flaccid
paralysis – AFP – the most severe complication of poliomyelitis [9]. Areas of low percentage of oral vaccination
and populations’ immunity to PV, poor sanitation, great
concentrations of humans, warm and humid climate, create a new threat. Widespread research among patients with
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AFP, conducted in the years 1998–2002, has shown that
all isolated polioviruses were derivatives of the attenuated
strain [17, 30]. The so-called circulating Vaccine-Derived
Polio Viruses – cVDPVs are an increasing problem. They
originate from attenuated strains used in vaccines and occurs due to loss of main mutations that cause inactivation
of the virion. The majority of cVDPVs are recombinants of
the Sabin strain and Human Enterovirus C-HEV C. cVDPVs are hazardous because they can cause fully symptomatic poliomyelitis. The largest numbers of the paralytic
form of polio infection related with cVDPVs were noted
in 2005 on the island of Madura, Indonesia. 46 cases were
reported during that outbreak [9, 10].
METHODS OF DETECTION OF ENTEROVIRUSES
IN WATER ENVIRONMENT
Enteroviruses are isolated from different kinds of aquatic environments such as seas, rivers, streams, drinking water, ground water, and sewage. The process of virological
reservoir control comprises of the following steps: water
sample concentration and purification, then virus isolation
on cell cultures or detection with the use of molecular techniques.
The amount of enteroviral particles in natural environment is so minimal that before each detection procedure
large quantities of water must be condensed [11, 24]. For
this purpose various filters and filtering techniques are
used. Due to the small proportions of viruses, filtration
based on absorption-elution rather than mechanical methods is employed. These techniques use special filters with
an adequate electrical charge. After percolation, the virus
particles are adsorbed on filters, which are then rinsed in
order to remove viruses from the filter, and the process of
identification, based on cultural and molecular methods,
begins [19, 27].
PCR (Polymerase Chain Reaction) method and cell cultures are used to isolate and identify viruses in condensed
and purified water. The procedure of enteroviruses insulation is based on a wide variety of cell culture systems,
such as Buffalo green monkey kidney cell culture (BGM),
rhabdomyosarcoma cell culture (RD), human colonic carcinoma cell line (CaCo2), human hepatoma cell line (PLC/
PRF/5) [7, 11, 23, 26]. When selected lines are infected,
the presence of cytopathogenic effect (CPE) – that is, damaged and dead cells, is assessed [12]. Ehlers et al. state
that in spite of recent developments in the technology of
molecular detection that made it possible to perform quick
and more sensitive non-culture-based diagnostic procedures such as RT-PCR with nucleic acid hybridization, the
golden standard in diagnosis of enteroviral infections still
remains virus isolation on cell lines [6, 11].
Molecular methods utilized for detection of enteroviruses, both in clinical and environmental trials, became
popular in the nineties. PCR technique are based on the
disclosure of highly conservative and homologous for the

Enterovirus genus parts of viral genome. Amplified virus
genetic material can be extracted either directly from water samples or infected cell lines [7]. Various methods are
employed in nucleic acids detection. One of them depends
on nucleic acids extraction with guanidine izothiocyanate,
immobilization in a silicone column, and washing out with
nonorganic solvents [24]. Another method uses columns
filled with fibreglass which, with assistance of chaotropic
salts, bind specific nucleic acids [7].
Sample analysis based on PCR methods definitely preponderates over researches using cell cultures only. PCR
technique has proved to be especially quick, specific and
sensitive in the diagnosis of enteroviral infections [29]. By
using different primers, this method allows detection of defined groups of viruses or even specific types and serotypes
[19]. PCR procedure, due to its high sensitivity, is a reliable mode of localizing enteroviruses in samples despite
small quantities, even if the virus is not inducing CPE [23].
This low limit of detection of the method poses a threat
of noncontiguous particles participating in the process of
amplification, which can easily falsify results [7]. The traditional method of PCR hinders the estimation of the exact
amount of viruses in a tested sample. For that reason, few
variants of PCR technique were developed: “nested PCR”,
“multiplex PCR” and “real-time PCR”. These procedures,
of enhanced sensitivity and specificity, enable the performance of quantative determination of viral genetic material.
In “nested PCR”, 2 pairs of primers are used: external,
which is complementary to ends of quested sequence, and
internal which are attached closer to the centre of the amplified part of DNA. After the first reaction, the next is immediately performed in the course of the chain reaction,
with usage of products of the previous reaction, which increases sensitivity and specificity of the method [11, 19].
“Multiplex PCR” allows simultaneous usage of a few
pairs of primers in the reaction compound for identification of different virus types. Reaction products must have
varied lengths in order to be able to differentiate them.
“Multiplex PCR” is considered to be a very useful diagnostic technique due to the fact that only small quantities
of material are required, and the result can be obtained in
only few hours [3, 12].
Quantative DNA assay is performed by means of “realtime PCR”. This system enables synchronized monitoring
of the reaction during the time it runs. This is performed due
to the presence of the additional element in reaction compound. This element is marked with fluorochromium and
a quencher probe complementary to the quested sequence.
By extending the number of PCR products detected, the
fluorescence rate increases and is presented diagrammatically on the computer. Gregory et al. [13] proved the effectiveness of the procedure in the control of enteroviral
water contamination.
Compared to cell cultures, PCR technique considerably
increases the effectiveness of determining enteroviral inherence in water samples, but it still does not give direct
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information about the contagiosity of pathogens. Methods
of integrated cell cultures and PCR have been devised,
based on the hypothesis that after viruses are internalized
into cell lines, only the contagious particles will multiply.
After an adequate incubation period, viral genetic material
is sampled from cell cultures and tested with PCR to estimate the presence of enteroviruses. This particular method
is also recommended to detect pathogens that proliferate
on cell lines without triggering CPE effect [12, 19, 21].
CONCLUSION
Virological controls of reservoirs and water intakes are
not a routine procedure in water purity testing. Enteroviruses are one of the most common causes of infections in
human population. Wider and easier access to methods allowing isolation and identification of these microorganisms
in water could be helpful in reducing the risk of waterborne
epidemic outbreak. Research performed in many countries
with the use of cell culture techniques and molecular methods directed at detection of enteroviruses in water environment, report widespread environmental contamination
with these pathogens.
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