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Waterfowl, faecal indicators, and pathogenic bacteria in amenity ponds

This study assessed the influence of waterfowl on the microbiological quality of 

village amenity ponds and the distribution of pathogenic bacteria in these ponds using 

both conventional and molecular genomic techniques.

To investigate the influence of waterfowl on the bacteriological quality of 

amenity ponds, two village ponds in East Yorkshire, one with abundant waterfowl and 

one without waterfowl, were sampled at monthly intervals from June 2001 to January 

2002. A further five ponds (two with waterfowl and three without) were also sampled 

on three occasions between August and November 2001. Escherichia coli, faecal 

streptococci and to a degree Clostridium perfringens, were more abundant in the water 

and sediment of ponds with waterfowl. Salmonella was detected, during summer, in the 

sediment of a pond with waterfowl. There was a significant correlation between E. coli 

and the number of waterfowl. These results suggested that the microbiological quality 

of amenity ponds might be adversely affected by waterfowl. All water samples from 

ponds with waterfowl had faecal indicators at higher concentrations than EU 

requirements for bathing waters. Although these ponds are not used for bathing, skin 

contact and accidental ingestion of water should be avoided.

Problems associated with the detection of Campylobacter from amenity ponds 

with waterfowl were investigated. Water and sediment samples were collected from 

three ponds between August and December 2003. The analysis of three different 

volumes of water (10, 100 and 1000 ml) and three volumes of sediment (0.1, 1.0 and 5.0



ml) by enrichment culture showed that the filtration of a large volume of turbid pond 

water or the use of a large volume of sediment to assess the presence of Campylobacters 

may be counterproductive and may not yield presumptive isolates due to competition by 

background microflora during enrichment culture. Thus pilot studies to establish 

appropriate volumes of environmental water or sediment samples should be undertaken 

before routine detection of Campylobacter is begun.

To test the hypothesis that waterfowl are a significant source of Campylobacter 

and Salmonella in amenity ponds, fresh duck faeces and samples of run-off water that 

flowed into the ponds were screened by conventional methods for the presence of these 

bacteria between August 2003 and January 2004. Both biochemical and morphological 

methods and PCR were used to confirm presumptive isolates. DNA sequencing of PCR 

products was used to type confirmed isolates. Campylobacter was isolated from both 

faeces and run-off water (as well as from water and sediment). Thus the faeces of 

waterfowl and rain-related run-off are both potential sources of Campylobacters to the 

ponds. Different environmental Campylobacter species were, however, found to be of 

different origin: Campylobacter jejuni from duck faeces and C. coli from run-off. 

Furthermore, different ponds apparently had a different principal source of 

Campylobacter -  faeces or run-off. Salmonella, in contrast, was not reliably isolated 

from duck faeces or run-off, nor this organism found in pond water, and only 

occasionally was it found in sediment.

The direct application of PCR to turbid pond water to detect naturally-occuring 

Campylobacters was evaluated. The presence of the organism in small numbers with the 

presence of humic material and other PCR inhibitors, may have led to the negative 

results that were obtained. However, the use of a selective enrichment step followed by 

PCR facilitated the rapid detection of Campylobacter.
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C H A P T E R  1

GENERAL INTRODUCTION

Water pollution is a global concern. Fresh water in particular, which is essential 

to human life and well being, is becoming a limited resource due to the influence of 

population growth, pollution and global warming (Mason, 1996). Holdgate (1979) 

defined pollution as any substance or energy introduced to the environment by human 

activities that could have hazardous effects on human health, damage living resources 

and ecosystems, destroy the structure of, or interfere with the genuine use of the 

environment. Organic pollutants, particularly faeces, can cause severe consequences for 

the aquatic natural biota and may also be rich in disease-causing microorganisms 

(Mason, 1996). Faecal contamination of surface water can introduce a variety of 

pathogenic bacteria, viruses and protozoa into both open and closed aquatic 

environments. Water-related diseases remain a major hazard in many parts of the world. 

The World Health Organization (WHO) estimates suggested that 1.8 million people die 

every year from diarrhoeal diseases, 88 % of these diseases are attributed to unsafe 

water, inadequate sanitation and hygiene (WHO, 2004). The scale of the problem 

dramatically increases at times of crisis, especially in developing countries, for example 

between 28 February and 6 March 2005 there have been 304 reported cases of acute 

watery diarrhoea and 21 reported cases of bloody diarrhoea, in Banda Aceh, Indonesia, 

one of the areas that was greatly affected by the recent Indian Ocean earthquake- 

tsunami (WHO, 2005).



Chapter 1

1.1 Water and Public Health

Microbiologically safe drinking and recreational water is a matter of major 

public health importance. Estimates indicate that 90 % of illnesses associated with the 

consumption of water are related to microbial agents, only 10 % are due to chemical 

agents (Theron and Cloete, 2002). Infections related to water may be classified into four 

groups (Gleeson and Gray, 1997; Hurst, 1997).

A - Waterborne diseases: this is where a pathogen is transmitted by ingestion of 

contaminated water. Cholera (Vibrio cholerae), typhoid fever (Salmonella typhi) and 

campylobacteriosis (Campylobacter jejuni) are important examples of waterborne 

diseases.

B - Water-washed diseases (i.e. transmitted during washing, sharing of washing water 

and towels): these include faecal-orally spread disease or disease spread from person to 

person by lack of adequate supply of water for washing. Many diarrhoeal diseases as 

well as diseases of the eye and skin, are transmitted in this way.

C - Water-based infection: these diseases are caused by pathogenic organisms that 

spend part of their life cycle in aquatic organisms. These include schistosomes and other 

trematode parasites which parasities snails, and guinea worms.

D - Water-related diseases: caused by insect vectors which breed in water, such as 

mosquitoes which spread malaria and arthropods which carry yellow fever virus.

Amongst these groups, waterborne diseases are responsible for the majority of 

diarrhoea cases world-wide. The aetiology of waterborne diseases, however, varies 

between countries. In the United Kingdom, the most frequent aetiologies of diarrhoea 

cases that are attributed to contaminated water are viruses and Campylobacter 

(Stanwell-Smith, 1994). In the United States, however, Giardia and Shigella are the 

most identified aetiologies of waterborne diarrhoea (Gleeson and Gray, 1997). Although 

waterborne diseases such as cholera (Vibrio cholerae) and typhoid fever (Salmonella
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typhi) have largely disappeared from developed countries (i.e. Europe and North 

America), they are still the major causes of waterborne diarrhoea in developing 

countries in Asia and Africa (Jones, 1994). The World Health Organization estimated 

that in poor countries in Asia and Africa there have been 5.5 million new cases of 

cholera per year with over 1.2 x 105 deaths annually (Jones, 1994). The most 

recognisable source of waterborne diarrhoea is contaminated water supplies. Diarrhoea 

infections can also be attributed to faecally-contaminated recreational waters.

1.1.1 Drinking water

In England and Wales during a period of 75 years (1911-1986) there were 

around 34 outbreaks of waterborne diseases associated with contaminated public water 

supplies (Galbraith, 1994). During this period, there was a decrease in the reported cases 

of waterborne typhoid fever (S. typhi) which totally disappeared after 1942. The number 

of waterborne outbreaks increased again in the 1980s when outbreaks associated with 

the newly recognised pathogens such as Campylobacter and Cryptosporidum began to 

be reported (Galbraith, 1994).

Campylobacter enteritis has lately been the main cause of waterborne outbreaks 

related to private water supplies in England and Wales, where water was not adequately 

disinfected (Furtado et al., 1998; Said et al., 2003). In Scandinavian countries, 

Campylobacters are considered to be the most frequent bacterial agent in diarrhoea 

associated with drinking water supplies, for example, in Sweden there were six 

waterborne Campylobacter outbreaks between 1992-1996, with over 6000 people 

involved (Szewzyk et al., 2000).

1.1.2 Recreational water

Various skin, ear and eye infections attributed to opportunistic bacterial 

pathogens that are native aquatic flora (e.g. Pseudomonas spp., Aeromonas spp. and 

Mycobacterium avium) are commonly related to the recreational use of surface waters.
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Other pathogens such as Staphylococcus and Acinetobacter, which are part of the 

normal flora of the skin can be involved in skin, ear and eye infections associated with 

recreational waters (Rusin et al., 2000). In addition, bathing in faecally-contaminated 

recreational waters poses a health risk if accidental ingestion of water occurs. This is not 

surprising since most diarrhoea infections require a small dose to cause infection. 

Specific threshold infective doses cannot be quoted because liability to infection is 

related to diverse factors as well as to dose (Blaser and Newman, 1982). However, as 

few as between lO'-lO3 Salmonella cells can cause infection (Blaser and Newman, 

1982), and less than 5 x 102 Campylobacter cells are required to cause enteritis 

(Schroeder and Wuertz, 2003). By and large, available evidence suggests that the most 

frequent adverse health outcome associated with exposure to faecally-polluted 

recreational water is gastrointestinal infection (WHO, 2003).

In the UK, typhoid fever (S. typhi) was the most common enteric illness 

associated with contaminated recreational waters, between 1939 and 1958 there were 

around 61 cases (out of 75 cases of typhoid) attributed to the ingestion of polluted 

recreational fresh water. Similarly, cases of typhoid fever were also reported following 

accidental drinking of contaminated sea water (Galbraith, 1994). Although waterborne 

typhoid fever associated with recreational waters has disappeared in the UK since 1958, 

cases of Campylobacter and viral enteritis attributed to ingestion of contaminated 

recreational waters have been frequently reported (Galbraith, 1994; Hunter, 1997). In 

the USA, most of the diarrhoea outbreaks associated with recreational water were 

attributed to Shigella, E. coli 0157: H7, Giardia and viral agents (Hunter, 1997)

Medema et al. (1995) conducted a study on the relationship between the health 

of triathletes and microbiological quality of freshwater and found that 7.7 % of the 

participants in an Olympic distance triathlon (1-1.5 km swimming, 40 km cycling, 10 

km running) (n = 314) reported gastrointestinal symptoms during or shortly after the
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events as they accidently ingested water from the swimming course. Microbiological 

analysis of water samples that were collected 17 days prior to the competition, from the 

swimming course (River Lek, the Netherlands) revealed the presence of Campylobacter, 

Salmonella, enteroviruses and other pathogenic microorganisms that are responsible for 

skin, eye, ear and respiratory infections.

1.2 Microbiological assessment of safe drinking and recreational water

The detection of bacterial, parasitic and viral intestinal pathogens in water is 

complex and not easily incoiporated into routine monitoring (Geldreich, 1996). Since 

these pathogens are shed in the faeces of infected individuals and/or animals, the most 

logical alternative to pathogen analysis are indicators of proved correlation with faecal 

contamination in water (Geldreich, 1996). Many indicators of faecal contamination in 

water have been proposed: heterotrophic plate counts; total coliforms; faecal coliforms; 

Escherichia coli; faecal streptococci; Bifidobacteria and bateriophages (Geldreich, 

1996). Of these indicators, E. coli and faecal streptococci were found to be most 

predictive of the presence of diarrhoea agents in drinking water and in marine and fresh 

bathing waters (Dufour, 1984a; Cheung et al., 1990; Moe et al., 1991; Kay et al., 1994; 

EPA, 2000).

In Cebu City, Philippines, the prevalence of diarrhoeal diseases associated with 

contaminated drinking water was shown to increase when E. coli count per 100 ml was 

greater than 103 (Moe et al., 1991). In Hong Kong, a linear relationship was found 

between E. coli densities at marine bathing beaches and gastrointestinal illnesses in 

swimmers (Cheung et a l, 1990). Similarly, a good correlation was observed between 

swimming-associated gastrointestinal symptoms and either E. coli or faecal streptococci 

densities in various recreational freshwater sites in the USA and in the UK (Dufour, 

1984a; Kay et al., 1994). Medema et al. (1997) found a correlation between the
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geometric mean density of E. coli and thermotolerant coliforms and risk of 

gastrointestinal illnesses in swimmers using seven freshwater courses in the 

Netherlands. These results have led to the conclusion that E. coli and faecal streptococci 

are good predictors of the risk of waterborne diarrhoeal diseases (Dufour, 1984a; 

Cheung et a l, 1990; Moe et al., 1991; Kay et al., 1994; EPA, 2000). The use of 

bacterial faecal indicators to assess the microbiological quality of recreational waters 

and the current guidelines for safe recreational waters will be iurther discussed in 

Chapter 4.

1.3 Bacterial enteropathogens associated with waterborne diseases

The commonly recognised bacterial waterborne pathogens consist of two 

groups, native aquatic bacteria and enteric bacteria. Vibrio cholerae and Salmonella 

typhi were the first enteric pathogens causing waterborne disease to be recognised, in 

the 19th century (Moe, 1997). In recent years, Campylobacter species have been 

considered as an important emerging aetiology of waterborne diseases world-wide, also 

traditional waterborne enteric bacteria such as Salmonella species (other than 5. typhi) 

remain serious threats to water quality and public health.

1.3.1 Campylobacter species

1.3.1.1 Historical perspective

In 1886, Escherich described a spiral bacterium that was found in the faeces of 

children with diarrhoea, which could not be isolated by means of culture media 

(Griffiths and Park, 1990). A member of the genus Campylobacter was first described 

in 1913 by McFadyean and Stockman as the cause of reproductive tract infections in 

animals. It was classified within the genus Vibrio in 1919 and was known as Vibrio 

fetus (Ketley, 1997; Thomas et a l, 1999a; Percival et a l, 2004). In 1927, Vibrio jejuni 

was isolated from the jejunum of calves with diarrhoea, later Vibrio coli was isolated
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from pigs with swine dysentery in 1944 (Percival et al., 2004). Further taxonomic 

investigations of the genus Vibrio showed that V. fetus, V. jejuni and V coli 

fundamentally differ from other vibrios, this led to the re-classification of the organisms 

as members of the newly proposed genus, Campylobacter (Ketley, 1997; Thomas et al., 

1999a). Despite being known as important veterinary pathogens for many years, 

Campylobacter was not recognised as a cause of diarrhoea in humans until the mid 

1970s, when Skirrow (1977) successfully isolated the bacterium from stool samples of 

diarrhoea patients using solid culture media. Since then it has been recognised as the 

most common bacterial cause of human enteritis world-wide (Hunter, 1997).

1.3.1.2 Taxonomy and basic microbiology

The genus Campylobacter falls into Group Two of Bergey’s Manual of 

Determinative Bacteriology, the aerobic/microaerophilic, motile, helical/vibrioid in 

shape Gram-negative bacteria (Holt et al., 1994). The organism is slender, vibrioid in 

shape, 0.2-0.4 pm wide by 0.5-5 pm long. Cells appear as S-shape or gull-wing shaped; 

in old cultures they appear spherical. Cells are motile with a single, unsheathed polar 

flagellum at one or both ends of the cell. The organism is Gram negative, and for 

optimum growth it requires a microaerophilic atmosphere (0 2 3-15 %, C 02 3-5 % and 

N2 85 %) and a temperature of 42 °C. The organism is oxidase and catalase positive and 

urease negative. Members of the genus that are associated with human intestinal disease 

are Campylobacter jejuni, C. coli, C. lari and C. upsaliensis. These are characterised by 

growth at 42 °C but not below 30 °C and are known as thermophilic Campylobacters 

(Holt et al., 1994; Ketley, 1997; Thomas et al., 1999a; Percival et al., 2004). 

Campylobacter species of medical importance and their characteristics are listed in 

Table 1 . 1 .
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1.3.1.3 Clinical features

Gastroenteritis or campylobacteriosis is characterised by watery diarrhoea, 

usually accompanied by abdominal cramping (Percival et al., 2004). The disease varies 

from complete absence of symptoms to full acute colitis (Thomas et al., 1999a). 

Diarrhoea and abdominal pain are the most common symptoms (Park et al., 1991). 

Campylobacter gastritis usually starts with fever of 40 °C that lasts for up to two days 

(Griffiths and Park, 1990). This is followed by nausea, severe abdominal cramp, 

malaise and vomiting (Griffiths and Park, 1990; Koenraad et al., 1997; Percival et al., 

2004). Diarrhoea is characterised by being watery or slimy and sometimes contains 

blood (Griffiths and Park, 1990; Park et al., 1991). With cases of Campylobacter 

diarrhoea stools are often culture negative after three weeks (Percival et al., 2004).

The incubation period is around 24 to 72 hours after ingestion, the duration of 

the infection is between 2 to 7 days (Griffiths and Park, 1990; Koenraad et al., 1997). 

Infective dose is believed to be low, at less than 500 cells (Bitton, 1998; Schroeder and 

Wuertz, 2003). For up to two weeks, up to 10 to 10 Campylobacters can be isolated 

from one gram of the faeces of an infected person (Koenraad et al., 1997). Further 

complications can follow the infection. These may include meningitis, inflammation of 

the gall bladder, urinary tract infection, bacterimia, Reiter’s syndrome (urethritis and 

arthritis) and Guillain-Barre’ syndrome (reversible paralysis); fatalities are not likely to 

occur (Griffiths and Park, 1990; Park et al., 1991; Koenraad et al., 1997; Percival et al., 

2004).

1.3.1.4 Epidemiology

The genus Campylobacter includes 16 species (Vandamme, 2000), all of which are 

potential human or animal pathogens (Thomas et al., 1999a). Campylobacter jejuni and 

C. coli are the most frequent disease-causing species in humans (Percival et al., 2004). 

Campylobacter jejuni is responsible for up to 90 % of human campylobacteriosis
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(Ketley, 1997). Other Campylobacter species, such as C. upsaliensis, C. hyointestinalis 

and C. lari, have been isolated from faeces of diarrhoea patients (Griffiths and Park, 

1990; Vandamme, 2000), the pathogenic role of these species remains unclear (Ketley, 

1997).

Sporadic Campylobacter infections usually take the faecal-oral route. Raw milk and 

eating undercooked meat, particularly poultry are important sources of infection 

(Griffiths and Park, 1990). Handling poultry, domestic pets and wild animals are 

secondary sources of infection (Koenraad et a l, 1997; Baker et al., 1999). In contrast, 

large outbreaks of Campylobacter-associated enteritis are believed to occur through 

contaminated drinking water (Frost, 2001).
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Table 1.1. Campylobacter species and features that differentiate them

S pecies O xidase
Growth at

Hippurate
hydrolysis

A erobic
growth

Nitrate
reduction

H 2S
S ensitive to

G rowth 1 % 
g lycine

Catalase 25 °C 3 7  °C 4 2  °C C ephalothin N A TSI

C. je ju n i + + - + + + - + + R S - +

C. co li . + + - + + - - + + R s - +

C. fe tu s + + + + (V ) - - + V S R - +

C. u psa liensis + -AV - + V - - + u S S - -

C. cin aed i + - - + - - - + + s s - +

C. la ri + + - + + - - + + R R - +

C. fen n e llia + - - + - - - - + s s - +

C. hyo in ten stina lis + + V + V - - + + s s + -

NA, Nalidixic acid; TSI, triple sugar iron agar
R, resistant; S, sensitive; V, variable; W, weak; U, unknown; (V), a few strains + 
Source: modified from Park, et al. (1991) and Holt, et al. (1994)
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1.3.1.5 Ecology

Campylobacter is believed to be widely distributed in the environment and has 

been reported as normal inhabitant in the intestinal tract of a wide range of birds and 

other animals (Stelzer et al., 1991; Hunter, 1997; Jones, 2001; Percival et al., 2004). 

Aquatic environments that receive faecal contamination should be regarded as 

potentially contaminated by Campylobacter (Leclerc et al., 2004). Indeed, 

Campylobacter has been isolated from faecally-contaminated drinking water, rivers, 

lakes, ponds, drains, ground water and marine waters worldwide (Bolton et al., 1987; 

Carter et al., 1987; Mawer, 1988; Alnosno and Alnoso, 1993; Arvanitidou et al., 1995; 

Stanley et al., 1998; Obiri-Danso and Jones, 1999a; Obiri-Danso and Jones, 1999b; 

Rosef et a l, 2001; Eyles et al., 2003; Hanninen et al., 2003; Horman et al., 2004). 

Campylobacter species have also been isolated from contaminated freshwater and 

marine sediments (Obiri-Danso and Jones, 1999a; Obiri-Danso and Jones, 2000). 

Results from several studies showed that Campylobacters are ubiquitous in sewage, both 

human and animal, and in waste from abattoirs and animal processing plants (Jones et 

a l, 1990a; Jones et al, 1990b; Betaieb and Jones, 1990; Koenraad et al, 1994; Baffone 

etal., 1995).

The natural habitat of Campylobacter is the intestinal tract of mammals and wild 

birds, which are regarded as the main environmental reservoir of Campylobacters 

(Koenraad et a l, 1997; Jones, 2001). Campylobacter has been isolated from the faeces 

and/or rectal swabs of cats and dogs (Baker et a l, 1999), poultry (Pearson et al., 1996), 

livestock, e.g. cattle and sheep (Manser and Dalziel, 1985; Atabay and Corry, 1998), 

wild birds such as gulls, pigeons and crows (Kapperud and Rosef, 1983), waterfowl, i.e. 

ducks and geese (Luechtefeld et a l, 1980; Pacha et al., 1987; Fallacara et al., 2001; 

Aydin et al., 2001), and from the general farm environment (Stanley and Jones, 2003). 

Birds seem to carry Campylobacter without obvious symptoms of diarrhoea
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(Luechtefeld et al., 1980; Kapperud and Rosef, 1983), this suggests that Campylobacters 

inhabiting avian intestines are commensals (Park et al., 1991; Waldenstrom et al., 

2002). This may be due to the high internal temperature of wild birds (42 °C), which is 

the optimum growth temperature of thermophilic Campylobacters (i.e. C. jejuni, C. coli, 

C. lari and C. upsaliensis) (Waldenstrom et al., 2002).

1.3.1.6 Environmental aspects

Campylobacter is exogenous to aquatic environments, thus its presence suggests 

recent faecal contamination (Jones, 2001). The abundance of Campylobacters in aquatic 

environments is potentially strongly dependent on rainfall-related run-off and on the 

presence of waterfowl (Stelzer et al., 1991). The high carriage rates of Campylobacter 

by domestic and wild animals and birds provide a continuous flow of large numbers of 

Campylobacter into the environment (Koenraad et al., 1997). So far, there is no 

available evidence that thermophilic Campylobacters are capable of growing in the 

environment, i.e. other than in the warm-blooded host or laboratory media (Park et al., 

1991; Thomas et al., 1999a).

The presence of Campylobacters in polluted environmental waters is marked 

with a strong seasonal pattern. The organism is frequently found in high number during 

late autumn and winter, while it is found in lower number or is absent during spring and 

summer; this phenomenon was reported from studies conducted on river water (Bolton 

et al., 1987; Pianetti et al., 1998; Obiri-Danso and Jones, 1999a), lake water (Carter et 

al., 1987; Martikainen et al., 1990), pond water (Mawer, 1988), and sea water (Alnoso 

and Alnoso, 1993; Obiri-Danso and Jones, 1999b). This seasonal variation is probably 

explained by the fact that Campylobacters survive for long periods in water at low 

temperature (Thomas et al., 1999b; Obiri-Danso et al., 2001). In addition, it was proved 

that UV radiation has a lethal effect on Campylobacter in aquatic environments, thus a 

combination of high temperature and exposure to sunlight for prolonged periods may
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explain, in part, the absence of Campylobacters during the summer months (Obiri-Danso 

et al., 2001).

Seasonal trends of Campylobacter have also been observed in sewage effluents. 

Interestingly, unlike in natural waters, May and June was the major peak time for the 

presence of Campylobacters in sewers whereas there was a minor peak in September and 

October in NW England (Jones et al., 1990a; Jones et al., 1990b). This seasonality 

precisely coincided with the seasonal pattern of infection by Campylobacter in the 

human community, which was strongly linked to zoonotic infection (Jones et al., 

1990a). Also, in the UK, Louis, et al. (2005) observed a correlation between the 

seasonal pattern of Campylobacter infection and environmental factors, especially the 

presence of the organism in livestock. Recent studies on human campylobacteriosis in 

the UK confirmed that the annual seasonal peak of reported cases is in late June to early 

July (Miller et al., 2004; Meldrum et a l, 2005; Louis et al., 2005).

In a laboratory microcosm experiment, Campylobacter was shown to survive in 

water for up to four months at low temperature (4 °C) (Rollins and Colwell, 1986). High 

temperature, predation, lake of nutrients and UV radiation were found to influence 

adversely the survival of Campylobacters in water microcosms (Rollins and Colwell, 

1986; Korhonen and Martikainen, 1991; Thomas et al., 1999b; Obiri-Danso et a l, 

2001).

In order for Campylobacter to survive for long periods in the environment, it 

enters a viable but non-culturable stage (VBNC). This means that the organism remains 

viable by retaining basal metabolic activities, yet is unable to grow or multiply in 

microbiological culture media. This phenomenon is believed to be a survival strategy as 

a result of prolonged exposure to environmental stressors, such as nutrient deprivation, 

sub-obtimal temperature, UV radiation, and biological interactions. When 

Campylobacter enters the VBNC stage, it was found to undergo physiological and
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morphological changes (e.g. transforming Irom spiral to coccoid shape). Non-culturable 

coccal forms of Campylobacter were shown to cause infection in mice, and possibly 

humans, this property, however, may differ between strains (Xu et al., 1982; Rollins 

and Col well, 1986; Jones et al., 1991; Thomas et al., 1999a; Thomas et al., 2002).

1.3.2 Salmonella species

¡.3.2.1 Historical perspective

Diarrhoea due to Salmonella infections has been recognised since the late 19 

century. Typhoid diseases were, in the early part ot the 20 century, the commonest 

known waterborne diseases in both the UK and the USA (Hunter, 1997). In addition 

non-typhoid salmonellae have been recognised as a leading cause of bacterial enteritis 

in the UK and worldwide (Timbury et al., 2002). Salmonella infections in animals are 

common and have been well documented in the UK since 1958, with around 10,000 

recorded incidences of bovine salmonellosis per year (Linton and Hinton, 1988).

1.3.2.2 Taxonomy and basic microbiology

Salmonella species are members of the family Enterobacteriaceae, being 

facultatively anaerobic, non-spore forming, Gram-negative rods (Group five of 

Bergey’s Manual of Determinative Bacteriology) (Holt et al., 1994). Generally they are 

2-5 pm long and 0.8-1.5 pm wide, straight rods, being motile by peritrichous flagella. 

As they are facultatively anaerobic, they have both respiratory and fermentative 

metabolism. Optimal growth temperature is 37 °C. D-Glucose and other carbohydrates 

are catablised with the production of acid and usually gas. They are oxidase negative, 

catalase positive, indole and Voges-Proskauer negative, and methyl red and Simmons 

citrate positive. H2S is produced; urea is not hydrolysed (Holt et al., 1994; Lightfoot, 

2004; Percival et al., 2004).

The genus Salmonella consists of two species: (1) Salmonella enterica, which is

divided into six subspecies -  S. enterica subsp. enterica (I), S. enterica subsp. salamae
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(II), S. enterica subsp. arizonae (Ilia), S. enterica subsp. diarizonae (Illb), S. enterica 

subsp. houtenae (IV), S. enterica subsp. indica (VI); and (2) Salmonella bongori 

(formerly subsp. V). There are around 2501 serovars/serotypes in the genus Salmonella 

(Table 1.2). This new nomenclature reflects recent advances in Salmonella taxonomy 

which are based on DNA-hybridization studies. For simplicity, serotypes can be 

abbreviated, for example S. enterica subsp. enterica serovar Enteritidis to S. enteritidis 

(Bopp et a i, 1999; Timbury et al., 2002; Lightfoot, 2004; Percival et al., 2004).

Species / subspecies Number of serovars
Salmonella enterica subsp. 
Enterica 1478
Salamae 498
Arizonae 94
diarizonae 327
Houtenae 71
Indica 12

Salmonella bongori 21
Total 2501
Adapted from Lightfoot (2004)

Most of the serotypes pathogenic to humans and animals belong to Salmonella 

enterica subsp. enterica (i.e. subsp. I). Some serovars have a habitat limited to a 

particular host species, such as humans (serovars Typhi, Paratyphi A), sheep (serovars 

Abortusovis), or fowls (serovar Gallinarum). In general, subspecies I strains are usually 

isolated from humans and warm-blooded animals, whereas subspecies II, Ilia, Illb, IV, 

VI and S. bongori are usually isolated from cold-blooded animals and the environment 

(rarely from humans). Biochemical reactions of S. enterica serovars and differential 

characteristics of Salmonella species and subspecies are given in Tables 1.3 and 1.4.
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1.3.2.3 Clinical features

There are three clinically distinguishable forms of Salmonella infection in 

humans. These are gastroenteritis, enteric fever and septicaemia (Hunter, 1997; Percival 

et al., 2004). Gastroenteritis is caused by Salmonella enteritidis, symptoms include 

watery, sometimes bloody diarrhoea, fever and abdominal pain. Symptoms usually 

occur 18-48 hours after ingestion of the bacterium. The infection generally lasts 2-5 

days. After recovery, faecal carriage may persist for up to 12 weeks. Less than 10 % of 

patients are reported as carriers for a longer period (Hunter, 1997; Percival et al., 2004).

Table 1.3. Biochemical reactions of Salmonella enterica serovars
Typical

Salmonella
S. choleraesuis S. pullorum S. gallinam m S. typhi S. typhisuis S. paratyphi A

h 2s + - ± ± + (w e a k ) + -

C itra te + + * + + - - -

G a s  fro m + + + + - + +

g lu c o s e

D u lc ito l + - - + - + +

M u c a te + - - + - - -

M a lto s e + + - + + + +

T re h a lo s e + - + + + + +

From Jones, et al. (2000)
* Simmon’s citrate-negative, Christensen citrate-positive.

Enteric fever is most often caused by Salmonella typhi (typhoid fever) and S. 

paratyphi A, B and C (paratyphoid fever). Enteric fever from S. typhi is more prolonged 

and has a higher mortality rate than paratyphoid fever. Symptoms for typhoid fever 

include sustained fever, diarrhoea, abdominal pain and may involve fatal liver, spleen, 

respiratory and neurological damage. Paratyphoid fever has similar, but less severe 

symptoms. The incubation period for typhoid fever is 7-14 days and for paratyphoid 

fever 1-10 days. Between 1 and 3 % of patients become chronic carriers (Hunter, 1997; 

Percival et al., 2004).

Salmonella septicaemia is characterised by chills, high remittent fever, anorexia 

and bacteraemia. The bacterium may localise in any organ in the body and produce 

focal lesions resulting in meningitis, endocarditis and pneumonia (Percival et al., 2004).
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Studies aimed at the determination of the infectious dose for salmonellosis suggests that 

infectious doses are certainly below 103 and can be <10 organisms (Blaser and Newman, 

1982; Hunter, 1997).

1.3.2.4 Epidemiology

Cases of typhoid (Salmonella typhi) and paratyphoid fevers (S. paratyphi A and 

B) have been reported since 1897. In England and Wales between 1911 and 1960 there 

were about 17 waterborne outbreaks of typhoid and paratyphoid fevers causing about 

155 deaths (Galbraith, 1994). In the United States, more than 30 people out of every 

100,000 died of typhoid in 1890 (Rusin et al., 2000). Although infections attributed to 

typhoid and paratyphoid salmonellae have declined in the UK and USA since 1960 

(Galbraith, 1994; Leclerc et a l, 2004), cases of waterborne typhoid and paratyphoid are 

still reported regularly from other parts of the world, mainly undeveloped and poor 

countries in Asia and Africa, affecting 12.5 million people every year (Hunter, 1997). 

Waterborne and foodborne salmonellosis (non-typhoidal species) are now the second 

leading cause of gastroenteritis around the world, and according to the US Centre for 

Disease Control and Prevention, 1.4 million cases of salmonellosis occur annually in the 

USA (Hunter, 1997; Lightfoot, 2004; Percival et al., 2004). Global surveillance data has 

suggested that increased salmonellosis is associated with the consumption of raw or 

undercooked eggs, poultry meat or dairy products, and salads prepared with mayonnaise 

(Khakhria et al., 1997; Guard-Petter, 2001; Costalunga and Tondo, 2002).
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Table 1.4. Differential characteristics of Salmonella species and subspecies________
Character S. enterica

Subsp. enterica Subsp. salamae Subsp. arizonae Subsp. diarizonae Subsp. houtenae Subsp. indica S. bongori
Dulcitol + + - - - d +
OPNG (2h) - - + + - d +
Malonate - + + + - - .

Gelatinase - + + + + + -

Sorbitol + + + + + - 4 -

Culture with KCN - - - - + - +
iX+)-tatrate + - - - - - -

Galacturonate - + - + + + +
y-Glutamyltransferase + + - + + + +
(3-Glucuronidase d - + - d -

Mucate + + + - (70 %) - + +
Salicin - - - - + - -

Lactose - - - (75 %) + (75 %) - d -

Lysis by phage 01 + + - + - + d
Natural habitat Warm blooded animals Cold-blooded animals and the environment
OPNG, o-nitropenyl-p-D-galactopyranoside; KCN, potassium cyanide, d, different reactions given by different serovars. 
Adapted from: Bopp, et al. (1999); Jones, et al. (2000).
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Contaminated drinking water is also an important vehicle of Salmonella 

infection (Hunter, 1997; Percival et al., 2004). Handling of pets, such as snakes and 

lizards, may also lead to infection (Schröter et al., 2004). By and large, salmonellosis is 

associated with poor hygiene and sanitation during food production (Lightfoot, 2004).

1.3.2.5 Ecology

Salmonella species are primary pathogens of the intestinal tract of humans and 

animals, thus their presence in the environment mirrors the distribution of human and 

animal faecal contamination (Hunter, 1997; Winfield and Groisman, 2003).

The presence of Salmonella species in surface water contaminated with human 

or animal waste is well documented. Salmonella serotypes have been frequently isolated 

from rivers and lakes (Cherry et al., 1972; Dondero et al., 1977; Arvanitidou et al., 

1995; Pianetti et al., 1998; Johnson et al., 2003; Lemarchand and Lebaron, 2003), 

estuaries and marine water (Polo et al., 1999; Baudart et al., 2000; Dionisio et al., 

2000). Bottom sediments of polluted rivers and sands of contaminated bathing beaches, 

and soil of agricultural areas were also found to be a reservoir for Salmonella 

(Hendricks, 1971; Abdel-Monem and Dowidar, 1990; Bolton et al., 1999). Salmonella 

spp. are prevalent in solid and slurry wastes of human and animal origin (Murray, 2000; 

Kommen et al., 2001).

The zoonotic origin of Salmonella infection means that a wide range of warm 

and cold-blooded animals are important reservoirs of the organism. These include faecal 

dropping and/or rectal swabs derived from poultry (Al-Nakhli et al., 1999), livestock 

(Lightfoot, 2004), wild birds, i.e. gulls pigeons and waterfowl (Mitchell and Ridgwell, 

1971; Quessy and Messier, 1992; Casanovas et al., 1995; Feare et al., 1999; Refsum et 

al., 2002a), pet snakes and lizards (de Sa and Solari, 2001; Schröter et al., 2004), animal 

feeds and the farm environment (Murray, 2000).
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1.3.2.6 Environmental aspects

The most important factor in the dissemination of Salmonella species is their 

ability to grow readily and survive in the environment (Rhodes and Kator, 1988; 

Winfield and Groisman, 2003; Lightfoot, 2004). Laboratory studies on the survival of 

Salmonella in aquatic environments showed that the organism can survive for up to two 

weeks in water at temperature below 10 °C (Rhodes and Kator, 1988). In a microcosm 

study, Salmonella survived in freshwater sediment for around two months (Fish and 

Pettibone, 1995). When compared to other enteric bacteria (e.g. E.coli), Salmonella has 

high survival rates in aquatic environments (Rhodes and Kator, 1988; Mezrioui et al., 

1995). These findings suggest that Salmonella can withstand a wider range of 

environmental stressors (i.e. high temperature, UV radiation, predation and competition 

for nutrients) and may persist in water environments for long periods (Burton et al., 

1987; Rhodes and Kator, 1988; Fish and Pettibone, 1995; Mezrioui et al., 1995).

Under prolonged exposure to stressful conditions in aquatic environments, 

Salmonella cells were found to enter a dormant stage where they are viable but cannot 

be cultured by artificial media, i.e. the VBNC stage (Roszak et al., 1984; Chmielewski 

and Frank, 1995; Caro et al., 1999). Viable but non-culturable Salmonella cells can be 

resuscitated and this may suggest that they retain pathogenicity and virulence (Roszak 

et al., 1984).

The abundance of Salmonella in marine environments has not been shown to be 

seasonally dependant (Alonso et al., 1992). In freshwaters, however, Salmonella 

showed a marked seasonal pattern, being more readily isolated during the summer and 

autumn (Alcaide et al., 1984; Pianetti et al., 1998).
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1.4 Aims and outline of the work described in this thesis

The present study investigated the microbiology of amenity ponds. It aimed 

primarily at assessing the bacteriological quality of amenity ponds and at investigating 

the presence of enteric pathogens in relation to waterfowl. Both conventional and 

molecular genomic methods were applied. A description of the sites is given in Chapter 

2 while methods are described in Chapter 3. To achieve the aims of the study the work 

outlined below was carried out.

• Chapter 4

Amenity ponds are man-made ecosystems. As in other aquatic habitats, some 

bacteria are native to the ponds, while others are exogenous and enter the water 

from soil and run-off and from human and/or animal excreta. Ponds in villages are 

regarded as important amenity sites. For example, in Bangladesh, ponds in villages 

are used for recreation and sometimes for other purposes (e.g. washing, swimming) 

and were found to be heavily contaminated by faecal material of human and animal 

origin (Islam et al., 2000). The water and sediments of these ponds yielded faecal 

indicator counts exceeding the guidelines of the WHO (Islam et al., 1994; Islam et 

al., 2000). Pathogenic bacteria (i.e. Vibrio cholerae and Aeromonas) were also 

isolated from these ponds (Islam et al., 1992; Islam et al., 1995). Thus it was 

concluded that they have a high potential for transmission of diarrhoeal and other 

waterborne diseases (Islam et al., 2000).

In the United Kingdom, village amenity ponds are not used for washing nor 

generally bathing. However, they are used for picnicking, dog walking and feeding 

ducks and contact between people and water may still occur. Studies that address 

the microbiological quality of such ponds are rare. The present study investigated 

whether or not the presence of waterfowl adversely influences the microbiological

21



Chapter 1

quality of village amenity ponds. In order to achieve this, counts of faecal 

indicators, heterotrophic bacteria, and direct microscopic counts of total bacteria in 

water and/or sediment in ponds with waterfowl were compared to ponds without 

waterfowl. Also the presence of bacterial pathogens (Campylobacter and 

Salmonella) in ponds with and without waterfowl was investigated.

• Chapter 5

The work described in this chapter aimed to address problems associated with 

the conventional detection of Campylobacters in turbid pond water and sediment. 

The work investigated the recovery of the organism by enrichment culture using 

different volumes of pond water or sediment. In addition counts of heterotrophic 

bacteria, coliforms and microscopic counts of total bacteria were made in 

Campylobacter enrichment cultures to investigate potential competition.

The conventional confirmation of Campylobacter relies on a set of 

morphological and biochemical tests. The work carried out in Chapter 5 also 

evaluated PCR as a rapid confirmatory tool.

• Chapter 6

The work described in Chapter 6 aimed at investigating the sources and 

distribution of enteric bacteria in amenity ponds. Fresh faecal samples of waterfowl 

and run-off water from the catchments were screened for Campylobacter and 

Salmonella. Conventional methods were used for the detection of the organisms. 

Both conventional and molecular-genomic methods (PCR) were used for 

confirmation of presumptive isolates. DNA sequencing of PCR products was used 

as a tool for the typing of confirmed isolates to enable the investigation of the 

distribution and sources of different species within the ponds’ environment.
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• Chapter 7

In view of the problems associated with conventional enrichment culture for the 

detection of Campylobacters in turbid pond waters, the use of direct PCR assay was 

evaluated. Four different methods of bacterial DNA extraction were compared and 

the detection limit of direct PCR assay for the detection of Campylobacters was 

determined by seeding water samples with known concentrations of Campylobacter. 

The applicability of PCR assay for the rapid detection of Campylobacters in turbid 

pond water after a selective enrichment step was also described.

The main findings of the work are discussed and conclusions are drawn in 

Chapter 8. In addition suggestions for future work are made in that chapter.

AIMS

In summary the aims of the work described in this thesis were to:

• test the hypothesis that the presence of waterfowl adversely influences the 

microbiological quality of amenity ponds.

• address methodological problems associated with the conventional detection of 

Campylobacters in turbid pond water and sediment.

• determine the importance of faeces from waterfowl and run-off water as sources 

of the different species of Campylobacter and Salmonella in village ponds.

• investigate the appropriateness of PCR for the direct detection of 

Campylobacters in turbid pond water
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OBJECTIVES

The aims were achieved through objectives which were:

• count faecal indicators, heterotrophic bacteria and total bacteria by direct 

microscopic counting in water and sediment in ponds with wateifowl and 

without waterfowl;

• assess the presence of bacterial pathogens (Campylobacter and 

Salmonella) in ponds with and without waterfowl,

• to solve problems associated with recovery of Campylobacters in pond 

water by enrichment culture using different volumes of pond water and 

sediment;.

• To count heterotrophic bacteria, coliforms and total bacteria in 

Campylobacter enrichment cultures to test the hypothesis of competitive 

exclusion of Campylobacters;

• To screen fresh faecal samples and run-off water from catchments for 

Campylobacter and Salmonella by conventional methods;

• To use conventional and molecular-genomic methods (PCR) to confirm 

presumptive isolates and to use DNA sequencing of PCR products as a 

tool for typing confirmed isolates;

• To evaluate direct PCR assay for detection of Campylobacter in turbid 

pond water;

• To compare four different methods of bacterial DNA extraction and to 

assess the detection limit of direct PCR assay for the detection of 

Campylobacters by seeding water samples with known concentrations of 

Campylobacter;
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• To describe the applicability of PCR assay for the rapid detection of 

Campylobacters in turbid pond water after a selective enrichment step.
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CHAPTER 2

DESCRIPTION OF SITES

This Chapter aims to introduce the village ponds that feature in this study. It also 

provides information about potential sources of contamination to these ponds.

The history of village ponds goes back to the Victorian times and earlier. 

Through the years, the ponds were essential elements in farming and other rural 

economic activities. As the practices of modem agriculture have developed the need for 

ponds has decreased (Hall, 1997). Now, the ponds and their environs serve as amenity 

sites for village residents and visitors. Degradation of the aesthetic qualities of village 

ponds may, however, reduce their amenity value. Degraded village ponds may be 

neglected by village communities and this may result in their loss. Conservation and 

restoration of degraded and neglected village ponds has recently received considerable 

attention. For instance, projects initiated by the Pond Conservation Group that are 

aimed at restoring and enhancing the amenity value and the flora and fauna of village 

ponds (Drake and Pickering, 1997). While the aesthetic and macrobiology qualities of 

village ponds have been widely considered, the microbiological qualities of village 

ponds and their environs need attention. Village ponds may be recipients of faecal 

pollution from non-point sources and/or from the wild fauna that live in, on or around 

the ponds. Faecally contaminated village ponds may have public health implications as 

they may serve as a vehicle for the dissemination of enteric bacterial pathogens.
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2.1 East Yorkshire Village Ponds

Many villages in East Yorkshire have ponds, these are usually adjacent to roads 

and are often ancient in origin; those with abundant waterfowl were found to have 

sparse aquatic vegetation (Linton and Goulder, 1997; 2000). Little or nothing is known 

about the microbiology of these ponds. The microbiology of seven village ponds in East 

Yorkshire, North-East of England (Fig. 2.1) was studied during the work that is 

described in the present thesis. All seven ponds are close to village centres and are 

adjacent to roads from which they receive run-off. They are all amenity sites. Some 

ponds have populations of semi-tame ducks and geese that have sometimes been 

introduced to the ponds (e.g the goose at Little Weighton) and are often fed by the 

public. Descriptions of these ponds and their environs are given below.

2.1.1 The Pond at Bentley

Bentley is about 6 km northwest of Hull (National Grid Reference TA 019 359) 

(Fig. 2.1). The pond area is about 220 m2. The water is clear with a hard underlying 

bottom (Plate 2.1). There is extensive summer cover by aquatic plants (Table 2.1). A 

pig farm is across the road from the pond, but there is no obvious run-off from this. The 

waterfowl population on this pond consisted of only a few (2-4) coot (Table 2.2).

2.1.2 The Pond at Brantingham

Brantingham is about 7.5 km northwest of Hull (National Grid Reference SE 

941 296) (Fig. 2.1). The size of the pond is around 240 m2. The pond has concrete 

margins and bottom (Plate 2.2). There are three drainage pipes that carry run-off from 

the road. The water is turbid and aquatic vegetation is absent (Table 2.1). A large 

population of waterfowl is present on and in the vicinity of the pond (Table 2.2)

2.1.3 The pond at Garton-on-the-wolds

Garton-on-the-Wolds is approximately 40 km north of Hull (National Grid 

Reference SE 983 594) (Fig. 2.1). The pond is of large size, area around 1800 m2.
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Chalky gravel margins slope to a muddy bottom. The water is turbid (Plate 2.3). 

Aquatic vegetation is sparse (Table 2.1). Ducks were abundant (Table 2.2). Allison 

(1974) described the presence of the pond as “The Mere” in the 18th century, which 

strongly indicates its ancient origin.

2.1.4 The pond at Holme-on-Spalding-Moor

Holme-on-Spalding-Moor is about 25 km to the northwest of Hull (National 

Grid Reference SE 827 390) (Fig. 2.1). The pond area is about 1530 m2. The water is 

clear; the bottom is soft mud (Plate 2.4). There is abundant aquatic vegetation (Table

2.1). There is a drainage pipe from the road. The catchment is in part grazing land with 

horses. Waterfowl on this pond are a small and transient population of coot and 

moorhen (Table 2.1). The pond completely dried during summer of drought years 

(2003). This was also observed by Linton (1999).

2.1.5 The pond at Little Weighton

Little Weighton is about 7.5 km to the northwest of Hull (National Grid 

Reference SE 988 338) (Fig. 2.1). The pond area is about 640 m2. The margin on the 

side with the road is concrete, falling to a soft muddy bottom. Aquatic vegetation is 

sparse (Table 2.1). The water is turbid and there are three drainage pipes from the road 

(Plate 2.5). There is a large number of permanently resident waterfowl on and in the 

vicinity of the pond (Table 2.2).

2.1.6 The pond at Sancton

Sancton is a small village about 17.5 km to the northwest of Hull (National Grid 

Reference SE 901 392) (Fig. 2.1). The pond is small area, about 85 m2; it receives some 

inflow from a small spring and there is an outlet. The water is very clear (Plate 2.6). 

There is abundant submerged and emergent aquatic vegetation (Table 2.1). Waterfowl 

are absent from this pond (Table 2.2).
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2.1.7 The pond at South Dalton

South Dalton is a small village about 30 km to the northwest of Hull (National 

Grid Reference 969 454) (Fig. 2.1). The pond area is about 2410 m2. It has a concrete 

margin adjacent to the road, otherwise it has mud margins and a silty and soft bottom 

and there is an island in the middle (Plate 2.7). The water is turbid and aquatic 

vegetation is absent (Table 2.1). There is a dense population of waterfowl (Table 2.2). 

Marked on the 1827 ordnance 1:2500 survey map as “the East Mere”, the pond may 

have ancient origin (Allison, 1979)
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Figure 2.1 A map of East Yorkshire; sampling sites, in alphabetical order, are 

numbered (amended from Anon., 2004).
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Plate 2.1 Bentley Pond, August 2001. Note the luxurious marginal vegetation (Iris 

pseudacorus) and submerged aquatic vegetation (largely Ceratophyllum demersum) and 

the absence of waterfowl.
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Plate 2.2 Brantingham pond, August 2001. Note the concrete margins, the lack of 

aquatic vegetation and the large number of waterfowl.
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Plate 2.3 Garton-on-the-wolds pond, August 2001. Note the sparcity of aquatic

vegetation and the large population of waterfowl.
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Plate 2.4 Holme-on-Spalding-Moor pond, August 2001. The abundant vegetation is 

largely Sparganium erectum and Typha latifolia\ floating-leaves Persicaria amphibia is 

also abundant. Note the absence of waterfowl.
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Plate 2.5 Little Weighton pond, August 2001. Note the lack of aquatic vegetation and 

the turbid water. Waterfowl were sitting adjacent to the pond when this photograph was 

taken.
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Plate 2.6 Sancton pond, August 2001. Note the abundant emerged vegetation (largely 

Glyceria maxima) and the absence of waterfowl.
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Plate 2.7 South Dalton pond, August 2001. Note the absence of aquatic vegetation and 

the presence of waterfowl.
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Table 2.1 Aquatic macrophytes in East Yorkshire village ponds, June-August 2001 (data from R.

B entley Brantingham ’ Garton- H olm e-on- Little Sancton South
on-the- Spalding- W eighton’ Dalton*
wolds* M oor

A g ro stis 2 - - 2 - 1 1
sto lon ifera  
A lism a  p la n ta g o - _ _ _ 2 - - _

aqu a tica
A pium  nodiflorum _ _ _ - _ 3 _

C allitr ich e  sp. - - - - - 2 -
C alth a  p a lu s tr is - - - - - 2 -
C era toph yllum
dem ersum

3 ~ “ — “ ”

C rassu la  helm sii - - - 1 - - -
E leo ch a ris
p a lu s tr is

" " “ 1

G alium  p a lu s tre - - - 1 - -
G lycer ia  m axim a - - - - - 3 -
Ir is  p seu d a c o ru s 2 - 1 " - 2 -
Juncus articu la tu s - - - 1 -
Juncus effusus - - - 2 - - -
Juncus inflexus - - - 2 " 1
L em na m in or 2 - - 3 - 3 -
L em na trisu lca - - - 2 - - -
M en th a  aqu a tica - - - 2 - - -
M yo so tis
sc o rp io id e s

1 ”

O en an the f is tu lo sa - - - 1 -
P ers ica r ia - - - 3 -
a m ph ib ia
P o tam ogetón 2 _ - - - - .

cr ispu s
R anunculus _ 2 - - _

a q u a tilis
R anunculus _ 1 - .

sce le ra tu s
R o r ip p a
nasturtium -

- - - 2 - - -

aqu aticu m
Solanum _ 2 _ _

d u lcam ara
Sparganium
erectum

- - - 3 - - -

Typha la tifo lia 3 - - 3 - - -
V eron ica
becca b u n g a

~ “ 2

1

“

V eronica ca ten a ta - - - - - -

T otal num ber o f 6 0 1 22 0 7 1
sp ec ies

U 1 V  | ' l  V l l W l l V V  V I  V* U M l- 'U I V . .A V .V .  ■ ------- -----------  X -  X-

1 =  <0.1%  cover, 2  =  0.1-5%  cover, 3 =  >5%  cover, - =  not recorded.
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Table 2.2 Waterfowl of East Yorkshire village ponds (June 2001-January 2002)
Bentley* Brantingham* Garton-on-

the-wolds*
Holme-on-Spalding-Moor' Little

Weighton*
Sancton* South Dalton'

Coot (Fulica atra) 3 (1-4) 1 (0-1) - 2 (0-2) - -

Duck (Anas 
platyrhynchos)

“ 34(13-75) 39 (35-45) “ 23 (21-24) 30(13-41)

Goose (Anser anser) - - - - 1 (0-1) 6 (0-6)
Moorhen (Gallinula 
chloropus)

“ “ - 4 (2-5) - 3 (2-4)

Values are mean (with range). 
-  Indicates not present, 
t  Ponds visited seven times.
% Ponds visited three times.

39



Chapter 3

CHAPTER 3

MATERIALS AND METHODS

3.1 Sampling

3.1.1 Water samples

Surface water samples were collected in the morning, at the margin of each 

pond, near the roadside, about two meters away from the edge, into sterile one-litre, 

wide-mouth polypropylene bottles (BDH, Dorset, UK). Two or three samples were 

taken and processed separately.

3.1.2 Sediment samples

Sterile toughened glass tubes with an internal diameter of 4.3 cm and length of 

29 cm were used to collect cores of bottom sediment by wading about 2 meters from the 

edge (Carr and Goulder, 1990). Sediment tubes were taken by pushing the glass core 

into the mud at the bottom of the pond and then placing a bung into the top end of the 

tube. The core was then lifted till the bottom end was just above the sediment and 

another bung was placed in the bottom end of the tube. This yielded a core of 

undisturbed sediment and overlying water. Water and sediment samples were brought to 

the laboratory on ice in darkness. Cores were transported in an upright position away 

from direct sunlight.

The top 1 cm stratum of sediment was removed from the cores as follows. The 

overlying water was siphoned off and the top 1 cm sediment layer was transferred to a 

sterile polythene stomacher bag after easing the bung at the bottom end of the glass core 

to discard the bottom layers of the sediment core and keep the top 1 cm. A volume of 

130 ml of sterile pond water was added to the sample. This gave a *10 dilution. This
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sediment slurry was treated in a stomacher (Colworth 400; A.J. Seward Ltd, London) 

for five minutes to homogenise the slurry.

3.1.3 Dilutions

Diluent (i.e. sterile pond water), for making dilutions of pond water samples and 

sediment slurries, was prepared by filtering water, from the pond at South Dalton 

through GF/C glass microfiber filters (Labsales, Cambridge, UK) with nonnal pore size

1.2 pm. Volumes of 50 ml of the filtered water were dispensed into 100 ml glass bottles 

and sterilised by autoclaving at 121 °C, 1.1 kg/cm2, for 15 minutes.

3.2 Abiotic Variables

3.2.1 Temperature, pH, conductivity, turbidity, dry weight of sediment

Temperature, pH, conductivity and turbidity of water samples were measured. 

Temperature and pH were measured in the field using a mercury-in-glass thermometer 

and a portable pH meter (pH/mV meter 42D, pHox Systems Ltd). Conductivity was 

measured in the laboratory at room temperature (20 °C) (HMSO, 1972) using a Jenway 

modle 4070 conductivity meter (Felstead, Essex, UK). Conductivity values were 

compensated to 25 °C by the meter. A Unicam 8625 UV/VIS spectrophotometer was 

used to measure the absorbance at wavelength 580 nm (Asso) in a 4 cm path length 

cuvette as suggested by HMSO (1972). The results were divided by four so that they 

were expressed as absorbance by a 1 cm pathway; the values reflected turbidity. 

Sediment dry weight was also determined. An empty crucible was weighed and then; 50 

ml of the x 10 diluted sediment slurry were transferred to the empty crucible. The slurry 

was dried overnight in an oven at 100 °C, then left overnight to cool in a desiccator. The
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crucible was then weighed; the difference between the initial and final weight equalled 

dry weight of sediment in 50 ml of the slurry.

3.3 Microbiological examination

3.3.1 Enumeration of faecal indicator bacteria

Membrane filtration techniques were employed for the enumeration of faecal 

indicator bacteria from water and sediment (PHLS, 1998a). Escherichia coli and faecal 

streptococci were enumerated following the standard methods for the examination of 

water as used by the Public Health Laboratory Service (PHLS, 1998b-c). Clostridium 

perfringens was assayed by a membrane filtration technique as recommended by 

HMSO (1984). All samples were filtered through 0.45 |im, gridded, 47 mm diameter, 

cellulose nitrate membrane filters (Labsales, Cambridge, UK). At least three replicates 

filtrations were made from each sample. Further details of the processing of water and 

sediment samples are as follows:

3.3.1.1 Enumeration and confirmation of Escherichia coli

Volumes of 0.1 ml (with a 10 ml carrier of sterile pond water), 10 ml and 100 ml 

of water samples were filtered. Sterile absorbent pads, 47 mm in diameter, were placed 

in sterile Petri dishes and 2.5 ml of sterile membrane lauryl suphate broth (Oxoid, 

Basingstoke, UK) was added to saturate the pads. Pads were left to soak for at least five 

minutes. Post-filtration membranes were then placed, face-up, on the saturated 

absorbent pads and incubated at 30 °C for four hours in an airtight container, incubation 

was then continued at 44 °C for 14 hours. Yellow colonies (lactose fermentors), were 

counted (PHLS, 1998b). For sediment slurries, 0.1 ml was filtered with a 10 ml carrier 

of sterile pond water, otherwise the same procedure as for water analysis was applied.
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Presumptive E. coli (yellow colonies) were confirmed by using Fluorocult1® 

LMX broth (BDH, Dorset, UK) (Ossmer, 1993). Aliquots of 0.1 ml of the broth were 

transferred into a U-bottom sterile polystyrene well cluster (Costar®, Coring Inc., NY, 

USA). Each well was inoculated with a single presumptive E. coli colony using an 

inoculation loop. The wells were then incubated at 37 °C for 24 hours. The formation of 

blue-green colour together with the observation of fluorescence under UV illumination 

confirmed that an isolate was E. coli. The test relies upon the production of extracellular 

P-D-galactosidase and P-D-glucuronidase. E. coli is characterised by the production of 

both enzymes (Ossmer, 1993). At least five colonies were examined from each plate.

3.3.1.2 Enumeration and confirmation of faecal streptococci 

For enumerating faecal streptococci, 10 ml and 100 ml volumes of water 

samples were separately filtered. Membranes were placed on plates of Slanetz and 

Bartley agar (Oxoid, Basingstoke, UK). Plates were incubated at 37 °C for four hours, 

in an airtight container, followed by 40 hours at 44 °C. After incubation, red, maroon, 

pink and colourless colonies were counted (PHLS, 1998c). The preliminary incubation 

at 37 °C was to encourage the growth of environmentally stressed organisms (Oxoid, 

1998). With slurry samples, a volume of 0.1 ml was filtered with 10 ml of carrier sterile 

pond water. Otherwise the technique was the same as with the water samples.

Presumptive faecal streptococci were confirmed by subculturing suspected 

colonies on bile aesculin agar (Oxoid, Basingstoke, UK). Plates were incubated at 44 °C 

for 16 hours. The formation of black or brown colour confirmed the isolates as faecal 

streptococci. The test demonstrates the ability to hydrolyse aesculin, which is 

characteristic of Group D streptococci (Oxoid, 1998). At least five colonies from each 

plate were examined.
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3.3.1.3 Enumeration and confirmation of Clostridium perfringens

Water and sediment samples were heat-treated prior to filtration. For this, 

samples were incubated at 75 °C in a water bath for 10 minutes. This was to ensure that 

all vegetative cells were killed and only Clostridium perfringens spores remained in the 

samples (HMSO, 1984).

After heat treatment, 10 ml and 100 ml of water samples, or 0.1 ml of sediment 

slurry with 10 ml of carrier sterile pond water, were filtered. Filters were placed on 

reinforced clostridial agar (Oxoid, Basingstoke, UK). Plates were incubated at 37 °C for 

24 hours in anaerobic conditions (AnaeroGen™, Oxoid, Basingstoke, UK), using an 

anaerobic jar (Oxoid, Basingstoke, UK). Light brown colonies were counted.

Suspected Clostridium perfringens colonies were confirmed by using Crossley 

milk medium (Oxoid, Basingstoke, UK). This medium was designed to replace litmus 

milk medium as a confirmatory medium for Clostridium perfringens (Oxoid, 1998). At 

least three tubes containing 10 ml of sterile medium were inoculated with one suspected 

colony from each plate. At least five colonies were examined from each plate. All tubes 

were incubated in an anaerobic atmosphere (AnaeroGe/j , Oxoid, Basingstoke, UK) at 

37 °C for 24 hours. The formation of acid (bright yellow colour) and a stormy clot 

confirms Clostridium perfringens (Oxoid, 1998).

3.3.2 Detection of enteric bacterial pathogens

Membrane filtration methods were employed for the detection of enteric 

bacterial pathogens (Campylobacter spp. and Salmonella spp.) in water by applying the 

standard methods for the examination of water as used by the Public Health Laboratory 

Service (PHLS, 1998d-e). Sediment samples were subjected directly to selective
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enrichment. Detection of Campylobacter and Salmonella utilised a presence/absence 

assay, thus, absolute numbers were not determined.

3.3.2.1 Detection and confirmation of Campylobacter species

One litre of water samples was filtered. Each filter was transferred to a screw- 

capped sterile glass bottle. 150 ml of Preston selective enrichment broth (Oxoid, 

Basingstoke, UK), containing 5 % lysed horse blood (Oxoid Basingstoke, UK), and 

growth supplement consisting of ferrous sulphate (0.125 g l'1), sodium metabisulphite 

(0.125 g l '1) and sodium pyruvate (0.125 g l’1) (FBP) (Oxoid, Basingstoke, UK), was 

added to the bottle. A microaerobic atmosphere was achieved by leaving little 

headspace and by tightly closing the bottle tops (PHLS, 1998d). Bottles were incubated 

at 37 °C for 22 hours, followed by 42 °C for 22 hours. After incubation broth cultures 

were subcultured onto Campylobacter-selective modified Charcoal Cefoperazone 

Deoxycholate Agar (mCCDA) (Oxoid, Basingstoke, UK). Plates were incubated under 

microaerobic conditions (N2 85 %, O2 5 %, CO2 10 %) in an anaerobic jar 

(CampyGen™, Oxoid, Basingstoke, UK), at 37 °C for 48 hours (PHLS, 1998d). For 

sediment samples, 5.0 ml of undiluted sediment samples were transferred to a 30-ml 

sterile universal bottle using a sterile porcelain crucible as a measuring cup. A volume 

of 25 ml of Preston selective enrichment broth was added to the universal bottle. The 

procedure was then continued as described above.

Campylobacter jejuni strains on mCCDA may sometimes appear as grey, moist, 

flat and spreading colonies whereas Campylobacter coli strains produce creamy-grey, 

moist, slightly-raised colonies (Oxoid, 1998). These criteria were not used in the present 

study.

The confirmation criterion for presumptive Campylobacter isolates was a 

positive oxidase test together with growth on blood agar under microaerobic but not 

aerobic conditions (PHLS, 1998d). Oxidase reagent (BDH, Dorset, UK) was prepared
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by adding 0.1 ml of tetramethyl-p-phenylenediamine hydrochloride to 10 ml of distilled 

water (HSMO, 1984). The reagent was freshly prepared at the time of use (HSMO, 

1984). The oxidase test was perfonned by adding two or three drops of the reagent to a 

filter paper (Whatman grade A, Labsales, Cambridge, UK). One suspected 

Campylobacter colony was transferred, using a cocktail stick, to the moistened paper. 

The appearance of a dark purple colour within 10 seconds indicated a positive reaction. 

Oxidase negative colonies did not require further testing because Campylobacter 

species are oxidase positive (PHLS, 1998d).

Oxidase positive colonies were subcultured to two blood agar plates. One of 

these plates was placed in a microaerobic atmosphere (CampyGen™, Oxoid, 

Basingstoke, UK) in an anaerobic jar (Oxoid, Basingstoke, UK) and incubated at 37 °C 

for 24 hours. The other plate was incubated in aerobic conditions at 37 °C for 24 hours. 

Campylobacter species are microaerophilic, thus, growth under microaerobic but not 

aerobic conditions confirms that isolates are Campylobacter (PHLS, 1999d).

3.3.2.2 Detection and confirmation of Salmonella species

One litre of water samples was filtered. Prior to filtration, 15 ml of a well-mixed 

sterile filter aid were added to the samples and mixed thoroughly. The filter aid stock 

solutions were prepared by adding 1.0 g of Hyflo-supercel (BDH, Dorset, UK) to 15 ml 

of distilled water in 20-ml universal bottles. The universal bottles were sterilised by 

autoclaving at 121 °C, 1.1 kg/cm2, for 15 minutes. The use of filter aid is recommended 

by HMSO (1984) and PHLS (1998e). It is suggested that more than 90 % of the bacteria 

present in a sample will be retained as the filter aid will form an initial retaining layer 

on the membrane. After filtration, membranes were transferred to bottles containing 50 

ml of sterile buffered peptone water (Oxoid, Basingstoke, UK). Bottles were incubated 

at 37 °C for 18 hours. This was a pre-enrichment stage.

L
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After incubation, 10 ml of the pre-enrichment culture were transferred to 10 ml 

sterile double strength Rappaport Vassiliadis soya peptone broth (Oxoid, Basingstoke, 

UK) in universal bottles. The bottles were then incubated at 41 °C for 20 hours. A 

further 10 ml of the pre-enrichment cultures were transferred to 10 ml of sterile double 

strength selenite cysteine broth (Oxoid, Basingstoke, UK) in a universal bottle. These 

were incubated at 37 °C for 20 hours. These two latter processes represented selective 

enrichment stages.

After incubation, all selective enrichment broths were subcultured to xylose 

desoxycholate agar (XLD) (Oxoid, Basingstoke, UK) and to brilliant green agar (BG) 

(Oxoid, Basingstoke, UK). Plates were incubated at 37 °C for 24 hours. Salmonella 

appears on XLD agar as red colonies with black centres. On BG agar, however, 

Salmonella appears as red colonies surrounded by a bright red halo (PHLS, 1998e).

Sediment samples were analysed as follows. Five milliters of the undiluted 

original sediment sample were transferred to a bottle containing 45 ml of sterile 

buffered peptone water. A sterile porcelain crucible was used as a measuring cup. 

Further processing followed the post-filtration procedure used with water samples.

Red colonies with black centres on XLD agar might also be produced by 

Edwardsiella species, some strains of Proteous and Pesudomonas. Moreover, FLS- 

negative salmonellae such as S. paratyphi A, S. senftenberg and S. pullorum produce 

colonies with no black centres on XLD (Oxoid, 1998). Likewise, false-positive results 

might occur through the growth on BG agar of red colonies produced by some strains of 

Proteus and Pseudomonas (PHLS, 1998e).

Because of the possibility of false-positive results, biochemical confirmatory test 

were performed. At least three presumed Salmonella colonies from each XLD and BG 

agar plates were subcultured to cystine lactose electrolyte deficient (CLED) agar. These

k.
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plates were incubated at 37 °C for 18 to 24 hours. Salmonella grew on CLED as flat 

blue (non-lactose fermenting) colonies (PHLS, 1998e). Presumed colonies on CLED 

were subcultured to urea broth (Oxoid, Basingstoke, UK) and to lysine iron agar slopes 

(Oxoid, Basingstoke, UK). Urea broth cultures were incubated at 37 °C for 4-6 hours, 

and were further incubated for 14-16 hours if negative. The lysine iron agar slopes were 

incubated at 37 °C for 20-24 hours. Salmonella lack urease, therefore a negative 

reaction with urea broth (no pink colouration), indicates Salmonella. Lysine iron agar 

was used to detect the presence of lysine decarboxylase and the production of ELS, thus 

Salmonella gave an alkaline (purple) reaction throughout the medium (i.e. at both butt 

and slope ends) with intense blackening, which indicates the production of hydrogen 

sulphide (PHLS, 1998e). Different reactions that might occur on lysine iron agar due to 

diverse Gram negative bacteria are listed in Table 3.1.

Table 3.1 Gram negative bacteria and their reaction with lysine iron agar (Oxoid, 
1998) ________________ _________  _______
Genus Slope Butt H2S
Salmonella Alkaline (purple) Alkaline +
Proteus Red Acid (yellow) -
Providencia Red Acid -

Citrobacter Alkaline Acid +
Escherichia Alkaline Acid or neutral -
Shigella Alkaline Acid -

Klebsiella Alkaline Acid -
Enterobacter Alkaline Acid -

3.3.3. Quality Control

Preliminary trials with positive cultures (positive controls) and with sterile pure 

water (negative controls) confirmed the reliability of the methods. Controls were run 

with E. coli, faecal streptococci and Salmonella.
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3.3.4 Heterotrophic Plate Count (HPC)

Heterotrophic plate counts from both water and sediment-slurry samples were 

made using casein-peptone-starch agar (CPS) (Collins and Willoughby, 1962; Jones, 

1970). A volume of 0.5 ml of the samples was added to, and mixed thoroughly with, 50 

ml of sterile pond water. Sub-samples (0.1 ml) of the diluted samples were pipetted onto 

the surface of dried CPS agar plates. The 0.1 ml sub-samples were spread with the aid 

of a sterile glass spreader. At least 10 replicates plates were inoculated from each 

sample. Plates were incubated at 20 °C for two weeks and colonies were then counted.

3.3.5 Count of total bacteria (DAPI counts)

Abundance of total bacteria in water samples was determined by the 4’-6’- 

diamidino-2-phenylindole (DAPI) (Sigma, St. Louis, USA) direct count method (Yu et 

al., 1995). 10 ml sub-samples of pond water were preserved for up to two weeks at 4 °C 

with 0.5 ml of 0.2 pm filtered formalin (final concentration 2 % formaldehyde). DAPI 

stock solution was prepared by dissolving 0.01 g of the dye in 10 ml of sterile 0.2 pm 

filtered water. The prepared solution was stored in aluminium-foil-wrapped vials at -20 

°C. An aliquot of 0.1 ml of DAPI stock solution was added to the preserved samples 

which were kept for 40 minutes in darkness at room temperature to allow staining of 

bacteria to occur. After staining with DAPI, 0.1 ml of the sample, with 5.0 ml carrier of 

0.2 pm filtered sterile water, was filtered through 0.2 pm polycarbonate membrane 

filters (Labsales, Cambridge, UK). Irgalan Black solution (2.0 g f 1 acetic acid in 2.5 % 

glutaraldehyde) was used to dye the filters for 10 minutes prior to filtrations (Jones and 

Simon, 1975); this improved contrast during counting. A Nikon Alphaphot 

epifluorescence microscope, with UV illumination, at a total magnification of x 1250, 

was then used to count bacteria on the filters. Bacteria were easily observed as blue
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fluorescent cells against a black background. For each sample preparation, more than 

600 cells were counted in n eyepiece squares of side 0.078 mm. Sterile 0.2 pm filtered 

water was used for a blank count. Concentration was calculated as follows:

C oncentration (ce lls/m l) =  Count (ce lls) x  ________ Area o f  filter (m m 2)________ x  ____________ 1________
n Area o f  eyep iece  square (mm") V olum e filtered  (m l)

3.3.6 Molecular methods

3.3.6.1 PCR assays

PCR assays were performed on presumptive Campylobacter and Salmonella 

isolates as a method of confirmation.

3.3.6.1.1 DNA extraction

Bacterial DNA was extracted by suspending a loop of a suspected 

Campylobacter or Salmonella colony in 100 pi of sterile, pure water and boiling for 5 

minutes. The suspension was then centrifuged for 5 minutes at 1260 RCF and 10 pi of 

the supernatant were used as target DNA.

3.3.6.1.2 Oligonucleotides and quality control

Primers CF03 and CF04 (Invitrogen, Paisley, UK) from the Campylobacter 

jejuni JlaA and flaB  gene sequence were used (Wegmiiller et al., 1993). Their sequences 

are as follows:

CF03 5’-GCT CAA AGT GGT TCT TAT GCN ATG G-3’ (forward)

CF04 5’-GCT GCG GAG TTC ATT CTA AGA CC-3’ (reverse)

For Salmonella, primers SI8 and S19 (Invitrogen, Paisley, UK) from the outer 

membrane protein C (omp C) gene of Salmonella were used (Kwang et al., 1996). Their 

sequences are as follows:

518 5’-ACC GCT AAC GCT CGC CTG TAT-3’ (forward)

519 5’-AGA GGT GGA CGG GTT GCT GCC GTT-3’ (reverse)
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In order to confirm the specificity of the primers CF03; CF04 and S I8; SI9, 

each set was tested against DNA extracted from wide range of Gram positive and Gram 

negative bacterial strains including Campylobacter and Salmonella. The results are 

shown in Table 3.2. CF03; CF04 amplified only Campylobacter isolates, while S I8; 

S I9 amplified only Salmonella.

Table 3.2 Bacterial strains used to determine the specificity of Campylobacter and 
Salmonella primers set

Bacterial strains
Primer code Positive PCR amplification Negative PCR amplification
CF03; CF04 Campylobacter (four clinical 

isolates from PHLS Scunthorpe)*
E. coli K12+

E. coli (pond water isolate from 
South Dalton)
Pseudomonas aeruginosa' 
Klebsiella aerogenes'
Faecal streptococci (pond water 
isolate from South Dalton)

S18; S19 Salmonella enteritidis NCTC 12694 E. coli K12f
E. coli (pond water isolate from 
South Dalton)
Pseudomonas aeruginosa+ 
Klebsiella aerogenesf 
Faecal streptococci (pond water 
isolate from South Dalton)

t  These were cultures that are maintained in the Department of Biological Sciences, 
University of Hull.
% Isolates were not identified beyond species level by PHLS.

3.3.6.1.3 PCR reaction mixture

The PCR reaction mixture (50 |il total volume) consisted of the following: 25 pi 

of 2 x PCR master mix (ABgene, Surry, UK) contains the following: 75 mmol l '1 Tris- 

HC1; 20 mmol l '1 (NH4)2S04; 2.0 mmol l'1 MgCl2; 0.01 % (v/v) Tween® 20; 0.2 mmol F 

1 each of dATP, dCTP, dGTP and dTTP; 1.25 units of Thermoprime Plus DNA 

Polymerase; 0.5 pi of each primer (0.25 pmol l '1); 10 pi bacterial DNA extract and 14
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|il sterile pure water. For DNA-free controls, 10 (il sterile pure water replaced the 

bacterial DNA extract.

3.3.6.1.4 Gel electrophoresis

The gel was prepared by dissolving 0.9 g of agarose (BioLine, London, UK) in 

60 ml of 0.5 x Tris-borate EDTA buffer (TBE), containing the following: 0.045 mol l '1 

Tris-borate; 0.001 mol F1 EDTA. The gels were stained with 2.5 |il of ethidium bromide 

(final concentration 0.5 pg ml'1).

3.3.6.1.5 PCR temperature cycles

The amplification of Campylobacter DNA used the following temperature 

cycles: denaturation at 94 °C for 4 minutes, 30 cycles at 95 °C for 1 minute, 53 °C for 1 

minute, 72 °C for 1 minute, and final extension at 72 °C for 5 minutes.

Amplification of Salmonella DNA used the following temperature: denaturation 

at 95 °C for 5 minutes, 30 cycles at 95 °C for 30 seconds, 56 °C for 45 seconds, 72 °C 

for 60 seconds, and final extension at 72 °C for 5 minutes.

A total of 8 |il of PCR products mixed with 2 fil loading dye (BioLine, London, 

UK) was analysed by 1.5 % (w/v) agarose gel (BioLine, London, UK) electrophoresis 

(0.1 volt for 70 minutes) and made visible by ethidium bromide (0.5 pg m l'1) staining 

and UV transillumination.
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CHAPTER 4

WATERFOWL AND THE BACTERIOLOGICAL QUALITY OF

AMENITY PONDS

4.1 INTRODUCTION

Water pollution is a key issue worldwide. Much concern has been expressed 

about sewage-derived pollutants in aquatic environments, particularly in fresh waters. 

Sewage waste is potentially a major source of water-borne disease and of causative 

agents of water-borne illness in the environment, since faecal solids of human origin 

carry up to 1012 bacteria per gram, around 109 are pathogens (Bitton, 1999). Pathogens 

of faecal origin may be stable in water, and bacteria in particular may have the 

capability to grow outside their host when the right environmental conditions exist 

(Rusin, et al. 2000). Thus, a health risk might occur through human consumption or 

contact with faecally-polluted water.

Faecally-derived bacteria reach aquatic environments in various ways. These 

include direct discharge of treated and raw sewage effluents (Mason, 1996); agricultural 

run-off (Fernández-Alvarez, et al. 1991) and direct deposit of faecal matter from wild 

fauna (Jones, 2002). Bacteria of faecal origin may settle down in bottom sediment once 

they reach watercourses, where they might die or persist and perhaps be resuspended. 

The results of Burton, et al. (1987) on survival of enteric bacterial pathogens in a 

laboratory study of fresh water sediments supported the findings of earlier studies that 

concentrations of faecal bacteria may be much higher in bottom sediments than in 

overlying water. Crabill, et al. (1999) found that the average counts of faecally-derived 

bacteria in two sediment samples were 2200 times higher than the counts of the same 

bacteria in water samples in Oak Creek, Arizona. The high concentrations of bacteria in
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bottom sediment may be explained, in part, by the protection that bottom sediment 

provides from some of the adverse environmental factors that might stress bacteria, such 

as adverse light conditions and limited availability of nutrients. Thus, it was suggested 

that sedimentation allows pathogenic bacteria to survive for several months (Laliberte 

and Grims, 1982; Burton, et al. 1987; Sherer, et al. 1992). These results were supported 

by the findings of Davies, et al. (1995) that suggested that bottom sediments provide 

non-starvation environments for faecal bacteria. These findings led to the conclusion 

drawn by Obiri-Danso and Jones (2000) and Aim, et al. (2003) that bottom sediments 

act as a reservoir for enteric bacteria. The presence of enteric bacteria in high 

concentrations, and their ability to survive for long periods, in bottom sediments has 

been recognised as a possible health hazard (Hendricks, 1971; Van Donzel and 

Geldreich, 1971; Laliberte and Grimes, 1982; Burton, et al. 1987).

The presence of faecal bacteria in surface water might be at times atti'ibuted, in 

part, to resuspension of contaminated bottom sediments. Irvine and Pettibone (1993) 

found that resuspension of bottom sediment of the Buffalo River, New York might be 

caused by high flow velocity associated with storm events. In Oak Creek, Arizona, 

storm events were found to play a part in resuspending contaminated bottom sediment 

and, therefore, caused the release of sediment-bound bacteria to the overlying water 

column (Crabill, et al. 1999). Likewise, in Morecambe Bay, rough weather, together 

with recreational activities, were also thought to contribute to increase in bacterial 

densities in surface waters by resuspending contaminated bottom sediments (Obiri- 

Danso and Jones, 2000).

Between 1985 and 1994 a total of 55 outbreaks of disease associated with 

recreational contact with surface waters were reported in the USA, resulting in a total of 

3713 cases (Hunter, 1997). Shigella and E. coli 0157:H7 were responsible for 18 

outbreaks, while 13 outbreaks of acute gastroenteritis with 1005 cases were associated
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with unknown aetiology (Hunter, 1997). Similarly, in the period between 1986 to 1996, 

a total number of 710 waterborne disease outbreaks associated with drinking and 

recreational water were reported in 19 European countries (Anderson and Bohan, 2001). 

Bacterial agents such as Campylobacter, Salmonella, Vibrio and Aeromonas species 

were found to be the cause of the majority of these outbreaks (Anderson and Bohan, 

2001). As a consequence, there is a demand for further information about the sources, 

distribution and persistence of pathogenic bacteria in aquatic environments, particularly 

in fresh waters. Considerable numbers of pathogens have been found in fresh waters; 

including waters used for human consumption. Pathogenic agents included bacteria, 

enteric viruses and protozoa (Geldreich, 1996). Bacterial agents in particular, were 

found to fall into two groups according to their origin: faecal-origin pathogens and 

native aquatic pathogens. Campylobacter spp., Salmonella spp., Shigella spp. and 

pathogenic strains of E. coli were found to originate from human and/or animal faeces, 

whereas Aeromonas spp., Pseudomonas spp. and some species of Mycobacterium were 

found to be ubiquitous and indigenous in aquatic environments (Hunter, 1997).

4.1.1 Faecal indicator bacteria

The detection of waterborne pathogenic bacteria in routine monitoring of 

microbiological water quality has been considered as an expensive, laborious, 

impractical and time-consuming task. Thus, a surrogate was needed. The presence of a 

surrogate organism or group of organisms in water samples should give indication of 

faecal pollution and, therefore, of the possible presence of waterborne pathogens. The 

faecal indicator organisms should be present in large numbers in faeces; absent or less 

abundant in other sources; easy to enumerate and unable to grow in aquatic 

environments (HMSO, 1984). In practice, there is no one organism that fulfils these 

criteria, however, there are groups of bacteria that have been used extensively by public

55



Chapter 4

health authorities worldwide and have proved reliable; these groups include coliforms, 

faecal streptococci, and sulphite-reducing clostridia.

4.1.1.1 The coliform group

The coliform group comprises aerobic and facultatively anaerobic, Gram 

negative, non-spore forming, short-rod bacteria that ferment lactose with production of 

acid and gas at 35-37 °C, within 24-48 hours. They also possess the enzyme [3-D- 

galactosidase (Gleeson and Gray, 1997). The group comprises the following genera: 

Klebsiella, Enterobacter, Serratia, Citrobacter and Escherichia (Edberg, et al. 2000). 

The coliform group has been widely used to assess the bacteriological quality of 

drinking and recreational water for many years. Among the coliform group, Escherichia 

coli, a thermotolerant coliform, was found to be a more specific indicator of faecal 

contamination. It is suggested that E. coli is the only member of the coliform group that 

is exclusively of faecal origin. It is abundant in faeces (Gleeson and Gray, 1997; 

Edberg, et al. 2000; Leclerc et al., 2001). E. coli can ferment lactose with acid and gas 

at 44 °C within 24 hours, and can be differentiated from other coliforms by displaying 

(3-glucuronidase activity and lack of urease activity (Toranzos and McFeters, 1997; 

Gerba, 2000). Unlike other coliform bacteria, E. coli does not normally grow in 

temperate aquatic environments (Edberg, et al. 2000). BaudiSova (1997) suggested that 

the use of E. coli as an indicator of faecal pollution has more advantages than the use of 

total coliforms. In addition, E. coli was found to survive as long as, or longer than, 

Salmonella species in freshwater sediments, and to show less sensitivity to chlorination 

in drinking water when compared with Campylobacter species; these findings support 

the use of the organism as an adequate indicator for faecal pollution (Burton, et al. 

1987; Fish and Pettibone, 1995; Lund, 1996). Furthermore, a direct linear correlation 

was found between swimming-associated gastrointestinal illness and density of E. coli
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in recreational waters (Dufour, 1984a; Van Asperen et al., 1998). In the light of these 

findings, it may be concluded that E. coli is the best indicator of faecal contamination of 

water (Edberg, et al. 2000).

4.1.1.2 Faecal streptococci

The faecal streptococci group represents all Gram positive, non-motile and non­

spore forming cocci that occur in chains and when tested with Lancefield antisera, they 

give a positive reaction with group-D. They will grow at 44 °C in a medium that 

contains bile salts and sodium azide (Gleeson and Gray, 1997). The group comprises 

species in two genera; Enterococcus and Streptococcus. These genera were found to be 

natural inhabitants of the intestinal tract of humans and many animals; Table 4.1 

(Godfree, et al. 1997).

Table 4.1 Species of the genera Enterococcus and Streptococcus of faecal origin
Species________________Intestinal origin
Enterococcus
faecium Man, cattle, pigs, birds
faecalis Man, cattles, pigs, birds
durons Man, pigs, birds
Hirae Man, pigs, birds
Avium Man, cattle, pigs, birds
gallinarum Man, birds
cecorum Cattle, pigs, birds
columbae Cattle, pigs, birds

Streptococcus
Bovis Man, cattle, pigs
equines Man, cattle, pigs
alactolyticus Pigs, birds
hyointestinalis Pigs
intestinalis Pigs
Suis p'gs___ _____________________________

Adapted from Godfree, et al. (1997)

Faecal streptococci are now recognised as a good indicator of faecal pollution 

because they are present in the faeces of humans and animals (Godfree, et al. 1997). 

They are also a good faecal indicator because they (i) rarely grow in water, and, (ii) are 

resistant to environmental adverse conditions and chlorination and (iii) generally persist
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for long periods in aquatic environments (Gleeson and Gray, 1997). The use of faecal 

streptococci as indicators may lead to the tracing of a source of faecal contamination by 

distinguishing between sewage-derived pollution (human) and run-off related pollution 

(animal) (Godfree, et al. 1997). The recommendation that faecal streptococci are a good 

indicator is also based on the finding of a strong relationship between swimming-related 

gastrointestinal diseases and number of faecal streptococci in natural bathing waters 

(Dufour, 1984a; Kay etal., 1994).

4.1.1.3 Faecal coliform:Faecal streptococci ratio

The use of faecal coliforms in conjunction with iaecal streptococci has been 

found to give substantial information about the pollution history of natural waters 

(Feachem, 1974). Geldreich and Kenner (1969) proposed the use of the faecal 

coliforrmfaecal streptococci ratio to locate the source of faecal pollution, i.e. to 

differentiate between human and animal faecal contamination. They found that a ratio 

of 4 or greater indicates a human source, while a ratio of 0.7 or less indicates an animal 

source. According to Geldreich and Kenner (1969), the FC:FS ratio is only valid for the 

first 24 hours after the bacteria have been released into the water. The difference 

between faecal coliform and faecal streptococci die off rates was, however, found to 

give strength to the FC:FS ratio concept, whereby a fall in an initially high FC:FS ratio 

indicates a human source, whereas a rise in an initially low FC:FS ratio indicates non­

human contamination (Feachem, 1975); Table 4.2.

Table 4.2 Faecal source related to FC:FS ratio __________________________ .
FC:FS ratio Source of pollution_____ ^ ___________________________ _
>4.0 Strong evidence that pollution is of human origin

>2.0 <4.0 Good evidence of the predominance of human wastes in mixed pollution

>0.7 <2.0 Good evidence of the predominance of animal wastes in mixed pollution

<0 .7___________ Strong evidence that pollution is of animal origin___________ __
Adapted from Gleeson and Gray (1997)
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Recent studies showed various limitations to the application of the FC:FS ratio. 

For instance, the need for sampling within the first 24 hours after discharge; the 

difference in die-away rates between faecal coliforms and faecal streptococci; 

differences in die-away rates between individual faecal streptococci; the impact of the 

methods that are used to detect faecal streptococci. Thus the reliability of the FC:FS 

ratio has been questioned (Howell, et al. 1996; Gleeson and Gray, 1997; Toranzos and 

McFeters, 1997; Ashbolt, et al. 2001; Horan, 2003).

4.1.1.4 E. coli and faecal streptococci, the ideal faecal indicators?

The use of E. coli and/or faecal streptococci as indicators of faecal pollution is 

based on their fulfilling many of the criteria that should be found in indicator organisms. 

It has been suggested that the indicator of choice should meet a number of criteria, 

which according to Dufour (1984b) are the ideal characteristics for an indicator of 

faecal pollution. These criteria are that the indicator should:

1 - be present where pathogens are;

2- be unable to grow in aquatic environments;

3- be more resistant to disinfectant than pathogens;

4- be easy to isolate and enumerate;

5- be applicable to all types of water;

6- not be subject to antibiosis;

7- be absent from sources other than faeces or be exclusively associated with faeces;

8- occur in greater number than pathogens;

9- vary in density in direct relationship to the degree of faecal contamination;

10- show a correlation between indicator density and the health hazard posed by a given 

type of pollution.

Unfortunately, neither E. coli nor faecal streptococci meet all the above criteria. 

Faecal streptococci fulfil more of the criteria then E. coli. By and large, it is suggested
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that the use of both indicators is valuable because it allows the assessment of the 

significance of doubtful results from one method or the other. For example, if colifom 

bacteria are abundant in the absence of E. coli, the presence of faecal streptococci 

confirms faecal pollution of the water under examination (HMSO, 1984). Table 4.3 

shows which of the suggested criteria of an ideal indicator are met by E. coli and faecal 

streptococci (Dufour, 1984b).

Table 4.3 Ideal characteristics of indicators of faecal contamination met by E. coli 
and faecal streptococci______________ ____________________________________
Ideal characteristics E. coli Faecal streptococci
Present when pathogens are Yes Yes

Unable to grow in aquatic environments Yes Yes

More resistant to disinfectant than pathogens No Yes

Applicable to all types of water No Yes

Easy to isolate and enumerate Yes Yes

Not subject to antibiosis ? ?

Occurs in greater numbers than pathogens Yes Yes

Density of indicator has a direct relationship to degree of 
faecal contamination

Yes Yes

Indicator density correlates with health hazard from 
given type of pollution

Yes Yes

Adapted with modification from: Dufour (1984b)

4.1.1.5 Sulphite-reducing Clostridia

Sulphite-reducing Clostridia are Gram positive, spore-forming, strictly 

anaerobic, non-motile rods that are largely faecal in origin (Gleeson and Gray, 1997). 

Clostridium perfringens (formerly Cl. welch«) is the most important member of the 

group. It is directly associated with gas gangrene and wound infection and it also causes 

food poisoning (Timbury, et al. 2002) and it is the species of the Clostridia that is most 

present in the faeces of human and warm-blooded animals although, in lower numbers 

than E. coli and faecal streptococci (HMSO, 1984). The spores of Cl. perfrmgens are
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heat resistant (75 °C for 15 minutes), persist for long periods in the environments and 

are very resistant to disinfectant (Glesson and Gray, 1997). The use of 

as an indicator of faecal pollution was suggested tor the first time by Hudson in the late 

1800s (Toranzos and McFeters, 1997). A number of studies have been conducted to 

ascertain the efficacy of this organism as an indicator of faecal contamination. 

Consequently, Cl. perfringens has been suggested as a very sensitive indicator of the 

sedimentation and movement of sewage solids, and as an indicator of distant sources of 

faecal contamination (Emerson and Cabelli, 1982; Skanavis and Yanko, 2001). This 

suggestion was supported by Sorensen, el (1989), who detected Cl. 

spores at a distance of 10 km from a wastewater treatment plant. Furthermore, the 

presence of enteric viruses and parasite cysts, such as and Cryptosporidium,

was significantly correlated with the presence of Cl. perfringens spores in surface water. 

This confirms the suitability of Cl. perfringens as an indicator of the presence of 

pathogens of faecal origin. In this content, the spores of Cl. perfringens were suggested 

as the indicator of choice in investigation of virus and cyst removal and the overall 

efficiency of wastewater treatment (Payment and Franco, 1993). The spores o f Cl. 

perfringens were also suggested as the most useful indicator for the presence of 

by Ferguson, et al. (1996). In general, if the spores of Cl. perfringens are detected in a 

water sample, where E.coli and faecal streptococci are not, its presence may imply a 

remote or intermittent faecal pollution. That is, of pollution that has occurred in the past, 

since when E. coli and faecal streptococci have died, but not the spores of Cl. 

perfringens (HMSO, 1984; Toranzos and McFeters, 1997; Horan, 2003). Such distant 

pollution might be of less significance in the sense of direct risks to public health 

(HMSO, 1984), and might explain the limited use of this organism in setting safe 

recreational water quality standards (e.g. HMSO, 1969).
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4.1.2 Recreational Water Quality

The term ‘recreational water’ refers to marine and freshwater bodies that are 

used for public recreational activities. These activities are varied; some involve a total 

contact of the water with the body, such as swimming and diving, while some activities 

involve lesser contact, such as fishing, power-boating and water skiing. According to 

the U.S. Environmental Protection Agency (U.S EPA), the former activities are defined 

as ‘primary contact activities’, whilst the latter are defined as ‘secondary contact 

activities’ (EPA, 2000). The microbiological quality of recreational waters is of 

concern. This is due to the increased number of swimming-associated outbreaks that are 

being reported (Dufour, 1984b). The assessment of recreational water quality may be 

based on four approaches: (i) a sanitary survey, (ii) epidemiological studies, (iii) faecal 

coliform limits, and (iv) the presence of pathogens (Tobin and Ward, 1984). These 

factors have been taken into consideration in several studies, which have determined the 

hazards of faecally-polluted recreational waters. Consequently, governmental bodies 

and public health authorities around the world have been able to set guidelines for 

recreational water quality to ensure that people who have primary contact with water are 

safe from contracting diseases. These guidelines are summarised in Table 4.4.

i.
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Tabic 4.4 Guidelines for recreational water quality standards
Country/Agency Criterion/Standard Regime1"
World Health Organisation 
(WHO)

Faecal streptococci1 200/100 ml

U.S Environmental 
Protection Agency (U.S. 
EPA)

E. coif 126/100 ml 
Enterococcf 33/100 ml 
Enterococci3 35/100 ml

5 samples/30 days

European Union (EU) E. coli 100/100 mlc d 
Faecal streptococci 100/100 ml 
Salmonella 0/100 ml 
Enteroviruses pfu 0/10000 ml

2 samples/fortnightly

Ontario, Canada Coliforms <1000/100 ml 
E. coli <100/100 ml

5 samples/30 days

Sources: Tobin and Ward (1984); EU (1994); El-Shaarawt and Marsalek (1999); Gerba 
(2000); EPA (2000); WHO (2003).
“Fresh waters only. 
bMarine waters only.
cValues are Guidelines (Imperative value 2000/100 ml). 
dValues are Guidelines (Imperative value 400/100 ml). 
eGeometric mean.
'95th percentile approach.

As can be seen from Table 4.4, there is no universal agreement on standards. 

The EU directive, however, is comprehensive because specified pathogens as well as 

indicators are taken into consideration. The detection of specific pathogens is thought to 

be important, particularly when they become predominant in a recreational area (Tobin 

and Ward, 1984). The EU directive has been considered to be more restrictive than 

other schemes, this conclusion was realised by Marino, e< (1995), who compared the 

directives proposed by EU and those of the WHO. Recently, the European Parliament 

has proposed new tightened guidelines for safe bathing waters and these are still under

evaluation (EU, 2004).

According to the U.S. EPA, the guidelines are for application to recreational 

sites where primary contact occurs. No risk-based water quality criteria for protection 

from secondary contact have been published. However, it was recommended that

63



Chapter 4

guidelines for primary contact waters should be applied too for secondary contact 

waters, unless new criteria with less firm restrictions are adopted (EPA, 2000).

4.1.3 Waterfowl and recreational water quality

Waterfowl have been reported to excrete large numbers of faecal indicator 

bacteria (Ashbolt, et al. 2001). The average density of faecal coliforms, and faecal 

streptococci in one gram dry weight duck faeces may be around 4.9 x 10 and 6.3 x 10 

respectively (Obiri-Danso and Jones, 1999a), whereas the average number of E. coli in a 

gram dry weight of mallard faeces was suggested to be around 3.3 x 10 (Taylor, 2003). 

The association of wild fowl particularly ducks and geese, with the contamination of 

water bodies that are used for recreation has been described. In 1978, Vilas Park Beach 

on Lake Vingra, Madison, Wisconsin, USA, was closed after high concentrations of 

faecal coliforms were found. These high concentrations were attributed to 

approximately 100 to 200 mallard ducks, which were residing permanently in the beach 

area (Standridge, et. al. 1979). Likewise, in the UK, mallard ducks together with other 

wild birds were found to be, in part, responsible for high densities of faecal coliforms at 

Morecambe Bay, which failed to comply with EU guidelines for safe bathing water

(Jones, 2002).

Waterfowl were also reported to harbour bacteria in their intestinal tract that are 

potential human pathogens. Campylobacter and Salmonella are major causative agents 

of bacterial gastroenteritis in both the UK and the USA (Rusin, et 2000; Timbury, «  

al. 2002). Both organisms have been successfully isolated from the faeces o f ducks and 

geese (Luechtefeld, et al. 1980; Pacha, ct al. 1988; Risdale, et al. 1998; Feare, et al. 

1999; Aydin , et al.2001; Dieter, et al. 2001; Kassa, et al. 2001; Refsum, et al. 2002a). 

The carriage of these pathogens by ducks and geese suggests that waterfowl may act as 

a reservoir for their transmission through the contamination of water. Faeeally
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contaminated water is a potential source of Campylobacter and Salmonella and may be 

a vehicle for their transmission to domestic animals and humans (Bolton, et al. 1987; 

Melloul and Hassani, 1999; Thomas, et al. 1999a).

4.1.4 Aims

Although the impact of ducks and geese on the microbiological water quality of 

bathing sites has been described, little is known about the impact of ducks and geese on 

non-bathing recreational water, particularly village ponds. High numbers of waterfowl 

are often found on village ponds in England. These ponds and their environs are 

typically used as recreational and amenity sites. Visitors and residents frequently 

encourage waterfowl by feeding them, and direct contact with faecal material or 

contaminated water is likely to occur. In response to an increased public concern about 

transmission of infectious diseases through human contact with faecally contaminated 

water, this chapter aimed to test the hypothesis that waterfowl have a negative impact 

on the bacteriological quality of some amenity village ponds in East Yorkshire, north-

east England.

4.2 MATERIALS AND METHODS

4.2.1 Sites and sampling

The study sites were seven roadside village ponds in East Yorkshire, NE 

England. Two ponds were used as the main sampling stations, from which water and 

sediment samples were collected at monthly intervals from June 2001 to January 2002. 

One of these ponds, at South Dalton, had dense populations of waterfowl, while the

c , had no waterfowl. The five other ponds were used as other at Holme-on-Spalding-Moor nao nu wav

supplementary sampling stations. Water samples, but not sediments, were collected 

from these five ponds on three sampling occasions, one in August, one in October and
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one in November 2001. Three of these five ponds had dense populations ot ducks and 

geese, these were at Brantingham, Garton-on-the-wolds and Little Weighton, while the 

other two ponds had no ducks and geese, these were at Bentley and Sancton. Detailed 

descriptions of these sites and their environs were given in Chapter 2.1. Water and 

sediment samples were collected from sampling sites using the procedures described in

Chapter 3.1.

4.2.2 Abiotic variables

Temperature, pH, conductivity and turbidity of pond water were measured in all 

seven ponds as described in Chapter 3.2.

4.2.3 Bacteriological assays

Protocols for faecal indicators (E. coli; faecal streptococci and Clostridium 

perfringens) and human pathogens (Campylobacter and Salmonella) from water and 

sediments were based on those used by the Public Health Laboratory Service as 

described in Chapter 3.3.1 and 3.3.2. Counts of culturable heterotrophic bacteria from 

water and sediment were made using the spread plate method as described in Chapter 

3.3.3. Counting of total bacteria in water samples was performed using epifluorescence 

microscopy, bacteria were stained with DAPI as described in Chapter 3.3.4.

4.2.4 Statistical analysis

The Chi-square test (X2) was used to test agreement between observations and

the null hypothesis that when ponds are compared pair-wise the numerical abundance of

„ ^ lmitpr as greater in the pond with waterfowl,bacteria should equally often be lower as greaiei

Spearman's correlation coefficient was used to test the relationship between faecal 

indicators and waterfowl numbers. Non-parametric statistical methods were used

, , , nnn-normally distributed. Median values were usedbecause the data were mostly non-nomum?

, , . Q skewed the means, hence the mean values poorlybecause extreme values in some cases sKeweu u.
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represented the whole set of observations. Statistical analysis was done using SPSS for 

Windows (version 10).

4.3 RESULTS

Results for abiotic variables and waterfowl numbers for all seven ponds are shown in 

Table 4.5. Absorbance values show that ponds without waterfowl were much less turbid 

than those with waterfowl. Otherwise there were no obvious differences between the 

ponds with water fowl and those without them.

Counts of faecal indicators, heterotrophic plate counts and DAPI counts for 

water samples from the ponds at South Dalton and Holme-on-Spalding-Moor are given 

in Table 4.6. Values are mostly expressed as cfu 100 ml'1 for the sake of conformity 

with EU guidelines for safe recreational water. Faecal indicators, particularly E. coli and 

faecal streptococci, were more abundant at South Dalton than at Holme-on-Spalding- 

Moor. Heterotrophic plate counts and DAPI counts were also significantly higher at

S o u th  D a l t o n  th a n  a t H o lm e -o n -S p a ld in g -M o o r .

Results of faecal indicator counts and heterotrophic plate counts on sediments

from the ponds at South Dalton and Holmcon-Spalding-Moor arc shown in Table 4.7.

Values are given per gram dry weight of sediment. and faecal streptococci were

mostly higher at South Dalton than at Holme-on-Spalding- moor although this was not

. . .  , i _  „oh.pc Values for heterotrophic plate counts showednecessarily shown by the median values, values iui f

no difference between the ponds.

Values for sediments expressed per unit volume of sediment are shown in Table 

4.8. E. coli was significantly more abundant at South Dalton, faecal streptococci were 

also more abundant at South Dalton but less markedly so than E. coli. Heterotrophic 

plate counts showed similar results as when expressed per gram dry weight o f sediment, 

i. e. there was no significant difference between the ponds.
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Counts of faecal indicators in water from the five supplementary ponds are 

given in Table 4.9. Abundances were significantly higher in ponds with dense 

populations of waterfowl.
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Table 4.5 Abiotic variables and waterfowl numbers for all ponds, June 2001-January 2002
Bentley* Brantingham* Garton-on-

the-wolds*
Holme-on-
Spalding-

Moor'

Little Weighton* Sancton* South Dalton'

Temperature (°C) 12 14 13 12 13 13 12
(7-15) (8-20) (8-18) (4-19) (7-18) (11-13) (4-19)

pH 6.7 7.1 6.9 7.0 6.8 6.6 7.2
(6.5-6.9) (6.5-8.0) (6.4-7.7) (6.2-7.6) (6.7-6.9) (6.4-6.8) (6.3-8.2)

Absorbance (580 nm) 0.017 0.237 0.149 0.07 0.235 0.002 0.14
cm'1 (0.008-0.024) (0.034-0.58) (0.067-0.31) (0.0197-0.23) (0.048-0.58) (0.001-0.004) (0.08-0.39)

Conductivity (|iS c m 1) 533 641 788 815 594 1084 480
(415-744) (410-913) (648-866) (630-917) (400-922) (1002-1135) (440-539)

Waterfowl’ 0 34 39 0 24 0 31
(0-0) (13-75) (35-45) (0-0) (22-25) (0-0) (14-41)

Values are mean (with range), ' n = 7 samples, * n = 3 samples, * refers to ducks and geese only.
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Table 4.6 Faecal indicators, heterotrophic plate counts and total bacterial counts 
(DAPI) for water samples from South Dalton and Holme-on-Spalding-Moor, June 
2001-January 2002______ ________ ___________ _________________________

Median (range) n
South Dalton Holme-on-Spalding-Moor P

E. coli
(xlO3 cfu 100 m l1)

81 (3-180)7 4(0.0066-11)7 <0.01

Faecal streptococci 
(xlO3 cfu 100 m f1)

34(1.6-490)6 11 (0-24)7 <0.1

Cl. perfringens 
(xlO3 cfu 100 ml'1)

6.4 (0.11-100)6 3.9 (0.01-60)6 NS

Heterotrophic plate 
count
(xlO5 cfu ml"1)

2.5(1.6-3.3) 5 0.83 (0.32-2.4) 5 <0.05

Total bacteria 
(xlO7 ml'1)

4.7 (3.4-7.4) 6 1.2(1.1-3.0) 6 <0.05

n = number of samples, P values are from the X  test; NS = P > 0.1.

The null hypothesis is that there is no difference in bacterial abundance between the two 
ponds. If this is so we expect that for each bacterial variable, the higher count will be at 
South Dalton as often as at Holme-on-Spalding Moor. The X  test is used to test whether 
the expected observations are significantly different from the observed.

It is also possible to do a X  test that pools all the observations, i.e. total observations = 
30, expected observations = 15 and 15; observed = 25 and 5, X  ~ 13.2, P < 0.01.

l
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Table 4.7 Faecal indicators and heterotrophic plate counts for sediment samples 
from South Dalton and Holme-on-Spalding-Moor, per gram dry weight of 
sediment, June 2001-January 2002_______________________________________

Median (range) n
South Dalton Holme-on-Spalding-Moor P

E. coli
(xlO3 cfu g '1)

124 (0.90-350)7 32 (0-331)7 <0.1

Faecal streptococci 
(xlO3 c fu g 1)

33 (0.28-640) 7 33 (0-1470)7 <0.1

Cl. perfringens 
(xlO3 cfu g '1)

218 (2.84-640)6 130(1.41-2581)6 NS

Heterotrophic plate count 11 (5.94-14.5)5 12(7.2-18.0)5 NS

n = number of samples, P values from %2 test, NS = P > 0.1.
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Table 4.8 Faecal indicators and heterotrophic plate counts for sediment samples 
from South Dalton and Holme-on-Spalding-Moor, per unit volume of sediment, 
June 2001-January 2002

Median (range) n
South Dalton Holme-on-

Spalding-Moor
P

E. coli
(x 103 cfu ml'1)

24 (0.14-105)7 4.6 (0-9.3) 7 <0.01

Faecal streptococci 
(x 103 cfu ml'1)

9.9 (0.3-113)7 0.65 (0-49.6) 7 <0.1

Cl. perfringens 
(x 103 cfu ml'1)

38 (0.65-113)6 17.3 (0.6-87.1)6 <0.05

Heterotrophic plate 
count
(x 106 cfu ml'1)

1.61 (1.14-2.32)5 1.71 (1.3-2.75)5 NS

n = number of samples, P values from %2 test, NS -  P > 0.1.
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Table 4.9 Faecal indicator bacteria in water from five additional ponds, August- 
Noveniber 2001

Median (range) n
Ponds with waterfowl1 Ponds without 

waterfowl1
P

E. coli
(x 103 100 ml'1)

21 (8.8-300) 7 0.009 (0.003-1.5)6 <0.01

Faecal streptococci 
(x 103 100 ml'1)

1.6(1.3-300)9 0.009 (0.001-0.36)6 <0.01

Cl. perfringens 
(x 103 100 ml'1)

80 (0.16-930)9 0.01 (0.009-16.6)6 <0.01

P values from the Mann-Whitney U-test, n -  number of samples.
1 Ponds at Brantingham; G a r to n -o n -the-Wolds and Little Weighton.
* Ponds at Bentley and Sancton.
The null hypothesis is that the median values do not differ between the ponds with 
waterfowl and ponds without waterfowl.
The U-test clearly indicates that the null hypothesis can be rejected, hence more 
powerful statistical tests were not required.
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Table 4.10 summarises the correlations between faecal indicators and waterfowl 

numbers in village ponds. Values of Spearman’s correlation coefficient showed that 

there were significant relationships between faecal indicators in pond water and 

waterfowl number and waterfowl number per unit pond area. The closest relationship 

(i.e. with greatest significance) was between E. coli and number of waterfowl. The 

relationship between abundance of E. coli and bird numbers in all seven ponds is 

illustrated in Fig. 4.1.

Faecal indicators and heterotrophic bacterial abundance in water was compared 

with that in the sediment at South Dalton and Holme-on-Spalding-Moor. Values were 

expressed as cfu ml’1 for all samples. Tables 4.11 and 4.12 summarise the results. 

Faecal indicators and heterotrophic bacteria were significantly higher in sediment than 

in water at both ponds.

All presumptive colonies of E. coli and faecal streptococci that were tested 

confirmed as positive, but only about 50 % of presumptive Cl. perfringens were 

positive, hence these results for Cl. perfringens represent presumptive isolates.

Table 4.13 shows the results for the detection of Campylobacter and Salmonella 

in water and sediment from all ponds. Campylobacter and Salmonella assays were 

performed on water from all seven ponds and on sediment from South Dalton and 

Holme-on-Spalding-Moor. Salmonella was not recovered from water samples from any 

pond on any sampling occasion. However, it was recovered from sediment samples at 

South Dalton during summer (June, July, August). Campylobacter was not recovered 

from water or sediment on any sampling occasion.
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Table 4.10 Relationship between faecal indicators and waterfowl number and 
waterfowl per unit pond area, June 2001-January 2002 _____________________

Relationship with Relationship with waterfowl
number of waterfowl per unit pond area________

r*_________ P________________ rs P
E. coli* 0.84 <0.01 0.75 <0.01

Faecal streptococcir 0.63 <0.01 0.49 <0.01

Cl. perfringens* 0.42 <0.05 0.50 <0.01
Values are Spearman’s correlation coefficients, a two-tailed test was used.
*n = 27 samples from 7 ponds; +n = 29 samples from 7 ponds.
Note that this analysis allowed the pooling of data from all ponds (i.e. data from Tables 
4.6 and 4.9).
Pooled data for E. coli in pond water is also used in Fig. 4.1.

L.
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Fig. 4.1 Relationship between E. coli and abundance of waterfowl (Spearman’s rank 

correlation coefficient rs = 0.84, n = 27,p  <0.01) in seven amenity village ponds in East 

Yorkshire, England, June 2001 to January 2002. Ponds with waterfowl at; (▲) 

Brantingham (pond area 240 m2), (■) Garton-on-the-wolds (1,800 nr), ( ♦ )  Little 

Weighton (640 m2), (•) South Dalton (2,410 m2). Ponds without waterfowl at; (o) 

Bentley (220 m2), (o) Holme-on-Spalding-Moor (1,530 m2) and (o) Sancton (85 m2). A 

total of 13 samples represented ponds without waterfowl: most ot the symbols are 

superimposed.
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Table 4.11 Comparison between faecal indicators and heterotrophic bacterial 
abundance in water and sediment at South Dalton pond, June 2001-January 2002

____________Median (range) n____________
Water Sediment P

E. coli
(x 103 cfu ml'1)

0.81 (0.003-1.8)7 24 (0.14-105)7 <0.01

Faecal streptococci 
(x 103 cfu ml'1)

0.35 (0.0016-4.92)6 9.9 (0.0043-113)7 <0.01

Cl. perfringens 
(x 103 cfu m l'1)

0.064 (0.00114-10)6 38 (0.65-113)6 <0.05

Heterotrophic bacteria 
(x 106 cfu ml'1)

0.25 (0.16-0.33)5 1.69(1.14-2.32)5 <0.05

iimtmimiiiim-i-trrnr-rtttrmrmmmiimriiiiiitririiiiiiiirmiiTmnimntniiimiininitiiiniiimniniiirriMiiiiirm-T .............. ^

n = number of samples, P values are from the test.
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Table 4.12 Comparison between faecal indicators and heterotrophic bacterial 
abundance in water and sediment at Holme-on-Spalding-Moor pond, June 2001- 
January 2002_______________________ ________________ __________________

Median (range) n
Water Sediment P

E. coli
(x 103 cfu ml'1)

0.049
(0.000066-0.115)7

4.6
(0-9.25) 7

<0.1

Faecal streptococci 
(x 103 cfu ml'1)

0.011 
(0-0.24) 7

0.65
(0-49.6) 6

<0.1

Cl. perfringens 
(x 103 cfu ml'1)

0.039
(0.0009-0.60) 6

17.3
(0.24-87.1)6

<0.05

Heterotrophic bacteria 
(x 106 cfu ml'1)

0.083
(0.032-0.244) 5

1.71
(1.3-2.75)5

<0.05

2
n = number of samples, P values from X  test.
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Table 4.13 Results of Campylobacter and Salmonella assays on water and sediment

Location of pond
n:p (%)

Campylobacter Salmonella
South Dalton (water1) 7:0 (0) 7:0 (0)
South Dalton (sediment” ) 7:0 (0) 7:3 (43)*

Hole-on-Spalding-Moor (water1) 7:0 (0) 7:0 (0)
Holme-on-Spalding-Moor (sediment’) 7:0 (0) 7:0 (0)

Bentley (water1) 3:0 (0) 3:0(0)

Brantingham (water1) 3:0(0) 3:0(0)

Garton-on-the-Wolds (water1) 3:0(0) 3:0 (0)

Little Weighton (water1) 3:0(0) 3:0(0)

Sancton (water1) 3:0(0) 3:0(0)

in brackets).
1 A volume of 1000 ml of water was used.
* A volume of 5.0 ml of sediment was used.
* Total number of Salmonella from all three positive samples were seven isolates
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4.4 DISCUSSION

The principal aim of the study described in this chapter was to test the 

hypothesis that waterfowl, largely ducks and geese, have an adverse influence on the 

microbiological quality of village ponds, which are amenity sites, and to consider the 

possibility of these sites being vehicles for the dissemination of water-borne pathogens.

4.4.1 Abiotic variables

The abiotic variables that were measured did not reveal much information about 

the impact of waterfowl because few differences were observed between ponds with 

ducks and geese and those without. However, the Asso measurement did show that the 

water was more turbid in ponds with waterfowl (Table 4.5). This was probably due to 

the disturbance of bottom sediment by waterfowl. The abundance and diversity of 

submerged and marginal aquatic vegetation were also observed to be very much less in 

ponds with waterfowl (Chapter 2). This is probably because ducks and geese ate these 

plants. Thus, it can be concluded that waterfowl have a negative impact on the aesthetic 

qualities of village ponds.

4.4.2 Faecal indicators and water quality

Faecal indicators were used to measure the extent of microbiological 

contamination. The presence of abundant E. coli and faecal streptococci in water 

samples from South Dalton but not at Holme-on-Spalding-Moor (Table 4.6) suggests 

that waterfowl are a likely cause of contamination; duck faeces contain about 4.9 x 10*',

6.3 x 108 faecal coliforms, and faecal streptococci respectively (Obiri-Danso and Jones, 

1999a) and 3.3 x 101 E. coli per gram dry weight (Taylor, 2003). In the absence of 

ducks and geese at Holme-on-Spalding-Moor, the low and very variable background
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numbers of faecal indicators that were recorded (Table 4.6) perhaps originated from 

small family groups of coot (Fúlica atra) and moorhen (Gallínula chloropus) and/or 

from rainfall-related run-off from adjacent roads and agricultural land. Run-off, 

especially from land carrying livestock, may be an appreciable source of faecal 

indicators to natural waters (Fernández-Alvarez et al., 1991; Jones, 2002). However, the 

pond at South Dalton, which had more faecal indicators was not more liable to 

contamination by run-off, hence the waterfowl were probably responsible for the high 

concentration of indicator bacteria.

Analysis of sediment samples gave similar results as for water. The abundant E. 

coli and faecal streptococci found in South Dalton sediment (Tables 4.7; 4.8), may have 

resulted from the settling of faecally-derived material in the bottom sediment. Although 

the median count of faecal streptococci was similar at South Dalton and Holme-on- 

Spalding-Moor, this was a feature of the use of median values. There was a statistically 

significant difference in the likelihood that samples from South Dalton had higher 

counts than in paired samples from Holme-on-Spalding-Moor.

Faecal indicators were also found to be abundant in other ponds that had a dense 

population of waterfowl (Table 4.9). The small number of faecal indicators that were 

recorded in ponds without waterfowl may again have been from small populations of 

coot and moorhens and/or from run-off water. These results strongly suggest that 

waterfowl were the leading cause of high counts of faecal indicators observed in some 

of the village ponds in East Yorkshire.

Correlation analysis showed that there was, sometimes, a closer relationship 

between faecal indicators in pond water and absolute number of waterfowl than with 

waterfowl per unit pond area (Table 4.10). This was probably due to non-uniform 

horizontal distribution of both waterfowl and bacteria. Waterfowl gather to be fed and 

will defecate at ponds margins adjacent to roadsides; i. e. where the samples were taken.
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Although Cl. perfringens is suggested as a promising new faecal indicator in the 

context of water treatment (Payment and Franco, 1993), it seems not to convey much 

information about the impact of waterfowl on the microbiological quality of pond water. 

The lack of a significant difference between Cl. perfringens in the water at South Dalton 

and Holme-on-Spalding-Moor (Table 4.6) and its relatively weak correlation with 

waterfowl abundance (Table 4.10) suggests that waterfowl were not necessarily the 

principal source of presumptive Cl. perfringens. Since the spores of Cl. perfringens 

persist for long periods the presence of Cl. perfringens may indicates distant or past 

pollution (Horan, 2003). It is possible that contaminated soil might be a significant 

source.

4.4.3 Heterotrophic plate counts and counts of total bacteria in pond water

The greater abundance of culturable heterotrophic bacteria and of total bacteria 

by DAPI counts in the water at South Dalton than at Holme-on-Spalding-Moor (Table 

4.6) was probably related to higher levels of organic matter. This is very likely related 

to enrichment caused by defecation by the dense population of waterfowl.

The greater abundance of culturable heterotrophic bacteria in sediment than in 

water at both South Dalton and Holme-on-Spalding-Moor (Tables 4.7; 4.8) probably 

reflected the accumulation of organic matter in sediment at both sites. Waterfowl faeces 

will contribute to this at South Dalton, but there will be other, diverse, both natural and 

artificial sources of organic matter at both ponds.
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4.4.4 Comparison between bacterial concentrations in water and bottom 

sediments of village ponds

The present study has highlighted the role of sediment as a reservoir for faecal 

indicators. A comparison of the faecal indicator and heterotrophic bacterial 

concentrations in water and sediment samples was made at South Dalton (Table 4.11) 

and Holme-on-Spalding-Moor (Table 4.12). At both sites, the abundance of faecal 

indicators and heterotrophic bacteria was observed to be more than hundred times 

greater in sediment than in water (Tables 4.11; 4.12). These results support the findings 

of other studies which have suggested that concentrations of faecal coliforms, 

heterotrophic bacteria and potential pathogens are many fold higher in aquatic 

sediments than in the overlying water, both fresh and marine (Tunnicliff and Brickler, 

1984; Sherer et al., 1992; Davies et al., 1995; Buckley et al., 1998; Crabill et al., 1999; 

Niewolak and Opieka, 2000; An et al., 2002; Aim et al., 2003). The prevalence of 

faecal indicators at high densities in bottom sediments may be attributed, in part, to a 

combination of sedimentation and adsorption, which provides favourable, non­

starvation, conditions to bacteria (Davies et al., 1995). The bacteria may survive for 

long periods in sediments and so cumulatively become responsible tor the occurrence ot 

high densities of faecal bacteria in sediments (Burton et al., 1987).

The impact of sediment-bound bacteria on the microbiological quality of 

overlying water has been investigated (Grimes, 1980; Crabill et al., 1999; An et al., 

2002). The disturbance of bottom sediments that are heavily contaminated with faecal 

bacteria can result in their resuspension. The activity of waterfowl may do this, as is 

shown by the high turbidity of ponds with large waterfowl populations (Table 4.5). 

Consequently, bacterial numbers in overlying water may be reinforced, which creates a 

further potential health hazard. Thus, in the light of previous and present findings, it is
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suggested that public health authorities might consider bottom sediment in their 

monitoring of recreational waters.

4.4.5 Presence or absence of enteric bacterial pathogens

4.4.5.1 Campylobacter species

The apparent absence of Campylobacter from the East Yorkshire ponds that had 

waterfowl (Table 4.13) was unexpected (the hypothesis being tested was that 

Campylobacter would more likely be present in ponds with waterfowl); three post­

enrichment isolates on mCCDA from South Dalton, Little Weighton and Brantingham, 

were culturable on blood agar under both aerobic and microaerobic conditions and 

hence were not confirmed as Campylobacter. In contrast, clinical isolates of 

Campylobacter, supplied by the Public Health Laboratory Service (PHLS) at Hull, did 

confirm as Campylobacter. The absence of Campylobacter during summer months from 

water and sediments of ponds with dense populations of waterfowl, when the water 

temperature was up to 19 °C, was explicable since this organism shows strong seasonal 

trends in recovery rates, being present in large numbers only during winter months 

(Bolton et a l, 1987; Carter et al., 1987; Mawer, 1988; Pianetti et al., 1998; Obiri-Danso 

and Jones, 1999a). However, the absence of this bacterium from the water and 

sediments of ponds with waterfowl during winter months remains puzzling. The 

standard PHLS protocol used in the present study required the filtration of 1000 ml 

water samples. It is suggested that the seeding of enrichment cultures with the residue 

from a large volume of water, or with 5.0 ml of microbially-rich sediment, may have led 

to out-competition of Campylobacter, by non-specific heterotrophic bacteria, to the 

extent that it was unable to grow to detectable levels in the enrichment culture. This 

hypothesis is tested later in this thesis (Chapter 5).
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Campylobacter species have been found in the intestinal tract of many species of 

waterfowl, including ducks and geese (Luechtefeld et al., 1980; Pacha et al., 1988; 

Aydin et. al., 2001; Kassa et al., 2001). However, Hill and Grimes (1984) failed to 

isolate Campylobacter from water, sediment or from about 50 avian caecal-content 

samples from Lake Onalaska, a Mississippi River navigation pool that harboured 

approximately 6.1 x lO4 ducks and geese. This finding suggested that Campylobacter 

may exhibit sporadic distribution in response to feeding habits, geographical 

distribution and mixing of waterfowl with other birds and animals (Hill and Grimes, 

1984). Feare, et al. (1999) also did not isolate Campylobacter from 600 faecal 

droppings of ducks and geese that were collected from 12 parks located in London, 

south-east England, Yorkshire and northern England over a period of two years. This 

variation between studies is perhaps explained by differences in the methods used to 

detect Campylobacter. For this reason some of the literature should be viewed with 

caution.

4.4.5.2 Salmonella species

The recovery of Salmonella from South Dalton bottom sediment and its absence 

from the water (Table 4.13) might be attributed, in part, to concentration through 

sedimentation and also to greater survivability of Salmonellae in sediment than in water 

(Burton et al., 1987; Fish and Pettibone, 1995; Winfield and Groisman, 2003). This 

finding agrees with Hendricks (1971) and Van Donzel and Geldreich (1971), who 

observed higher Salmonella recovery rates from bottom sediments than from surface 

water in diverse rivers. The Salmonella at South Dalton was found only in summer 

(June-August). This supported the findings of Pianetti, et al. (1998), who recorded that 

Salmonella is most readily found during summer and autumn.
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The absence of Salmonella from the water of the East Yorkshire village ponds, 

particularly these with dense populations of ducks and geese may be because healthy 

waterfowl do not necessarily harbour enteric pathogens. Damare, ct al. (1979) and 

Hussong, et al. (1979) were unable to isolate Salmonella from waterfowl, and 

concluded that healthy birds, away from pollution, do not carry enteric pathogens. If 

these pathogens were present, they were probably in numbers below the level of 

detection. In contrast, however, isolation of Salmonella from a wide range of apparently 

healthy birds was reported by Kapperud and Rosef (1983) and Feare, et al. (1999).

The present study utilised a presence/absence assay for the enumeration of 

Salmonella, hence, absolute numbers were not determined. Infective doses for 

salmonellosis in humans are as little as between 101 and 103 bacterial cells (Blaser and 

Newman, 1982). Hence, the presence of this potential pathogen in the sediment of 

South Dalton pond might indicate a possible health threat.

4.5 CONCLUSIONS

Waterfowl are often regarded as a positive feature of amenity ponds in English 

villages; adults and children enjoy feeding them.

• Significant correlation, however, was found between abundance of E. coli in 

pond water and numbers of waterfowl (Table 4.10).

• Faecal indicators in the water of East Yorkshire ponds with ducks and geese 

(Tables 4.7; 4.9) always exceeded not only EU guidelines, but the absolute 

requirement for bathing waters (EU, 1994) of < 2000 E. coli per 100 ml and < 

400 faecal streptococci per 100 ml.

• These ponds are not used for bathing, nevertheless with these high 

concentrations of faecal indicators there is a potential hazard from pathogens 

especially since Salmonella was found in some samples.
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• Skin contact and accidental ingestion of water is probably best avoided.

• Ponds without waterfowl were better than EU requirements for bathing waters or 

only intermittently infringed them.
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CHAPTER 5

THE RECOVERY OF THERMOPHILIC CAMPYLOBACTERS 

FROM POND WATER AND SEDIMENT AND THE PROBLEM OF 

INTERFERENCE BY BACKGROUND BACTERIA IN 

ENRICHMENT CULTURE

5.1 INTRODUCTION

The association of Campylobacter species with mammalian disease has been 

described since 1913 (Thomas et a l, 1999a). However, Campylobacter was not 

recognised as a common cause of diarrhoea in humans until the mid 1970s, when 

Skirrow (1977) successfully isolated the bacterium for the first time from stool samples 

of diarrhoea patients. Skirrow developed a selective solid medium that supports the 

growth of Campylobacters and at the same time, suppresses the growth of other bacterial 

flora. This medium contained blood, vancomycin, polymixin and trimethoprim. 

Skirrow’s success initiated further developments in the methods and culture media that 

are applied to the isolation of the organism from faecal and environmental samples. 

These developments have facilitated the elucidation of many problems related to the 

presence of Campylobacter in the environment and its epidemiology.

Epidemiological investigations have suggested that Campylobacter is possibly 

the leading world-wide cause of human enteritis (Thomas et al., 1999a; Oberhelman 

and Taylor, 2000; Frost, 2001). Campylobacter species that are implicated in water­

borne and food-borne human infections are Campylobacter jejuni and C. coli (Percival 

et al., 2004; Nel and Markotter, 2004). Campylobacters have been found in almost all 

types of surface waters that are subject to faecal contamination, i. e. rivers (Stelzer et
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al., 1989), lakes (Arvanitidou et al., 1995), ponds and land drains (Mawer, 1988) as 

well as in marine waters (Alonso and Alonso, 1993). Campylobacter species are wide 

spread in the environment. Sewage effluents, livestock farming, and wild animals are 

established as potential sources of Campylobacters to environmental waters (Stelzer et 

al., 1991; Koenraad et al., 1997; Jones, 2001). Contaminated surface water is believed 

to be a significant vehicle for the transmission of Campylobacter to animals and humans 

(Bolton et al., 1987; Thomas et al., 1999a; Frost, 2001).

5.1.1 Detection and confirmation of Campylobacters from environmental

waters

The detection of Campylobacters from environmental waters poses some 

problems. The presence of stressed Campylobacter cells in small numbers, within a 

large native bacterial flora, necessitates the application of extremely sensitive recovery 

methods. The Public Health Laboratory Service (PHLS) standard protocol for the 

detection of presumptive Campylobacters in all types of water (i.e. drinking and 

recreational) recommends the membrane filtration of 1000 ml samples followed by 

overnight incubation of the membranes in selective enrichment broth (PHLS, 1998d). 

The confirmation of presumptive isolates is conventionally based on a range of 

morphological and biochemical tests. In recent years, PCR has been extensively applied 

to the detection and identification of a wide range of pathogenic bacteria from 

environmental and clinical samples (Karch et al., 1995; Toze, 1999; Olsen, 2000), 

including Campylobacter species (Waage et al., 1999). PCR primers that amplify a 

conserved region of the JlaA and flaB genes have been successfully applied to the 

detection of Campylobacter jejuni and C. coli (Oyofo et al., 1992; Wegmiiller et al., 

1993).
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5.1.2 Aims

A previous Chapter (Chapter 4) describes difficulties that were encountered with 

the isolation of thermophilic Campylobacters from water and sediment in a survey 

conducted on village ponds, which were subject to faecal pollution, primarily from 

waterfowl, over a period of seven months. Failure to detect Campylobacters in 

environmental waters within which the organism is present can be attributed to many 

factors, including shortcomings of the isolation method. The aim of this Chapter is to 

address this problem and to describe a development of the United Kingdom PHLS 

(PHLS, 1998d) protocol for the detection of presumptive thermophilic Campylobacters 

that allows its application to turbid pond water and bottom sediment, and to evaluate 

PCR for the rapid confirmation of Campylobacters from these habitats.

5.2 MATERIALS AND METHODS

5.2.1 Sites and sampling

The study sites were five roadside village ponds in East Yorkshire, NE England. 

Three ponds have permanent populations of ducks and sometimes geese. These ponds 

are at Brantingham, Little Weighton and South Dalton. Waterfowl populations were not 

observed in the other two ponds. These were at Bentley and Sancton. The pond at 

Holme-on-Spalding-Moor was found to be completely dry when visited during (October 

2003). All ponds receive run-off from adjacent roads, and are amenity sites. Detailed 

description of these five ponds and their environs is given in Chapter 2.1.

Water and sediment samples were collected in the morning in August, October, 

and December 2003 from Brantingham, Little Weighton and South Dalton. Water 

samples only were collected during October and November 2003 from Bentley and 

Sancton. Surface water samples were collected in sterile polypropylene bottles as
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described in Chapter 3.1.1. Samples of the superficial sediment were scooped with the 

aid of a spoon, from shallow areas, with water depth of less than 10 cm, near the 

roadside, during September-November 2003, and transferred to sterile 30-ml universal 

bottles. All samples were kept on ice and in darkness during transportation; 

microbiological assays were begun on the same day as sampling.

5.2.2 Abiotic variables

Water temperature, pH, conductivity and turbidity of the water of these ponds 

were measured as described in Chapter 3.2.

5.2.3 Detection of thermophilic Campylobacters from water and sediment

A membrane filtration technique was employed for the detection of thermophilic 

Campylobacters in water samples, based on the standard methods for the examination of 

water as used by the Public Health Laboratory Service (PHLS, 1998d), but a range of 

volumes was used. Water samples, 10 ml, 100 ml and 1000 ml were membrane filtered 

and were processed as described in Chapter 3.3.2.1.

Different quantities of sediment were also used for enrichment. 1.0 ml of 

sediment was transferred to 9.0 ml of sterile, quarter strength Ringer solution. This 

made a x 10 dilution. Aliquots of 1.0 ml of the ten times diluted sediment, and 1.0 ml 

and 5.0 ml of undiluted sediment samples were transferred to sterile universal bottles. 

Preston enrichment broth (32 ml) was added and the procedure was then continued as 

described in Chapter 3.3.2.1.
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5.2.4 Confirmation of presumptive thermophilic Campylobacters

Presumptive colonies were subjected to the following confirmatory tests: Gram 

stain; cell shape; presence of oxidase and catalase; growth on blood agar at 37 °C under 

microaerobic but not aerobic conditions and PCR.

Gram stain was performed as follows: a loopful of sterile deionised water was 

placed on a clean slide. A small amount of a presumptive Campylobacter colony was 

mixed with the water drop and spread over a small area of the slide. The smear was left 

to air-dry at room temperature and was heat-fixed by passing the slide two or three 

times over the hot top of a Bunsen flame. The heat-fixed smear was covered with crystal 

violet stain for 60 seconds. The crystal violet (85 % dye content) was gently washed off 

with deionised water and the smear was then covered with Gram’s iodine solution for 

60 s. The Gram’s iodine was gently washed off with deionised water and the stained 

smear was decolourised with 59 % ethyl alcohol. The slide was held in a slant position, 

alcohol was applied drop by drop for 10 to 20 s, or until the solvent flowed colourless. 

The decolourised smear was finally covered with 0.85 % carbol fuchsin as counter stain 

for 30 s. The use of diluted carbol fuchsin as counter stain instead of saffanin was 

recommended by the American Public Health Association (APHA, 1998) and other 

authors (Pacha et al., 1988; Baffone et al., 1995; Stanley et a l, 1998), who suggested 

that some Campylobacter strains may not be stained by safranin. The stained smear was 

then air-dried and examined using oil-immersion, light microscopy at a magnification of 

x 1000.

The oxidase test was performed as described in Chapter 3.3.2.1. The catalase 

test was done by adding several drops of 3 % hydrogen peroxide (H2O2) to 

Campylobacter colonies growing on mCCDA plates. The observation of bubbles was 

regarded as a positive reaction.
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Growth on blood agar at 37 °C under a microaerobic but not aerobic atmosphere 

was performed as described in Chapter 3.3.2.1, while PCR was done as detailed in 

Chapter 3.3.5.1.

5.2.5 Determination of heterotrophic plate counts and coliform counts

Plate counts of culturable heterotrophic bacteria and coliforms in Campylobacter 

enrichment cultures were made on Nutrient Agar (Oxoid, Basingstoke, UK) and 

MacConkey Agar (Oxoid, Basingstoke, UK) respectively. A volume of 1.0 ml of post 

enrichment broth was added to 9.0 ml of sterile, quarter strength Ringers’ solution. This 

made a 10'1 dilution. This was further diluted to achieve 10'" and 10'3 dilutions. Sub­

samples (0.1 ml) of 10"3 and 10'2 dilutions were pippetted onto the surface of dried 

Nutrient Agar and MacConkey Agar plates respectively. The 0.1 ml sub-samples were 

spread with the aid of a sterile glass spreader. At least ten replicates plates (Nutrient 

Agar and MacConkey Agar) were inoculated from each post enrichment broth. Nutrient 

Agar plates were incubated at 25 °C for 48 hours, whereas MacConkey Agar plates 

were incubated at 37 °C for 24 hours. Colonies were then counted.

5.3.6 Direct counts of total bacteria

Counts of total bacteria in Campylobacter post enrichment cultures were 

performed by the acridine-orange direct count method (Hobbie et al., 1977). Acridine- 

orange stock solution was prepared by dissolving 10 mg of the dye in 20 ml of sterile 

0.2 pm filtered water. An aliquot of 0.1 ml of acridine-orange stock solution was added 

to 5.0 ml sub-samples of the enrichment broth which were kept for 40 minutes in 

darkness at room temperature. Preparation and staining of the filters was carried out as 

described in Chapter 3.3.4. Counting of bacterial abundances was performed under the
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blue light of an Olympus epifluorescence microscope at a total magnification of x 1250. 

For each sample preparation, more than 600 cells were counted. Sterile 0.2 pm filtered 

water was used for a blank count.

5.2.7 Statistical analysis

To test the null hypothesis that enrichments from different volumes filtered did 

not have different concentrations of background bacteria the Kruskal-Wallis non- 

parametric test for differences among means was used (3 treatments x 4 samples).

5.3 RESULTS

5.3.1 Abiotic variables

Results for abiotic variables from all five ponds are shown in Table 5.1. It is 

notable that the ponds with waterfowl had more turbid water (Asgo); Brantingham pond 

was especially turbid. Other abiotic variables were not notably different in the ponds 

with waterfowl, except for temperature which was a reflection of sampling dates.

5.3.2 Detection of thermophilic Campylobacters in pond water and sediment

In all twenty six sets of three samples of pond water (volumes 10 ml, 100 ml, 

1000 ml) and twelve sets of three samples of sediment (0.1 ml, 1.0 ml, 5.0 ml) were 

examined for the presence of thermophilic Campylobacters. Table 5.2 shows that 

presumptive thennophilic Campylobacters were recovered only from the filtration of 10 

ml and 100 ml samples of pond water. Presumptive Campylobacter isolates were never 

recovered following the filtration of 1000 ml samples of pond water. Furthermore, 

Campylobacters were never recovered from the ponds without waterfowl, at Bentley and 

Sancton, whatever the volume of water filtered.
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Results of the recovery of thermophilic Campylobacters from sediment samples 

are shown in Table 5.3. Presumptive Campylobacter isolates were only recovered 

following the enrichment of 0.1 ml and 1.0 ml samples. Presumptive thermophilic 

Campylobacters were never recovered from 5.0 ml sediment samples.

5.3.3 Confirmation of presumptive Campylobacter isolates

All 24 presumptive isolates from pond water and sediment were found to be 

Gram negative, gull-wing shaped, both catalase and oxidase positive, and they grew on 

blood agar incubated at 37 C under microaerobic, but not aerobic conditions. Hence 

they were all confirmed as Campylobacter. DNA extracted from all 24 presumptive 

isolates was successfully amplified by PCR. The amplified products were between 340 

and 380 bp in length (Figs. 5.1 and 5.2). This reinforced the confirmation that these 

isolates were thermophilic Campylobacters, but did not indicate whether they were C. 

jejuni or C. coli.

5.3.4 Heterotrophic plate counts, coliform counts, and acridine-orange 

direct counts of total bacteria

Heterotrophic plate counts, coliform counts and direct microscopic counts of 

total bacteria were performed on post enrichment cultures derived from water samples 

from Brantingham, Little Weighton and South Dalton. All Campylobacter-negative 

cultures, from 1000 ml filtration, had higher levels of heterotrophic bacteria and 

colifonns than did the positive cultures (10 ml, 100 ml) (Table 5.4). The count ot total 

bacteria in Campylobacter-negative enrichments was many fold higher than in positive 

cultures (Table 5.4). The Kruskal-Wallis test showed that there was significant 

difference in heterotrophic plate counts, coliforms, and total bacteria between 

enrichments set up using different volumes filtered (Table 5.4).
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Table 5.1 Abiotic variables for all five ponds, August-December 2003
Mean (range) n

Brantingham Little Weighton South Dalton Bentley Sancton
Temperature
(°C)

13
(3-22)3

12
(4-20)3

13
(3-22) 3

7
(4-9)2

5
(4-7)2

PH 6.5
(6.5-6.6) 3

6.6
(6.3-7.0) 3

6.6
(6.5-6.7) 3

6.7
(6.5-6.9) 2

6.6
(6.4-6.8) 2

Absorbance 
(580 nm)

0.7
(0.5-0.9) 3

0.07
(0.05-0.09) 3

0.03
(0.03-0.03) 3

0.011
(0.008-0.014)2

0.0025
(0.001-0.004)2

Conductivity 
(|iS cm'1)

1517
(1510-1526)3

1047
(1033-1057)3

1517
(1510-1520)3

580
(415-744)2

1069
(1002-1135)2

Waterfowl* 20
(19-21)3

20
(20-20)3

14
(12-19)3

0
(0-0) 2

0
(0-0) 2

' indicates ducks and sometimes geese, n = total number of samples.
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Table 5.2 The recovery of thermophilic Campylobacters from pond water, August- 
December 2003

Volume of water filtered
10 ml 100 ml 1000 ml

Location of pond n:p (%) n:p (%) n:p (%)
South Daltonf 6:5 (83) 6:6(100) 6:0 (0)

Little Weighton' 6:2 (33) 6:2 (33) 6:0 (0)

Brantingham' 6:2 (33) 6:2 (33) 6:0 (0)

Bentley* 4:0 (0) 4:0 (0) 4:0 (0)

Sancton* 4:0 (0) 4:0 (0) 4:0 (0)
Total for all ponds 26:9 (35) 26:10(39) 26:0 (0)
n = total number of samples.
p = number of positive samples (percentage of positive samples in brackets). 
' Ponds with waterfowl.
+ Ponds without waterfowl.
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Table 5.3 The recovery of thermophilic Campylobacters from pond sediment, 
September-November 2003________ ___________________________________

Volume of sediment used for inoculation
0.1 ml 1.0 ml 5.0 ml

Location of pond n:p (%) n:p(%) n:p (%)
South Dalton 4:2 (50) 4:2 (50) 4:0 (0)

Little Weigh ton 4:0 (0) 4:1(25) 4:0 (0)

Brantingham 4:0 (0) 4:0 (0) 4:0 (0)
Total for all ponds 12:2(17) 12:3 (25) 12:0(0)
n = total number of samples.
p = number of positive samples (percentage of positive samples in brackets).
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Fig. 5.1 Results of PCR on presumptive Campylobacter isolates recovered from 

pond water. Lane M represents a 100 bp ladder; lanes 1-2 presumptive Campylobacters 

from filtration of 10 ml of South Dalton water; lanes 3-4 from 100 ml of South Dalton 

water; lanes 5-6 from 10 ml of Little Weighton water; lanes 7-8 from 100 ml of Little 

Weighton water, lane 9 from 10 ml of Brantingham water, lane 10 from 100 ml of 

Brantingham water, Lane 11 is a positive control (a clinical Campylobacter isolate); 

lane 12 is a negative control (a DNA-free amplification).
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Fig. 5.2 Results of PCR on presumptive Campylobacter isolates recovered from 

pond sediment. Lanes M represents a 100 bp ladder; lane A is a positive control (a 

clinical Campylobacter isolate); lanes B-C presumptive Campylobacters from the 

enrichment of 0.1 ml of South Dalton sediment; lane D from 1.0 ml of South Dalton 

sediment; lane E from 1.0 ml of Little Weighton sediment.
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Table 5.4 Heterotrophic plate counts, coliform counts and acridine-orange direct counts in Campylobacter enrichment cultures derived from 
pond water samples__________________________________________________________________________________________________________

_______________________________ Volume of water filtered_____________________________________
10 ml 100 ml 1000 ml P

Mean (range) n________________ Mean (range) n______________ Mean (range) n
Heterotrophic plate count xlO6 cfu m l'1 0.55 (0.013-0.98)4 1.1 (0.66-1.6)4 6.4(1.8-11)4 <0.05

Coliforms x 106 cfu ml'1 0.13 (0.12-0.14)4 0.69 (0.66-0.72) 4 1.6 (1.4-1.8) 4 <0.05

AODC x 109 ml'1 0.036 (0.032-0.038) 4 0.083 (0.071-0.089)4 5.8 (5.5-6.1) 4 <0.05
P is the probability that there is no difference between the number of bacteria in enrichment cultures inoculated with the residue from filtration of

different sample volumes (Kruskal-Wallis test), 

n = total number of samples.

Culturable and total bacterial counts were performed on Campylobacter post enrichment cultures derived from water samples taken from the ponds at 

Brantingham, Little Weighton and South Dalton.
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5.4 DISCUSSION

5.4.1 Detection of thermophilic Campylobacters in pond water and sediment

Thermophilic Campylobacters are thought to be frequently present in aquatic 

environments, but their detection can be difficult. This is because the organism may be 

present in low numbers and/or be sub-lethally injured (i.e. impaired to the extent that 

they are not readily able to grow on culture media). To overcome these problems, the 

detection of Campylobacter from environmental waters involves initial concentration on 

a membrane filter followed by incubation of the filters in an enrichment broth (Hunter, 

1997; Percival et al., 2004).

In the present study, a combination of a selective enrichment procedure and 

selective plating was used. This approach has been reported to increase the recovery of 

Campylobacters from environmental waters (Rosef et al., 2001). Preston enrichment 

broth and mCCDA were used as selective media in the current study, the simultaneous 

use of these two media was suggested to be useful for the determination of thermophilic 

Campylobacters from environmental samples (e.g. water), where Campylobacter 

numbers are low (Corry et al., 1995). The initial incubation of enrichment cultures at 37 

°C followed by selective incubation at 42 °C and then by selective plating seems to 

enhance significantly the recovery of sub-lethally injured thermophilic Campylobacters 

from environmental waters and foods (Humphrey and Muscat, 1989; Scates et al., 

2003).

Since the number of thermophilic Campylobacters in environmental waters is 

believed to be often low, the treatment of a large water volume seems to be an obvious 

way of increasing recovery (Bolton et al., 1982). Hanninen, et al. (2003) found that the 

filtration of 4000 ml to 10,000 ml of tap water increased the recovery of Campylobacters 

in an investigation of three waterborne outbreaks associated with contaminated drinking

102



Chapter 5

water caused by Campylobacter jejuni in Finland. Therefore, the Standard Public Health 

Laboratory Service protocol recommends the filtration of 1000 ml of water. The results 

obtained in the present study, however, showed that the filtration of a large volume 

(1000 ml) of turbid pond water never yielded Campylobacter isolates (Table 5.2). These 

were clearly false-negative results, since the filtration of smaller volumes (10 ml or 100 

ml) of water from the same sites frequently gave positive results.

Since the Campylobacter-negative enrichment cultures from 1000 ml filtration 

had high levels of heterotrophic bacteria, coliforms and total bacterial population (Table 

5.4), it is likely that high levels of background bacteria, competing for nutrients or 

relesing inhibitory compounds, prevented the growth of Campylobacter during the 

enrichment procedure. Aquino, et al. (1996) evaluated direct plating on selective media 

and broth enrichment techniques for the recovery of Campylobacters from heavily 

contaminated poultry products. They found that a large proportion of their samples gave 

Campylobacter isolates with direct plating, yet failed to yield positive Campylobacters 

from enrichment cultures. Likewise, they found that Campylobacter-negative cultures 

had high levels of faecal indicators and lactobacilli, which may have hindered the 

recovery of Campylobacters. Thus, the seeding of enrichment culture with the residue 

from a large volume of turbid water (1000 ml), may lead to overloading by background 

bacteria and the out-competition of Campylobacter to the extent that it is unable to grow 

to detectable levels. Flicker (1987) reviewed various methods that are used to isolate 

Campylobacter from environmental samples and suggested that overloading by 

background microflora may prevent the growth of Campylobacters during the 

enrichment stage; this suggestion is supported by the results presented in this chapter. 

The negative results that were observed for all volumes filtered from the ponds at 

Bentley and Sancton, which did not harbour waterfowl, did not give further information 

about the interference of background bacteria on the recovery of thermophilic
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Campylobacters. However, they suggest that the failure to detect Campylobacter from 

water samples may sometimes reflect their genuine absence. By and large, the results of 

this chapter further support the conclusions of the previous chapter (Chapter 4) that 

waterfowl are responsible for poor microbiological quality and the presence of enteric 

pathogens (i.e. Salmonella and/or Campylobacter) in village ponds. The results in this 

chapter clearly show that thermophilic Campylobacters were recovered only from ponds 

with populations of waterfowl.

Similar conclusions may be made with regard to sediment samples. A large 

volume (5.0 ml) of sediment used for enrichment never gave presumptive 

Campylobacters, whereas smaller volumes did (Table 5.3). The concentration of bacteria 

in aquatic sediment has been reported to be around a hundred times higher than in 

overlying water (Cavallo, et al. 1999), thus the results in the present study suggest that 

the use of a large inoculum of microbially-rich sediment to assess the presence of 

Campylobacters may lead to false-negative results, probably because of competition by 

the background micro flora.

It may be suggested that in the processing of large volumes of turbid water 

(1000 ml), the use of a larger volume of enrichment broth (500 ml or 1000 ml) per 

sample would prevent the interference of background bacteria and allow Campylobacter 

to grow to detectable levels. However, for a laboratory carrying out routine 

investigations, such a procedure would be both expensive and impractical, especially 

when smaller volumes of enrichment broth (150 ml) give positive results provided that 

appropriate volumes of water are processed, as is shown in this study.

5.4.2 PCR as a rapid confirmatory tool for presumptive Campylobacters

The routine confirmation of presumptive Campylobacter isolates is based on 

biochemical tests. These tests are used in almost all laboratories because they are cheap,
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rapid and easy to perform. For instance, the United Kingdom Health Protection Agency 

(HPA) utilises a routine confirmatory route that is based on colony appearance on 

mCCDA medium, microscopic appearance after Gram staining and the production of 

oxidase (HPA, 2003). The main disadvantage using of such tests is possible false­

positive results. For example, Campylobacter-like organisms (i.e. Helicobacter and 

Arcobacter) may be falsely confirmed as Campylobacters. Consequently, there is 

interest in the application of molecular approaches, such as PCR, to the identification of 

Campylobacters. Diergaardt, et al. (2004) isolated 100 presumptive Campylobacters 

from drinking water, ground water, surface water and raw sewage in South Africa. Out 

of the 100 isolates, only 22 did not grow under aerobic conditions and were confirmed 

as Campylobacter spp. by biochemical tests. The analysis of the 16S rRNA sequence, 

however, revealed that only three of the 22 confirmed isolates were Campylobacter 

jejuni, while the remaining 19 isolates were identified as Arcobacter butzleri 

(Diergaardt et al., 2004).

The Campylobacter flagellum is believed to be a significant virulence factor 

(Ketley, 1997; Percival et al., 2004). In this study, a PCR protocol that amplifies the 

intergenic sequence between the Campylobacter flagellin genes, flaA and flaB, was used 

as a rapid confirmatory test on presumptive Campylobacter isolates. Primers CF03 and 

CF04 (Wegmuller et al., 1993) were chosen because of their specificity for detecting C. 

jejuni and C. coli. The amplification of these primers is thought to give a 340 to 380 bp 

fragment with C. jejuni and C. coli (Wegmuller et al., 1993). Although Wegmuller, et 

al. (1993) did suggest that C. lari may also give a similar product size with primers 

CF03 and CF04, the results of Waage, et al. (1999), however, indicated that some C. 

lari strains give products of 300 or 450 bp with these primers while other strains of C. 

lari are never amplified. Therefore, only C. jejuni and C. coli give the 340-380 bp 

fragment.
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The results presented in this chapter showed that the amplification of DNA 

extracted from all 24 presumptive Campylobacter, isolates and also from a clinical 

isolate, produced PCR fragments of 340-380 bp in length (Figures 5.1; 5.2). Thus, all 

presumptive isolates that were tested in the present study were confirmed as 

Campylobacter spp. and it can be concluded that they were either C. jejuni or C. coli on 

the basis of the work described by Wegmuller, et al. (1993) and Waage, et al. (1999).

5.6 CONCLUSIONS

• Filtration of a large volume of turbid environmental water or the use of a large 

volume of sediment may be counterproductive and may not yield presumptive 

Campylobacters.

• This is because of competition by background microflora in enrichment culture.

• For turbid pond water filtration of 10 ml or 100 ml were most appropriate in the 

ponds studied here.

• Pilot studies to establish appropriate volumes of environmental water or 

sediment samples should be undertaken before routine determination of 

Campylobacter is begun,
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CHAPTER 6

SOURCES AND DISTRIBUTION OF CAMPYLOBACTER 

AND SALMONELLA IN VILLAGE PONDS

6.1 INTRODUCTION

The presence of Campylobacter and Salmonella species in environmental waters 

constitutes a potential threat to human health, since these enteric bacterial pathogens are 

involved in many water-borne disease outbreaks worldwide (Hunter, 1997; Percival et 

a l, 2004). Campylobacters and salmonellae are common inhabitants of the intestinal 

tract of wild birds and they are frequently detected in sewage effluents and in run-off 

water from livestock farms (Murray, 2000; Jones, 2001; Refsum et a l, 2002a). These 

sources constitute important avenues of contamination to natural waters and can 

contribute to the transmission of disease.

6.1.1 Sources of Campylobacters and salmonellae to natural waters

Campylobacter and Salmonella are not indigenous to aquatic environments. 

Hence, their presence indicates faecal contamination. These organisms can reach natural 

waters through point sources (e.g. sewage treatment works) and non-point sources (e.g. 

run-off or wild fauna) of contamination.

Sewage effluents are a common source of enteric pathogens to natural waters. 

The discharge of untreated or partially treated effluent from sewage treatment works, 

abattoirs and meat processing plants into surface water contributes to the overall loading
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of Campylobacters and salmonellae in natural waters (Bolton et al., 1987; Jones et a l, 

1990a; Jones et al., 1990c; Geldreich, 1996; Baudart et al., 2000).

Run-off from land is also increasingly being recognised as a major cause of 

transient deterioration in the microbiological quality of natural waters and is a public 

health concern. Run-off from pasture and arable land can include faeces from grazing 

cattle and sheep and slurries and manures and sewage sludge put onto land as fertilizer. 

Thus run-off was found to have high bacterial loads (Heinonen-Tanski and Uusi- 

Kámppá, 2001). Such run-off was reported to be a significant source of microbiological 

pollution in the River Riato, Spain (Fernández-Alvarez et al., 1991), and caused failure 

to meet water quality standards on shorelines in Southern California (Noble et al., 

2003). There is a growing public health concern about the contamination of natural 

waters by rain-related run-off because it is important in the distribution and 

dissemination of pathogens in natural waters. For examples, the presence of 

thermophilic Campylobacters at freshwater bathing beaches on the River Lune, UK was 

attributed, in part, to agricultural run-off (Obiri-Danso and Jones, 1999a). In another 

study of thermophilic Campylobacters in a river system in Lancashire, UK, Bolton, et al. 

(1987) noted a sharp increase in the abundance of Campylobacter following rainfall, 

suggesting that run-off from adjacent agricultural land was a leading source of 

Campylobacter. Likewise, Claudon, et al. (1971) isolated 13 Salmonella serotypes from 

Lake Mendota, a lake used for recreation at Madison, Wisconsin. The presence of 

Salmonella in the lake water was due to contamination by run-off. Similarly, Baudart, et 

al. (2000) reported around 6.2 x 1010 1000 ml'1 Salmonella in estuarine waters of the 

Tech River, France as a result of rain-related run-off.

Wild birds, especially waterfowl, appear to be a major zoonotic reservoir of 

Campylobacter (Luechtefeld et al., 1980; Pacha et al., 1988; Waldenstrom et al., 2002). 

Wild birds, including waterfowl, are also recognised as carriers of Salmonella, although
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the incidence of Salmonella carriage appears to be low (Kapperud and Rosef, 1983; 

Feare et al., 1999; Murray, 2000; Refsum et al., 2002a). Since the presence of 

waterfowl increases the abundance of faecal indicator bacteria in natural waters, as 

shown in Chapter 4, it may be suggested that these birds can be an important source of 

pathogens in surface waters. Thus, mallard ducks {Anas platyrhinchos) were, in part, the 

source of large numbers of thermophilic Campylobacters in coastal bathing waters on 

the River Lune, England (Obiri-Danso and Jones, 1999a).

In general, the presence of Campylobacters and salmonellae in natural surface 

waters can be attributed to a combination of several of the above-mentioned sources. 

This was observed by Obiri-Danso and Jones (1999a, 1999b), who reported that 

Campylobacter and Salmonella in the bathing waters of the River Lune (fresh water) 

and Morecambe Bay (marine) came from a diversity of sources, primarily, sewage 

effluent, run-off from agricultural land, and wild birds (ducks and gulls).

6.1.2 Typing of environmental isolates of Campylobacter and Salmonella

Typing of Campylobacters and salmonellae derived from the environment, 

particularly natural waters, can provide significant information about the source of 

contamination. In a study of the effects of sewage treatment works effluent on faecal 

indicators and Campylobacters in bathing waters, Obiri-Danso and Jones (1999b) 

isolated only Campylobacter lari and urease-positive thermophilic Campylobacters 

(UPTCS). This indicated that the source of Campylobacters was not sewage effluents 

because C. lari and UPTCS are more typical of birds such as gulls. However, Polo, et 

al. (1999) examined 823 isolates of Salmonella from sea, river and reservoir waters in 

North-East Spain. They found 55 different serotypes, the majority of which were the 

same as those found in clinical specimens, suggesting that human sewage was the most 

likely source of contamination. In general, typing of pathogenic bacteria from the
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environment provides important epidemiological information related to: (i) tracking the 

route of transmission to humans, (ii) monitoring the geographic and temporal 

distribution of specific strains and (iii) developing control strategies (Newell et al., 

2000).

6.1.2.1 Approaches to the typing of Campylobacter and Salmonella

Typing methods for both Campylobacter and Salmonella are based on either 

phenotype or genotype. The phenotypic methods include phage typing and serotyping. 

In clinical laboratories, phenotypic methods are preferred because of their ease of use 

and relatively low cost. Genotypic methods, however, are preferred in research 

laboratories because of their discriminatory power and high sensitivity.

6.1.2.1.1 Phage typing

Phage typing for Campylobacter and Salmonella is widely used by reference 

laboratories (Grajewski et al., 1985; Jayasheela et al., 1987; Jones et al., 2000). 

Bacteriophages used for typing are isolated from the environment, usually from sewage 

effluents. The phages are then enumerated and purified using a bacterial lawn on an 

agar plate (plaque isolation technique). Following isolation, the phages are identified 

against a wide range of referenced isolates to establish the host range and the plaque 

morphology. Once the host range and the plaque morphology are being established, the 

production of large stocks of typing-phages can begin.

6.1.2.1.2 Serotyping

Serotyping schemes are designed to target specific antigens on the surface of 

bacterial cells. These antigens are the somatic O and/or the flagellar H antigens. The 

somatic antigens are on the cell wall and are polysaccharides, while the flagellar 

antigens are proteinaceous. Flagellar antigens have two phases, the H antigens are
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referred to as diphasic. Strain-specific antigens are recognised by agglutination with 

specific agglutinating antibodies (Jones et a l, 2000).

Campylobacter serotyping schemes are based on the agglutination of specific 

antigens with antisera. Two schemes are used for serotyping Campylobacter isolates. 

The Penner scheme (Moran and Penner, 1999) which is based on the presence of 

soluble, heat-stable (HS), antigens. These antigens are lipopolysccharides on the cell 

surface (i.e. somatic O antigens). The other scheme is called after Lior (Lior et a l, 

1982) and detects diverse heat-labile antigens (these are flagellar H antigens). The 

Penner scheme was found to fulfil most of the criteria required of a typing method 

(McKay et a l, 2001), hence its worldwide adoption by laboratories undertaking routine 

typing.

The genus Salmonella has perhaps the most elaborate, and certainly the largest, 

serological typing system among bacteria. Salmonella serovars are specifically 

identified on the basis of their respective O and H antigens using the White-Kaufffnann- 

Le Minor (WKL) scheme (Jones et a l, 2000). There are more than 2000 serotypes of 

Salmonella that belong to the aggregate species, S. enterica, Table 6.1 shows antigenic 

profiles of some Salmonella species according to the WKL scheme (Timbury et a l, 

2002).

Because other members of the Enterobacteraceae may possess similar antigens 

as Salmonella and, therefore, may give agglutination with Salmonella antisera (e.g. 

Citrobacter with Group C antisera), it is recommended that serotyping should be earned 

out only after presumptive isolates have been confirmed as Salmonella using 

biochemical tests (Jones et a l, 2000).
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Table 6.1 selected salmonellae within the aggregate species S. enterica showing 
antigenic profiles according to the White-Kauffmann-Li Minor scheme______

Serotype (species) Group O antigen types
H antigen types 

Phase 1 Phase 2
S. paratyphi A A 1,2,12 A -

S. paratyphi B B 1,4, 5, 12 B 1,2

S. agona B 4, 12 f, g, s -

S. typhimurium B 1,4, 5, 12 I 1,2

S. paratyphi C C 6,7 C 1,5

S. typhi D 9, 12 D -

S. enteritidis D 1,9,12
__________

-

Adopted with modification from: Timbury, et al. (2002).

6.1.2.1.3 Molecular typing methods

Although serotyping methods are widely used, they have the major disadvantage 

that many untypable strains are encountered. This is especially so for Campylobacter 

isolates. Untypable strains amongst confirmed Campylobacter isolates from 

environmental samples (i.e. water and animal faeces) have been reported (Manser and 

Dalziel, 1985; Mawer, 1988; Brennhovd et al., 1992). This problem, has led to the 

development of DNA-based typing methods which have high sensitivity and 

discriminatory power. Typing by digestion of bacterial DNA using restriction enzymes 

that cleave the DNA (i.e. pulsed-field gel electrophoresis PFGE) has proved to be useful 

for both Campylobacters (Broman et al., 2004) and salmonellae (Refsum et al., 2002b) 

from clinical and environmental sources. Other DNA-based methods include: rapid 

amplification of polymorphic DNA (RAPD); amplified fragment length polymorphism 

fingerprinting (AFLP); polymerase chain reaction-restriction fragment length 

polymorphism (PCR-RFLP); and, most recently the flagelling typing (fla typing) for 

Campylobacter. The value of these DNA-based methods for typing bacterial pathogens,
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particularly Campylobacter has been addressed by Rivoal et al. (1999), Newell et al. 

(2000), and Petersen and On (2000).

Nucleotide sequencing (with or without prior PCR amplification) has also been 

recently considered as an alternative molecular genomic technique for typing bacterial 

isolates. Sequencing provides high discrimination power and the results may be 

interpreted by the aid of appropriate computer programmes. Sequence analysis has been 

successfully applied to the flagellin locus of Campylobacter jejuni (JlaA gene) 

(Harrington et al., 1997; Meinersmann et al., 1997).

6.1.3 Aims

Campylobacter and Salmonella were isolated from the water and sediments of 

village ponds using the methods described in previous chapters (Chapters 4 and 5). 

Recovery of these pathogens was successful only from ponds that harboured waterfowl. 

Waterfowl were clearly the source of high numbers of faecal indicators in village ponds 

and it was suggested that they could also be the source of Campylobacters and 

salmonellae. These ponds, however, are also subject to pollution from run-off which is 

potentially an alternative source of Campylobacters and salmonellae. The work 

described in this chapter tested the hypothesis that waterfowl are a significant source of 

Campylobacter and Salmonella in village ponds. It is complementary to the work 

described in Chapter 4 that supported the hypothesis that general microbiological 

quality is worse in ponds with waterfowl. The work aimed to isolate Campylobacters 

and salmonellae from the faeces of waterfowl and from the run-off water that enters 

village ponds. Molecular methods were used to type confirmed isolates of 

Campylobacter and Salmonella and to compare them with those previously isolated 

from the water and sediment (Chapters 4, 5).
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6.2 MATERIALS AND METHODS

6.2.1 Sites and sampling

The study sites were three roadside village ponds in East Yorkshire, NE 

England. These ponds have populations of ducks, and sometimes geese. The ponds are 

at Brantingham, Little Weighton and South Dalton. All receive run-off from adjacent 

roads. The ponds are amenity sites and they and their environs were described in 

Chapter 2.1.

A total of 90 fresh (still moist) faecal droppings of ducks were collected from 

adjacent to the three ponds during August, October and December 2003. Thirty of these 

were from each pond. Faecal samples were collected using forceps and were transferred 

into sterile 30-ml universal bottles. Samples of run-off water were collected during 

rainfall events, from the ponds’ input pipes, into sterile 1000-ml polypropylene bottles. 

Altogether, 18 pairs of replicate samples of run-off water were collected from the three 

ponds during December 2003-January 2004. All samples of faeces and run-off water 

were kept on ice, in darkness, during transportation and microbiological assays were 

begun later on the same day as sampling. Water and sediment samples (Chapter 5) were 

collected at the same time as the faecal samples, while run-off samples were collected 

during rain-fall events.

6.2.2 Abiotic variables

pH, conductivity and turbidity of run-off water samples were measured as 

described in Chapter 3.2.

6.2.3 Detection of Campylobacters and salmonellae in faecal samples

Faecal samples from ducks were screened for Campylobacters and salmonellae 

by means of selective enrichment and selective plating technique. For isolation of
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Campylobacter, 0.2 g wet weight of each faecal sample was transferred to a sterile bijou 

bottle. Preston enrichment broth (about 8.0 ml) was added leaving little air space (less 

than 0.5 ml), in order to achieve microaerobic conditions, and the procedure was then 

continued as described in Chapter 3.3.2.1. For isolation of Salmonella 0.2 g wet weight 

of each faecal sample was also used. The samples were transferred to 10 ml buffered 

peptone water broth and the procedure was continued as described in Chapter 3.3.2.2.

6.2.4 Detection of Campylobacters and saimonellae in run-off water

Membrane filtration techniques were employed for the detection of 

Campylobacters and salmonellae in run-off water samples. These were based on the 

standard methods for the examination of water as used by the Public Health Laboratory 

Service (PHLS 1998d-e). Run-off water samples, volume 10 ml and 100 ml, were 

membrane filtered and processed as described in Chapter 3.3.2.1 and 3.3.2.2.

6.2.5 Confirmation of presumptive Campylobacters and salmonellae

Presumptive Campylobacter colonies were subjected to the following 

confirmatory tests: Gram stain; cell shape (Chapter 5.4.3); presence of oxidase and 

catalase; growth on blood agar at 37 °C under microaerobic but not aerobic conditions 

(Chapter 3.3.2.1); and by PCR (Chapter 3.3.5.1)

Presumptive salmonellae were confirmed by means of biochemical tests (growth 

on lysine iron agar and urea broth) as described in Chapter 3.3.2.2, and by PCR as 

described in Chapter 3.3.5.1.

6.2.6 Molecular typing of confirmed Campylobacters

DNA sequences were determined using amplified PCR products from 

Campylobacter isolated from faecal samples and run-off water. Amplification was done
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using the primers CF03 and CF04 as described in Chapter 3.3.5.1. DNA from 

Campylobacters previously isolated from pond water and sediment (Chapter 5) was also 

amplified and sequenced. Sequencing was performed using a capillary electrophoresis 

sequencer, Beckman Coulter CEQ 8000 (Appendix 3A). Sequence data were 

interpreted and aligned using CodonCode Aligner (Codoncode Corporation, Dedham, 

MA, USA). Capillary electrophoretic sequencing has previously been proved useful for 

genotyping of bacterial species (Baele et al., 2002).

The sequencing procedure followed four steps, (i) cleaning of the template 

DNA, (ii) the sequence reactions, (iii) post sequencing clean up with ethanol, and (iv) 

capillary electrophoresis. The steps were performed as follows:

(i) DNA cleaning: PCR products were cleaned prior to sequencing. For 

each sample, 1.0 pi of PCR products which contained the template 

DNA was added to 0.4 pi of exonuclease and shrimp alkaline 

phosphatase (EXOSAP) (Beckman Coulter Inc., Fullerton, CA), in a 

sterile microcentrifuge tube (total volume 1.4 pi). The tube was 

incubated at 37 °C for 15 min, followed by 15 min at 80 °C.

(ii) Sequence reaction: Each of the clean templete DNA samples (1.4 pi) 

was transferred to a sterile microcentrifuge tube which contained 4.0 

pi of dye terminator cycle sequencing (DTCS) quick start master mix 

(Beckman Coulter Inc., Fullerton, CA); 0.5 pi of each primer used 

(0.25 pmol l*1) (i.e. CF03; CF04 for Campylobacter), and 4.1 pi of 

sterile deionised water (total volume in the tubes 10 pi). The 

sequencing temperature cycle was as follows: denaturation at 96 °C 

for 2 min, 30 cycles at 96 °C for 20 sec, 50 °C for 20 sec, and final 

extension at 60 °C for 4 min. After the sequencing reaction was
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complete a volume of 10 pi of each sample was transferred to a 

separate well on a sequencing microtitre plate containing 20 mg m l'1 

(1.0 pi) glycogen, 100 mmol l'1 EDTA pH 8.0 (2.0 pi) and 3 mol l '1 

sodium acetate pH 5.2 (2.0 pi).

(iii) Post-reaction cleaning: 60 pi of 100 % ethanol was added to each 

well in the microtiter plate. The plate was covered tightly by foil and 

vortexed. Next the plate was centrifuged at 2760 RCF for 30 min at 4 

°C. Following centrifugation the foil was removed and the plate was 

inverted over a sink and gently shaken two or three times. Thus the 

ethanol was discarded leaving the DNA in the bottom of the well. 

200 pi of 70 % ethanol was next added to each well in the plate and 

the above procedure was twice repeated with centrifugation for 5 

min. The plate was then inverted and placed on a bed of tissue in a 

centrifuge and spun gently by hand to ensure that no ethanol remains 

in the wells. The plate was put in a vacuum dryer for 60 min to 

remove residual ethanol completely. After the drying, 40 pi of 

sample loading solution (SLS [Beckman Coulter Inc., Fullerton, CA]) 

was added to the DNA in each well. The plate was covered tightly 

with foil and vortexed. The liquid was tapped down to bottom of the 

wells and overlaid with mineral oil. Another plate was prepared with 

the same number of wells which contained running buffer (Beckman 

Coulter Inc., Fullerton, CA).

(iv) Electrophoretic sequencing: The plates were then loaded into the 

Beckman Coulter CEQ™ 8000 and capillary electrophoresis 

sequencing was begun. Standard sequencing procedures were used
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(Anon., 2002): capillary electrophoresis was performed at 50 °C, 

with constant voltage of 4.2 kV for 85 min; denaturation temperature 

was 90 °C for 120 s. and injection voltage was 2.0 kV for 15 s.

6.2.7 Recognition of sequence data

Campylobacter species were confirmed on the basis of the nucleotide sequence 

of the flagellin genes (flaA and flaB). The sequences that were determined were 

matched with those available in GenBank (BLAST: 

http://www.ncbi.nlm.nih.gov/BLAST). Accession numbers and complete sequence of 

all isolates are listed in Appendix 3B.

6.3 RESULTS

6.3.1 Abiotic variables

Results of analysis of run-off water samples are shown in Table 6.2. It is clear 

that the run-off into Little Weighton and Brantingham ponds was more turbid and had 

higher conductivity than that which flowed into the pond at South Dalton.

6.3.2 Recovery of Campylobacters and salmonellae from duck faeces

In all 90 faecal samples were processed. Presumptive Campylobacter was 

recovered from 11% of the samples (Table 6.3). The recovery rate was highest in 

samples of faeces collected from South Dalton (27%); compared to (3%) at both Little 

Weighton and Brantingham. Conversely, presumptive Salmonella was never recovered 

from duck faeces from South Dalton, but was recovered from 7% of the samples from 

both Little Weighton and Brantingham (Table 6.3). Overall, Campylobacter was
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recovered from 11 % of faecal samples whereas Salmonella was recovered only from 4 

% of the samples.

6.3.3 Recovery of Campylobacters and salmonellae from run-off water

In all 18 pairs of samples of run-off water (volumes 10 ml and 100 ml) were 

processed for the recovery of presumptive Campylobacter and Salmonella isolates. 

Campylobacters were frequently isolated from Little Weighton, less frequently from 

Brantingham, but not at all from South Dalton (Table 6.4). Presumptive salmonellae, 

however, were never recovered from any run-off water sample (Table 6.4).

6.3.4 Confirmation of presumptive Campylobacters and salmonellae 

recovered from faecal and run-off water samples.

All 17 presumptive isolates of Campylobacter from run-off water and faeces 

were found to be Gram negative, gull-winged shaped, both catalase and oxidase 

positive, and they all grew on blood agar incubated at 37 °C under microaerobic, but not 

aerobic conditions. Hence they were all confirmed as Campylobacter. DNA extracted 

from all presumptive isolates was successfully amplified with primers CF03 and CF04. 

The amplified products were between 340 and 380 bp in length (Figs. 6.1 and 6.2). This 

indicated that isolates were either Campylobacter jejuni or C. coli.

\ The four presumptive Salmonella isolates from duck faeces were found to

produce alkaline reaction after growing on lysine iron agar slopes, with H2S production 

and were urease negative after growing in urea broth. Hence they were confirmed as 

Salmonella. However, the DNA extracted from these isolates did not amplify with 

primers S I8 and S I9 (Fig. 6.3). Hence they appeared to be not Salmonella. 

Furthermore, when these presumptive isolates were sent to PHLS Hull tor serotyping 

they did not give positive reactions with the WKL scheme, hence they were not 

Salmonella.
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Table 6.2 Abiotic variables in run-off water samples from three pond sites, 
December 2003-January 2004 _______ ___________ _________________

Mean (range) n
Brantingham Little Weigh ton South Dalton

pH 7.6
(1.5-1.1) 3

7.1
(6.9-7.3) 3

7.2
(6.9-7.4) 3

Conductivity (|iS cm'1) 897
(715-1160)3

1743
(1728-1811)3

338
(269-409)3

Absorbance (at 580 nm) 0.74
(0.70-0.78) 3

0.75
(0.73-0.76) 3

0.46
(0.44-0.48) 3

n = total number of samples

120



Chapter 6

Table 6.3 The recovery of presumptive Campylobacter and Salmonella from duck 
faeces August-December 2003____________________________________________

Location of pond
Recovery from faeces

Campylobacter
n:p (%)

Salmonella 
n:p (%)

South Dalton 30:8 (27) 30:0 (0)

Little Weighton 30:1 (3) 30:2 (7)

Brantingham 30:1 (3) 30:2 (7)
Total 90:10(11) 90:4 (4)
n = total number of samples.
p = number of positive samples (percentage of positive samples in brackets).
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Table 6.4 The recovery of presumptive Campylobacter and Salmonella from run-off 
water, December2003-January 2004 _______________________________ _

Campylobacter
Volume of water filtered

10 ml 100 ml
Location of pond n:p (%) n:p (%)
South Dalton 6:0 (0) 6:0 (0)

Little Weighton 6:3 (50) 6:2 (33)

Brantingam 6:1 (17) ... 6:1(17)
Total 18:4 (22) 18:3 (17)

Salmonella
Volume of water filtered

10 ml 100 ml
Location of pond n:p (%) n:p (%)
South Dalton 6:0 (0) 6:0 (0)

Little Weighton 6:0 (0) 6:0 (0)

Brantingham 6:0 (0) 6:0 (0)
Total 18:0 (0) 18:0(0)
n = total number of samples.
p = number of positive samples (percentage of positive sampl es in brackets).
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Fig. 6.1 Examples of results of PCR on presumptive Campylobacter isolates recovered 

from duck faeces. Lane M represents a 100 bp ladder; lane 1, a negative control (a 

DNA-free amplification); lane 2, a positive control (a clinical Campylobacter isolate); 

lanes 3-8, presumptive Campylobacters from faecal samples collected from South 

Dalton; lane 9, from Little Weighton faeces; lane 10 from faeces from Little Weighton; 

lane 10, from faeces from Brantingham.
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Fig. 6.2 Examples of results of PCR on presumptive Campylobacter isolates recovered 

from run-off water. Lane M represents 100 bp ladder; lanes 1-2, presumptive 

Campylobacters from filtration of 10 ml of run-off water from Little Weighton; lane 3, 

from filtration of 100 ml of run-off from Little Weighton; lane 4, from filtration of 10 

ml of run-off from Brantingham.
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Fig. 6.3 Results of PCR on presumptive Salmonella isolates recovered from duck 

faeces. Lane M represents a 100 bp ladder; lanes 1 and 7 are a positive control (S. 

eteritidis NCTC 12694); lanes 2-3, are presumptive salmonellas from faeces collected 

from Little Weighton; lanes 4-5, from faeces collected from Brantingham; and lane 6, 

is a negative control (a DNA-free amplification).
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6.3.5 Information from sequencing of Campylobacter DNA

DNA sequencing showed that all ten isolates from duck faeces were 

Campylobacter jejuni (Table 6.3). Their sequences all had 93 % similarity with 

Campylobacter jejuni (ATCC43431 [GenBank Accession Number Z29327]). The next 

nearest (92%) was with Campylobacter jejuni (NCTC11168 [GenBank Accession 

Number AL139078]). In contrast, all seven isolates from run-off water (from Little 

Weighton and Brantingham, Table 6.4) were shown to be Campylobacter coli. Their 

sequences all had 100 % similarity with Campylobacter coli (GenBank Accession 

Number M64671). The next nearest match (100 %) was with Campylobacter coli 

(GenBank Accession Number M64670).

Amplified DNA from confirmed Campylobacters that had been recovered from 

the water and sediments of the three ponds (see Chapter 5) was also sequenced. All 

Campylobacter isolates from South Dalton water and sediment were C. jejuni (Table 

6.5). All Campylobacter isolates from the water and sediment of the ponds at Little 

Weighton and Brantingham, however, were found to be C. coli (Table 6.5).

It is important to stress here that DNA sequence analysis showed that all 

Campylobacter jejuni, derived from faecal, water and sediment samples from all three 

pond sites, showed a 100 % identical sequence. Similarly the sequence of all 

Campylobacter coli recovered was also found to be 100 % identical (Appendix 3B).
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Table 6.5 Results from sequencing of amplified DNA from Campylobacter 
recovered from pond water and sediment, August-December 2003
Location of pond Total Campylobacter isolates C. jejuni C. coli
In water
South Dalton 11 11 0

Little Weighton 4 0 4

Brantingham 4 0 4
Total 19 11 8

In sediment
South Dalton 4 4 0

Little Weighton 1 0 1

Brantingham 1 0 1
Total 6 4 2
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6.3.6 Sources of Campylobacter species in village ponds

The distribution of Campylobacter isolates recovered from the ponds at South 

Dalton, Little Weighton and Brantingham and their environs was investigated to 

determine the source of Campylobacter contamination. At South Dalton the DNA 

sequencing of the confirmed Campylobacters showed that Campylobacter jejuni was the 

only species to be found in water, sediments and faeces, while no Campylobacters were 

recovered from the run-off water (Table 6.6). Thus duck faeces appear to be the source 

of Campylobacter in the South Dalton Pond.

At Little Weighton and Brantingham ponds, however, only C. coli was 

recovered from the pond water and sediment. This species was also found in the run-off 

water whereas only C. jejuni was found in faeces. Hence at these ponds run-off water 

was probably the source of Campylobacters (Table 6.6).
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Table 6.6 The distribution of Campylobacter species at village pond sites, East 
Yorkshire

Total Campylobacter isolates C .¡e/uni C. coif
South Dalton
Pond water 11 11 0

Sediment 4 4 0

Faeces 8 8 0

Run-off water 0 0 0
Total 23 23 0

Little Weighton
Pond water 4 0 4

Sediment 1 0 1

Faeces 1 1 0

Run-off water 5 0 5
Total 11 1 10

Brantingham
Pond water 4 0 4

Sediment 0 0 0

Faeces 1 1 0

Run-off water 2 0 2
Total 7 1 6

identical sequence.
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6.4 DISCUSSION

The presence of Campylobacter and Salmonella in village ponds that are subject 

to faecal contamination was described in Chapters 4 and 5. Since Campylobacters and 

salmonellae were only recovered from the water and sediment of ponds that harboured 

large populations of waterfowl, it was concluded that ducks and geese were the major 

source of these bacteria in the ponds. The primary aim of the present chapter was to 

investigate the potential sources of Campylobacter and Salmonella species in village 

ponds and to determine the influence of duck faeces and run-off water as sources of 

contamination on the distribution of different species of Campylobacter and Salmonella 

in the ponds.

6.4.1 The recovery of Campylobacters and salmonellae from duck faeces

Campylobacter and Salmonella species are associated with diseases of human 

and domestic animals. Wild animals, particularly birds, and especially migratory 

waterfowl, are considered to be a reservoir for Campylobacter and Salmonella (Percival 

et a l, 2004).

In the present study the incidence of Campylobacters in waterfowl was found to 

be higher than that of salmonellae. Campylobacters were recovered from 11 % of faecal 

samples while only 4 % of faecal samples harboured salmonellae (Table 6.3) and even 

these were not confirmed by PCR (Chapter 6.3.4). In general, Campylobacter species 

are known to be common inhabitants of the intestinal tract of a wide range of wild birds 

including migratory waterfowl. The recovery of Campylobacters from 10 out of 90 (11 

%) of fresh samples of duck faeces in the present study is in agreement with 

Luechtefeld, et al. (1980) and Pacha, et al (1988) who reported frequent recovery of 

Campylobacter from the faeces of mallard (Anas platyrhynhos) and Canada geese
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(Branta canadensis). The presence of Campylobacters in the intestinal tract of ducks and 

geese may be because the body temperature of these birds is around 42 °C, which is the 

optimal growth temperature for thermophilic Campylobacters (i.e. C. jejuni; C. coir, C. 

lari). The frequent presence of Campylobacters may reflect commensalism rather than 

infection (Luechtefeld et ah, 1980; Park et al., 1991; Walenstrom et al., 2002). The 

Campylobacters that were isolated from duck faeces at the East Yorkshire ponds were 

all Campylobacter jejuni (Table 6.5). This agrees with Luechtefeld, et al. (1980), Pacha, 

et al. (1988), Fallacara, et al. (2001), Jones (2001) and Murphy, et al. (2005) who 

reported high prevalence of Campylobacter jejuni in the faeces of ducks and geese.

DNA sequence analysis of Campylobacter jejuni recovered from duck faeces 

showed that all isolates had a 100 % similar sequence (Appendix 3B), which indicates 

overall genetic stability of this species within the East Yorkshire duck population. 

Genetic stability among environmental Campylobacter jejuni isolates has been reported 

elsewhere. Colies, et al. (2003) found that 8 genotypes accounted for 73 % (82 out of 

112) of Campylobacter jejuni isolated from farm animals and farm environments, 

suggesting genetic stability that is explained by niche/host adaptation. Likewise, 

Broman, et al. (2004) found that Campylobacter jejuni derived from one bird species, or 

feeding guild, usually exhibited a high genetic similarity, indicating a common source 

from which the organism was acquired, or an association between particular types of 

Campylobacter jejuni with particular feeding guilds or phylogenetic groups of host 

birds. The observations by Colles, et al. (2003) and Broman, et al. (2004) agree and 

may explain the genetic stability of Campylobacter jejuni isolates reported in this 

chapter.

In contrast, other studies of the population structure of Campylobacter jejuni 

based on multi-locus sequence typing (MLST) have suggested that the organism is 

highly diverse with a weak clonal population structure (Dingle et al., 2002). Genetic
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instability of Campylobacter species was observed in Campylobacter jejuni isolated 

from chicken meat and live chicken (Wassenaar et al., 1998; Hanninen et al., 1999).

In general the level of discrimination of the Campylobacter fla  gene typing is 

reported to be greater than that of serotyping (Wassenaar and Newell, 2000). However, 

the level of variation between isolates can be affected by the set of primers used 

(Newell et al., 2000). Although primers CF03 and CF04 have been used to amplify a 

conserved region of flaA and jlaB in this study, they did not differentiate between C. 

jejuni and C. coli (Chapter 5). Sequencing was, therefore, needed to distinguish between 

the two species. This sequencing showed little or no variation within species. Had 

alternative primers been used it is possible that within species differences would have 

been revealed by the sequencing (Newell et al., 2000).

The apparently low incidence of Salmonella in duck faeces reported in this 

chapter agrees with Fallacara, et al. (2001) who found Salmonella in only one faecal 

sample out of 439 from ducks and geese in Ohio, USA. Also, Refsum, et al. (2002a) 

conducted a survey of salmonellas in avian wildlife in Norway between 1969 and 2000 

and reported low incidence of salmonellae in ducks and geese compared to other wild 

birds. Furthermore, Salmonella species were not recovered from faeces of Canada geese 

(Branta canadensis) and whistling swans (Cygnus columbianus columbianus), nor from 

the water and sediment collected from four roosting sites with the Chesapeake Bay 

region, Maryland, USA (Damare et al., 1979; Hussong et al., 1979). In general the 

carriage of Salmonella in ducks as well as wild birds seems to be low (Mitchell and 

Ridgwell, 1971; Brittingham et al., 1988; Hubalek et al., 1995, Murray, 2000; Kirk et 

al., 2002; Hernandez et al., 2004; Fallacara et al., 2004). This low incidence might be 

attributed to diverse factors. For example, contaminated feeding sites may result in 

short-term carriage of salmonellae without infection of the host (Murray, 2000). This 

was clearly shown among gulls in which salmonellae were carried for few days but
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infection did not occur (Gridwood et al., 1985). There is strong evidence that 

Salmonella species are unlikely to spread from bird to bird by direct contact (Murray, 

2000). This may support the conclusions of Damare, et al. (1979) and Tizard (2004) 

who suggested that wild birds that live well away from polluted environments may not 

harbour salmonellae.

The very few isolates (four) of Salmonella that were recovered from duck faeces 

in the current study (Table 6.3) were confirmed by biochemical tests (H2S production in 

parallel with the lack of urea hydrolysis). Good practice for the confirmation of 

salmonellae recommends the parallel use of these two tests because there are other 

Gram negative bacteria that give a positive reaction with lysine iron agar (H2S 

production). These, however, also give a positive reaction with urea broth (urea 

hydrolysis) (Jones et al., 2000). Although the four isolates recovered in the current 

study gave the expected biochemical reactions for typical Salmonella, they did not give 

a positive outcome with the WKL serotyping scheme. Furthermore, the DNA extracted 

from these isolates was not amplified by primers S I8 and S I9 whereas DNA from a 

control clinical isolate was amplified (Fig. 6.3). These primers were shown to amplify 

DNA extracted from 60 isolates representing 40 Salmonella species (Kwang et al., 

1996). Since the four isolates were not confirmed neither by WKL serotyping nor by 

PCR, the observed biochemical confirmation as Salmonella was probably a false­

positive result.

6.4.2 The recovery of Campylobacters and salmonellae from run-off water

With regard to Campylobacter species, their presence in run-off water (Table 

6.4) demonstrated that run-off is a potential source of Campylobacters in these ponds. 

These results are in agreement with Stelzer, et al. (1991) and Jones (2001) who 

concluded that the contamination of surface waters with Campylobacters is dependent,
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in part, on rain-related run-off. Molecular sequence analysis of confirmed 

Campylobacter species isolated from run-off water showed that Campylobacter coli 

was the only species present (Table 6.6). It was most frequently recovered from run-off 

water at Little Weighton, less frequently from run-off at Brantingham. The 

Campylobacter coli isolates from run-off water were also genetically stable (Table 6.6). 

This genetic stability may reflect a common source of contamination, or niche 

adaptation, i.e. a particular species may be localised in a particular area (Colies et al., 

2003; Broman et al., 2004).

The apparent absence of Salmonella species from run-off water (Table 6.4) may 

indicate an overall low incidence of the organism in the area surrounding the ponds. 

Similar sparcity of salmonellas has been reported elsewhere. Over a two-year study, 

only one Salmonella isolate was recovered from a bathing site in Lancashire that 

received continuous faecal pollution from sewage-works effluent, run-off water from 

surrounding agricultural land, and had permanent flocks of waterfowl (Obiri-Danso and 

Jones, 1999b). Similarly, in Italy, Pianetti, et al. (1998) reported a low prevalence of 

Salmonella species in environmental samples, mainly waters.

6.4.3 The sources and distribution of Campylobacter jejuni and 

Campylobacter coli in village ponds

The DNA sequencing of confirmed Campylobacter isolates recovered from 

pond water and sediment, and of those from faeces and run-off, suggested that different 

ponds might have different sources of Campylobacter.

In the pond at South Dalton, Campylobacter jejuni was the only species 

recovered and was found in pond water, sediment and duck faeces (Table 6.6). Also, all 

run-off water samples that were collected from the pond input pipes at South Dalton 

were Campylobacter-negative. It appears, therefore, that ducks are the source of
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Campylobacter at South Dalton. This suggestion is supported by the high similarity 

amongst DNA sequences of isolates from water, sediment and faeces. This suggestion 

agrees with Jones (2001) who reported that mallard (Anas platyrhincos) were the source 

of up to 430 Campylobacters per 100 ml of water, in a pond in NW England, and that 90 

% of Campylobacters isolated from faeces were C. jejuni.

At Little Weighton pond, Campylobacter jejuni was recovered only rarely from 

duck faeces and was absent from the water, sediment and run-off water (Table 6.6). 

Campylobacter coli, however, was found in run-off water and strains with identical 

DNA sequence were recovered from water and sediment samples (Table 6.6). This 

suggests that the source of contamination by Campylobacter in the pond at Little 

Weighton is run-off water rather than ducks. The prevalence of Campylobacter coli in 

run-off water may indicate the source of contamination. At Little Weighton, run-off 

water flows over the road, verges and footpaths before entering the pond; the faeces of 

dogs and horses on the roads and paths surrounding the pond are possible sources of C. 

coli.

At Brantingham pond, few Campylobacters were isolated (Table 6.6), hence few 

conclusions can be made. The one isolate from faeces was C. jejuni whereas C. coli was 

found in run-off water (2 isolates) and in the pond water (4 isolates). Thus it is perhaps 

most likely that run-off was, as at Little Weighton, the source of pond’s contamination 

by Campylobacter.

6.5 CONCLUSIONS

• Campylobacters may be isolated from duck faeces and run-off water as well as 

from the water and sediment of village ponds.

• Thus the faeces of waterfowl and rain-related run-off are both potential sources 

of Campylobacters to the ponds.
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• Different Campylobacter species in the ponds may have different origin: C. 

jejuni from ducks, C. coli from run-off.

• Salmonellae, in contrast, were not reliably isolated from duck faeces or run-off, 

nor were they found in pond water, and only occasionally in sediment.
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CHAPTER 7

PCR ASSAY FOR DIRECT DETECTION OF 

THERMOPHILIC CAMPYLOBACTERS IN POND

WATER

7.1 INTRODUCTION

The contamination o f  natural waters and of drinking water, by infectious agents 

has become a major worldwide public health concern. In order to prevent the spread of 

water-borne illnesses the detection o f  infectious agents in water is essential. The routine 

microbiological detection of water-borne pathogens particularly bacterial agents, by 

culture techniques faces several limitations. In general, the methods are laborious and 

time consuming. Also, since the majority of pathogenic bacteria are exogenous to 

aquatic environments, they are likely to be present in relatively low numbers. Such low 

numbers can generate errors in both sampling and detection (Fleisher, 1990), i.e. the 

sample volume used and the choice of media have to be appropriate. Thus problems are 

frequently encountered, especially with the enumeration of thermophilic 

Campylobacters in environmental waters. This is because no adequate universal method 

for detecting Campylobacters in all types of samples has been developed. Therefore, the 

choice of methods and culture media may depend on the expected abundance of 

Campylobacters and on the background microflora that are present in the sample. 

Another limitation that affects the routine detection of water-borne bacteria, particularly

. . . .  * • likelihood that they will lose culturablity in hostileenteric infectious agents, is the likeiino y

, \ when bacteria enter the viable but non-culturable stage environments (e.g. water). When nacierw cm
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(VBNC), they retain basal metabolic activities, yet they become unable to grow or 

multiply in microbiological culture media (Xu et al., 1982). Many enteric bacteria have 

been reported as exhibiting non-culturable forms in environmental waters, including 

Campylobacter species (Rollins and Colwell, 1986; Thomas et al., 2002). The ability of 

water-borne bacterial pathogens to enter the VBNC stage might result in either 

underestimation of their number or the complete failure to detect them in environmental 

waters. Given all the obstacles encountered in the detection of pathogenic bacteria, 

particularly Campylobacter, by standard culture methods, the development of 

alternative, sensitive, methods is highly desirable.

Since the beginning of the 1990s, there has been growing interest in the 

development of molecular genomic methods and in their application to the detection 

and identification of infectious agents, particularly bacterial pathogens, from both 

clinical and environmental samples. Molecular methods such as PCR have been 

suggested as being rapid, specific, and highly sensitive tools for the detection of 

bacterial infectious agents in many types of samples (e.g. environmental and clinical). 

In general, PCR amplifies a small amount of target DNA or RNA in a sample using a 

thermostable polymerase enzyme from Thermus aquaticus (Taq enzyme), to obtain a 

million-fold increase in the numbers of DNA copies (Pepper et a l, 1995). This 

amplification is achieved by using short (15-30 nucleotides), synthetic, specific, single- 

stranded lengths of DNA known as oligonucleotide primers. Primers can be designed 

for the detection of specific species or a phylogenetic group (Burlage, 1998). They can 

be based upon parts of the sequences of specific genes, such as verotoxin-genes; 

flagellin genes; virulence plasmids and 16S rRNA sequences (Olsen, 2000).

With various degrees of success and using diverse methods, the detection of 

pathogenic bacteria by PCR has been reported for coliforms and E. coli, including 

pathogenic strains (Flicker and Fricker, 1994; Li and Drake, 2001), Salmonella (Kwang
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et a i, 1996; Rychlik et al., 1999), Vibrio (Kock et al., 1993), and Campylobacters 

(Birkenhead et al., 1993).

7.1.1 Detection of thermophilic Campylobacters by PCR

PCR has been applied to the detection of Campylobacter species. The range of 

targeted genes for PCR amplification used for the detection of Campylobacter species 

includes, 16S rRNA (Vanniasinkam et al., 1999), 23S rRNA (Fermer and Engvall, 

1999), the flagellin genes (JlaA and JlaB) (Oyofo et al., 1992; Wegmiiller et al., 1993; 

Rasmussen et al., 1996) and the hippuricase gene (hipO) (Denis et al., 1999; Englen and 

Kelley, 2000). This wide range of available primers, allows not only the detection of the 

most frequent species that cause enteritis, i.e. C. jejuni and C. coli, but also the newly 

emerged pathogenic Campylobacter species, i.e. C. lari and C. upsaliensis (Fremer and 

Engvall, 1999).

Various PCR protocols, based on the use of various sets of primers, have been 

developed and have been reported as detecting Campylobacters in water (Kirk and 

Rowe, 1994; Waage et al., 1999), wastewater (Alxandrino et al., 2004), milk and soft 

cheese (Wegmiiller et al., 1993; Jackson et al., 1996), poultry products (Winters et al., 

1998), poultry carcass rinses (Englen and Kelley, 2000), and fruit and vegetables 

(Winters et al., 1998). It is important to stress that the above protocols were applied to 

the recovery of Campylobacter from samples that had been liberally seeded with 

cultured Campylobacter. PCR has also been applied to the detection of Campylobacter 

in un-seeded human faeces (Vanniasinkam et al., 1999) and faecal samples from a wide 

range of wild and domestic animals (Rasmussen et al., 1996; Steinhauserova et al., 

2000; Inglis and Kalischuk, 2003). Detection of naturally-occuring Campylobacter in 

drinking and swimming pool water by direct PCR has been reported (Jackson et al., 

1996; Moore et al., 2001). The development of a PCR protocol that can be used to
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detect naturally-occuring Campylobacter in environmental samples, such as turbid pond 

water is a new goal.

7.1.2 Aims

Some of the problems associated with the detection of Campylobacters in pond 

water and sediment using conventional culture methods emerged in the work described 

in Chapter 4. The development of culture methods to overcome these problems was 

described in Chapter 5. That work confirmed the presence of thermophilic 

Campylobacters in the water and sediment of ponds that harboured a large number of 

waterfowl. In the work described in Chapters 4 and 5 the detection of thermophilic 

Campylobacters from pond water using culture methods proved to be laborious, time 

consuming and liable to the generation of false negative results. The aim of the work 

described in this chapter was to explore the use of a rapid and sensitive PCR assay for 

direct detection of thermophilic Campylobacters in village pond water.

7.2 MATERIALS AND METHODS

7.2.1 Site and sampling

The study site was a roadside village pond at South Dalton in East Yorkshire, 

NE England. The pond harbours a permanent population of ducks, receives run-off from 

adjacent roads, and is an amenity site. A detailed description of the pond and its 

environs is given in Chapter 2.1. Surface water samples were collected in the mornings 

during in March 2003. The samples were collected in sterile polypropylene bottles as 

described in Chapter 3.1.1.

L
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1.2.2. Direct PCR assay for detection of Campylobacters in pond water

A PCR assay was applied directly to eight 100 ml pond water samples with the 

aim of detecting thermophilic Campylobacters. Microbial DNA was extracted by lour 

different approaches. These were: (1) Bead-beating, (2) the use of Proteinase K, (3) 

boiling, and (4) the use of Chelex® 100. Each approach was applied to two of the 100 

ml pond water samples. In parallel with the molecular approaches, another two 100 ml 

water samples from the same pond were used to detect Campylobacter by conventional 

culture methods as described in Chapter 3.3.2.1.

7.2.2.1 Preparation of cell pellets

A volume of 100 ml of pond water was centrifuged at 10,000 RCF for 10 min. 

The supernatant was discarded and the pellets were washed and re-centrifuged twice in 

500 pi phosphate-buffered saline (8 g NaCl, 0.2 g KC1, 1.44 g KH2PO2 in 800 ml sterile 

pure water [pH 7.4], Sambrook et al., 1989).

7.2.2.2a DNA extraction by the bead-beating method

After preparation and washing of the pellets, DNA was extracted by the bead­

beating method (More et al., 1994; Kuske et al., 1998). The procedure was as follows: 

0.5 ml of 0.1 mol f 1 sodium phosphate buffer (pH 8.0), 1.0 g sterile 0.1 mm diameter 

glass beads, and 0.25 ml of 100 mmol l'1 NaCl: 500 mmol l'1 Tris-HCl (pH 8.0): 10 % 

sodium dodecyl sulphate (SDS) were added to the pellets in a 2-ml sterile bead-beater 

tube (Ogram, 1998). The samples were homogenised for 2 min at 2,500 rpm in a mini­

bead beater disruptor (Biospec, Oklahoma, USA). The mixture was then transferred to a 

sterile microcentrifuge tube and centrifuged for 2 min at 11,600 RCF.

After centrifugation, the aqueous phase was transferred to a sterile

microcentrifuge tube and protein impurities were extracted into an equal volume of a
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mixture of phenol:chloroform:isoamylalcohol (25:24:1) (v/v/v). The extraction protocol 

was repeated until no protein precipitate was observed at the aqueous-organic interface 

(Wawer and Muyzer, 1995). Following the phenol extraction, a one step extraction of 

protein impurities with chloroform was applied.

The aqueous phase that was left after chloroform extraction, and which 

contained the DNA was mixed with 900 pi of 10 mol l '1 ammonium acetate (final 

concentration 2.5 mol l'1) and 2 volumes of ice-cold ethanol, and was maintained at -20 

°C overnight. This step was to precipitate the extracted DNA from the aqueous phase 

and was followed by centrifugation at 11,600 RCF for 20 min. After centrifugation, the 

DNA pellet was rinsed with 70 % ethanol and dried overnight in air at room 

temperature. The following day, the DNA was dissolved in 100 pi TE buffer (10 mmol 

F1 Tris:HCl: 1 mmol l '1 EDTA [pH 8.0], Sambrook etal., 1989).

To reduce humic materials and other organic contaminants, the extracted DNA 

was cleaned using a Wizard DNA Clean Up Resin Kit (Promega, Madison, USA). DNA 

purification was performed as follows: a volume of 100 pi of the DNA preparation was 

added to 1.0 ml of the resin (pre-heated at 37 °C and cooled to 30 °C), in a sterile 

microcentrifuge tube. The tube was inverted gently to mix the contents well. The 

mixture was transferred to a 3-ml sterile disposable syringe attached at the tip of a Mini­

column (Promega, Madison, USA). The slurry was then pushed gently through the 

Mini-column by the aid of the syringe plunger. At the end of this stage, the DNA was 

trapped in the Mini-column. The Mini-column was washed with 2 ml of 80 % 

isopropanol and then centrifuged at 3,360 RFC for 2 min, to ensure that the resin was 

dried. A volume of 50 pi of pre-warmed (70 °C) TE buffer was then added to the Mini­

column and left for 1 min then centrifuged at 3,360 RCF for 20 s. The resulting solution 

contained sufficiently pure DNA to use as a template for PCR.
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7.2.2.2b DNA extraction by Proteinase K

Proteinase K is a non-specific serine protease from the fungus Tritirachium 

album, which is used to purify target materials from contaminating proteins and for the 

isolation of DNA (Anon., 1997). The washed pellets that had been prepared by 

centrifugation of 100 ml of pond water were resuspended in 100 pi of Proteinase K 

buffer (0.002 g Proteinase K [Sigma, St. Louis, USA], 0.075 g KC1, 0.012 g MgCl2, 

0.048 g Tris, 0.1 ml Tween® 80 in 10 ml sterile pure water). The suspension was 

incubated at 55 °C for 60 min, followed by incubation at 99.9 °C for 10 min to denature 

the Proteinase K. The mixture, now containing lysed microbial cells, was centrifuged at 

1260 RCF for 5 min. The supernatant was used as template DNA for PCR.

7.2.2.2c DNA extraction by boiling

The washed pellets prepared by centrifugation of 100 ml of pond water were 

resuspended in 100 pi sterile pure water. The mixture was boiled for 5 min, and then 

centrifuged at 1260 RCF for 5 min. The supernatant was then used as template DNA for 

PCR.

7.2.2.2d DNA extraction by Chelex® 100

Chelex® 100 is a chelating resin that has a high affinity for polyvalent metal ions 

(Malomy and Helmuth, 2003). The washed pellets prepared from centrifugation of 100 

ml of pond water were resuspended in 100 pi of Chelex® 100 solution (Bio-Rad, 

Hercules, CA, USA). The mixture was then incubated at 56 °C for 20 min, followed by 

incubation at 99 °C for 10 min. The mixture was then centrifuged at 1260 RCF for 5 

min. The supernatant was used as template DNA for PCR.
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7.2.3 PCR assay

The PCR assay was carried out with the aim of amplifying the flagellin genes 

iflaA and flaB) of Campylobacter jejuni and C. coli from DNA extracted using the 

above four protocols. PCR was carried out as described in Chapter 3.3.5.1

7.2.4 Detection limits of PCR

In order to determine the least number of Campylobacter cells that can be 

detected by the PCR method employed, DNA was extracted and amplified from sterile 

pure water and from fresh pond water that had both been spiked with known 

concentrations of Campylobacter cells. The Campylobacter isolates used for spiking 

water samples were isolated from the pond at South Dalton by membrane filtration and 

selective enrichment as described in Chapter 3.3.2.1, and confirmed as either C. jejuni 

or C. coli by colony-PCR as described in Chapter 3.3.5.1. A thick suspension of 

Campylobacter was prepared and serially diluted. A volume of 1.0 ml from each 

dilution was added to 100 ml samples of sterile pure water and fresh pond water. 

Campylobacter concentrations in each spiked sample were calculated from the result of 

acridine-orange direct counts made on the stock Campylobacter suspension as described 

in Chapter 5.3.6. Spiked samples (100 ml) were centrifuged at 10,000 RCF and pellets 

were washed as described previously. Microbial DNA was extracted from each spiked 

sample by the Proteinase K, boiling, and Chelex® 100 methods as described above.

7.2.5 Detection of thermophilic Campylobacters in un-spiked pond water by 

using PCR after selective enrichment culture

Pond water samples of different volumes (10 ml, 100 ml, 1000 ml) were filtered 

and the filters were incubated overnight in Preston enrichment broth as described in 

Chapter 3.3.2.1. After the enrichment period, 500 pi of each enrichment culture were
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transferred to a sterile microcentrifuge tube, and spun at 10,000 RCF for 10 min. The 

supernatant was discarded and the pellets were washed twice in 500 pi of phosphate- 

buffered saline. DNA was extracted from the pellets by the Proteinase K method. 

Template DNA was amplified by PCR as described in Chapter 3.3.5.1. At the same 

time, a loopful of each enrichment was plated on mCCD agar to confirm the presence of 

thermophilic Campylobacters in pond water by conventional culture techniques (see 

Chapter 3.3.2.1) and by PCR applied to colonies on the mCCD agar.

7.3 RESULTS

7.3.1 Direct PCR assay for detection of Campylobacters in pond water

Four different methods of DNA extraction were performed on pellets prepared 

from eight 10 0  ml pond water samples that had suffered natural contamination by 

thermophilic Campylobacters. Despite the successful extraction ot DNA from pond 

water, no PCR amplification with primers CF03 and CF04 was obtained. Thus, all 

eight- 10 0  ml pond water samples were recorded as Campylobacter-negative by the 

direct PCR approach (Fig. 7.1). The detection of Campylobacter by the conventional 

enrichment method in two 10 0  ml samples of pond water, however, yielded positive 

results (Table 7.1).

7.3.2 Detection limits of PCR

The investigation of detection limits of PCR showed that when the Proteinase K 

extraction method was used as few as 50 Campylobacter cells per 1.0 ml were detected 

in spiked sterile pure water by direct PCR (Fig. 7.2). The lower limit ot PCR detection 

in spiked pond water following Proteinase K extraction was around 400 Campylobacter 

cells per 1.0 ml (Fig. 7.2).
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The DNA extracted by the Proteinase K method from spiked sterile pure water 

and from spiked fresh pond water was frequently amplified with primers CF03 and 

CF04 (Fig. 7.2). In contrast, the treatment of pellets by boiling as a method of DNA 

extraction gave fewer positive PCR amplifications (Fig. 7.3). The DNA extracted by 

Chelex® 100 gave even poorer PCR amplification. Thus DNA from spiked fresh pond 

water was never amplified, while DNA extracted by Chelex® 100 from sterile pure 

water amplified only when the highest concentration of spike (5 x 105 ml'1) was used 

(Fig 7.4). A summary of the results of direct PCR detection on pure water and fresh 

pond water that had been spiked with Campylobacter cells is given in Table 7.2.

7.3.3 Detection of thermophilic Campylobacters in un-spiked pond water by 

PCR after selective enrichment

PCR amplification of DNA from pellets harvested from Preston enrichment broth 

culture was always obtained when the enrichments were inoculated with the residue on 

filters that were from the filtration of 100 ml of pond water. In contrast, PCR 

amplification was only sometimes obtained when 1 0  ml samples of pond water were 

filtered and was never obtained when 1000 ml samples were filtered (Figs. 7.5; 7.6; 

Table 7.3). When PCR amplification was obtained using DNA from the enrichment 

broth, the DNA from colonies on mCCD agar also gave positive PCR amplification 

(Fig. 7.6; Table 7.3).
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Fig. 7.1 The results of PCR assay for Campylobacter conducted on DNA 

extracted directly from 10 0  ml samples of pond water, using four different methods of 

DNA extraction. Lane M represents a 100 bp ladder; lanes A are from amplification of 

DNA extracted by the bead-beating method; lanes B by the Proteinase K method; lanes 

C by the boiling method and lanes D by the Chelex® 100 method. No amplification was 

obtained.

Samples were from South Dalton pond in February -004.
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Table 7.1 The detection of naturally-occuring Campylobacter in 100 ml pond water 
samples by direct PCR and by enrichment culture
Method used Total number of 

samples'
Number of positive 

samples
Bead-beating and direct PCR 2 0

Proteinase K and direct PCR 2 0

Boiling and direct PCR 2 0

Chelex® 100 and direct PCR 2 0

Enrichment culture and selective plating 2 2
' Samples were from South Dalton Pond in February 2004.
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Fig. 7.2 Investigation of the PCR detection limit in sterile pure water and fresh pond 

water, from South Dalton in March 2004, spiked with known concentration of 

Campylobacter. DNA was extracted by the Proteinase K method. Lane M represents a 

100 bp ladder; lanes 1-7 were for amplification of DNA extracted from 100 ml of 

spiked pond water and lanes 8-14 from 100 ml of spiked sterile pure water. Lanes 1 and 

8 had 5 x 107 Campylobacter cells 100 ml *; lanes 2 and 9, 3 x 106 cells 100 ml"1; lanes 

3 and 10, 3 x 105 cells 100 ml"1; lanes 4 and 11, 4 x 104 cells 100 m l'1; lanes 5 and 12, 5 

x 103 cells 100 ml"1; lanes 6 and 13, 8 x 10' cells 100 ml"1 and lanes 7 and 14, 9 x 101 

cells 10 0  ml"1.
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Fig. 7.3 Investigation of the PCR detection limit in sterile pure water and pond fresh 

water, from South Dalton in March 2004, spiked with known concentrations of 

Campylobacter. DNA extracted by boiling. Lane M represents a 100 bp ladder; lanes 1- 

6 were from amplification of DNA extracted from 100 ml of spiked pond water; lanes 

7-13 were DNA extracted from 100 ml of spiked sterile pure water. Lanes 1 and 7 had 

5X 10’ Campylobacter cells 100 m l1; lanes 2 and 8 , 3 x 106 cells 100 ml '; lanes 3 and 

9 , 3 x 10s cells 100 ml'1; lanes 4 and 10, 4  x 104 cells 100 m l1; lanes 4 and 10, 4 x 104 

cells 100 m l1; lanes 5 and 1 1 , 5 x 103 cells 100 m l1; lanes 6 and 12, 8 xlO3 cells 100 

ml'1; lane 13, 9 x 101 cells 100 ml.
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Fig. 7.4 Investigation of the PCR detection limit in sterile pure water and fresh pond 

water, from South Dalton in March 2004 spiked with known concentrations of 

Campylobacter. DNA extracted by Chelex® 100. Lane M represents a 100 bp ladder; 

lanes 1-6 were from amplification of DNA extracted from 100 ml of spiked pond water; 

lanes 7-13 were DNA extracted from 100 ml of spiked sterile pure water. Lanes 1 and 7 

had 5x 107 Campylobacter cells 100 m l1; lanes 2 and 8 , 3 x 106 cells 100 m l1; lanes 3 

and 9, 3 x 10s cells 100 ml'1; lanes 4  and 1 0 , 4 x 104 cells 100 ml ; lanes 4 and 10, 4 x 

104 cells 100 ml'1; lanes 5  and 1 1 , 5 x 10! cells 100 ml'1; lanes 6 and 12, 8 xlO7 cells 

100 ml'1; lane 13, 9 x 101 cells 100 ml.
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Table 7.2 Summary of the result of direct PCR applied to sterile pure water and fresh pond water spiked with Campylobacter
Proteinase K extraction Boiling extraction Chelex1 100 extraction

Concentration of Campylobacter 
cells added (m l1)

In sterile pure 
water

In fresh 
pond water

In sterile 
pure water

In fresh 
pond water

In sterile pure In fresh 
water pond water

5 x  1 0 5 + + - - +

3 x  1 0 4 + + + + _ _

3 x 103 + + _ + _ _

4 x  1 0 2 + + + _ _ _

50 + + .

8

0.9 _ _ _ - _
+ Indicates detection of Campylobacter by direct PCR; - indicates not detected. 
The data in this table summarise the results shown in Figs. 7.2, 7.3 and 7.4.
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Fig. 7.5 PCR performed on DNA extracted from pellets after selective enrichment of 

filtered pond water in Preston broth. DNA extracted with Proteinase K. Lane M is a 100 

bp ladder; lanes 1 and 3 , pellets harvested from the enrichment of 1 0  ml filtration of 

pond water; lanes 2  and 4  from the enrichment of 10 0  ml filtration of pond water; lanes 

5-6  from the enrichments of 10 0 0  ml filtration of pond water.

Samples were from the pond at South Dalton in May 2004.
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Fig. 7.6 PCR performed on DNA extracted from pellets after selective enrichment of 

filtered pond water in Preston broth and from colonies growing on selective agar treated 

by Proteinase K. Lanes M are 100 bp ladder; lanes 1-6, pellets from enrichment broth; 

lanes 7-9, colonies growing on selective agar after enrichment in Preston broth. Lanes 

1-2 from the enrichments following the filtration of 100 ml pond water; lanes 3-4 from 

the enrichments following the filtration of 10 ml of pond water; lanes 5-6 from the 

enrichments of the following the filtration of 1000 ml of pond water; lanes 7-8 from the 

colonies growing on selective agar after the enrichment of 10 0  ml of filtered pond 

water; lane 9  from the colonies on selective gar after the enrichment of 1 0  ml of filtered 

pond water; lane 10 DNA-free amplification; lane 11 a positive control (a clinical

Campylobacter isolate).

Samples were from the pond at South Dalton in May “004.
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Table 7.3 Detection of thermophilic Campylobacters in un-spiked pond water by 
PCR after selective enrichment

..... ....rr— 1
Volumes filtered'

10  ml
n:p

10 0  ml
n:p

10 0 0  ml
n:p

PCR with Proteinase K extraction from pellets after 
selective enrichment

4:2 4:4 4:0

Confirmation by selective plating after enrichment* 4:2 4:4 4:0
Un-spiked pond water was filtered and filters were incubated overnight in Preston 

enrichment broth.
* This represents positive confirmation of colonies on mCCD agar by both conventional 
biochemical/morphological methods and by PCR. 
n = total number of samples, 
p = total number of positive samples.
Samples were from the pond at South Dalton in May 2004.
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7.4 DISCUSSION

7.4.1 Direct PCR assay for detection of Campylobacters in pond water

In this chapter the direct application of PCR to fresh turbid pond water, to detect 

thermophilic Campylobacters, was investigated. DNA that was extracted from eight 100 

ml pond water samples, by four different methods, failed to give PCR amplification 

with primers CF03 and CF04 (Fig. 7.1). This negative result may have been due to the 

presence of humic substances that have an inhibitory effect on the DNA polymerase 

enzyme, and/or colloidal material that has a high affinity for DNA (Way et a i, 1993; 

Wilson, 1997). Alternatively, the negative result may be because low numbers of 

thermophilic Campylobacters were present or because they were absent in the samples. 

Since one of the four protocols used for DNA extraction included the use of the wizard 

DNA clean up kit, the inhibition should have been partially removed. Other work on 

DNA from aquatic environments (upland streams) has shown that the wizard kit is 

effective at removing contaminant humic materials from DNA samples prior to PCR 

(Mahmoud, Goulder and Carvalho, in press). It follows that the negative results with 

PCR were probably due to the absence or low numbers of Campylobacter. However, 

since filtration, enrichment and selective plating of 10 0  ml samples from the same pond 

yielded confirmed Campylobacter isolates (Table 7.1) this strongly suggests that 

Campylobacter was present but in such low numbers that it was not readily detectable

by PCR.

7.4.2 Detection limits of PCR

To determine the detection limit of direct PCR assay, both sterile pure water and 

fresh pond water samples were spiked with known concentrations of Campylobacter
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cells. This procedure was also designed to allow comparison of the efficacy of three 

methods of DNA extraction (i.e. the use of Proteinase K, boiling, and Chelex® 100). At 

best, as few as 50 Campylobacter cells ml' 1 were detected by PCR in sterile pure water 

(Fig. 7.2 and Table 7.2). This result is close to that reported by Kirk and Rowe, (1994), 

who achieved a PCR detection limit of 10-20 Campylobacter cells ml' 1 in spiked pure 

water. Lower PCR detection limits of pathogenic bacteria in water have been reported, 

for example, as few as 12 cells ml' 1 of Legionella were detected by PCR in un-spiked 

cooling tower water (Koide et al., 1993). When PCR was applied to spiked turbid pond 

water, however, the lowest concentration of Campylobacter cells detectable by direct 

PCR was higher, at around 400 cells m l 1 (Fig. 7.2 and Table 7.2). This result supports 

the suggestion that Campylobacter cells in low numbers in turbid environmental waters 

are not easily detectable by direct PCR.

To investigate the efficacy of different DNA extraction methods, the Proteinase 

K, boiling, and Chelex® 100 protocols for DNA extraction were compared. The three 

methods were applied to pellets harvested from 10 0  ml samples of spiked sterile pure 

water and spiked fresh pond water. Extraction with Proteinase K was much the most 

successful method (Table 7.2). With the boiling method, DNA was amplified from 

fewer samples (Table 7.2). This result supported the suggestion of Mohran, et al. (1998) 

that some Campylobacter strains are resistant to lysis by boiling. When the DNA was 

extracted by Chelex® 100, PCR almost always gave a negative result (Table 7.2). 

Unlike in my study, the successful use of Chelex 100 for the extraction of prokaryotic 

and eukaryotic DNA has been reported (Werner and Mergenhagen, 1998; Brasher et al., 

2002; Shah et al., 2002). However, Chelex® 100 is actually a chelating resin that has 

affinity for polyvalent metal ions that is usually applied to remove PCR inhibitors and
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to protect extracted DNA from degradation (Malomy and Helmuth, 2003). It appears 

not to be appropriate for extraction of DNA from Campylobacters.

7.4.3 Detection of thermophilic Campylobacters in un-spiked pond water by 

PCR after selective enrichment

The many problems associated with the detection of thermophilic 

Campylobacters in naturally contaminated environmental waters by culture methods 

have encouraged the development of molecular techniques to detect these pathogens 

without the need for conventional culturing methods. PCR has successfully detected 

thermophilic Campylobacters in naturally-contaminated drinking water and swimming- 

pool water without the need for enrichment culture (Jackson et al., 1996; Moore et al., 

2001). More recently, Yang, et al. (2003) claimed to have detected Campylobacter 

jejuni in naturally contaminated environmental water by direct PCR without the need 

for culturing the samples. The description of methods in that paper, however, clearly 

suggests that there was enrichment culture of the water samples prior to PCR. Thus, 

although direct PCR detection of Campylobacter in clean water may be feasible, the 

direct application of PCR to turbid pond water for detection of thennophilic 

Campylobacters poses problems and may not give positive results. Unl.ke in 

contaminated drinking water or swimming-pool water, thermophilic Campylobacters in 

turbid pond water are present in relatively low numbers against an abundant background 

microflora and high concentrations of potential PCR inhibitors.

In the work described in this chapter, when 10 ml and 100 ml samples of turbid 

pond water were filtered, and the filters were incubated overnight in a selective 

enrichment culture, the DNA subsequently extracted almost always amplified with 

primers CF03 and CF04 (Table 7.3), giving a product size of 340-380 bp (Figs. 7.5; 

7.6). Thus, the results showed that selective enrichment culture followed by PCR is a
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reliable method for the relatively rapid detection of thermophilic Campylobacters in 

naturally contaminated turbid environmental waters. This conclusion agrees with many 

authors who have used PCR after an enrichment step to detect Campylobacter in spiked 

estuarine and river waters (Hernandez et al., 1995; Waage et al., 1999), naturally 

contaminated and spiked sewage (Koenraad et al., 1995; Waage et al., 1999), naturally 

contaminated and spiked food samples (Giesendorf et al., 1992; Denis et a l, 2001; Sails 

et al., 2003), spiked chicken rinse water (Ng et a l, 1997; Josefsen et a l, 2004) and from 

naturally-contaminated human and poultry faecal samples (Rasmussen et a l, 1996; 

Denis et a l, 1999; Vanniasinkam et a l, 1999). In general, enrichment incubation after 

sample collection has been shown to provide higher level of PCR detection by 

increasing the number of target cells. This approach was reported to be successful not 

only for the detection of Campylobacters, but also for the detection of other bacteria 

such as Salmonella from spiked faeces and meat (Rychlik et a l, 1999) and Vibrio 

cholerae from spiked drinking, surface and ground water and treated sewage (Theron et

a l, 2000).

Thus, it has been suggested that the combination of selective enrichment culture 

followed by a PCR assay is a more rapid method, with higher detection ability, than 

conventional enrichment culture followed by confirmation using biochemical and 

morphological tests (Koenraad et al.,1995). My results reported in this chapter support

this suggestion.

Another potential disadvantage of direct PCR assay on environmental samples 

without an enrichment step is the possibility that naked DNA fragments or DNA from 

dead cells might be detected (Mandrell and Wachtel, 1999). The presence of dead 

Campylobacter cells in environmental waters may suggest that the water has been 

contaminated, but no longer poses any public health threat (Theron and Cloete, 2004). 

Since the detection of viable Campylobacter cells in environmental waters is the point
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of concern to public health authorities, the application of an enrichment step prior to 

PCR assay will allow only the detection of viable cells.

In an earlier chapter (Chapter 5), the conventional detection of thermophilic 

Campylobacters was successful following the filtration of 10 ml and 100 ml of pond 

water. The filtration of 1000 ml of pond water, however, never gave Campylobacter- 

positive cultures. It was suggested that competition from the background microflora in 

large-volume sample prevented the growth of Campylobacter cells to detectable levels. 

The results of enrichment culture followed by PCR that is reported in the present 

chapter further supports the findings of Chapter 5. PCR amplification was achieved only 

from the enrichment culture derived from the filtration of 1 0  ml and 10 0  ml of turbid 

pond water (Figs. 7.5; 7.5). In contrast, the filtration and enrichment of 1000 ml of pond 

water never gave any PCR amplification (Figs. 7.5; 7.6). When enrichment cultures 

were plated on mCCDA selective agar, confirmed Campylobacter colonies were only 

obtained from the enrichments that also gave positive PCR amplification, i.e. from the 

filtration of 10 ml and 100 ml of pond water (Fig. 7.6 and Table 7.3). This clearly shows 

that the filtration of a large volume of turbid pond water is counterproductive and does 

not lead to the growth of Campylobacter in enrichment culture.

7.5 CONCLUSIONS

• The detection of thermophilic Campylobacters in naturally-contaminated, turbid, 

pond water was not achieved by direct PCR assay although positive cultures 

were obtained by conventional methods.

• This was most likely due to low numbers of Campylobacter in the samples.

• The presence of humic material and other PCR inhibitors may also have 

contributed. Selective enrichment, however, facilitated the detection of
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Campylobacter by PCR, especially when Proteinase K was used to extract DNA 

from cells.

• The combination of selective enrichment and PCR for detecting thermophilic 

Campylobacters in turbid pond water is recommended.

• The method only gave positive results when an appropriate volume (10 ml or 

100 ml, but not 1000 ml) of pond water was used for enrichment. This was 

probably because of competition by background bacteria during enrichment 

culture.

i
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CHAPTER 8

GENERAL DISCUSSION

In previous chapters, the influence of waterfowl on the bacteriological quality of 

amenity ponds, and the distribution of bacterial pathogens in these ponds was discussed. 

The present chapter aims to review the main findings and to identify directions for 

future work.

The results reported in Chapters 4, 5, and 6 supported the hypothesis that dense 

populations of waterfowl are responsible for poor microbiological quality of amenity 

ponds (Chapter 4) and act as a source of enteric bacterial pathogens through the 

contamination of these ponds (Chapter 6). Although amenity ponds in East Yorkshire 

are not used for bathing, they failed the EU guidelines and also mandatory requirements 

for bathing water (Chapter 4), hence skin contact or accidental ingestion of these pond 

waters should be considered as potentially hazardous. Furthermore, Salmonella and 

Campylobacter were recovered only from the water and/or sediments of ponds with 

waterfowl (Chapters 4 and 5). Initial failure to detect pathogenic bacteria in amenity 

ponds that are subject to faecal contamination from waterfowl was attributed to 

shortcomings in standard culture techniques (Chapter 5). These shortcomings can be 

overcome by using small sample volumes to reduce competition from background 

bacteria in enrichment culture. PCR improved on conventional confirmatory tests and 

gave accurate results in a much shorter time (Chapters 5 and 6). The work described in 

Chapter 7 showed that direct detection by PCR of Campylobacter in turbid pond water 

may not be feasible. The use of a selective enrichment step prior to PCR, however, 

facilitated the detection of Campylobacters.
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8.1 Waterfowl, faecal indicators, and pathogenic bacteria in amenity ponds: 

concluding remarks and future work

8.1.1 The influence of waterfowl on amenity ponds

The impact of wild birds on the microbiological quality of surface water has 

received considerable attention from a public health standpoint. The role of gulls in the 

deterioration of bacteriological quality in drinking water reservoirs and on bathing 

beaches is well documented (Gould and Fletcher, 1978; Lévesque et al., 1993; Alderisio 

and Deluca, 1999; Lévesque et a l, 2000; Wither et a l, 2005). Poor microbiological 

quality of recreational waters brought about by waterfowl (i.e. ducks and geese) has 

been studied to a far lesser extent (Standridge et a l, 1979; Hussong et a l, 1979). 

Studies that address the deterioration in microbiological quality of non-bathing 

recreational water (i.e. amenity ponds), and the possible health risks caused by

waterfowl, are rare.

The results reported in my study clearly showed that high abundance of E. coli 

and faecal streptococci was only found in the water and sediment of ponds that 

harboured waterfowl (Tables 4.6, 4.7 and 4.9). The abundance of E. coli in pond waters 

was strongly associated with waterfowl numbers per unit pond area (Table 4.10). These 

results agree with Hussong, et a l (1979) and Standridge, et al. (1979), who concluded 

that large numbers of waterfowl can cause an increase in faecal conforms in water and 

sediments. Such increase is probably inevitable since a gram dry weight of mallard 

faeces can contain up to 4.9 x lO11 faecal coliforms and 6.3 x 108 faecal streptococci 

(Obiri-Danso and Jones, 1999a) and 3.3 x 107 eoli (Taylor, 2003). Pathogenic 

bacteria ( Campylobacter and Salmonella) were only recovered from the water and/or
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sediment of ponds with waterfowl (Tables 4.13, 5.2 and 5.3). This is not surprising 

since ducks and geese have been reported to harbour Campylobacter and Salmonella 

(Luechtefeld et al., 1980; Pacha et al., 1988; Feare, et al., 1999; Fallacara et al., 2001; 

Kassa et al., 2001; Murphy et al., 2005). The high abundance of faecal indicator 

bacteria found in pond waters (Tables 4.6 and 4.9) led to ponds with waterfowl failing 

the EU guidelines and also mandatory requirements for safe bathing water. It is 

important to emphasise, however, that amenity ponds studied here are not bathing sites. 

The poor microbiological quality of these ponds, however, suggests that skin contact or 

accidental exposure to pond water could pose a health threat. Children should probably 

be discouraged from playing in the margins of these ponds.

The presence of large numbers of waterfowl in the vicinity of amenity ponds 

reduces aesthetic value. There is an element of subjectivity in assaying aesthetic values; 

some observers prefer rich and diverse vegetation, while others might prefer observing 

waterfowl. The birds eat and damage the aquatic vegetation (Table 2.1) and the water is 

always turbid as a result of their disturbing bottom sediment (Table 4.5). Defecation 

from waterfowl litters the areas around the ponds and poses a health hazard to visitors 

due to the presence of pathogenic bacteria (Table 6.3). It has been estimated that the 

faecal dropping of one goose per day may be equal to around two pounds of waste 

(about 1 kg). Such gross amounts of faecal material will inhibit children’s play and 

discourage lying or sitting on grassy margins (Dieter et al., 2001). Other problems 

associated with the presence of ducks and geese in the vicinity of amenity ponds include 

possible attacks on elderly people or children especially when there are ducklings or 

goslings to protect. The birds also tend to stray onto adjacent roads, potentially causing 

traffic accidents (Dieter et al., 2001).
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Waterfowl have been considered to be an important reservoir of Campylobacters 

in nature (Percival et al., 2004). This was further supported by the results reported in 

my study (Chapter 6).

Little is known about waterfowl and pathogenic strains of E. coli (i.e. E. coli 

0157) which have recently emerged as a cause of bloody diarrhoea associated with 

vomiting in humans (Percival et al., 2004). E. coli 0157 has been reported in cases 

related to drinking water and recreational contact with water (Hunter, 1997). Livestock 

(e.g. cattle and sheep) are regarded as the most important reservoirs for E. coli 0157 

(Duffy, 2003; Ogden et al., 2005) and little is known about any association between 

waterfowl with pathogenic E. coli. Palmgren, et al. (1997) failed to detect pathogenic E. 

coli in 151 faecal samples from gulls, starlings, blackbirds, song thrushes and other wild 

birds but they did not exclude the possibility of a bird reservoir of E. coli 0157. The 

speculation of Palmgren and her colleagues about a possible reservoir of pathogenic E. 

coli within wild birds was proved by Wallace, et al. (1997) who reported for the first 

time the isolation of E. coli 0157 from gull faeces. Recently, Kullas, et al. (2002) were 

the first to report the presence of pathogenic strains of E. coli in the taeces of Canada 

geese. It would be interesting to study the prevalence of E. coli 0157 in the waterfowl 

populations and in the water of the ponds that were the focus of the present study (i.e. 

South Dalton, Little Weighton and Brantingham).

In Saudi Arabia, gastrointestinal tract infections in humans due to bacterial 

agents are increasing (MOH, 2001; Al-Mazrou, 2004). Although reports concerning the 

distribution of Salmonella serotypes within farm animals and poultry in Saudi Arabia 

are available (Barbour and Nabbut, 1982; Nabbut et al., 1982, Al-Nakhli et al., 1999), 

studies concerning the distribution of enteric bacterial pathogens (e.g. Campylobacter) 

in the environment, particularly in wild birds, are lacking. This dearth of information is 

important because, for example, the City of Makkah (Western Saudi Arabia) has more
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pigeon flocks than comparable cities elsewhere. These flocks of pigeons roost on the 

roofs of houses, near drinking water reservoirs, and sometimes near dining places and 

food outlets. Campylobacters and salmonellae have been recovered from the faeces of 

urban pigeons (Columba livia var.) in Barcelona, Spain, and were regarded as a 

potential source of human infection (Casanovas et al., 1995). It would be of value to 

study the distribution of various serotypes of Campylobacters, salmonellae and E. coli 

0157 within wild bird populations and in surface waters in the City of Makkah and 

other regions of Saudi Arabia, and to compare these types with those of clinical origin.

In addition to bacterial pathogens, waterfowl are reported to carry a wide range 

of pathogens including viruses (e.g. avian influenza virus, West Nile virus), parasites 

(e.g. Cryptosporidium, Toxoplasma) and fungi (e.g. Candida albicans, Aspergillus 

fumigatus) (Hubálek, 2004). In 2004 an outbreak of avian influenza (influenza A virus 

subtype H5N 1) that specific is to birds began in south-east Asia. In mid 2005 the same 

strain of the virus was isolated from migratory waterfowl in Eastern Europe. The British 

Veterinary Association warned that the virus is very likely to reach the UK by migrating 

birds (Jones, 2005).

8.1.2 Conventional and molecular-genomic methods for the detection and 

confirmation of enteric bacteria in environmental samples

The detection of a few, possibly injured, cells of enteric bacteria (e.g. 

Campylobacter, Salmonella) amongst the large and diverse natural bacterial flora of 

environmental water samples poses many difficulties. The results obtained from the 

present work (Chapters 5, 6 and 7) address some of the problems encountered.
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8.1.2.1 Detection and confirmation of Campylobacters in environmental 

samples

The general procedure for the detection of Campylobacters in environmental

waters involves the concentration of large volumes of water on membrane filters and the

incubation of these filters in a selective enrichment broth at 37 °C followed by

incubation at 42 °C (Percival et al., 2004). Such procedures have been employed as a

standard method for the determination of these organisms in all types of water (PHLS,

1998d). In order to increase the sensitivity of the filtration procedure (i.e. increase the

number of Campylobacter cells concentrated on the filters), the filtration of larger

volumes of water samples seems appropriate. Thus, Hanninen, et al. (2003) showed that

the filtration o f up to 10 litres o f tap water increased the number o f recovered

Campylobacters and they suggested that sample volumes of 1000 ml are too small to

detect Campylobacters in tap waters. However, the filtration o f large volumes (1000 ml)

of turbid pond water can lead to false-negative results (Table 5.2). This is due to the

growth of high levels of background heterotrophs and coliforms during the enrichment

stage (Table 5.4) which prevent the growth o f Campylobacters to detectable levels,

probably as a result of competition for nutrients. Similar problems were encountered

with the processing of a large volume (5.0 ml) of microbially-rich sediment to assess the

presence of Campylobacters (Table 5.3). Interference by background bacteria in

Campylobacter enrichment cultures, derived from the filtration of large water samples,

was suggested as a problem by Fricker (1987) in his review of diverse methods that may

be applied to detect Campylobacters and salmonellas in environmental samples. Studies

that have addressed this problem are few. Aquino, et al. (1996) found that all seemingly

Campylobacter-negative enrichment cultures derived from contaminated poultry

samples had high levels of faecal indicators and lactobacilli, while plates streaked from

the same samples yielded Campylobacters. The results reported in the present work
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(Tables 5.2, 5.3 and 5.4) support the suggestion of Flicker (1987) and reinforce the 

findings of Aquino, et al. (1996) with evidence from a different sampling milieu.

The recovery of Campylobacter from duck faeces (Table 6.3), and from run-off 

water (Table 6.4) at pond sites, confirm the significant roles of both waterfowl and rain- 

related run-off in the dissemination and distribution of Campylobacter in the 

environment, particularly in surface waters. Roles that have been identified by Stelzer, 

et al. (1991) and Jones (2001).

Presumptive Campylobacters that were recovered from pond water (19 isolates), 

sediment (5 isolates), duck faeces (10 isolates) and run-off water (7 isolates) (Table 6 .6) 

were all confirmed as thermophilic Campylobacters by conventional morphological and 

biochemical tests and also by PCR (Figs. 5.1, 5.2, 6.1 and 6.2). Conventional 

confirmatory tests were limited to the identification of presumptive isolates to genus 

level. In contrast, PCR reinforced the confirmation of the presumptive isolates as 

thermophilic Campylobacters and provided further information on the species recovered 

(i.e. Campylobacter jejuni or C. coli). DNA from other thermophilic Campylobacters 

(e.g. C. lari and C. upsaliensis) do not normally amplify with the primers used.

The work described in Chapter 5 on the detection of thermophilic 

Campylobacters in turbid pond water showed that the application of conventional 

enrichment methods is liable to generate false-negative results. Thus, the aim was to 

develop a molecular-based approach that provides more reliable results. Direct PCR 

detection of naturally-occuring Campylobacter in drinking water and swimming-pool 

water has been achieved without prior enrichment culture (Jackson et a l , 1996; Moore 

et al., 2001). With turbid pond-water samples, however, the detection ot naturally- 

occuring Campylobacters by direct PCR assay seems not be feasible (Fig. 7.1 and Table

7.1). This is probably due to inadequate number of the target organism along with the 

presence of humic material and other PCR inhibitors. This suggestion was supported by
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the application of direct PCR to pellets prepared by centrifugation of sterile pure water 

samples and fresh pond water samples, both spiked with known concentrations of 

Campylobacter cells. In spiked sterile pure water the lowest detection limit with direct 

PCR was 50 Campylobacter cells ml'1, which is close to that reported by Kirk and 

Rowe (1994) (10-20 cells ml'1). In contrast, in spiked fresh pond water the lowest 

detection limit was much higher at 400 Campylobacter cells ml' 1 (Fig. 7.2 and Table

7.2).

When fresh pond water samples (10 ml and 100 ml) were filtered and the filters 

were incubated overnight in selective enrichment culture, the DNA extracted from 

pellets prepared from the cultures was successfully amplified with primers CF03 and 

CF04 (Figs. 7.5, 7.6 and Table 7.3). Thus, selective enrichment culture followed by 

PCR is a reliable and relatively rapid method for the detection of naturally-occuring 

Campylobacters in turbid environmental waters. This conclusion is in agreement with 

other studies, where PCR was used after an enrichment step for the detection of 

Campylobacter, in spiked estuarine and river waters (Hernandez et al., 1995; Waage et 

al., 1999). The detection of Campylobacters in naturally-contaminated environmental 

waters by PCR after selective enrichment has many advantages; for example, 

enrichment culture will allow target cells to increase in numbers and will also dilute 

PCR inhibitors, thus providing increase of sensitivity of PCR detection. Also the 

application of PCR assay after a selective enrichment step will allow only the detection 

of viable cells that are capable of causing infection. Thus PCR assay after selective 

enrichment is proposed as a standard method for the detection of Campylobacters in 

environmental samples. This proposal conforms to that of Josefsen, al. (2004).

The detection and confirmation of Campylobacter in water samples by 

conventional methods takes up to 88 h (PHLS, 1998d). The purpose of the development 

of PCR assay for the detection of Campylobacters, and other pathogens, in
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environmental samples is to obtain reliable and accurate results in a relatively short 

time. The detection of Campylobacters by selective enrichment followed by PCR was 

shown to give confirmed results within around 44 h, i.e. half the time required by 

conventional methodology (Chapter 7). This is a valuable improvement in technique, it 

shortens the time needed for results and eliminates the need for conventional 

confirmatory tests. Other studies have shown that the amplification of DNA from 

Campylobacter pellets obtained from selective enrichment culture can be achieved after 

reducing the incubation period. Hernandez, et al. (1995) achieved a positive PCR 

amplification of Campylobacter DNA after 24 h incubation, of the filtered residue of 

spiked estuarine water samples, in enrichment culture. With spiked river water, 

of DNA from pellets obtained by centrifugation, was achieved after 14 h 

of incubation (Waage et al., 1999). Similarly, in spiked sewage, Campylobacter DNA 

was amplified after 18 h of incubation in selective enrichment (K.oenraad et al., 1995), 

and with spiked chicken-rinse samples (Josefsen et al., 2004) Campylobacter DNA was 

amplified after 2 0  h of incubation in enrichment culture.

All the above examples of the successful detection of Campylobacter by PCR, 

after a short enrichment culture step, used spiked environmental samples. It would be 

useful to develop a PCR protocol for the detection of Campylobacter in naturally- 

contaminated surface waters (e.g. ponds). This might involve perhaps 4-20 h of 

selective enrichment incubation prior to PCR. Such protocol would require less time 

and materials than for conventional detection and confirmation of Campylobacters and

would increase the sensitivity and reliability of the results.

8.1.2.2 Detection and confirmation of salmonellae in environmental samples

Salmonella was not recovered from pond water samples (Table 4.13). This result 

confirms the difficulties that arise in culturing Salmonella from natural aquatic

environments, both freshwater and marine (Alcaide et al., 1984; Hussong */ al., 1984;
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Morinigo et al., 1989; Obiri-Danso and Jones, 1999a, 1999b). Salmonella was 

recovered only from sediment, from a pond that harboured waterfowl, on three 

occasions during summer (Table 4.13). Greater recovery of salmonellae from bottom 

sediments than from overlying water has been reported. Hendricks (1971) found that, of 

195 samples of sediment and river water, 90 % of the Salmonella recovered were from 

sediment. This was probably a result of concentration of the bacteria through 

sedimentation (Hendricks, 1971; Van Donzel and Geldreich, 1971). The recovery of 

Salmonella from the sediment of the pond at South Dalton only during the summer 

(June-August) is superficially explained by the seasonal pattern of distribution shown 

by this organism, it being most readily found in environmental samples during the 

summer and autumn (Pianetti et al., 1998).

The low incidence of recovery of Salmonella from duck faeces (Table 6.3) 

agrees with other studies from different parts of the world. They have shown either very 

low numbers of Salmonella in the faeces of ducks and geese, or their absence not only 

from faeces but also from the water and sediment of roosting sites (Damare et al., 1979; 

Hussong et al., 1979; Hubalek et al., 1995; Fallacara et al., 2001, 2004; Refsum et al., 

2002a). The low incidence of Salmonella in ducks and geese reported in Chapter 6 
supports the suggestion that the overall carriage of salmonellae by wild birds is low 

(Brittingham et al., 1988; Palmgren et al., 1997; Murray, 2000; Kirk et al., 2002; 

Hernandez et al., 2003; Dovc$ et al., 2004). Such low carriage can be attributed to a 

number of factors. For example, wild birds can acquire Salmonella through 

contaminated feeding sites when the carriage of the organism may last only for a few 

days and there is no pathogenic infection of the host bird (Gridwood *  al., 1985; 

Murray, 2000). Thus it is suggested that wild birds that live well away from polluted 

environments may not harbour Salmonella (Damare et al., 1979, Tizard, 2004).
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It is also important to stress that all the 11 presumptive Salmonella isolates that 

were recovered from sediment (7 isolates) and from duck faeces (4 isolates) (Tables 

4.13 and 6.3) were confirmed as Salmonella only by biochemical tests (FLS production 

in parallel with the lack of urea hydrolysis). The four Salmonella isolates recovered 

from duck faeces did not give a positive reaction with the White-Kauffinann-Li Minor 

(WKL) serotyping scheme, nor was their DNA amplified with primers S I8 and S19 

(Fig. 6.3). Thus the observed positive biochemical confirmation of the presumptive 

isolates as Salmonella was may have been a false-positive result. Also, the seven 

Salmonella isolates that were recovered from sediment samples from the pond at South 

Dalton (Table 4.13) were confirmed only by biochemical tests, and were not tested by 

the WKL scheme or by PCR. Thus it is not known whether these really were 

Salmonella. The positive biochemical confirmation of these isolates may also have been 

a false-positive result. Thus, results in the literature that are based on conventional 

confirmation of presumptive salmonellae may need réévaluation.

Problems with false-positive results associated with conventional detection of 

Salmonella from environmental waters have been reported elsewhere. Xylose lysine 

desoxycholate agar (XLD) has been suggested as the best plating medium for the 

recovery of salmonellae from polluted water after selective enrichment (Fricker, 1984; 

Morinigo et a i, 1989) and has been used by public health authorities in their standard 

protocols (HMSO, 1984; PHLS, 1998e; APHA, 1998). These seem to be inadequate in 

differentiating Salmonella from some other bacteria (e.g. Proteus) and a high rate of 

false-positive results has been associated with the use of XLD (Rambach, 1990; 

Waltman, 2000). In recent years, a completely new agar medium has been developed 

that contains a ehromogenic substrate (Cooke et a i, 1999). This medium (CHROMagar 

Salmonella) showed high efficacy in differentiation between reference isolates of 

Salmonella and other genera such as Proteus, Pseudomonas and Citrobacter, and is
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thought to be sufficiently selective to allow confirmation of the presence of Salmonella 

without the subsequent use of biochemical confirmatory tests. When the chromogenic 

medium was compared with conventional plating media for the screening of naturally- 

occuring salmonellae in human stool samples (Gaillot et al., 1999) it was shown to be 

superior and had a high selectivity. Thus it was suggested as suitable for use as a 

primary plating medium for the recovery of salmonellae from faeces. It would be of 

interest to study the prevalence of Salmonella in amenity ponds and their environs 

utilising the new chromogenic medium and to evaluate its selectivity in the recovery of 

Salmonella from naturally contaminated surface waters and duck faeces. This would 

need to be done in conjunction with confirmation by PCR assay.

In the present work PCR was used on presumed Salmonella colonies that had 

been confirmed by biochemical methods — they turned out not to be Salmonella. PCR 

might, however, be used in further searching for Salmonella in ponds with waterfowl. 

Both direct PCR, and PCR after an initial, short, enrichment culture, might be explored. 

A successful protocol would be faster than conventional enrichment culture and 

selective plating.

8.1.3 Typing of faecally-derived bacteria and tracking the source of contamination 

in environmental waters

Molecular sequence analysis of amplified DNA from confirmed Campylobacter 

isolates recovered from pond water and sediments, duck faeces, and run-off water 

(Table 6 .6) indicated that the distribution of Campylobacters in ponds is dependent on 

both waterfowl and rain-related run-off. This conclusion is in agreement with Stelzer, er

al. (1991) and Jones (2001).

The sequence analysis of Campylobacter jlaA and flaB  genes showed interesting 

results in the context of Campylobacter ecology. Campylobacter jejuni was found in
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duck faeces at all pond sites from which faeces were collected (Table 6 .6 ). However, it 

was found in pond water and sediment only at South Dalton (Table 6 .6). In contrast, 

Campylobacter coli was found in the run-off water and in the water and sediment at 

Little Weighton and Brantingham (Table 6 .6 ). These results suggest that different 

Campylobacter species in pond water and sediment had different sources; i.e. the source 

of C. jejuni in South Dalton pond was waterfowl, whereas the source of C. coli at Little 

Weighton and Brantingham was run-off water. This suggestion is supported by the 100 

% identical sequences of all C. jejuni isolates from both waterfowl and ponds, and 

likewise by the identical sequences of all C. coli isolates from both ponds and run-off 

water (Table 6 .6). This genetic stability at the East Yorkshire sites may reflect 

niche/host adaptation, i.e. particular Campylobacter strains may be associated with 

particular phylogenetic groups or geographic populations of host birds (Colies et al., 

2003; Broman et al., 2004).

In general, the results of molecular DNA sequencing of Campylobacter isolated 

from the East Yorkshire amenity ponds and their environs (Chapter 6) demonstrated the 

ecological relevance of typing of Campylobacters below the genus level. It is important 

to stress that routine typing (e.g. biotyping, serotyping) of Campylobacters derived from 

clinical and environmental sources, is not undertaken in public health laboratories in the 

UK. The practice is that the identification procedure is terminated once presumptive 

isolates are confirmed as Campylobacter spp. by morphological and biochemical tests

(Frost, 2001; HPA, 2003; Reilly and Browning, 2004).

The use o f conventional tests for the identification o f Campylobacter spp. from 

environmental sources has two major limitations. First, the generation o f false-positive 

results. For example, Campylobacter-^ species (i.e. Helicobacter and Arcobacter) 

may be falsely identified as Campylobacters. Diergaardt, et al. (2004) isolated 100 

presumptive Campylobacters from drinking water, ground water, and raw sewage in
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South Africa. Of these 22 did not grow under aerobic conditions and were thus 

confirmed as Campylobacter spp. The analysis of a 16S rRNA sequence, however, 

showed that only three of the 22 confirmed isolates were actually Campylobacter jejuni, 

while the remaining 19 isolates were shown to be Arcobacter butzleri. Second, lack of 

knowledge about the degree of similarity between Campylobacter strains that are found 

in clinical specimens and those found in the faeces of waterfowl and in environmental 

waters. Thus, it is not straightforward for public health authorities in England to 

determine whether or not the strains of Campylobacter jejuni and C. coli that can be 

recovered from amenity sites (e.g. village ponds) play a role in the increase in reported 

cases of Campylobacter enteritis in the human community?

Mawer (1988) studied Campylobacter species in the ponds and drains of Hull, as 

well as strains from local clinical sources, using the Penner serotyping scheme. The 

results of that study showed that 53 % of the environmental strains were confirmed as 

C. jejuni by morphological and biochemical tests, but were not typable by the Penner 

scheme (i.e. they were regarded as atypical C. jejuni). Thus it was concluded that ponds 

and drains in the city were not the source of campylobacteriosis in the people living 

near these water bodies (Mawer, 1988). Given the high discriminatory power of 

molecular typing methods, it would be worth using them to study the prevalence of 

Campylobacter types derived from diarrhoea patients and from the environment in Hull 

and surrounding areas to further investigate the eonclusions of Mawer (1988).

Based on significant statistical association, it was concluded that waterfowl are 

the leading cause of high numbers of faecal indicators in some amenity ponds (Table 

4 . 1 0 ). In order to reinforce this conclusion a study which tracked the source of faecal 

indicators by a molecular-genomic approach or by a rapid computerised biochemical 

fingerpringting approach (MSllby et al..1993; Blanch e, 2004; Ahmed e, 2005)

would be of interest. The typing o f£ . coli and faecal streptococci isolated from the
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faeces of waterfowl, and those from the water and sediments would reveal more 

information about the prevalence of different/similar types of faecal indicators in both 

birds and the pond environments.

Taken together, the results of the present study show that waterfowl are not 

necessarily benign occupants of amenity ponds. As well as destroying aquatic 

vegetation and fouling margins, they are a source of faecal indicators and pathogenic 

bacteria. It might be appropriate for local authorities (e.g. civil parish councils) with 

responsibilities for amenity ponds to review their policy towards large populations of 

waterfowl. For example, numbers of waterfowl could be culled, this would need 

agreement from local people. Also, a programme of educating local people about 

advantages and disadvantages of waterfowl, and signage near ponds to indicate potential 

hazards might be appropriate.

MAIN CONCLUSIONS

• Significant correlations were found between abundance of E. coli in pond water 

and number of waterfowl.

• Faecal indicators in the water of East Yorkshire ponds with ducks and geese 

always exceeded not only EU guidelines, but the absolute requirement for 

bathing waters (EU, 1994) of < 2000 E. coli per 100 ml and < 400 faecal

streptococci per 10 0  ml.

• Skin contact and accidental ingestion of water from ponds with waterfowl is 

probably best avoided.

.  When determining Campylobacters the filtration of a large volume of turbid

environmental water or the use of a large volume of sediment may be

counterproductive and may not yield presumptive Campylobacters; this is

because of competition by background microflora in enrichment cultures.
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• Pilot studies to establish appropriate volumes of environmental water or 

sediment samples should be undertaken before routine determination of 

Campylobacter is begun,

• Campylobacters may be isolated from duck faeces and run-off water as well as 

from the water and sediment of village ponds.

• The faeces of waterfowl and rain-related run-off are both potential sources of 

Campylobacters to the ponds.

• Different Campylobacter species may have different origin: C. jejuni from 

ducks, C. coli from run-off.

• Salmonellae, in contrast, were not reliably isolated from duck faeces or run-off, 

nor were they found in pond water, and only occasionally in sediment.

• The detection of thermophilic Campylobacters in naturally-contaminated, turbid, 

pond water was not achieved by direct PCR assay although positive cultures 

were obtained by conventional methods.

• This was most likely due to low numbers of Campylobacter in the samples.

• The presence of humic material and other PCR inhibitors may also have 

contributed. Selective enrichment, however, facilitated the detection of 

Campylobacter by PCR, especially when Proteinase K was used to extract DNA 

from cells.

• The combination of selective enrichment and PCR for detecting thermophilic 

Campylobacters in turbid pond water is recommended.

.  It shortens the time need for detection and eliminates the conventional methods 

needed for confirmation of presumptive isolates.

.  The method only gave positive results when an appropriate volume (10 ml or 

100 ml, but not 1000 ml) of pond water was used for enrichment. This was
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probably because of competition by background bacteria during enrichment 

culture.



References

REFERENCES

Abdel-Monem, M. H. A. A. and Dowidar, A. (1990) Recoveries o f Salmonella from 

soil in eastern region of Saudi Arabia Kingdom. Journal o f  Egyptian Public Health 

Association 65, 61-75.

Ahmed, W., Neller, R. and Katouli, M. (2005) Evidence of septic system failure 

determined by a bacterial biochemical fingerprinting methods. Journal o f  Applied 

Microbiology 98, 910-920.

Alcaide, E., Martinez, J. P. and Garay, E. (1984) Comparative study on Salmonella 

isolation from sewage-contaminated natural waters. Journal o f Applied Bacteriology

56, 365-371.

Alderisio, K. A. and Deluca, N. (1999) Seasonal enumeration of fecal coliform bacteria 

from the feces of ring-billed gulls (Larus delawarensis) and Canada geese (Branta 

canadensis). Applied and Environmental Microbiology 65,5628-5630.

Alexandria, M., Grohmann, E. and Szewzyk, U. (2004) Optimization of PCR-based 

methods for rapid detection of Campylobacter jejuni, Campylobacter coli and 

Yersinia enterocolitica serovar 0:3 in wastewater samples. Water Research 38,

1340-1346.

Allison, K. J. (1974) A History of the County of York East Riding Volume II. In: The

Victoria History o f the Counties o f England. Erlington, C. R. (ed). The Institute of

Historical Research. Oxford University Press.

179



References

Allison, K. J. (1979) A History of the County of York East Riding Volume IV. In: The 

Victoria History o f the Counties o f England. Erlington, C. R. (ed). The Institute of 

Historical Research. Oxford University Press.

Aim, E. W., Burke, J. and Spain, A. (2003) Fecal indicator bacteria are abundant in wet 

sand at freshwater beaches. Water Research 37, 3978-3982.

Al-Mazrou, Y. Y. (2004) Food poisoning in Saudi Arabia, potential for prevention? 

Saudi Medical Journal 25, 11-14.

Al-Nakhli, H. M., Al-Ogaily, Z. H. and Nassar, T. J. (1999) Representative Salmonella 

serovars isolated from poultry and poultry environments in Saudi Arabia. Revue 

Scientifique et Technique, Office International des Epizootics 18, 700-709.

Alonso, J. L., Botella, M. S., Amoros, I. and Rambach, A. (1992) Salmonella detection 

in marine waters using a short standard method. Water Research 26, 973-978.

Alonso, J. L. and Alnso, M. A. (1993) Presence of Campylobacter in marine water of 

Valencia, Spain. Water Research 27, 1559-1562.

Anderson, Y. and Bohan, P. (2001) Disease surveillance and waterborne outbreaks. In: 

Water Quality: Guidelines, Standards and Health. Fewtrell, L. and J. Bartram (eds). 

Pp. 115-133. IWA Publishing, London.

180



References

An, Y. J., Kampbell, D. H. and Breidenbach, G. P. (2002) Escherichia coli and total 

colifomns in water and sediments at lake marinas. Environmental Pollution 120, 

771-778.

Anon. (1997) Introducing QIAGEN Proteinase K -  the robust proteinase. QIAGEN 

News 4, 9-10.

Anon. (2002) Beckman Coulter CEQ Genetic Analysis System Operating Manual. 

Beckman Coulter Inc., Fullerton, CA.

Anon. (2004) Microsoft maps online, [available at www.msn.com/maps1 accessed on 

(10/11/2004)

APHA (1998) Standard Methods for the Examination o f Water and Wastewater 20th ed. 

American Public Health Association publication Office, Washington D. C.

Aquino, M. H. C., Carvalho, J. C. P., Tibana, A. and Franco, R. M. (1996) 

Campylobacter jejuni/coli: methodology of isolation and possible interfering factors 

in primary cultures. Journal o f Food Protection 59, 429-432.

Arvanitidou, M., Stathopoulos, G. A., Constantinidis, T. C. and Katsouyannopoulos, V. 

(1995) The occurrence of Salmonella, Campylobacter and Yersinia spp. in river and 

lake waters. Microbiological Research 150, 153-158.

181

http://www.msn.com/maps


References

Ashbolt, N. J., Grabow, W. O. K. and Snozzi, M. (2001) Indicators of microbial water 

quality. In: Water Quality: Guideline, Standards and Health. Fewtrell, L. and 

Bartram, J. (eds). Pp. 289-315. IWA Publishing, London.

Atabay, H. I. and Corry, J. E. L. (1998) The isolation and prevalence of Campylobacters 

from dairy cattle using a variety of methods. Journal o f Applied Microbiology 84, 

733-740.

Aydin, F., Atabay, H. I. and Akan, M. (2001) The isolation and characterization of 

Campylobacter jejuni subsp. jejuni from domestic geese (Anser anser). Journal o f 

Applied Microbiology 90, 637-642.

Baele, M., Devriese, L. A., Butaye, P and Haesebrouck, F. (2002) Composition of 

enterococcal and streptococcal flora from pigeon intestines. Journal o f  Applied 

Microbiology 92, 348-351.

Baffone, W., Bruscolini, F., Pianetti, A., Biffi, M. R., Brandi, G., Salvaggio, L. and 

Albano, V. (1995) Diffusion of thermophilic Campylobacter in the Pesaro-Urbino 

area (Italy) from 1985-1992. European Journal o f Epidemiology 11, 83-86.

Baker, J., Barton, M. D. and Lanser, J. (1999) Campylobacter species in cats and dogs 

in South Australia. Australian Veterinary Journal 77, 662-666.

Barbour, E. K. and Nabbut, N. H. (1982) Isolation of Salmonella and other potential 

pathogens from two chicken breeding farms in Saudi Arabia. Avian Diseases 26, 

234-244.

182



References

Baudart, J., Grabulos, J., Barusseau, J. P. and Lebaron, P. (2000) Salmonella spp. and 

fecal colifonn loads in costal waters from a point vs. nonpoint source of pollution. 

Journal o f Environmental Quality 29, 241-250.

Baudisova, D. (1997) Evaluation of Escherichia coli as the main indicator of faecal 

pollution. Water Science and Technology 35, 333-336.

Betaieb, M. and Jones, K. (1990) Thermophilic Campylobacters in two sewage 

treatment plants in Libya. Letters in Applied Microbiology 11, 93-95.

Birkenhead, D., Hawkey, P. M., Heritage, J., Gascoyne-Binzi, D. M. (1993) PCR for 

the detection and typing of Campylobacters. Letters in Applied Microbiology 17, 

235-237.

Bitton, G. (1999) Wastewater Microbiology 2nd edition. John Wiley, New York.

Blanch, A. R., Belanche-Munoz, L., Bonjoch, X., Ebdon, J., Gantzer, C., Lucena, F., 

Ottoson, J., Kourtis, C., Iversen, A., Kiihn, I., Moce, L., Muniesa, M., 

Schwartzbrod, J., Skraber, S., Papageorgiou, G., Taylor, H. D., Wallis, J. and Jofre, 

J. (2004) Tracking the origin of faecal pollution in surface water: an ongoing project 

within the European Union research programme. Journal o f Water and Health 2, 

249-260.

Blaser, M. and Newman, L. S. (1982) A review of human sallmonellosis: I. infective 

dose. Reviews o f Infectious Diseases 4, 1096-1106.

183



References

Bolton, F. J., Hinchlitte, P. M , Coates, D. and Robertson, L. (1982) A most probable 

number method for estimating small numbers of Campylobacters in water. Journal 

o f Hygiene Cambridge 89, 185-190.

Bolton, F. J., Coates, D., Hutchinson, D. N. and Godfree, A. F. (1987) A study of 

thermophilic Campylobacters in a river system. Journal o f  Applied Bacteriology 62, 

167-176.

Bolton, F. J., Surman, S. B., Martin, K., Wareing, D. R. A. and Humphrey, T. J. (1999) 

Presence of Campylobacter and Salmonella in sand from bathing beaches. 

Epidemiology and Infection 122, 7-13.

Bopp, C. A., Brenner, F. W., Wells, J. G. and Strockbine, N. A (1999) Escherichia, 

Shigella, and Salmonella. In: Manual o f Clinical Microbiology 7th edition. Murray, 

P. R„ Baron, E. J., Pfaller, M. A., Tenover, F. C. and Yolken, R. H. (eds). Pp. 459- 

474. ASM Press, Washington D. C.

Brasher, C., Panicker, G. and Bej, A. K. (2002) Evaluation of PCR amplification-based 

detection of heat-killed Escherichia coli and cell-free DNA in shellfish. Molecular 

Biology Today 3, 85-90.

Brennhovd, 0 ., Kapperad, G. and Langeland, G. (1992) Survey of themrotolerant 

Campylobacter spp. and Yersinia spp. in three surface water sources in Norway. 

International Journal o f  Food Microbiology 15, 327-338.

184



References

Brittingham, M. C., Temple, S. T. and Duncan, R. M. (1988) A survey of the prevalence 

of selected bacteria in wild birds. Journal o f Wildlife Diseases 24,299-307.

Broman, T., Waldenstrom, J., Dahlgren, D., Carlsson, I., Eliasson, I. and Olsen, B. 

(2004) Diversities and similarities in PFGE profiles of Campylobacter jejuni 

isolated from migrating birds and humans. Journal o f Applied Microbiology 96, 

834-843.

Buckley, R., Clough, E., Wamken, W. and Wild, C. (1998) Colifrom bacteria in 

streambed sediments in a subtropical rainforest conservation reserve. Water 

Research 32, 1852-1856.

Burlage, R. S. (1998) Molecular techniques. In: Techniques in Microbial Ecology. 

Burlage, R. S., Atlas, R., Stahl, D., Geesey, G. and Sayler, G. (eds). Pp. 289-334. 

Oxford University Press, New York.

Burton, G. A., Gunnison, D. and Lanza, G. R. (1987) Survival of pathogenic bacteria in 

various freshwater sediments. Applied and Environmental Microbiology 53, 633- 

638.

Carr, O. J. and Goulder, R (1990) Fish-farm effluents in rivers-I. Effect on bacterial 

populations and alkaline phosphatase activity. Water Research 24, 631-638.

Caro, A., Got, P., Lesne, J., Binard, S. and Baleux, B. (1999) Viability and virulence of 

experimentally stressed nonculturable Salmonella typhimurium. Applied and 

Environmental Microbiology 65, 3229-3232.

185



References

Carter, A. M., Pacha, R. E., Clark, G. W. and Williams, E. A. (1987) Seasonal 

occurrence of Campylobacter spp. in surface waters and their correlation with 

standard indicator bacteria. Applied and Environmental Microbiology 53, 523-526.

Casanovas, L., de Simón, M., Ferrer, M. D., Arqués, J. and Monzón, G. (1995) 

Intestinal carriage of Campylobacters, salmonellas, yersinias and listerias in pigeons 

in the city of Barcelona. Journal o f Applied Bacteriology 78, 11-13.

Cavallo, R. A., Rizzi, C., Vozza, T. and Stabilli, L. (1999) Viable heterotrophic bacteria 

inwater and sediment in ‘Mar Piccolo’ of Taranto (Ionian Sea, Italy). Journal o f 

Applied Microbiology 86, 906-916.

Cherry, W. B., Hanks, J. B., Thomason, B. M., Murlin, A. M., Biddle, J. W. and Croom, 

J. M. (1972) Salmonellae as an index of pollution of surface waters. Applied 

Microbiology 24, 334-340.

Cheung, W. H. S., Chang, K. C. K. and Hung, R. P. S. (1990) Health effects of beach 

pollution in Hong Kong. Epidemiology and Infection 105, 139-162.

Chmielewski, R. A. N. and Frank, J. F. (1995) Formation of viable but nonculturable 

Salmonella during starvation in chemically defined solutions. Letters in Applied 

Microbiology 20, 380-384.

186



References

Claudon, D. G., Thompson, D. I., Christenson, E. H., Lawton, G. W. and Dick, E. C. 

(1971) Prolonged Salmonella contamination of a recreational lake by runoff waters. 

Applied Microbiology 21, 875-877.

Colies, F. M., Jones, K., Harding, R. M. and Maiden, M. C. J. (2003) Genetic diversity 

of Campylobacter jejuni isolates from farm animals and the farm environment. 

Applied and Environmental Microbiology 69, 7409-7413.

Collins, V. G., and Willoughby, L. G. (1962) The distribution of bacteria and fungal 

spores in Blelham Tam with particular reference to an experimental overturn. 

Archive fur Mikrobiologie 43, 294-307.

Cooke, V. M., Miles, R. J., Price, R. G. and Richardson, A. C. (1999) A novel 

chromogenic ester agar medium for detection of salmonellae. Applied and 

Environmental Microbiology 65, 807-812.

Corry, J. E. L., Post, D. E., Colin, P. and Laisney, M. J. (1995) Culture media for the 

isolation of Campylobacters. International Journal o f Food Microbiology 26, 43-76.

Costalunga, S. and Tondo, E. C. (2002) Salmonellosis in Rio Grande do Sul, Brazil, 

1997 to 1999. Brazilian Journal o f Microbiology 33, 342-346.

Crabill, C., Donald, R., Snelling, J., Foust, R. and Southham, G. (1999) The impact of 

sediment fecal coliform reservoir on seasonal water quality in Oak Creek, Arizona. 

Water Research 33, 2163 -2171.

187



References

Damare, J. M., Hussong, D., Weiner, R. M. and Colwell, R. R. (1979) Aerobic and 

facultatively anaerobic bacteria associated with the gut of Canada geese (Branta 

canadensis) and whistling swans (Cygnus columbianus columbianus). Applied and 

Environmental Microbiology 38, 258-266.

Davies, C. M., Long, J. A. H., Donald, M. and Ashbolt, N. J. (1995) Survival of fecal 

microorganisms in marine and freshwater sediments. Applied and Environmental 

Microbiology 61, 1888-1896.

de Sa, I. V. A. and Solari, C. A. (2001) Salmonella in Brazilian and imported pet 

reptiles. Brazilian Journal o f Microbiology 32, 293-297.

Denis, M., Soumet, C., Rioval, K., Ermet, G., Blivet, D., Salvat, G. and Colin, P. (1999) 

Development of a m-PCR assay for simultaneous identification of Campylobacter 

jejuni and C. coli. Letters in Applied Microbiology 29,406-410.

Denis, M., Refregier-petton, J., Laisney, M., -J., Ermel, G. and Salvat, G. (2001) 

Campylobacter contamination in French chicken production from farm to 

consumers. Use of a PCR assay for detection and identification of Campylobacter 

jejuni and Camp. coli. Journal o f Applied Microbiology 91,255-267.

Diergaardt, S. M., Venter, S. N., Spreeth, A., Theron, J. and Brozel, V. S. (2004) The 

occurrence of Campylobacters in water sources in South Africa. Water Research 38, 

2589-2595.

188



References

Dieter, R. A., Dieter, R. S., Dieter, R. A. and Gulliver, G. (2001) Zoonotic diseases: 

health aspects of Canadian geese. International Journal o f Circumpolar Health 60, 

676-684.

Dingle, K. E., Colles, F. M., Ure, R. J., Wagenaar, A., Duim, B., Bolton, F. J., Fox, A. 

J., Wareing, D. R. A. and Maiden, M. C. J. (2002) Molecular characterization of 

Campylobacter jejuni clones: a basis for epidemiologic investigation. Emerging 

Infectious Diseases 8, 949-955.

Dionisio, L. P. C., Joao, M., Ferreiro, V. S., Fidalgo, M. L., Rosado, M. E. G. and 

Borrego, J. J. (2000) Occurrence of Salmonella spp in estuarine and costal waters of 

Portugal. Antonie van Leeuwenhoek 78, 99-106.

Dondero, N. C., Thomas, C. T., Khare, M., Timoney, J. F. and Fukui, G. M. (1977) 

Salmonella in surface waters of central New York state. Applied and Environmental 

Microbiology 33, 791-801.

Dov6, A., Zorman-Rojs, O., Rataj, A. V., Bole-Hribovsek, V., Krapez, U. and Dobeic, 

M. (2004) Health status of free-living pigeons (Columba livia domestica) in the City 

of Ljubljana. Acta Veterinaria Hungrica 52, 219-226.

Drake, C. M, and Pickering, S. (1997) The work of the Pond Conservation Group. In: 

British Pond Landscapes: Action for Protection and Enhancement. Boothby, J. (ed). 

Pp. 111-120. Pond Life Project, Liverpool.

189



References

Dufour, A. P. (1984a) Health Effects Criteria for Fresh Recreational waters. U.S. 

Environmental Protection Agency publication No. EAP-600/1 -84-004. U.S. EPA, 

Washington D. C.

Dufour, A. P. (1984b) Bacterial indicators of recreational water quality. Canadian 

Journal o f Public Health 75, 49-56.

Duffy, G. (2003) Verocytoxigenic Escherichia coli in animal faeces, manures and 

slurries. Journal o f Applied Microbiology Symposium Supplement 94, 94S-103S

Edberg S C., Rice, E. W., Karlin, R. J. and Allen, M. J. (2000) Escherichia colv. the 

best biological drinking water indicator for public health protection. Journal o f  

Applied Microbiology Symposium Supplement 88, 106S-116S.

El-Shaarawi, A. H. and Marsalek, J. (1999) Guidelines for indicator bacteria in waters: 

uncertainties in applications. Environmetrics 10, 521-529.

Emerson, D. J. and Cabelli, V. J. (1982) Extraction of Clostridium perfringens spores 

from bottom sediment samples. Applied and Environmental Microbiology 44, 1144-

1149.

Englen, M. D. and Kelley, L. C. (2000) A rapid DNA isolation procedure for 

identification of Campylobacter jejuni by the polymerase chain reaction. Utters in 

Applied Microbiology 31,421-426.

190



References

EPA (2000) Draft Implementation Guidelines for Ambient Water Quality Criteria for 

Bacteria-1986. U.S. Environmental Protection Agency publication No. EPA-823-D- 

00-001. U.S. EPA, Washington D. C.

EU (1994) Proposal for a Council Directive concerning the quality of bathing water 

94/C 112/03 of 29/03/1994. Official Journal o f the European Communities C112, 3- 

10.

EU (2004) Amended proposal for a directive of the European Parliament and the 

Council concerning the management of bathing water quality -  political agreement. 

Brussels 6th July 2004.

Eyles, R., Niyogi, D., Twonsend, C., Benwell, G. and Weinstein, P. (2003) Spatial and 

temporal patterns of Campylobacter contamination underlying public health risk in 

the Taieri River, New Zealand. Journal o f Environmental Quality 32, 1820-1828.

Fallacara, D. M., Monhan, C. M., Morishita, T. Y. and Wack, R. F. (2001) Fecal 

shedding and antimicrobial susceptibility of selected bacterial pathogens and a 

survey of intestinal parasites in free-living waterfowl. Avian Diseases 45, 128-135.

Fallacara, D. M., Monahan, C. M., Morishita, T. Y., Bremer, C. A. and Wack, R. F. 

(2004) Survey of parasites and bacterial pathogens in free-living waterfowl in 

zoological settings. Avian Diseases 48, 759-767.

Feachem, R. (1974) Faecal coliforms and faecal streptococci in streams in the New 

Guinea Highlands. Water Research 8, 367-374.

191



References

Feachem, R. (1975) An improved role for faecal coliform to faecal streptococci ratios in 

the differentiation between human and non-human pollution sources. Water 

Research 9, 689-690.

Feare, C. J., Sanders, M. S., Blasco, R. and Bishop, J. D. (1999) Canada goose (Branta 

canadensis) droppings as a potential source of pathogenic bacteria. The Journal o f 

the Society for the Promotion o f Health 119, 146-155.

Ferguson, C. M., Coote, B. G., Ashbolt, N. J. and Stevenson, I. M. (1996) Relationship 

between indicators, pathogens and water quality in an estuarine system. Water 

Research 30,2045-2054.

Fermer C. and Engvall, E. 0 . (1999) Specific PCR identification and differentiation of 

the thermophilic Campylobacters, Campylobacter jejuni, C. coli, C. lari, and C. 

upsaliensis. Journal o f Clinical Microbiology 37, 3370-3373.

Fernandez-Alvarez, R. M., Carballo-Cuervo, S., Rosa-Jorge, C. and Lecea, J. R. (1991) 

The influence of agricultural run-off on bacterial populations in a river. Journal o f

Applied Bacteriology 70,437-442.

Fish, J. T. and Pettibone, G. W. (1995) Influence of freshwater sediment on the survival 

of Escherichia coli and Salmonella sp. as measured by three methods of 

enumeration. Letters in Applied Mici obiology 20, 277

192



References

Fleisher, J. M. (1990) Conducting recreational water quality surveys: some problems 

and suggested remedies. Marine Pollution Bulletin 21, 562-567.

Fricker, C. R. (1984) A comparison of isolation procedures for salmonellas from 

polluted water using two forms of Rappaport’s medium. Journal o f Applied 

Bacteriology 56, 305-309.

Fricker, C. R. (1987) The isolation of salmonellas and Campylobacters. Journal o f 

Applied Bacteriology 63, 99-116.

Fricker, E. J. and Fricker, C. R. (1994) Application of the polymerase chain reaction to 

the identification of Escherichia coli and coliforms in water. Letters in Applied 

Microbiology 19,44-46.

Frost A J. (2001) Current epidemiological issues in human campylobacteriosis. 

Journal o f Applied Microbiology Symposium Supplement 90, 85S-95S.

Furtado, C„ Adak, G. K., Stuart, J. M., Wall, P. G., Evans, H. S. and Casemore, D. P. 

(1998) Outbreaks of waterborne infectious intestinal disease in England and Wales, 

1992-1995. Epidemiology and Infection 121,109-119.

Galbraith, N. S. (1994) Historical review of microbial disease spread by water in 

England and Wales. In: Water and Public Health. Golding, A. M. B., Noah, N. and 

Stanwell-Smith, R. (eds). Pp. 15-37. Smith Gordon and Company, London.

193



References

Gaillot, O., Camillo, P. D., Berche, P., Courcol, R. and Savage, C. (1999) Comparison 

of CHROMagar Salmonella medium and Hekton enteric agar for isolation of 

salmonellae from stool samples. Journal o f Clinical Microbiology 37, 762-765.

Geldreich, E. E. (1996) Pathogenic agents in freshwater resources. Hydrological 

Processes 10, 315-333.

Geldreich, E. E. and Kenner, B. A. (1969) Concepts of fecal streptococci in stream 

pollution. Journal o f Water Pollution Control Federation 41, R336-R352.

Gerba, C. P. (2000) Indicator microorganisms. In: Environmental Microbiology. Maier, 

R. M„ Pepper, I. L. and Gerba, C. P. (eds). Pp. 491-503. Academic Press, London.

Giesendorf, B. A. J., Quint, W. G. V., Henkens, M. H. C„ Stegeman, H., Huf, F. A. and 

Niesters, H. G. M. (1992) Rapid and sensitive detection of Campylobacter spp. in 

chicken products by using the polymerase chain reaction. Applied and 

Environmental Microbiology 58, 3804-3808.

Gleeson, C. and Gray, N. (1997) The Coliform Index and Waterborne Disease. E & FN 

Spon, London.

Godfree, A. F„ Kay, D. and Wyer, M. D. (1997) Faecal streptococci as indicators of 

faecal contamination in water. Journal o f  Applied Microbiology Symposium

Supplement 83 ,110S-119S.

194



References

Gould, D. J. and Fletcher, M. R. (1978) Gull droppings and their effects on water 

quality. Water Research 12,665-672.

Grajewski, B. A., Kusek, J. W. and Gelfand, H. M. (1985) Development of a 

bacteriophage typing scheme for Campylobacter jejuni and Campylobacter coli. 

Journal o f  Clinical Microbiology 22,13-18.

Gridwood, R. W. A., Flicker, C. R., Munro, D., Shedden, C. B. and Monaghan, P. 

(1985) The incidence and significance of Salmonella carriage by gulls (Larus spp.) 

in Scotland. Journal o f Hygiene Cambridge 95, 229-241.

Griffiths P L and Park, R. W. A. (1990) Campylobacters associated with human 

diarrhoeal disease. Journal o f Applied Bacteriology 69,281-301.

Grimes, D. J. (1980) Bacteriological water quality effects of hydraulically dredging 

contaminated upper Mississippi River sediments. Applied and Environmental 

Microbiology 39, 782-789.

Guard-Petter, J. (2001) The chicken, the egg and Salmonella enteritidis. Environmental 

Microbiology 3,421-430.

Hanninen, M. -L., Häkkinen, M. and Rautelin, H. (1999) Stability of related human and 

chicken Campylobacter jejuni genotypes after passage through chick intestine 

studied by pulsed-field gel electrophoresis. and Environmental

Microbiology 65, 2272-2275.

195



References

Hänninen, M. -L, Haajanen, H., Pummi, T., Wermundsen, K., Katila, M. -L., 

Sarkkinen, H., Miettinen, I. and Rautelin, H. (2003) Detection and typing of 

Campylobacter jejuni and Campylobacter coli and analysis of indicator organisms 

in three waterborne outbreaks in Finland. Applied and Environmental Microbiology 

69, 1391-1396.

Hall, A. (1997) The Pond Life Project: a model for conservation and sustainability. In: 

British Pond Landscapes: Action fo r Protection and Enhancement. Boothby, J. (ed). 

Pp. 101-109. Pond Life Project, Liverpool.

Harrington, C. S., Thmson-Carter, F. M. and Carter, P. E. (1997) Evidence for 

recombination in the flagellin locus of Campylobacter jejuni: implications for the 

flagellin gene typing scheme. Journal o f Clinical Microbiology 35, 2386-2392.

Heinonen-Tanski, H. and Uusi-Kamppâ, J. (2001) Runoff of faecal microorganisms and 

nutrients from perennial grass ley after application of slurry and mineral fertiliser. 

Water Science and Technology 43, 143-146.

Hendricks, C. W. (1971) Increased recovery rate of salmonellae from stream bottom 

sediments versus surface waters. Applied Microbiology 21, 379-380.

Hernandez, J., Alonso, J. UFayos, A., Amoros, I. and Owen, R. j. (1995) 

Development of a PCR assay combined with a short enrichment culture for 

detection o f Campylobacter jejuni in estuarine surface waters.

Letters 127, 201-206.

196



References

Hernandez, J., Bonnedahl, J., Waldenstrom, J., Palmgren, H. and Olsen, B. (2003) 

Salmonella in birds migrating through Sweden. Emerging Infectious Diseases 9, 

753-755.

Hill, G. A. and Grimes, D. J. (1984) Seasonal study of freshwater lake and migratory 

waterfowl for Campylobacter jejuni. Canadian Journal o f  Microbiology 30, 845- 

849.

HMSO (1969) Reports on Public Health and Medical Subjects No. 71. The 

Bacteriological Examination o f Water Supplies 4th edition. Her Majesty’s Stationary 

Office, London.

HMSO (1972) Analysis o f Raw, Potable and Waste Waters. Her Majesty’s Stationary 

Office, London.

HMSO (1984) Reports on Public Health and Medical Subjects No. 71. The 

Bacteriological Examination o f Drinking Water Supplies 1982. Methods for the 

Examination of Waters and Associated Materials. Her Majesty’s Stationary Office,

London.

Hobbie, J. E., Daley, R. J. and Jasper, S. (1977) Use of nuclepore filters for counting 

bacteria by fluorescence microscopy. Applied and Environmental Microbiology 33,

1225-1228.

Holdgate, M. W. (1979) A Perspective o f Environmental Pollution. Cambridge 

University Press, Cambridge.

197



References

Holt, J. G., Krieg, N. R., Sneath, P. H. A., Staley, J. T. and Williams, S. T. (1994) 

Bergey’s Manual o f Determinative Bacteriology 9,h edition. Williams and Wilkins, 

Baltimore, Maryland, USA.

Horan, N. J. (2003) Faecal indicator organisms. In: The Handbook o f Water and 

Wastewater Microbiology. Mara, D. and Horan, N. (eds). Pp. 105-112. Academic 

Press, London.

Horman, A., Rimhanen-Finne, R., Maunula, L., von Bonsdorff, C. -H., Torvela, N., 

Heikinheimo, A. and Hanninen, M. -L. (2004) Campylobacter spp., Giardia spp., 

Cryptosporidium spp., noroviruses, and indicator organisms in surface water in 

southwestern Finland, 2000-2001. Applied and Environmental Microbiology 70, 87- 

95.

Howell, J. M., Coyne, M. S. and Cornelius, P. L. (1995) Effects of sediment particle 

size and temperature on fecal bacteria mortality rates and the fecal coliform/fecal 

streptococci ratio. Journal o f Environmental Quality 25, 1216-1220.

HP A (2003) Identification o f Campylobacter Species. Health Protection Agency 

National Standard Method BSOP ID 23. Health Protection Agency Specialist and 

Reference Microbiology Division, London.

Hubalek, Z. (2004) An annotated checklist of pathogenic microorganisms associated 

with migratory birds. Journal o f  Wildlife Diseases 40, 639-659.

198



References

Hubalek, Z., Sixl, W., Mikulaskova, M., Sixl-Voit, B„ Thiel, W., Halouzka, J., 

Juricova, Z., Rosicky, B., Matlova, L. and Honza, M. (1995) Salmonellae in gulls 

and other free-living birds in the Czech Republic. Central European Journal o f 

Public Health 3,21-24.

Humphrey, T. J. and Muscat, I. (1989) Incubation temperature and the isolation of 

Campylobacter jejuni from food, milk and water. Letters in Applied Microbiology 9, 

137-139.

Hunter, P. R. (1997) Waterborne Disease: Epidemiology and Ecology. John Wiley & 

Sons, Chichester, England.

Hurst C J (1997) Overview of water microbiology as it relates to public health. In: 

Manual o f Environmental Microbiology. Hurst, C. J., Knudsen, G. R„ Mclnemey, 

M. J., Stetzenbach, L. D. and Walter, M. V. (eds). Pp. 133-135. ASM Press,

Washington D. C.

Hussong, D„ Damare, J. M., Limpert, R. J., Sladen, W. J. L„ Weiner, R. M. and 

Colwell R R (1979) Microbial impact of Canada geese (Branta canadensis) and 

whisling swans (Cygnus columbianus columbianus) on aquatic ecosystems. Applied 

and Environmental Microbiology 37, 14-20.

Hussong, D., Enkiri, N. K. and Burge, W. D. (1984) Modified medium for detection of 

environmental salmonellae by the most-probable-number method. Applied and

Environmental Microbiology 48, 1026-1030.

199



References

Inglis, G. D. and Kalischuk, L. D. (2003) Use of PCR for direct detection of 

Campylobacter species in bovine feces. Applied and Environmental Microbiology 

69, 3435-3447.

Irvine, K. N. and Pettibone, G. W. (1993) Dynamics of indicator bacteria populations in 

sediment and river water near a combined sewer outfall. Environmental Technology 

14, 531-542.

Islam, M. S., Alam, M. J. and Tzipori, S. (1992) Abundance of Aeromonas spp.in 

various components of ponds ecosystems in Dhaka, Bangladesh. International 

Journal o f Environmental Studies 39,297-304.

Islam, M. S., Alam, M. J., Khan, S. I. and Huq, A. (1994) Faecal pollution of freshwater 

environments in Bangladesh. International Journal o f Environmental Studies 46,

161-165.

Islam, M. S., Alam, M. J. and Khan, S. I. (1995) Occurrence and distribution of 

culturable Vibrio cholerae 01 in aquatic environments in Bangladesh. International 

Journal o f  Environmental Studies 47,217-223.

Islam, M. S., Begum, A., Khan, S. I., Sadique, M. A., Khan, M. N. H., Albert, M. J., 

Yunus, M„ Huq, A. and Colwell, R. R. (2000) Microbiology of pond ecosystems in 

rural Bangladesh: its public health implications. International Journal o f

Environmental Studies 58, 33-46.

200



References

Jackson, C. J., Fox, A. J. and Jones, D. M. (1996) A novel polymerase chain reaction 

assay for the detection and speciation of thermophilic Campylobacter spp. Journal 

o f Applied Bacteriology 81, 467-473.

Jayasheela, M., Singh, G., Sharama, N. C. and Saxena, S. N. (1987) A new scheme for 

phage typing Salmonella bareilly and characterization of typing phages. Journal o f 

Applied Bacteriology 62, 429-432.

Johnson, J. Y. M., Thomas, J. E., Graham, T. A., Townshend, I., Byrne, J., Selinger, L. 

B. and Gannon, V. P. J- (2003) Prevalence of Escherichia coli 0157:H7 and 

Salmonella spp. in surface waters of southern Alberta and its relation to manure 

sources. Canadian Journal o f Microbiology 49, 326-335.

Jones, D. M., Sutcliff, E. M. and Curry, A. (1991) Recovery of viable but non- 

culturable Campylobacter jejuni. Journal o f General Microbiology 137, 2477-2482.

Jones, J. G. (1970) Studies on freshwater bacteria: effect of medium composition and 

method on estimation of bacterial population. Journal o f Applied Bacteriology 33,

670-686.

Jones, J. G„ and Simon, B. M. (1975) An investigation of errors in direct counts of 

aquatic bacteria by epifluorescence microscopy, with reference to a new method for 

dying membrane filters. Journal o f  Applied Bacteriology 39, 317-329.

Jones, K. (1994) Inside Science: 73. Waterborne diseases. New Scientist 143,1-4.

201



References

Jones, K. (2001) Campylobacters in water, sewage, and the environment. Journal o f  

Applied Microbiology Symposium Supplement 90, 68S-79S.

Jones, K. (2002) UK bathing waters: a success story, but there may be trouble ahead. 

Microbiology Today 29, 186-188.

Jones, K. (2005) Flying hazards: birds and the spread of disease. Microbiology Today 

32, 174-178.

Jones, K., Betaieb, M. and Telford, D. R. (1990a) Correlation between environmental 

monitoring of thermophilic Campylobacters in sewage effluent and the incidence of 

Campylobacter infection in the community. Journal o f Applied Bacteriology 69,

235-240.

Jones, K„ Betaieb, M. and Telford, D. R. (1990b) Seasonal variation of thermophilic 

Campylobacters in sewage sludge. Journal o f Applied Bacteriology 69, 185-189.

Jones, K„ Betaieb, M. and Telford, D. R. (1990c) Thermophilic Campylobacters in 

aquatic habitats around Lancaster, UK: negative correlation with incidence of 

infection in the community. Journal o f Applied Bacteriology 69, 758-764.

Jones Y. E„ McLaren, I. M. and Wray, C. (2000) Laboratory aspects of Salmonella. In:

Salmonella in Domestic Animals. Wray, C. and Wray, A. (eds). Pp. 393-405. CAB

International Publishing, Oxon, UK.

202



References

Josefsen, M. H., Lübeck, P. S., Hansen, F. and Hoorfar, J. (2004) Towards an 

international standard for PCR-based detection of foodbome thermotolerant 

Campylobacters: interactions of enrichment media and pre-PCR treatment on carcass 

rinse samples. Journal o f Microbiological Methods 58, 39-48.

Karch, H., Schwarzkopf, A. and Schmidt, H. (1995) Amplification methods in 

diagnostic bacteriology (selected examples). Journal o f Microbiological Methods 

23,55-73.

Kassa, H., Harrington, B. and Bisesi, M. S. (2001) Risk of occupational exposure to 

Cryptosporidium, Giardia and Campylobacter associated with the feces o f giant 

Canada geese. Applied Occupational and Environmental Hygiene 16, 905-909.

Kapperud, G. and Rosef, O. (1983) Avian wildlife reservoir of Campylobacter fetus 

subsp. jejuni, Yersinia spp., and Salmonella spp. in Norway. Applied and 

Environmental Microbiology 45, 375-380.

Kay, D., Fleisher, J. M., Salmon, R. L., Jones, F„ Wyer, M. D., Godfree, A. F., 

Zelenauch-Jacquotte, Z. and Shore, R. (1994) Predicting the likelihood of 

gastroenteritis from sea bathing results from a randomised exposure. Lancet 344,

905-909.

Ketley, J. M. (1997) Pathogenesis of enteric infection by Campylobacter. Microbiology 

143, 5-21.

203



References

Khakhria, R., Woodward, D., Johnson, W. M. and Poppe, C. (1997) Salmonella isolates 

from humans, animals, and other sources in Canada, 1983-92. Epidemiology and 

Infection 119, 15-23.

Kirk, J. H., Holmberg, C. A. and Jeffrey, J. S. (2002) Prevalence of Salmonella spp. in 

selected birds captured on California dairies. Journal o f the American Veterinary 

Medical Association 220, 359-362.

Kirk, R. and Rowe, M. T. (1994) A PCR assay for the detection of Campylobacter 

jejuni and Campylobacter coli in water. Letters in Applied Microbiology 19, 301- 

303.

Kock, W. H., Payne, W. L., Wentz, B. A. and Cebula, T. A. (1993) Rapid polymerase 

chain reaction method for detection of Vibrio cholerae in food. Applied and 

Environmental Microbiology 59, 556-560.

Koenraad, P. M. F. J., Hazeleger, W. C., van der Laan, T., Beumer, R. R. and 

Rombouts, F. M. (1994) Survey of Campylobacter spp. in sewage plants in the 

Netherlands. Food Microbiology 11, 65-73.

Koenraad, P. M. F. J., Giesendorf, B. A. J., Henkens, M. H. C., Beumer, R. R. and 

Quint W G V. (1995) Methods for the detection of Campylobacter in sewage: 

evaluation of efficacy of enrichment and isolation media, applicability of 

polymerase chain reaction and latex agglutination assay. Journal o f  Microbiological 

Methods 23, 309-320.

2 04



References

Koenraad, P. M. F. J., Rombouts, F. M. and Notermans, S. H. W. (1997) 

Epidemiological aspects of thermophilic Campylobacter in water-related 

environments: A review. Water Environment Research 69, 52-63.

Koide, M., Saito, A., Kusano, N. and Higa, F. (1993) Detection of Legionella spp. in 

cooling tower water by polymerase chain reaction method. Applied and 

Environmental Microbiology 59, 1943-1946.

Koivunen, J., Lanki, E., Rajala, R. L., Siitonen, A. and Heinonen-Tanski, H. (2001) 

Determination of salmonellae from municipal wastewaters. Water Science and 

Technology 43, 221-224.

Korhonen, L. K. and Martikainen, P. J. (1991) Comparison of the survival of 

Campylobacter jejuni and Campylobacter coli in culturable form in surface water. 

Canadian Journal o f Microbiology 37, 530-533.

Kullas H., Coles, M., Rhyan, J. and Clark, L. (2002) Prevalence of Escherichia coli 

serogroups and human virulence factors in faces of urban Canada geese (Branta 

canadensis). International Journal o f Environmental Health Research 12, 153-162.

Kuske, C. R., Banton, K. L., Adorada, D. L., Stark, P. C., Hill, K. K. and Jackson, P. J. 

(1998) Small-scale DNA sample preparation method for field PCR detection of 

microbial cells and spores in soil. Applied and Environmental Microbiology 64,

2463-2472.

205



References

Kwang, J., Littledike, E. T. and Keen, J. E. (1996) Use of polymerase chain reaction for 

Salmonella detection. Letters in Applied Microbiology 22, 46-51.

Laliberte, P. and Grimes, D. J. (1982) Survival of Escherichia coli in lake bottom 

sediment. Applied and Environmental Microbiology 43, 623-628.

Leclerc, H., Mossel, D. A. A., Edberg, S. C. and Struijik, C. B. (2001) Advances in the 

bacteriology of the coliform group: their suitability as markers of microbial safety. 

Annual Review o f Microbiology 55, 201-234.

Leclerc, H., Schwartzbrod, L. and Dei-Cas, E. (2004) Microbial agents associated with 

waterborne diseases. In: Microbial Waterborne Pathogens. Cloete, T. E., Rose, J., 

Nel, L. H. and Ford, T. (eds). Pp. 1-54. IWA Publishing, London.

Lemarchand, K. and Lebaron, P. (2003) Occurrence of Salmonella spp. and 

Cryptosporidium spp. in a French costal watershed: relationship with fecal 

indicators. FEMS Microbiology Letters 218, 203-209.

Lévesque, B., Brousseau, P., Simard, P., Dewailly, E., Meisels, M., Ramsay, D. and 

Joly, J. (1993) Impact of the ring-billed gull (Larus delawarensis) on the 

microbiological quality of recreational water. Applied and Environmental 

Microbiology 59, 1228-1230.

Lévesque, B., Brousseau, P., Bernier, F., Dewailly, E. and Joly, J. (2000) Study of the 

bacterial content of ring-billed gull droppings in relation to recreational water

quality. Water Research 34, 1089-1096.

206



References

Li, W. and Drake, M. A. (2001) Development of a quantitative competitive PCR assay 

for detection and quantification of Escherichia coli 0157:H7 cells. Applied and 

Environmental Microbiology 67, 3291-3294.

Lightfoot, D. (2004) Salmonella and other enteric organisms. In Waterborne Zoonoses: 

Identification, Causes, and Control. Cotruvo, J. A., Dufour, A., Rees, G., Bartram, 

J., Carr, R., Cliver, D. O., Craun, G. F., Fayer, R. and Gannon, V. P. J. (eds). Pp. 

228-241.

Linton, S. (1999) The botanical conservation value of ponds in East Yorkshire. PhD 

Thesis, University of Hull, Hull, England.

Linton, S. and Goulder, R. (1997) Botanical conservation value of East Yorkshire 

ponds; a comparison of village ponds and clay-pit ponds. In: British Pond 

Landscapes: Action for Protection and Enhancement. Boothby, J. (ed). Pp. 165-171. 

Pond Life Project, Liverpool.

Linton, S. and Goulder, R. (2000) Botanical conservation value related to origin and 

management of ponds. Aquatic Consen’ation: Marine and Freshwater Ecosystems 

10, 77-91.

Lior, H., Woodward, D. L., Edgar, J. A., Laroche, I. J. and Gill, P. (1982) Serotyping of 

Campylobacter jejuni by slide agglutination based on heat-labile antigenic factors. 

Journal o f Clinical Microbiology 15, 761-768.

207



References

Louis, V. R., Gillespie, I. A., O’Brien, S. J., Russek-Cohen, E., Pearson, A. D. and 

Colwell, R. R. (2005) Temperature-driven Campylobacter seasonality in England 

and Wales. Applied and Environmental Microbiology 71, 85-92.

Luechtefeld, N. A. W., Blaser, M. J., Reller, L. B. and Wang, W. L. L. (1980) Isolation 

of Campylobacter fetus subsp. jejuni from migratory waterfowl. Journal o f Clinical 

Microbiology 12, 406-408.

Lund, V. (1996) Evaluation of E. coli as an indicator for the presence of Campylobacter 

jejuni and Yersinia enterocolitica in chlorinated and untreated oligotrophic lake 

water. Water Research 30, 1528-1534.

Mahmoud, H. M. A., Goulder, R. and Carvalho, G. R. (in press) The response of 

epilithic bacteria to different metal regime in two upland streams: assayed by 

conventional microbiological methods and PCR-DGGE. Archive fur Hydrobiologie.

Malomy, B. and Helmuth, R. (2003) Detection of Salmonella spp. In: Methods in 

Molecular Biology: PCR Detection o f Microbial Pathogens. Sachse, K. and Frey, J. 

(eds). Pp. 275-287. Humana Press, Totowa, New Jersey.

Mandrel 1, R. E. and Wachtel, M. R. (1999) Novel detection techniques for human 

pathogens that contaminate poultry. Current Opinion in Biotechnology 10, 273-278.

Manser, P. A. and Dalziel, R. W. (1985) A survey of Campylobacter in animals. 

Journal o f Hygiene Cambridge 95, 15-21.

208



References

Marino, F. J., Martinez-Manzanare, E., Morinigo, M. A. and Borrego, J. J. (1995) 

Applicability of the recreational water quality standard guidelines. Water Science 

and Technology 31, 27-31.

Martikainen, P. J. Korhonen, L. K. and Kosunen, T. U. (1990) Occurrence of 

thermophilic Campylobacters in rural and urban surface waters in central Finland. 

Water Research 24, 91-96.

Mason, C. F. (1996) Biology o f Freshwater Pollution 3'd edition. Longman, Harlow.

Mawer, S. L. (1988) Campylobacters in man and the environment in Hull and East 

Yorkshire. Epidemiology and Infection 101, 287-294.

McKay, D., Fletcher, J., Cooper, P. and Thomson-Carter, F. M. (2001) Comparsion of 

two methods for serotyping Campylobacter spp. Journal o f Clinical Microbiology 

39, 1917-1921.

Medema, G. J., van Asperen, I. A., Klokman-Houweling, J. M., Nooitgedagt, A., van de 

Laar, M. J. W. and Havelaar, A. H. (1995) The relationship between health effects 

in triathletes and microbiological quality of freshwater. Water Science and 

Technology 31,19-26.

Medema, G. J., van Asperen, I. A. and Havelaar, A. H. (1997) Assessement of the 

exposure of swimmers to microbiological contaminants in fresh waters. Water 

Science and Technology 35, 157-163.

209



References

Meinersmann, R. J., Helsel, L. O., Fields, P. I. and Hiett, K. L. (1997) Discrimination of 

Campylobacter jejuni isolates by fla  gene sequencing. Journal o f Clinical 

Microbiology 35, 2810-2814.

Meldrum, R. J., Griffiths, J. K., Smith, R. M. M. and Evans, M. R. (2005) The 

seasonality of human Campylobacters infection and Campylobacter isolates from 

fresh, retail chicken in Wales. Epidemiology and Infection 133,49-52.

Melloul, A. A. and Hassani, H. (1999) Salmonella infection in children from the 

wastewater-spreading zone of Marrakesh city (Morrocco). Journal o f Applied 

Microbiology 87, 536-539.

Mezrioui, N., Blaeux, B. and Troussellier, M. (1995) A microcosm study of the survival 

of Escherichia coli and Salmonella typhimurium in brackish water. Water Research 

29, 459-465.

Miller, G., Dunn, G. M., Smith-Palmer, A., Ogden, I. D. and Strachan, N. J. (2004) 

Human campylobacteriosis in Scotland: seasonality, regional trends and bursts of 

infection. Epidemiology and Infection 132, 585-593.

Mitchell, T. R. and Ridgwell, T. (1971) The frequency of salmonellae in wild ducks. 

Journal o f Medical Microbiology 4, 359-361.

Moe, C. L. (1997) Waterborne transmission of infectious agents. In: Manual o f 

Environmental Microbiology. Hurst, C. J., Knudsen, G. R., Mclnemey, M. J.,

2 10



References

Stetzenbach, L. D. and Walter, M. V. (eds). Pp. 136-152. ASM Press, Washington 

D. C.

Moe, C. L., Sobsey, M. D., Samsa, G. P. and Mesolo, V. (1991) Bacterial indicators of 

risk diarrhoeal diseases from drinking-water in the Philippines. Bulletin o f the World 

Health Organization 69, 305-317.

MOH (2001) Health Statistical Year Book. Statistics Department, Ministry of Health, 

Riyadh, Saudi Arabia.

Mohran, Z. S., Arthur, R. R., Oyofo, B. A., Peruskl, L. F., Wasfy, M. O., Ismail, T. F. 

and Murphy, J. R. (1998) Differentiation of Campylobacter isolates on the basis of 

sensitivity to boiling in water as measured by PCR-detectable DNA. Applied and 

Environmental Microbiology 64, 363-365.

Mollby, R., Kiihn, I. and Katouli, M. (1993) Computerised biochemical fingerprinting -  

a new tool for typing of bacteria. Reviews in Medical Microbiology 4, 231-241.

Moore, J., Caldwell, P. and Millar, B. (2001) Molecular detection of Campylobacter 

spp. in drinking, recreational and environmental water supplies. International 

Journal o f Hygiene and Environmental Health 204, 185-189.

Moran, A. P. and Penner, J. L. (1999) Serotyping of Campylobacter jejuni based on 

heat-stable antigens: relevance, molecular basis and implications in pathogenesis. 

Journal o f  Applied Microbiology 86, 361-377.

211



References

More, M. I., Herrick, J. P., Silva, M. C., Ghiorse, W. C. and Madsen, E. L. (1994) 

Quantitative cell lysis of indigenous microorganisms and rapid extraction microbial 

DNA from sediment. Applied and Environmental Microbiology 60, 1572-1580.

Morinigo, M. A., Martinez-Manzanares, E., Munoz, A. and Comax, R. (1989) 

Evaluation of different plating media used in the isolation of salmonellas from 

environmental samples. Journal o f  Applied Bacteriology 66, 353-360

Murphy, J., Devave, M. L., Robson, B. and Gilpin, B. J. (2005) Genotypic 

characterization of bacteria cultured from duck faeces. Journal o f  Applied 

Microbiology 90, 301-309.

Murray, C. J. (2000) Environmental aspects of Salmonella. In: Salmonella in Domestic 

Animals. Wray, C. and Wray, A. (eds.). Pp: 265-283. CAB International Publishing, 

Oxon, UK.

Nabbut, N. H., Barbour, E. K. and Al-Nakhli, H. M. (1982) Salmonella species and 

serotypes isolated from farm animals, animal feeds, sewage and sludge in Saudi 

Arabia. Bulletin o f the World Health Organization 60, 803-807.

Nel, L. H. and Markotter, W. (2004) Emerging infectious waterborne diseases: bacterial 

agents. In: Microbial Waterborne Pathogens. Cloete, T. E., Rose, J., Nel, L. H. and 

Ford, T. (eds). Pp. 55-77. IWA Publishing, London.

Newell, D. G., Frost, J. A., Duim, B., Wagenaar, J. A., Madden, R. H., van der Plas, J. 

and On, S. L. W. (2000) New developments in the subtyping of Campylobacter

212



References

species. In: Campylobacter 2nd ed. Nachamkin, I. and Blaser, M. J. (eds). Pp. 27-44. 

ASM Press, Washington D. C.

Ng, L. -K., Bin Kingombe, C. I., Yan, W., Taylor, D. E., Hiratsuka, K., Malik, N. and 

Garcia, M. M. (1997) Specific detection and contamination of Campylobacter jejuni 

by DNA hybridisation and PCR. Applied and Environmental Microbiology 63, 

4558-4563.

Niewolak, S. and Opieka, A. (2000) Potentially pathogenic microorganisms in water 

and bottom sediments in the Czarna Hancza River. Polish Journal o f Environmental 

Studies 9, 183-194.

Noble, R. T., Weisberg, S. B., Leecaster, M. K., McGee, C. D., Dorsey, J. H., Vainik, P. 

and Orozco-Borbon, V. (2003) Storm effects on regional beach water quality along 

the southern California shoreline. Journal o f Water and Health 1, 23-31.

Oberhelman, R. A. and Taylor, D. N. (2000) Campylobacter infections in developing 

countries. In: Campylobacter 2nd ed. Nachamkin, I. and Blaser, M. J. (eds). Pp. 139- 

153. ASM Press, Washington D.C.

Obiri-Danso, K. and Jones, K. (1999a) Distribution and seasonality of microbial 

indicators and thermophilic Campylobacters in two freshwater bathing sites on the 

River Lune in northwest England. Journal o f Applied Microbiology 87, 822-832.

213



References

Obiri-Danso, K. and Jones, K. (1999b) The effect of a new sewage treatment plant on 

indicator numbers, Campylobacters and bathing water compliance in Morecambe 

Bay. Journal o f Applied Microbiology 86, 603-614.

Obiri-Danso, K. and Jones, K. (2000) Intertidal sediments as reservoir for hippurate 

negative Campylobacters, salmonellae and faecal indicators in three EU recognised 

bathing waters in North West England. Water Research 34, 519-527.

Obiri-Danso, K., Paul, N. and Jones, K. (2001) The effect of UVB and temperature on 

the survival of natural populations and pure cultures of Campylobacter jejuni, 

Camp, coli, Camp, lari and urease-positive thermophilic Campylobacters (UPTC) in 

surface waters. Journal o f Applied Microbiology 90, 256-267.

Ogden, I. D., Macrae, M. and Strachan, N. J. C. (2005) Concentration and prevalence of 

Escherichia coli 0157 in sheep faeces at pasture in Scotland. Journal o f Applied 

Microbiology 98, 646-651.

Ogram, A. (1998) Isolation of nucleic acids from environmental samples. In: 

Techniques in Microbial Ecology. Burlag, R. S., Atlas, R., Stahl, D., Geesey, G. and 

Sayler, G. (eds). Pp. 273-288. Oxford University Press, New York.

Olsen, J. E. (2000) DNA-based methods for detection of food-borne bacterial 

pathogens. Food Research International 33, 257-266.

21 4



References

Ossmer, R. (1993) Simultaneous detection of total coliforms and E. coli - Fluorocult® 

LMX Broth. 15th International Symposium in Food Microbiology (August 31- 

September 3) Bingen, Germany.

Oxoid (1998) The Oxoid Manual 8th edition. Oxoid Ltd., Basingstoke, UK.

Oyofo, B. A., Thornton, S. A., Burr, D. H., Trust, T. J., Pavlovskis, O. R. and Guerry, P. 

(1992) Specific detection of Campylobacter jejuni and Campylobacter coli by using 

polymerase chain reaction. Journal o f Clinical Microbiology 30, 2613-2619

Pacha, R. E., Clark, G. W., Williams, E. A. and Carter, A. M. (1988) Migratory birds of 

central Washington as reservoirs of Campylobacter jejuni. Canadian Journal o f 

Microbiology 34, 80-82.

Palmgren, H., Sellin, M., Bergstrom, S. and Olsen, B. (1997) Enteropathogenic bacteria 

in migrating birds arriving in Sweden. Scandinavian Journal o f Infectious Diseases 

29, 565-568.

Park, R. W. A., Griffiths, P. L. and Moreno, G. S. (1991) Sources and survival of 

Campylobacters: relevance to enteritis and the food industry. Journal o f  Applied 

Bacteriology Symposium Supplement 70 ,97S-106S.

Payment, P. and Franco, E. (1993) Clostridium perfringens and somatic coliphages as 

indicators of the efficiency of drinking water treatment for viruses and protozoan 

cysts. Applied and Environmental Microbiology 59, 2418-2424.

215



References

Pearson, A. D., Greenwood, M. H., Feltham, R. K. A., Healing, T. D., Donaldson, J., 

Jones, D. M. and Colwell, R. R. (1996) Microbial ecology of Campylobacter jejuni 

in a United Kingdom chicken supply chain: intennittent common source, vertical 

transmission, and amplification by flock propagation. Applied and Environmental 

Microbiology 62, 4614-4620.

Pepper, I. L., Gerba, C. P. and Brendecke, J. W. (1995) Environmental Microbiology: a 

Laboratory Manual. Academic Press, San Diego, CA.

Percival, S. L., Chalmers, R. M., Embrey, M., Hunter, P. R., Sellwood, J. and Wyn- 

Jones, P. (2004) Microbiology o f Waterborne Diseases. Elsevier Academic Press, 

London.

Petersen, L. and On, S. L. W. (2000) Efficacy of flagellin gene typing for 

epidemiological studies of Campylobacter jejuni in poultry estimated by comparison 

with macrorestriction profiling. Letters in Applied Microbiology 31, 14-19.

PHLS (1998a) General Techniques for the Detection o f Bacteria by Membrane 

Filtration. Public Health Laboratory Service Standard Methods for the Examination 

of Water Wl. PHLS Headquarters, Technical Services Division, London.

PHLS (1998b) Enumeration o f Coliforms and Escherichia coli by Membrane Filtration. 

Public Health Laboratory Service Standard Methods for the Examination of Water 

W2. PHLS Headquarters, Technical Services Division, London.

2 16



References

PHLS (1998c) Enumeration o f Faecal Streptococci by Membrane Filtration. Public 

Health Laboratory Service Standard Methods for the Examination of Water W3. 

PHLS Headquarters, Technical Services Division, London.

PHLS (1998d) Detection o f Campylobacter Species by Membrane Filtration. Public 

Health Laboratory Service Standard Methods for the Examination of Water W8. 

PHLS Headquarters, Technical Services Division, London.

PHLS (1998e) Detection o f  Salmonella Species by Membrane Filtration. Public Health 

Laboratory Service Standard Methods for the Examination of Water W7. PHLS 

Headquarters, Technical Services Division, London.

Pianetti, A., Baffone, W., Bruscolini, F., Barbieri, E., Biffi, M. R., Salvaggio, L. and 

Albano, A. (1998) Presence of several pathogenic bacteria in the Metauro and 

Foglia Rivers (Pesaro-Urbino, Italy). Water Research 32, 1515-1521.

Polo, F., Figueras, M. J., Inza, I., Sala, J., Fleisher, J. M. and Guarro, J. (1999) 

Prevalence of Salmonella serotypes in environmental waters and their relationship 

with indicator organisms. Antonie van Leeuwenhoek 75, 285-292.

Quessy, S. and Messier, S. (1992) Prevalence of Salmonella spp., Campylobacter spp. 

and Listeria spp. in ring-billed gulls (Larus delawarensis). Journal o f Wildlife 

Diseases 28, 526-531.

217



References

Rambach, A. (1991) New plate medium for facilitated differentiation of Salmonella spp. 

from Proteus spp. and other enteric bacteria. Applied and Environmental 

Microbiology 56, 301-303.

Rasmussen, H. N., Olsen, J. E., Jorgensen, K. and Rasmussen, O. F. (1996) Detection of 

Campylobacter jejuni and Camp, coli in chicken faecal samples by PCR. Letters in 

Applied Microbiology 23, 363-366.

Refsum, T., Handeland, K., Baggesen, D. L., Holstad, G. and Kapperud, G. (2002a) 

Salmonellae in avian wildlife in Norway from 1969 to 2000. Applied and 

Environmental Microbiology 68, 5595-5599.

Refsum, T., Heir, E., Kapperud, G., Vardund, T. and Holstad, G. (2002b) Molecular 

epidemiology of Salmonella enterica serovar typhimurium isolates determined by 

pulsed-field gel electrophoresis: comparison of isolates from avian wildlife, 

domestic animals, and the environment in Norway. Applied and Environmental 

Microbiology 68, 5600-5606.

Reilly, W. J. and Browning, L. M. (2004) Zoonoses in Scotland -  food, water, or 

contact? In: Waterborne Zoonoses: Identification, Causes, and Control. Cotruvo, J. 

A., Dufour, A., Rees, G., Bartram, J., Carr, R., Oliver, D. O., Craun, G. F., Fayer, R. 

and Gannon, V. P. J. (eds). Pp. 167-190. IWA Publishing, London.

Rhodes, M. W. and Kator, H. (1998) Survival of Escherichia coli and Salmonella spp. 

in estuarine environments. Applied and Environmental Microbiology 54, 2902-2907.

218



References

Risdale, J. A., Atabay, H. I. and Corry, J. E. L. (1998) Prevalence of Campylobacters 

and arcobacters in ducks at the abattoir. Journal o f  Applied Microbiology 85, 567- 

573.

Rivoal, K., Denis, M., Salvat, G., Colin, P. and Ermel, G. (1999) Molecular 

charaterization of the diversity of Campylobacter spp. isolates collected from a 

poultry slaughterhouse: analysis of cross-contamination. Letters in Applied 

Microbiology 29, 370-374.

Rollins, D. M. and Colwell, R. R. (1986) Viable but nonculturable stage of 

Campylobacter jejuni and its role in survival in the natural aquatic environment. 

Applied and Environmental Microbiology 52, 531-538.

Rosef, O., Rettedal, G. and Lageide, L. (2001) Thermophilic Campylobacters in surface 

water: a potential risk of campylobacteriosis. International Journal o f 

Environmental Health Research 11, 321-327.

Roszak, D. B., Grims, D. J. and Colwell, R. R. (1984) Viable but nonrecoverable stage 

of Salmonella enteritidis in aquatic systems. Canadian Journal o f Microbiology 30, 

334-338.

Rusin, P., Enriquez, C., Johnson, D. and Gerba, C. P. (2000) Environmentally 

transmitted pathogens. In: Environmental Microbiology. Maier, R. M., Pepper, I. L. 

and Gerba, C. P. (eds). Pp. 447-489. Academic Press, London.

219



References

Rychlik, I., van Kesteren, L., Cardova, L., Svestkova, A., Martinkova, R and Sisak, F. 

(1999) Rapid detection of Salmonella in field samples by nested polymerase chain 

reaction. Letters in Applied Microbiology 29, 269-272.

Said, B., Wright, F., Nichols, G. L., Reacher, M. and Rutter, M. (2003) Outbreaks of 

infectious disease associated with private drinking water supplies in England and 

Wales 1970-2000. Epidemiology and Infection 130, 469-479.

Sails, A., Fox, A. J., Bolton, F. J., Wareing, A. R. A. and Greenway, D. L. A. (2003) A 

real-time PCR assay for the detection of Campylobacter jejuni in foods after 

enrichment culture. Applied and Environmental Microbiology 69, 1383-1390.

Sambrook, J., Fritsch, F. F. and Maniatis, T. (1989) Molecular Cloning: a Laboratory 

Manual 2nd edition. Cold Spring Harbor Laboratory Press, New York.

Scates, P., Moran, L. and Madden, R. H. (2003) Effect of incubation temperature on 

isolation of Campylobacter jejuni genotypes from foodstuffs enriched in Preston 

broth. Applied and Environmental Microbiology 69,4658-4661.

Schroeder, E. and Wuertz, S. (2003) Bacteria. In: The Handbook o f Water and 

Wastewater Microbiology. Mara, D. and Horan, N. (eds). Pp. 57-68. Academic 

Press, London.

Schroter, M., Roggentin, P., Hofmann, J., Speicher, A., Laufs, R. and Mack, D. (2004) 

Pet snakes as a reservoir for Salmonella enterica subsp. Diarizonae (serogroup Illb): 

a prospective study. Applied and Environmental Microbiology 70, 613-615.

220



References

Shah, R., Armstrong, K., Worner, S. P. and Chapman, R. B. (2002) Investigation of a 

PCR-based method for insecticide resistance monitoring. Pakistan Journal o f 

Biological Sciences 5, 1070-1073.

Sherer, B. M., Miner, J. R., Moore, J. A. and Buckhouse, J. C. (1992) Indicator bacterial 

survival in stream sediments. Journal o f Environmental Quality 21, 591-595.

Skanavis, C. and Yanko, W. A. (2001) Clostridium perffingens as a potential indicator 

for the presence of sewage solids in marine sediments. Marine Pollution Bulletin 42, 

31-35.

Skirrow, M. B. (1977) Campylobacter enteritis: a “new” disease. British Medical 

Journal 2, 9-11.

Sorensen, D. L., Eberl, S. G. and Dicksa, R. A. (1989) Clostridium perfringens as a 

point source indicator in non-point polluted streams. Water Research 23, 191-197.

Standridge, J. H., Delfino, J. J., Kleppe, L. B. and Butler, R. (1979) Effect of waterfowl 

(Anas platyrhynhos) on indicator bacteria populations in a recreational lake 

Madison, Wisconsin. Applied and Environmental Microbiology 38, 547-550.

Stanley, K., Cunnigham, R. and Jones, K. (1998) Isolation of Campylobacter jejuni 

from groundwater. Journal o f Applied Microbiology 85, 187-191.

221



References

Stanley, K. and Jones, K. (2003) Cattle and sheep farms as a reservoir of 

Campylobacter. Journal o f Applied Microbiology Symposium Supplement 94, 104S- 

113S.

Stanwell-Smith, R. (1994) Water and public health in the United Kingdom. Recent 

trends in the epidemiology of water-borne disease. In: Water and Public Health. 

Golding, A. M. B., Noah, N. and Stanwell-Smith, R. (eds). Pp. 39-57. Smith Gordon 

and Company Limited, London.

Steinhauserova, I., Fojtikova, K. and Klimes, J. (2000) The incidence and PCR 

detection of Campylobacter upsaliensis in cats and dogs. Letters in Applied 

Microbiology 31, 209-212.

Stelzer, W., Mochmann, H., Richter, U. and Dobberkau, H. (1989) A study of 

Campylobacter jejuni and Campylobacter coli in a river system. Zentralblatt fur 

Hygiene 189, 20-28.

Stelzer, W., Jacob, J. and Schulze, E. (1991) Environmental aspects of Campylobacter 

infection. Zetralblatt für Mikrobiologie 146, 3-15.

Szewzyk, U., Szewzyk, R., Manz, W. and Schleifer, K. -H. (2000) Microbiological 

safety of drinking water. Annual Review o f Microbiology 54, 81-127.

Taylor, H. (2003) Surface water. In: The Handbook o f Water and Wastewater 

Microbiology. Mara, D. and Horan, N. (eds). Pp. 611-626. Academic Press, London.

222



References

Theron, J., Cilliers, J., Du Preez, M., Brozel, V. S. and Venter, S. N. (2000) Detection 

of toxigenic Vibrio cholerae from environmental water samples by an enrichment 

broth cultivation-pit-stop semi-nested PCR procedure. Journal o f  Applied 

Microbiology 89, 539-546.

Theron, J. and Cloete, T. E. (2002) Emerging waterborne infections: contributing 

factors, agents, and detection tools. Critical Reviews in Microbiology 28, 1 -26.

Theron, J., and Cloete, T. E. (2004) Emerging microbiological detection techniques. In: 

Microbial Waterborne Pathogens. Cloete, T. E„ Rose, J., Nel, L. H. and Ford, T. 

(eds). Pp. 155-186. IWA Publishing, London.

Thomas, C., Gibson, H., Hill, D. J. and Mabey, M. (1999a) Campylobacter 

epidemiology: an aquatic perspective. Journal o f Applied Microbiology Symposium 

Supplement 85, 168S-177S.

Thomas, C., Hill, D. J. and Mabey, M. (1999b) Evaluation ot the effect of temperature 

and nutrients on the survival of Campylobacter spp. in water microcosms. Journal 

o f Applied Microbiology 86,1024-1032.

Thomas, C., Hill, D. and Mabey, M. (2002) Culturability, injury and morphological 

dynamics of thermophilic Campylobacter spp. within a laboratory-based aquatic 

model system. Journal o f  Applied Microbiology 92, 433-332.

Timbury, M. C., McCartney, A. C., Thakker, B. and Ward, K. N. (2002) Notes on 

Medical Microbiology. Churchill Livingstone, London.

223



References

Tizard, I. (2004) Salmonellosis in wild birds. Seminars in Avian and Exotic Pet 

Medicine 13, 50-66.

Tobin, R. S. and Ward, W. M. (1984) Guidelines for Canadian recreational water 

quality. Canadian Journal o f Public Health 75, 15-18.

Toranzos, G. A. and McFeters, G. A. (1997) Detection of indicator microorganisms in 

environmental freshwaters and drinking waters. In: Manual o f Environmental 

Microbiology. Hurst, C. J., Kundsen, G. R., Melnemey, M. J., Stetzenbach, L. D. 

and Walter, M. V. (eds). Pp. 184-194. ASM Press, Washington D. C.

Toze, S. (1999) PCR and the detection of microbial pathogens in water and wastewater. 

Water Research 33, 3545-3556.

Tunnicliff, B. and Brickler, S. K. (1984) Recreational water quality analysis of the 

Colorado River corridor in Grand Canyon. Applied and Environmental 

Microbiology 48, 909-917.

Vandamme, P. (2000) Taxonomy of the family Campylobacteraceae. In: 

Campylobacter 2nd edition. Nachamkin, I. and Blaser, M. (eds). Pp. 3-25. ASM 

Press, Washington D. C.

Van Asperen, I. A., Medema, G., Borgdorff, M. W., Sprenger, M. J. W. and Havelaar, 

A. (1998) Risk of gastroenteritis among triatheletes in relation to faecal pollution of 

freshwater. International Journal o f Epidemiology 27, 309-315.

224



References

Van Donzel, D. J. and Geldreich, E. E. (1971) Relationships of salmonellae to fecal 

coliforms in bottom sediments. Water Research 5, 1079-1087.

Vanniasinkam, T., Lanser, J. A. and Barton, M. D. (1999) PCR for the detection of 

Campylobacter spp. in clinical specimens. Letters in Applied Microbiology 28, 52- 

56.

Waage, A. S., Vardund, T., Lund, V. and Kapperud, G. (1999) Detection of small 

numbers of Campylobacter jejuni and Campylobacter coli cells in environmental 

water, sewage, and food samples by a seminested PCR assay. Applied and 

Environmental Microbiology 65, 1636-1643.

Waldenstrom, J., Broman, T., Carlsson, I., Hasselquist, D., Achterberg, R. P., 

Wagenaar, J. A. and Olsen, B. (2002) Prevalence of Campylobacter jejuni, 

Campylobacter lari, and Campylobacter coli in different ecological guilds and taxa 

of migrating birds. Applied and Environmental Microbiology 68, 5911-5917.

Wallace, J. S., Cheasty, T. and Jones, K. (1997) Isolation of vero cytotoxin-producing 

Escherichia coli 0157 from wild birds. Journal o f Applied Microbiology 82, 399- 

404.

Waltman, W. D. (2000) Methods for the cultural isolation of Salmonella. In: Salmonella 

in Domestic Animals. Wray, C. and Wray, A. (eds) Pp. 355-372. CAB International, 

Oxon, UK.

225



References

Warner, R and Mergenhagen, D (1998) Mating type determination of Chlamydomonas 

reinhardtti by PCR. Plant Molecular Biology Reporter 16, 295-299.

Wassenaar, T. M., Geilhausen, B. and Newell, D. G. (1998) Evidence of genomic 

instability in Campylobacter jejuni isolated from poultry. Applied and 

Environmental Microbiology 64, 1816-1821.

Wassenaar, T. M. and Newell, D. G. (2000) Genotyping of Campylobacter spp. Applied 

and Environmental Microbiology 66, 1-9.

Way, J. S., Josephson, K. L., Pillai, S. D., Abbazadegan, M., Gerb, C. P. and Pepper, I . 

L. (1993) Specific detection of Salmonella spp. by multiplex polymerase chain 

reaction. Applied and Environmental Microbiology 59, 1473-1479.

Wawer, C. and Muyzer, G. (1995) Genetic diversity of Desulfovibrio spp. in 

environmental samples analysed by denaturing gradient gel electrophoresis of 

[NiFe] hydrogenase gene fragments. Applied and Environmental Microbiology 62, 

2203-2210.

Wegmuller, B., Luthy, J. and Candrian, U. (1993) Direct polymerase chain reaction of 

Campylobacter jejuni and Campylobacter coli in raw milk and dairy products. 

Applied and Environmental Microbiology 59, 2161-2165.

WHO (2003) Guidelines for Safe Recreational Water Environments. Volume 1, Costal 

and Fresh Water. World Health Organization, Geneva.

226



References

WHO (2004) Water, Sanitation and Hygiene Links to Health. Facts and Figures- 

November 2004. World Health Organization, Geneva.

WHO (2005) Tsunami and Health. Situation Report No. 41, 11th of March 2005. World 

Health Organization, Geneva.

Wilson, I. G. (1997) Inhibition and facilitation of nucleic acid amplification. Applied 

and Environmental Microbiology 63, 3741-3751.

Winters, D. K., O’Leary, A. E. and Slavik, M. F. (1998) Polymerase chain reaction for 

rapid detection of Campylobacter jejuni in artificially contaminated foods. Letters in 

Applied Microbiology 27, 163-167.

Winfield, M. D. and Groisman, E. A. (2003) Role of nonhost environments in the 

lifestyles of Salmonella and Escherichia coli. Applied and Environmental 

Microbiology 69, 3687-3694.

Wither, A., Rehfisch, M and Austin, G. (2005) The impact of bird populations on the 

microbiological quality of bathing water. Water Science and Technology 51, 199- 

207.

Xu, H. S., Roberts, N., Singleton, S. L., Attwell, R. W., Grimes, D. J. and Colwell, R. 

R. (1982) Survival and viability of nonculturable Escherichia coli and Vibrio 

cholerae in the estuarine and marine environment. Microbial Ecology 8,313-323.

227



References

Yang, C., Jiang, Y., Huang, K., Zhu, C. and Yin, Y. (2003) Application of real-time 

PCR for quantitative detection of Campylobacter jejuni in poultry, milk and 

environmental water. FEMS Immunology and Medical Microbiology 38, 265-271.

Yu, W., Dodds, W. K., Banks, M. K., Skalsky, J. and Strauss, E. A. (1995) Optimal 

staining and sample storage time for direct microscopic enumeration of total and 

active bacteria in soil with two fluorescent dyes. Applied and Environmental 

Microbiology 61, 3367-3372.

228



A P P E N D IX  IA

ABIOTIC VARIABLES OF EAST YORKSHIRE VILLAGE PONDS
JUNE 2001 -  JANUARY 2002

Table A l.l Abiotic variables of the ponds at South Dalton and Holme-on-Spalding-
Moor, June 2001- January 20029 ^ ----  ----  ---- iL____________________________________ ________________________ -

Location of ponds
South Dalton Holme-oni-Spalding-Moor

Water temperature °C
19-06-01 14 14
11-07-01 18 16
07-08-01 19 19
18-09-01 13 13
31-10-01 10 10
23-11-01 4.0 4.0
23-01-02 7.0 6.2

pH
19-06-01 7.4 7.5
11-07-01 8.2 7.2
07-08-01 7.52 7.58
18-09-01 7.24 7.23
31-10-01 7.02 7.04
23-11-01 6.33 6.86
23-01-02 6.3 6.2

Absorbance (580 nm)
19-06-01 0.14 0.12
11-07-01 0.391 0.0385
07-08-01 0.31 0.23
18-09-01 0.165 0.0197
31-10-01 0.079 0.028
23-11-01 0.053 0.026
23-01-02 0.13 0.023

Conductivity |lS cm'1
19-06-01 440 630
11-07-01 480 807
07-08-01 475 853
18-09-01 539 917
31-10-01 458 756
23-11-01 479 826
23-01-02 490 915

Sediment dry weight (g)
19-06-01 2.3 4.1
11-07-01 3.339 4.094
07-08-01 2.239 0.63

A



18-09-01
31-10-01
23-11-01
23-01-02

2.06
4.42
2.59
4.41

2.4
0.29
0.49
0.29

Waterfowl
19-06-01 Ducks (13) Moorhens (5)
11-07-01 Ducks (31)/geese (6)/moorhens (2) Moorhens (2)
07-08-01 Ducks (28)/moorhens (4) 0
18-09-01 Ducks (31)/moorhens (2) 0
31-10-01 Ducks (30)/moorhens (4) Coots (2)
23-11-01 Ducks (41)/moorhens (4) Coots (2)
23-01-02 Ducks (33)/moorhens (2) 0

Table A1.2 Abiotic variables of the ponds at Brantingham, Garton-on-the-wolds 
and Little weighton, August, October and November 2001a u u  u i m v

Location of ponds
Brantingham Garton-on-the-wolds Little Weighton

Temperature °C
20 18 1829-08-01

16-10-01 13 13 13
13-11-01 8 8 7

PH
29-08-01 7.95 7.65 6.88
16-10-01 6.87 6.75 6.83
13-11-01 6.5 6.42 6.7

Absorbance (580 nm)
29-08-01 0.58 0.31 0.58
16-10-01 0.034 0.07 0.078
13-11-01 0.098 0.067 0.048

Conductivity pS cm
29-08-01
16-10-01
13-11-01

410
601
913

822
648
866

460
400
922

Waterfowl
29-08-01 Ducks (75) Ducks (45) Ducks (23)/goose (1)
16-10-01 Ducks (13) Ducks (35) Ducks (24)/goose (1)
13-11-01 Ducks (14)/coot (1) Ducks (37) Ducks (21)/goose (1)
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Table A1.3 Abiotic variables of the ponds at Bentley and Sancton, August, October 
and November 2001

Location of ponds
Bentley Sancton

Temperature °C
29-08-01 15 15
16-10-01 14 13
13-11-01 7 11

pH
29-08-01 6.85 6.75
16-10-01 6.83 6.6
13-11-01 6.51 6.4

Absorbance (580 nm)
29-08-01 0.008 0.002
16-10-01 0.014 0.004
13-11-01 0.03 0.001

Conductivity pS cm"1
29-08-01
16-10-01
13-11-01

440
415
744

1138
1002
1113

Waterfowl
29-08-01 Coots (4) 0
16-10-01 Coots (3) 0
13-11-01 Coots (1) 0
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A P P E N D E X  IB

COUNTS OF FAECAL INDICATORS, HETEROTROPHIC 
BACTERIA AND TOTAL BACTERIA IN WATER AND 

SEDIMENTS OF THE EAST YORKSHIRE VILLAGE PONDS,
JUNE 2001-JANUARY 2002

Table A1.4 Faecal indicators, heterotrophic plate counts and total bacterial counts 
in the water and sediment of the ponds at South Dalton and Holme-on-Spalding- 
Moor, June 2001-January 2002____________________________________________

Mean count (CV%) number of samples
Water Volume filtered South Dalton1 Holme-on-Spalding-Moor*
E. co li 
19-06-01 10 ml* /10 ml* 300 (0%) 3 0.66 (18.2%) 3
11-07-01 0.1 ml / 100 ml 81 (31.5%) 2 70 (6.1%)2
07-08-01 0.1 ml /10 ml 45.3 (8.9%) 3 49.5 (1.43%) 3
18-09-01 0.1 ml / 1.0 ml 188 (69.2%) 2 83 (13.6%)2
31-10-01 0.1 ml / 1.0 ml 62.5 (49%) 2 113 (16.3%) 2
23-11-01 0.1 ml / 1.0 ml 21 (13.5%) 2 40 (35.4%) 2
23-01-02 0.1 ml / 1.0 ml 86.5 (12.3%) 2 115.5 (0.61%) 2

Faecal streptococci 
19-06-01 
11-07-01 
07-08-01 
18-09-01 
31-10-01 
23-11-01 
23-01-02

10 ml+ /10 ml* 
10 ml/ 100 ml 
1.0 ml /10 ml 
0.1 ml / 1.0 ml 
0.1 ml / 1.0 ml 
0.1 ml /1.0 ml 
0.1 ml / 1.0 ml

160.6 (8.03%) 3 
ND

170.6 (15.9%) 3 
492 (31%) 2 
51 (19.4%) 2

124.5 (2.8%) 2
18.5 (14.4%) 2

0 (0%) 3 
134 (7.4%) 2 
7 (14.3%) 3 

187.5 (29%) 2 
16.3 (4.30%) 2 
110 (38.6%) 2 
42 (77.4%) 2

Cl. perfringens 
19-06-01 10ml+/ 10 ml* 114.6 (19.5%) 3 9 (62.2%) 3
11-07-01 10 ml / 10 ml 300 (0%) 2 44 (16.13%) 2
07-08-01 10 ml /10 ml 300 (0%) 3 77 (17.5%) 3
18-09-01 0.1 ml / 1.0 ml 977.5 (25%) 2 690 (47.1%) 2
31-10-01 0.1 ml / 0.1 ml 800 (18%) 2 469 (20.2%) 2
23-11-01 0.1 ml / 0.1 ml 1005 (9.4%) 2 603 (15.7%) 2

Heterotrophic plate count 
19-06-01 330.8 (51%) 10 820(1.6%) 10
11-07-01 . 158.8 (42.1%) 10 837 (1.8%) 10
07-08-01 250.4 (3%) 10 2446 (3%) 10
18-09-01 318.6 (29.4%) 10 1620 (6.4%) 10
31-10-01 19.11 (43%) 10 438 (1.9%) 10

Total bacterial (DAPI) count x 107 ml"1 
19-06-01 3.4 1.1
11-07-01 6.4 2.5
07-08-01 7.4 3.0
18-09-01 3.4 1.2
31-10-01 4.7 1.1

D



23-11-01 3.5 1.1

Mean count (CV%) (n) number of samples
Sediment South Dalton Holme-on-Spalding-Moor
E. co li
19-06-01 14 (37.8%) 3 0.66 (17.6%) 3
11-07-01 25.5 (25%) 2 0 (0%) 2
07-08-01 238 (4.5%) 3 221.6 (61.2%) 3
18-09-01 69.5 (21.3%) 2 9.5 (67.4%) 2
31-10-01 236 (36%) 2 73.5 (2.9%) 2
23-11-01 469 (20.5%) 2 92.5 (16.12%) 2
23-01-02 108 (24.1%) 2 66.5 (54.3%) 2

Faecal streptococci
19-06-01 4.3 (14%) 3 0 (0%) 3
11-07-01 3 (0%) 2 0 (0%) 2
07-08-01 300 (0%) 3 300 (0%) 3
18-09-01 152.5 (48%) 2 100 (56.6%) 2
31-10-01 16.5 (47.3%) 2 6 (0%) 2
23-11-01 1139 (8.3%) 2 469 (20.2%) 2
23-01-02 99 (51%) 2 6.5 (32.6%) 2

Cl. perfrin gen s
19-06-01 89.7 (20.1%) 3 24 (19.2%) 3
11-07-01 6.5 (54%) 2 85.5 (9.12%) 2
07-08-01 300 (0%) 3 300 (0%) 3
18-09-01 575 (57%) 2 460 (35.4%) 2
31-10-01 460 (15.4%) 2 260 (32.7%) 2
23-11-01 1139 (8.3%) 2 871 (10.9%) 2

Heterotrophic plate count
19-06-01 1691 (2.6%) 10 171.3 (1.2%) 10
11-07-01 2149 (3.22%) 10 2015(2.8%) 10
07-08-01 2328 (3.11%) 10 2754 (2.7%) 10
18-09-01 1612(2.42%) 10 1706 (3.5%) 10
31-10-01 1032 (3.6%) 10 1306 (3.2%) 10

E



Table A1.5 Faecal indicator bacteria in water from ponds with waterfowl, August- 
November 2001

Mean (CV%) n
Little Weighton Garton-on-the-wolds Brantingham

E. coli 
29-08-01 ND ND 300 (0%) 2
16-10-01 118 (21.6%) 2 116.5 (14%) 2 88 (12.9%) 2
13-11-01 378 (2.3%) 2 302 (2.8%) 2 213 (72%) 2

Faecal streptococci
29-08-01
16-10-01
13-11-01

195 (15.9%) 2 
74 (15.3%) 2 

13.5 (25.9%) 2

193.5 (15.7%) 2 
42.5 (3.5%) 2 
16(100%)2

300 (0%) 2 
187.5 (12.33%) 2 

13.5 (5.3%) 2

Cl. perfringens 
29-08-01 15.5 (22.7%) 2 300 (0%) 2 300 (0%) 2
16-10-01 938 (20.2%) 2 670 (23.6%) 2 804 (20.2%) 2
13-11-01 1139 (8.3%) 2 1005 (9.4%) 2 804 (23.6%) 2

Table A1.6 Faecal indicator bacteria in water from ponds without waterfowl, 
August-November 2001 _____________ _________________________________

Mean (CV%) n
Bentley Sancton

E. coli
29-08-01 4.5 (16%) 2 2.5 (28.4%) 2
16-10-01 250 (19.3%) 2 13.5 (15.7%) 2
13-11-01 153.5 (12.5%) 2 3.5 (61%) 2

Faecal streptococci
29-08-01 1 (14%) 2 1 (14%) 2
16-10-01 365 (16%) 2 14.5 (14.6%) 2
13-11-01 27.5 (7.71%) 2 4 (73%) 2

Cl. perfringens 
29-08-01 9 (16%) 2 1.5 (14%) 2
16-10-01 1276 (8%) 2 9.5 (7.5%) 2
13-11-01 1005 (9.5%) 2 9 (48%) 2
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A P P E N D IX  2A

ABIOTIC VARIABLES OF VILLAGE PONDS AUGUST-

DECEMBER 2003

Table A2.1 Abiotic variables of village ponds with waterfowl August-December
2003

Location of pond
South Dalton Little Weighton Brantingham

Water temperature °C
12-Aug-03 22 20 22
02-0ct-03 14 13 13
15-Dec-03 5 4 3

pH
12-Aug-03 6.7 6.3 6.6
02-0ct-03 6.6 6.5 6.5
15-Dec-03 6.5 7.0 6.6

Conductivity (|0.S cm'1)
12-Aug-03 1520 1047 1526
02-0ct-03 1515 1033 1510
15-Dec-03 1510 1057 1520

Absorbance (A58o nm)
12-Aug-03 0.03 0.07 0.5
02-0ct-03 0.03 0.05 0.9
15-Dec-03 0.03 0.09 0.7

Ducks
12-Aug-03 12 19 21
02-0ct-03 12 14 20
15-Dec-03 19 19 19

Geese
12-Aug-03 0 1 0
02-0ct-03 0 1 0
15-Dec-03 0 1 0
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Table A2.2 Abiotic variables of village ponds without waterfowl October- 
November 2003___________________________  _______________

Location of pond
Bentley Sancton

Water temperature °C
20-0ct-2003 7 9
27-Nov-2003 4 4

pH
20-0ct-2003 6.5 6.4
27-NOV-2003 6.9 6.8

Conductivity (|iS cm'1)
20-0ct-2003 415 1002
27-NOV-2003 744 1135

Absorbance (Asso nm)
20-0ct-2003 0.008 0.004
27-NOV-2003 0.014 0.001

Ducks
20-0ct-2003 0 0
27-Nov-2003 0 0

Geese
20-0ct-2003 U 0
27-NOV-2003 0 0
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A P P E N D IX  2B

RECOVERY OF THERMOPHILIC CAMPYLOBACTERS FROM 

POND WATER AND SEDIMENTS

Table A2.3 The recovery of thermophilic Campylobacters from pond water 
August-December 2003 _____________ ________________________

Volume of water filtered
10 ml 100 ml 1000 ml

T ncation of pond 2____ n:p ____ £i£_______
South Dalton
12-Aug-03 2:2 2:2 2:0
02-0ct-03 2:1 2:2 2:0
15-Dec-03 2:2 2:2 2:0

Little Weighton
12-Aug-03 2:2 2:2 2:0
02-0ct-03 2:0 2:0 2:0
15-Dec-03 2:1 2:0 2:0

Brantingham
12-Aug-03 2:2 2:U 2:U
02-Oct-03 2:0 2:0 2:0
15-Dec-03 2:0 2:0 2:0

Bentley
20-0ct-03 2:0 2:0 2:0
20-NOV-03 2:0 2:0 2:0

Sancton
20-0ct-03 2:0 2:0 2:0

20-NOV-03 2:0 2:0 2:0

n = total number of samples, 
p = number of positive samples.

I



Table A2.4 The recovery of thermophilic Campylobacters from pond sediment 
September-November 2003________ __________ ________________________

Volume of sediment used for inoculation
0.1 ml 1.0 ml 5.0 ml

Location of pond _______________ LT_______ _______ __________
South Dalton
12-Sep-03 2:0 2:2 2:0
07-NOV-03 2:2 2:0 2:0

Little Weighton
12-Sep-03 2:0 2:0 2:0
07-NOV-03 2:0 2:1 2:0

Brantingham
12-Sep-03 2:0 2:0 2:0
07-NOV-03 2:0 2:0 2:0
n = total number of samples.
p = number of positive samples.
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A P P E N D IX  3 A

CAPILLARY ELECTROPHORESIS

A l. PRINCIPLES

The principle of capillary electrophoresis is similar to gel electrophoresis, 

whereby charged molecules in a solution (e.g. proteins, nucleic acids) migrate in 

response to an electrical field. In capillary electrophoresis, when an electric field is 

applied to an electrolyte solution within a capillary, negatively charged DNA fragments 

will migrate towards the anode (+). As DNA fragments migrate, they will be separated 

by a size exclusion sieving effect. These DNA fragments are dye-labelled and are 

detected by fluorescence, and in turn can be rendered into a sequence. Polyacrylamide 

gels are commonly used as the electrolyte solution to provide the sieving medium for 

the separation (Anon., 2002). The concept of capillary electrophoresis is the principle 

behind the separation mechanism for the Beckman Coulter CEQ 8000 Genetic Analysis

System.

REFERENCE

Anon. (2002) Beckman Coalter CEQ™ Genetic Analysis System Operating Manual. 

Beckman Coulter Inc., Fullerton, CA.
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A P P E N D IX  3B

CAMPYLOBACTER JEJUNI!CAMPYLOBACTER COLIJlaAJlaB

GENE SEQUENCES

All sequence and accession numbers were obtained from GenBank. It should be noted 

that all C. jejuni and C. coli isolated from different sources had high within-species 

genetic similarity. The following sequences and accession numbers applied to all C. 

jejuni and C. coli isolated from all sources mentioned in this thesis.

Campylobacter jejuni (ATCC43431)

Accession number Z29327

C. jejuni TGH9011 (ATCC4343 l) //a^ and flaB  genes for flagellin A and flagellin B 
Length = 3879 bp

Identities = 180/192 (93%)

Query: is the submitted sequence

Subject: is the nearest match available in the GenBank

This sequence represents all 25 C. jejuni isolates from faeces, pond water and sediment.

Query. 15 aagacctgaactaagtctacttaaagacttatccagc-ctctagcattaacaactgaatt 73

Sbjct: 2061 aagacctgaactaagtctgcttaaagacttatccagctctctagcattaacaactgaatt 2002

Query: 74 tgcatgtgcgtttaat-caccgaag-tagtg-ttatcctaaaaccca-ttaaatccttt 128

iiiiiiiiiiiiiiu  min 1 1  in iiiiiiin iiiiii iiiiiiiiiii
Sbjct: 2001 tgcatgtgcgtttaatgcaccgatgttggtgtttatcctaaaacccattttaaatccttt 1942

L



Query: 129 caaaatattgcatcgaaaagattaaagaaagaagtg-tccaagttttagtttaattaaaa 187

Sbjct: 1941 caaaatattgcatcgaaaagattaaagcaagaagtgttccaagttttagtttaattaaaa 1882

Query: 188 attatagagttt 199

Sbjct: 1881 attttagagttt 1870

Campylobacter coli 

Accession number M64671

C.coli flagellin (JlaA and flaB) genes, complete cds. Length = 4200 bp

Identities = 166/166 (100%)
Query: is the submitted sequence
Subject: is the nearest available match in the GenBank
This sequence represents all 16 C. coli isolates from run off, pond water and sediment.

Query: 1 aagacctgagctaagtctacttaaagacttgtcaagctccctagcattaacaactgaatt 60

Sbjct: 2308 aagacctgagctaagtctacttaaagacttgtcaagctccctagcattaacaactgaatt 2249

Query: 61 tgcatgtgcgttcaatgcaccgatgttggtgtttattctaaaacccattttaaatccttt 120

lllllllllllllllllllllll!lllllllllllll!llllllllllllllllllllll
Sbjct: 2248 tgcatgtgcgttcaatgcaccgatgttggtgtttattctaaaacccattttaaatccttt 2189

Query: 121 caaaatattgcatcgaaaagattaaagcaagaagtgttccaagttt 166

Sbjct: 2188 caaaatattgcatcgaaaagattaaagcaagaagtgttccaagttt 2143

M



A P P E N D IX  3C

ABIOTIC VARIABLES OF RUN-OFF WATER DECEMBER 2003 -
JANUARY 2004

Table A3.1 Abiotic variables of run-off water collected from input pipes December 
2003-January 2004______________________________

__________________Location of pond________________
South Dalton_____ Little Weighton Brantingham

pH
ll-Dec-03 6.9 6.9 7.5
08-Jan-04 7.3 7.4 7.7
31-Jan-04 7.2 7.2 7.7

Conductiviy (pS cm'1) 
ll-Dec-03 409 1728 1160
08-Jan-04 269 1811 715
31-Jan-04 335 1690 815

Absorbance (580 nm) 
ll-Dec-03 0.48 0.75 0.73
08-Jan-04 0.46 0.73 0.70
31-Jan-04 0.44 0.76 0.78

N



A P P E N D IX  3 D

THE RECOVERY OF CAMPYLOBACTERS AND SALMONELLAS

FROM DUCKS FAECES

Table A3.2 The recovery of Campylobacters and salmoncllas from ducks faeces 
August-December 2003

Faecal samples used for inoculation
n:P n:p

Location of pond Campylobacter Salmonella
South Dalton 
12-Aug-03 10:3 10:0
02-0ct-03 10:1 10:0
15-Dec-03 10:4 10:0

Little Weighton
12-Aug-03 10:0 10:2
02-0ct-03 10:0 10:0
15-Dec-03 10:1 10:0

Brantingham
12-Aug-03 10:0 10:2
02-0ct-03 10:0 10:0
15-Dec-03 10:1 10:0
n = total number of samples, 
p = number of positive samples.
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A P P E N D IX  3E

THE RECOVERY OF CAMPYLOBACTERS AND SALMONELLAS

FROM RUN-OFF WATER

Table A3.3 The recovery of Campylobacters from run-off water December 2003-
January 2004

Volume of water filtered
10 ml 100 ml

Location of pond ________ 2Ü2_________ _________ LLÜ2__________
South Dalton
ll-Dec-03 2:0 2:0
08-Jan-04 2:0 2:0
31-Jan-04 2:0 2:0

Little Weighton
ll-Dec-03 2:0 2:0
08-Jan-04 2:1 2:0
31-Jan-4 2:2 2:2

Brantingahm
ll-Dec-03 2:0 2:0
08-Jan-04 2:0 2:1
31-Jan-04 2:1 2:0
n = total number of samples, 
p = number of positive samples.
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Table A3.4 The recovery of salmonellas from run-off water December 2003- 
January 2004_________________________________ ____________________

Volumes of water filtered
10 ml 100 ml

Location of pond __________ M __________ ___________iiiL___________
South Dalton
ll-Dec-03 2:0 2:0
08-Jan-04 2:0 2:0
31-Jan-04 2:0 2:0

Little Weigh ton
ll-Dec-03 2:0 2:0
08-Jan-04 2:0 2:0
31-Jan-04 2:0 2:0

Brantingham
ll-Dec-03 2:0 2:0
08-Jan-04 2:0 2:0
31-Jan-04 2:0 2:0
n = total number of samples, 
p = number of positive samples.

Q



A P P E N D I X  4

HETEROTROPHIC PLATE COUNTS, COLIFORM COUNTS AND 

ACRIDINE-ORANGE DIRECT MICROSCOPIC COUNTS IN 

CAMPYLOBACTER ENRICHMENT CULTURES

Table A4.1 Heterotrophic plate counts, coliform counts and acridine-orange direct 
microscopic counts (ODC) in Campylobacter enrichment culture derived from the 
filtration of different volumes of pond water

Mean (CV%) n
10 ml 100 ml 1000 ml

Heterotrophic plate counts 136.8 (25.3 %) 10 668.2 (7.3 %) 10 1906 (9%) 10
0.1 ml"1 and 0.0 ml'1 134.8(13.4%) 10 688 (6.6%) 10 1832.1 (5.2 %) 10

98.9(11.3%) 10 142.4 (24.5 %) 10 1154.4(12.5 %) 10
98.9(8.5%) 10 169.6(16.5%) 10 1107.4 (6.13%) 10

Coliform counts 0.1 ml'1 129.2(8.5%) 10 726(11.5 %) 10 1414.8 (12.8 %) 10
142.5 (9.8 %) 10 667.5 (10.8 %) 10 1520.2 (6.11 %) 10
133.8 (20%) 10 688.8 (10.4%) 10 1787 (5.6%) 10

137.5(17.6%) 10 675.6 (6.4 %) 10 1741.9 (5.8%) 10

AODC+ counts x 104 0.032 0.07 5.5
0.035 0.083 5.8
0.037 0.089 6.1
0.038 0.087 5.9

CV = coefficient of variation (standard deviation / mean x 100). 
n = total number of replicate plates.
t  AODC represents the actual count obtained from each preparation.

R
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A b s tra c t

T h e  a im  o f  th is  s tu d y  w a s  to  a d d r e s s  p r o b le m s  in  th e d e te r m in a t io n  o f  th e rm o p h il ic  C a m p y lo b a c te rs  in  tu rb id  p o n d  

W ater a n d  se d im e n t. T h ir t y  se ts  o f  th re e  s a m p le s  o f  p o n d  w a te r  (v o lu m e s  10 ,  10 0 , 10 0 0  m l)  o r  s e d im e n t ( 0 . 1 ,  1 .0 ,  5 .0  m l)  

Were e x a m in e d  fo r  th e p re se n c e  o f  th e rm o p h il ic  C a m p y lo b a c te rs . T h e  d if fe re n t  v o lu m e s  o f  p o n d  w a te r  w e re  p ro c e s s e d  

b y  m e m b ra n e  f i lt ra t io n  fo llo w e d  b y  s e le c t iv e  e n r ic h m e n t . T h e  s a m p le s  o f  se d im e n t w e re  s u b je c te d  d ir e c t ly  to  se le c tiv e  

e n rich m e n t . P r e s u m p t iv e  is o la te s  w e re  c o n firm e d  b y  G r a m  s ta in , ce ll m o r p h o lo g y ,  p re s e n c e  o f  o x id a s e  a n d  c a ta la s e , 

g ro w th  u n d e r  m ic ro a e r o b ic  b u t  n o t  a e r o b ic  c o n d it io n s , a n d  P C R .  C o n f ir m e d  C a m p y lo b a c te r  sp e c ie s  w e re  r e c o v e re d  

o n ly  fr o m  10  a n d  100  m l s a m p le s  o f  w a te r  a n d  fro m  0 . 1  a n d  1 .0  m l s a m p le s  o f  s e d im e n ts . T h e  10 0 0  m l s a m p le s  o f  w a te r  

a n d  5 .0  m l s a m p le s  o f  se d im e n t n e v e r  g a v e  p o s it iv e  is o la te s . P C R  in d ic a te d  th a t th e  c o n firm e d  is o la te s  w e re  a l l  e ith e r  

C a m p y lo b a c te r  j e ju n i  o r  C. co ll. E n r ic h m e n t  c u ltu re s  fr o m  10 0 0  m l f i l i a t i o n s  c o n ta in e d  th e  h ig h e s t  n u m b e r  o f  

b a c k g ro u n d  b a c te r ia .  It  is  s u g g e ste d  th a t  th e  p r o c e s s in g  o f  la rg e  v o lu m e s  o f  tu rb id  e n v iro n m e n ta l  w a te r  s a m p le s  o r  o f  

se d im e n t is  c o u n t e r p r o d u c t iv e  a n d  m a y  n o t y ie ld  p o s it iv e  C a m p y lo b a c te r  c u ltu re s . T h is  is  p r o b a b ly  d u e  to  a n ta g o n is t ic  

e ffe c ts  o f  la rg e  n u m b e rs  o f  b a c k g r o u n d  b a c te r ia  o u t -c o m p e t in g  C a m p y lo b a c te rs  d u r in g  th e  e n r ic h m e n t  s ta g e .

P i lo t  s tu d ie s  to  e s ta b lis h  a p p r o p r ia te  v o lu m e s  o f  p o n d  w a te r  o r  s e d im e n t s a m p le s  s h o u ld  b e  u n d e r ta k e n  b e fo re  

ro u tin e  d e te r m in a t io n  o f  C a m p y lo b a c te rs  is  b e g u n .
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L  In tro d u c tio n

C a m p y lo b a c te r  is  p o s s ib ly  th e le a d in g  w o r ld w id e  

c a u s e  o f  a c u te  b a c te r ia l g a s t r o e n te r it is  ( T h o m a s  

et a h , 19 9 9 ; F r o s t ,  2 0 0 1) .  In  E n g la n d  a n d  W a le s  in
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2 0 0 1  th e re  w e re  a r o u n d  6 0 ,0 0 0  r e p o rte d  c a s e s  o f  

g a s t r o e n te r it is  c a u s e d  b y  C a m p y lo b a c te r  (H u m p h re y , 

2 0 0 2 ) . T h e  tru e  in c id e n c e  o f  fo o d - b o r n e  a n d  w a te r ­

b o rn e  c a n r p y lo b a c t e r io s is  m a y  b e  u n d e r- re p o r te d  

s in c e  a  s tu d y  o n  in fe c t io u s  in te s t in a l d is e a s e s  in  the 

U K  s h o w e d  th a t  th e re  m ig h t  b e  a r o u n d  5 0 0 ,0 0 0  

c a s e s  o f  C a m p y lo b a c te r  in fe c t io n  (H u m p h re y , 2 0 0 2 ) . 

C a m p y lo b a c te r  s p e c ie s  th a t  a r e  im p lic a te d  in 

w a te r - b o rn e  a n d  fo o d - b o r n e  h u m a n  in fe c t io n s  a re  

C a m p y lo b a c te r  je ju n i  a n d  C. c o li  (P e r c iv a l  e t  a h , 20 0 4 ) .
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U n d e r c o o k e d  m e a t , r a w  m ilk  a n d  c o n ta m in a te d  

w a te r  a r e  p o te n t ia l s o u r c e s  o f  C a m p y lo b a c te r  in fe c t io n ; 

h a n d lin g  o f  p e ts  (e .g . d o g s  a n d  c a ts )  m a y  a ls o  b e  a  

s o u r c e  o f  in fe c t io n  ( B o lt o n  e t  a l . ,  19 8 7 ;  B a k e r  et a l .,  

19 9 9 ; F r o s t ,  2 0 0 1 ) .

T h e  c o n s u m p t io n  o f  u n tre a te d  o r  c o n ta m in a te d  

d r in k in g  w a te r  is  th e m o s t  c o m m o n  v e h ic le  in  la rg e  

C a m p y lo b a c te r -a s s o c ia te d  o u t b r e a k s  a r o u n d  th e  w o r ld  

( L e c le r c  e t  a l . ,  2 0 0 4 ) . In  U K ,  C a m p y lo b a c te r  h a s  

b e e n  th e  m a in  c a u s e  o f  p r iv a te  w a te r  s u p p ly  o u t b re a k s  

w h e re  w a te r  w a s  n o t  a d e q u a te ly  d is in fe c te d  ( F u r t a d o  et 

a l .,  19 9 8 ) . C a m p y lo b a c t e r s  a r e  w id e s p re a d  in  th e 

e n v iro n m e n t . S e w a g e  e ff lu e n ts , l iv e s to c k  fa r m in g  a n d  

w ild  b ird s  a r e  e s ta b lis h e d  s o u rc e s  o f  C a m p y lo b a c te r  
to  e n v iro n m e n ta l w a te r  a s  w e ll a s  d r in k in g  w a te r  

( Jo n e s ,  2 0 0 1 ) .

T h e  U n ite d  K in g d o m  P u b lic  H e a lth  L a b o r a t o r y  

S e r v ic e  ( P H L S )  s ta n d a r d  p r o to c o l fo r  th e  d e te c t io n  

o f  p r e s u m p t iv e  C a m p y lo b a c te rs  in  a ll ty p e s  o f  w a te r  

( i.e . d r in k in g  a n d  r e c r e a t io n a l)  re c o m m e n d s  th e  m e m ­

b r a n e  f i lt ra t io n  o f  1000  m l s a m p le s  fo l lo w e d  b y  o v e r ­

n ig h t  in c u b a t io n  in  s e le c tiv e  e n r ic h m e n t  b r o t h  ( A n o n , 

19 9 8 ) . T h e  c o n firm a t io n  o f  p r e s u m p tiv e  is o la te s  is  

c o n v e n t io n a l ly  b a s e d  o n  a  r a n g e  o f  m o r p h o lo g ic a l  a n d  

b io c h e m ic a l te sts . R e c e n t ly ,  P C R  h a s  b e e n  e x te n s iv e ly  

a p p lie d  to  th e  d e te c t io n  a n d  id e n t if ic a t io n  o f  a  w id e  

r a n g e  o f  p a th o g e n ic  b a c te r ia  in c lu d in g  C a m p y lo b a c te r  
s p e c ie s  ( W a a g e  et a l .,  19 9 9 ) . P C R  p r im e r s  th a t  a m p li fy  a  

c o n s e r v e d  r e g io n  o f  th e  f l a A  a n d  f l a B  g e n e s  h a v e  b e e n  

s u c c e s s fu lly  a p p lie d  to  th e  d e te c t io n  o f  C a m p y lo b a c te r  
je ju n i  a n d  C . c o li  ( O y o fo  et a l .,  19 9 2 ; W e g m iil le r  e t  a l .,  

19 9 3 ) .

A m e n ity  p o n d s  in  p a r k s  a n d  v il la g e s  th a t  h a r b o u r  

la rg e  p o p u la t io n s  o f  w a te r fo w l  a r e  u s u a l ly  o f  p o o r  

m ic r o b io lo g ic a l  q u a l it y  a n d  c o u ld  p o s e  a  th re a t  to  p u b lic  

h e a lth  a s  a  s o u r c e  fo r  e n te r ic  p a th o g e n s . A b u lr e e s h  e t  a l. 

(20 0 4 )  fo u n d  th a t  w a te r  s a m p le s  fr o m  a m e n ity  p o n d s  

w ith  w a te r fo w l  h a d  h ig h  a b u n d a n c e  o f  b a c k g r o u n d  

b a c te r ia ;  fo r  e x a m p le , in  a  p o n d  a t  S o u th  D a lt o n ,  w h ic h  

is  o n e  o f  th e  p o n d s  e x a m in e d  in  th e  p re s e n t  s tu d y , 

h e te ro tr o p h ic  p la te  c o u n ts  r a n g e d  fr o m  1 .6  to

3 .3  x  1 0 5 m l_ l  w h ile  d ire c t  c o u n ts  o f  b a c te r ia  m a d e  b y  

e p illu o r e s c e n c e  m ic r o s c o p y  ra n g e d  fr o m  3 .4  to

7 .4  x  1 0 7 m l- 1 . A l s o  th e y  fo u n d  th a t  fa e c a l  in d ic a to r  

b a c te r ia  a n d  S a lm o n e lla  w e re  r e la te d  to  w a te r fo w l 

p o p u la t io n s  in  a m e n ity  p o n d s  b u t  th e y  fa ile d  to  d e te c t 

C a m p y lo b a c te r .  T h e y  s u s p e c te d  th a t  th e  a p p a r e n t  

a b s e n c e  o f  C a m p y lo b a c te r  w a s  r e la te d  to  th e s h o r t ­

c o m in g s  o f  th e  P H L S  s ta n d a r d  m e th o d  fo r  C a m p y lo ­
b a c te r  d e te r m in a t io n . T h e  a im  o f  th e p re s e n t  w o r k  

w a s  to  d e v e lo p  th e  U K  P H L S  ( A n o n , 19 9 8 )  p r o to c o l 

fo r  th e  d e te c t io n  o f  p re s u m p t iv e  th e rm o p h il ic  C am ­

p y lo b a c te r s  to  a l lo w  its  a p p lic a t io n  to  tu rb id  p o n d  w a te r  

a n d  b o tt o m  se d im e n ts , a n d  to  e v a lu a t e  P C R  fo r  th e 

r a p id  c o n firm a t io n  o f  C a m p y lo b a c te r s  fr o m  th ese  

h a b ita ts .

2 . M a t e r ia ls  an d  m eth o d s

2 .1 .  S i t e s  a n d  s a m p l i n g

T h e  s tu d y  s ite s  w e re  th re e  ro a d s id e  v il la g e  p o n d s  in 

E a s t  Y o r k s h ir e ,  N E  E n g la n d .  A l l  th re e  p o n d s  h ave  

re s id e n t  s e m i-ta m e  d u c k s , a n d  s o m e tim e s  g e e se , an d 

re c e iv e  r u n - o f f  f r o m  a d ja c e n t  r o a d s . A l l  th re e  p o n d s  are 

a m e n ity  s ite s . T h e  p o n d s  a re  a t  B r a n t in g h a m  (N a t io n a l 

G r id  R e fe r e n c e  S E  9 4 1  2 9 6 , p o n d  a r e a  2 4 0  m 2), L ittle  

W e ig h to n  ( S E  9 8 8  3 3 8 ,  6 4 0  m 2), a n d  S o u th  D a lto n  (S E  

969 4 5 4 , 2 4 1 0  m 2). T h e  w a te r s  o f  th e se  p o n d s  a r e  tu rb id  

a n d  a q u a t ic  v e g e ta t io n  is  s p a r s e  o r  a b s e n t .

W a te r  a n d  s e d im e n t s a m p le s  w e re  c o lle c te d  in  the 

m o r n in g  d u r in g  A u g u s t - D e c e m b e r  2 0 0 3 . S u rfa c e  

w a te r  w a s  c o lle c te d  in to  ste r ile  p o ly p r o p y le n e  b o ttles, 

s u p e r f ic ia l s e d im e n t w a s  s c o o p e d  fr o m  s h a llo w  w a ter 

a r e a s ,  w ith  d e p th  o f  le ss  th a n  10  c m , a n d  tra n sfe rre d  

to  s te r ile  3 0  m l u n iv e r s a l b o tt le s . A l l  s a m p le s  w ere 

k e p t o n  ice  a n d  in  d a r k n e s s  d u r in g  t r a n s p o r ta t io n , 

m ic r o b io lo g ic a l  a s s a y s  w e re  b e g u n  o n  th e  s a m e  day 
a s  s a m p lin g .

2 .2 .  D e t e c t i o n  a n d  c o n f i r m a t i o n  o f  th e r m o p h i l i c  

C a m p y l o b a c t e r s

M e m b r a n e  f i lt ra t io n  te c h n iq u e s  w e re  e m p lo y e d  f ° r 

th e  d e te c t io n  o f  th e rm o p h il ic  C a m p y lo b a c te r s  in  w a ter 

s a m p le s , fo l lo w in g  th e s ta n d a r d  m e th o d s  fo r  the 

e x a m in a t io n  o f  w a te r  a s  u se d  b y  th e P u b lic  H ealth  

L a b o r a t o r y  S e r v ic e  ( A n o n , 19 9 8 ) . W a te r  s a m p le s  (10> 

10 0 , 10 0 0  m l)  w e re  filte re d  th ro u g h  0 .4 5  p m , d iam eter  

4 7  m m , c e llu lo s e  n it ra te  a n d  m ix e d  e s te r  m e m b ra n e  

filte rs  ( L a b s a le s ,  C a m b r id g e ,  U K ) .  M e m b r a n e s  w ere 

t r a n s fe r re d  to  15 0  m l o f  P r e s to n  e n r ic h m e n t  b roth  

( O x o id , B a s in g s t o k e , U K ) ,  c o n ta in in g  5 %  ly se d  horse 

b lo o d  (O x o id )  a n d  g r o w th  s u p p le m e n t  c o n s is t in g  

fe r r o u s  s u lp h a te  ( 0 . 1 2 5  g  1—') ,  s o d iu m  m e ta b is u lp h ite 

( 0 . 1 2 5 g  1—')  a n d  s o d iu m  p y r u v a t e  ( 0 . 1 2 5 g l ~ ' )  (F B P )  

(O x o id ) , a n d  in c u b a te d  fo r  2 2  h  a t  3 7  ° C ,  fo l lo w e d  by 

2 2  h a t  4 2  ° C .  M ic r o a e r o b ic  c o n d it io n s  w e re  a c h ie v e d  by 

in c u b a t io n  in  s c r e w - to p  b o tt le s  w ith  m in im a l a ir -s p a c e 

( le ss  th a n  1 .0  m l). B r o th  c u ltu re s  w e re  th e n  su b c u ltu re d  

o n to  b lo o d - fr e e  C a m p y lo b a c te r -  s e le c t iv e  m o d ified  

C h a r c o a l  C e fo p e r a z o n e  D e o x y c h o la t e  A g a r  ( rn C C D A )  

(O x o id )  a n d  in c u b a te d  in  a  m ic r o a e r o b ic  a tm o sp h e re  

( N 2 8 5 % ,  0 2 5 % ,  C 0 2 1 0 % )  u s in g  O x o id  C a m p y  Gen, at 

3 7  ° C  fo r  48  h.

A l iq u o t s  o f  1 .0  m l o f  te n  tim e s  d ilu te d  se d im e n t, and 

1 .0  m l, a n d  5 .0  m l o f  u n d ilu te d  s e d im e n t s a m p le s  w ere 

t r a n s fe r re d  to  s te r ile  3 0  m l u n iv e r s a l  b o tt le s . P resto n  

e n ric h m e n t  b r o th  w a s  a d d e d  a n d  th e p r o c e d u r e  w a s  then 

c o n t in u e d  a s  d e s c r ib e d  a b o v e .

P r e s u m p t iv e  c o lo n ie s  w e re  s u b je c te d  to  th e  fo llo w in g  

c o n f ir m a to r y  tests: G r a m  s ta in  w ith  0 .8 5 %  ca rb o l 

fu c h s in  a s  c o u n te r  s ta in ; c e ll m o r p h o lo g y ;  p re se n c e  °
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o x id a s e  a n d  c a ta la s e ; g r o w th  o n  b lo o d  a g a r  a t  3 7  ° C  

u n d e r  m ic r o a e r o b ic  b u t n o t a e r o b ic  c o n d it io n s  a n d  

fin a lly  P C R .

2.3. D e te r m in a tio n  o f  h e te ro tro p h ic  p la te  c o u n ts  a n d  
c o lifo rn t c o u n ts

S p re a d  p la te  c o u n ts  o f  c u ltu ra b le  h e te ro tro p h ic  

b a c te r ia  a n d  c o l ifo r m s  in  C a m p y lo b a c te r  e n r ic h m e n t 

c u ltu re s  w e re  m a d e  o n  N u tr ie n t  A g a r  (O x o id )  a n d  

M a c C o n k e y  A g a r  (O x o id )  re sp e c t iv e ly . T e n  re p lic a te  

p la te s  w e re  in o c u la te d  w ith  0 . 1 m l s u b - s a m p le s  o f  

s e r ia l ly  d ilu te d  e n ric h m e n t  b r o th  a n d  w e re  in c u b a te d  

a t  2 5  ° C  fo r  48  h fo r  th e  h e te ro tr o p h ic  p la te  c o u n ts  a n d  

a t  3 7  ° C  fo r  2 4  h fo r  th e  c o l ifo r m  c o u n ts .

2.4. D ire c t c o u n ts  o f  to ta l  b a c te r ia

C o u n ts  o f  to ta l b a c te r ia  in  C a m p y lo b a c te r  e n r ic h m e n t 

c u ltu re s  w e re  p e r fo r m e d  u s in g  e p if iu o re s c e n c e  m ic r o ­

s c o p y  a f te r  a c r id in e -o ra n g e  s ta in in g  ( H o b b ie  e t  a l .,  

19 7 7 ) .  S ta in e d  b a c te r ia  w e re  c o n c e n tra te d  o n  b la c k  

0 .2  p m  p o ly c a r b o n a t e  filte rs  ( L a b s a le s )  a n d  a t  le a st 

6 00  c e lls  p e r  p r e p a r a t io n  w e re  c o u n te d  a t  x  12 5 0  

m a g n if ic a t io n .

2.5. P C R  a ssa y

P C R  w a s  p e r fo r m e d  o n  th e p r e s u m p tiv e  c o lo n ie s  to  

c o n firm  th a t  th e y  w e re  th e rm o p h il ic  C a m p y lo b a c te rs . 

D N A  w a s  e x t ra c te d  b y  s u s p e n d in g  a  lo o p  o f  p r e s u m p ­

tiv e  C a m p y lo b a c te r  c o lo n y  in  10 0  p i s te r ile , p u re  w a te r  

a n d  b o il in g  fo r  5 m in . T h e  s u s p e n s io n  w a s  th en  

c e n tr ifu g e d  fo r  5 m in  a t  1 2 6 0  g  a n d  1 0  pi o f  th e  s u p e r ­

n a ta n t  w e re  u se d  a s  ta rg e t  D N A .  P r im e rs  C F 0 3  a n d  

C F 0 4  ( In v it r o g c n , P a is le y , U K )  fr o m  th e  C a m p y lo b a c te r  
j e ju n i f la A  a n d  f l a B  g e n e  s e q u e n c e  w e re  u se d  (W e g m iille r  

et a l . ,  19 9 3 ) .  T h e ir  se q u e n c e s  a re : C F 0 3 ,  5 '- G C T  C A A  

A G T  G G T  T C T  T A T  G C N  A T G  G - 3 '  ( fo rw a r d ) ;  

C F 0 4 ,  5 '- G C T  G C G  G A G  T T C  A T T  C T A  A G A  C C - 3 '  

( re v e rse ) .
T h e  P C R  r e a c t io n  m ix tu r e  (5 0  p i to ta l v o lu m e )  

c o n ta in e d : 0 .2 5  p m o i r 1 o f  e a c h  p r im e r ; 7 5  m m o l T 1 
T r i s - H C l ;  2 0 m m o l l_ 1  ( N H ^ j S Q p  2.0  m m o l I 1 M g C l2; 

0 .0 1  %  (v / v )  T w e e n ® ' 2 0 ; 0 .2  m m o l 1 1 e a c h  o f  d A T P ,  

d C T P ,  d G T P ,  a n d  d T T P ;  1 . 2 5  u n its  o f  T h e r m o p r im e  

P lu s  D N A  P o ly m e r a s e  ( A B g e n e ,  S u r r e y ,  U K ) .  D N A  

a m p li f ic a t io n  u se d  th e  fo llo w in g  te m p e ra tu re  c y c le : 

d e n a t u r a t io n  a t  9 4  ° C  fo r  4 m in , 3 0  c y c le s  a t  9 5  ° C  fo r  

1 m in , 5 3  ° C  fo r  1 m in , 7 2  ° C  fo r  1 m in , a n d  fin a l 

e x te n s io n  a t  7 2  ° C  fo r  5  m in . A  to ta l o f  10  p i o f  P C R  

p r o d u c ts  w a s  a n a ly s e d  b y  1 . 5 %  (w /v )  a g a r o s  g e l 

( B io L in e ,  L o n d o n , U K )  e le c te ro p h o r e s is  a n d  m a d e  

v is ib le  b y  e th id iu m  b r o m id e  ( 0 . 5 p g m r ' )  s ta in in g  a n d  

U V  tr a n s i llu m in a t io n .

2.6 . S ta ti s t ic a l  a n a ly s is

T o  test th e  n u ll h y p o th e s is  th a t  e n r ic h m e n ts  fr o m  

d iffe re n t  v o lu m e s  filte re d  d id  n o t h a v e  d if fe re n t  c o n ­

c e n t ra t io n s  o f  b a c k g r o u n d  b a c te r ia  th e  K r u s k a l - W a l l i s  

n o n -p a r a m e tr ic  test w a s  u se d .

3 .  R e s u lts

T h ir t y  se ts  o f  th re e  s a m p le s  o f  p o n d  w a te r  (v o lu m e s  

10 ,  10 0 , 10 0 0 m l)  o r  se d im e n t ( 0 . 1 ,  1 .0 ,  5 .0 m l)  w e re  

e x a m in e d  fo r  th e  p re se n c e  o f  th e rm o p h il ic  C a m p y lo b a c ­

ters . F o r  p o n d  w a te r  s a m p le s ,  p r e s u m p t iv e  th e rm o p h il ic  

C a m p y lo b a c te rs  w e re  re c o v e re d  o n ly  fr o m  10  a n d  10 0  m l 

s a m p le s . P r e s u m p t iv e  C a m p y lo b a c te r  i s o la te s  w e re  n e v e r  

r e c o v e re d  fo llo w in g  th e f i lt ra t io n  o f  1000  m l s a m p le s  

( T a b le  1 ) .  F o r  se d im e n t s a m p le s , p r e s u m p t iv e  C a m p y ­
lo b a c te r  i s o la te s  w e re  o n ly  re c o v e re d  fo llo w in g  th e 

e n r ic h m e n t  o f  0 .1  a n d  1 .0  m l s a m p le s . P r e s u m p t iv e  

th e rm o p h il ic  C a m p y lo b a c te rs  w e re  n e v e r  re c o v e re d  fro m  
5 .0 m l  s a m p le s  ( T a b le  1) .

H e te r o tr o p h ic  p la te  c o u n ts , c o l ifo r m  c o u n ts  a n d  

a c r id in e - o ra n g e  d ire c t  m ic ro s c o p ic  c o u n ts  ( A O D C )  o f  

to ta l b a c te r ia  w e re  p e r fo r m e d  o n  e n r ic h m e n t  c u ltu re s  

d e r iv e d  fr o m  th e f i lt ra t io n  o f  w a te r  s a m p le s . T h e  c o u n ts  

w e re  m a d e  a t  th e e n d  o f  e n r ic h m e n t-c u ltu re  in c u b a t io n s  

(4 4  h ). A l l  C a m p y lo b a c te r -n e g a t iv e  c u ltu re s  ( fro m  

1000  m l f i lt ra t io n )  h a d  h ig h e r  le v e ls  o f  h e te ro tr o p h ic  

b a c te r ia  a n d  c o l ifo r m s  th a n  p o s it iv e  c u ltu re s  ( 10 , 10 0  m l)

T a b le  I

T h e  recovery o f thermophilic Campylobacters from pond water 
and sediment

V o lu m e  o f  w a te r  f i l te r e d

L o c a t io n  o f  p o n d 10  m l 10 0  m l 10 0 0  m l
n :p  ( % ) n :p  ( % ) n :p  ( % )

S o u th  D a l to n 6 :5  (8 3 ) 6 :6  ( 10 0 ) 6 :0  (0 )
L i t t le  W e ig h to n 6 :2  (3 3 ) 6 :2  (3 3 ) 6 :0  (0 )
B r a n t in g h a m 6 :2  (3 3 ) 6 :2  (3 3 ) 6 :0  (0 )

T o t a l  f o r  a ll p o n d s 18:9  (5 0 ) 1 8 :1 0 (5 6 ) 18:0  (0 )
V o lu m e  o f  s e d im e n t  u s e d  fo r in o c u la t io n

0 . 1 m l 1 .0  m l 5 .0  m l
n :p  ( % ) n :p  ( % ) n :p  ( % )

S o u th  D a l to n 4 :2  (5 0 ) 4 :2  (5 0 ) 4 :0  (0 )
L i t t le  W e ig h to n 4 :0  (0 ) 4:1 (2 5 ) 4 :0  (0 )
B r a n t in g h a m 4 :0  (0 ) 4 :0  (0 ) 4 :0  (0 )

T o t a l  f o r  a ll  p o n d s 12:2 (1 7 ) 12:3  (2 5 ) 12 :0  (0 )

n =  t o t a l  n u m b e r  o f  s a m p le s ;  p  =  n u m b e r  o f  p o s i t iv e  s a m p le s  

( p e r c e n ta g e  o f  p o s i t iv e  s a m p le s  in  b r a c k e t s ) .  A ll  p r e s u m p t iv e  
i s o la te s  w e re  c o n f i rm e d  a s  C a m p y lo b a c te r .
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T a b le  2

H e te r o t r o p h ic  p la te  c o u n t s ,  c o l i f o r m  c o u n ts  
p r e p a r e d  u s in g  p o n d  w a te r  s a m p le s

a n d  a c r id in e - o r a n g e  d i r e c t c o u n ts  ( A O D C )  in C a m p y lo b a c te r  e n r ic h m e n t c u ltu re s

V o lu m e  o f  w a te r  f i l te r e d

10  m l 10 0  m l 10 0 0  m l P

M e a n  ( r a n g e )  n M e a n  ( r a n g e )  n M e a n  ( r a n g e )  n

H e te r o t r o p h ic  p la te  c o u n t  x  106 c f u m l ~ ‘ 0 .5 5  (0 .0 1 3 -0 .9 8 )  4 l . l  ( 0 .6 6 - 1 .6 )  4 6 .4  ( 1 .8 - 1 1 )  4 < 0 .0 5

C o l i f o r m s  x  106 c f u m r ' 0 .1 3  ( 0 .1 2 -0 .1 4 )  4 0 .6 9  (0 .6 6 -0 .7 2 )  4 1.6 ( 1 .4 - 1 .8 ) 4 < 0 .0 5

A O D C x  109 m r ‘ 0 .0 3 6  ( 0 .0 3 2 -0 .0 3 8 )  4 0 .0 8 3  (0 .0 7 1 -0 .0 8 9 )  4  5 .8  ( 5 .5 - 6 .1 )  4 < 0 .0 5

P  is  th e  p r o b a b i l i t y  t h a t  th e r e  is  n o  d i f f e r e n c e  b e tw e e n  th e  n u m b e r  o f  b a c t e r ia  in  e n r ic h m e n t  c u l tu r e  in o c u la te d  w i th  th e  re s id u e  fro m  

f i l t r a t io n  o f  d i f f e r e n t  s a m p le  v o lu m e s  ( K r u s k a l - W a l l i s  te s t ) ,  n =  n u m b e r  o f  s a m p le s .

( T a b le  2 ). T h e  c o u n t  o f  to ta l b a c te r ia  in  C a m p y lo b a c te r -  
n e g a t iv e  e n r ic h m e n ts  w a s  m a n y  fo ld  h ig h e r  th a n  in  

p o s it iv e  c u ltu re s  ( T a b le  2 ) . T h e  K r u s k a l - W a l l i s  test 

s h o w e d  th a t  th e re  w a s  s ig n if ic a n t  d i f fe re n c e  in  h e te ro -  

t r o p h ic  p la te  c o u n ts , c o l ifo r m s , a n d  to ta l  b a c te r ia  

b e tw e e n  e n r ic h m e n ts  set u p  u s in g  d if fe re n t  v o lu m e s  

filte re d  ( T a b le  2).

A l l  2 4  p r e s u m p tiv e  i s o la te s  fr o m  p o n d  w a te r  a n d  

s e d im e n t w e re  fo u n d  to  b e  G r a m  n e g a t iv e , g u ll- w in g  

s h a p e d , b o th  o x id a s e  a n d  c a ta la s e  p o s it iv e ,  a n d  th e y  

g re w  o n  b lo o d  a g a r  in c u b a te d  a t  3 7  ° C  u n d e r  m ic ro -  

a e r o b ic ,  b u t  n o t  a e r o b ic  c o n d it io n s . T h u s  a c c o r d in g  to  

c o n v e n t io n a l c r ite r ia  th e y  a l l  w e re  c o n firm e d  a s  C a m p y ­
lo b a c te r  s p e c ie s . D N A  e x t ra c te d  fr o m  a ll 2 4  c o n firm e d  

is o la te s  w a s  s u c c e s s fu lly  a m p lif ie d  b y  P C R .  T h e  

a m p lif ie d  p r o d u c ts  w e re  b e tw e e n  3 4 0  a n d  3 8 0  b p  in  

le n g th . T h is  r e in fo r c e d  th e  c o n firm a t io n  th a t  th ese  

is o la te s  w e re  th e rm o p h il ic  C a m p y lo b a c te rs .

4 . D isc u ss io n

T h e r m o p h i l ic  C a m p y lo b a c te r s  a r e  th o u g h t  to  be 

u b iq u it o u s  in  a q u a t ic  e n v iro n m e n ts ,  b u t th e ir  d e te c t io n  

c a n  b e  d if f ic u lt .  T h is  is  b e c a u s e  th e  o r g a n is m  m a y  be 

p re s e n t  in  lo w  n u m b e rs  a n d / o r  s u b - le th a lly  in ju r e d . T o  

o v e r c o m e  th ese  p r o b le m s , th e  d e te c t io n  o f  C a m p y lo b a c ­
te r  f r o m  e n v iro n m e n ta l w a te r s  in v o lv e s  in it ia l c o n c e n ­

tr a t io n  o n  a  m e m b ra n e  filte r  fo l lo w e d  b y  in c u b a t io n  o f  

th e filte rs  in  a n  e n r ic h m e n t  b r o t h  (H u n te r , 19 9 7 ; P e r c iv a l  

e t a l . ,  2 0 0 4 ) .

In  th e  p re s e n t s tu d y , a  c o m b in a t io n  o f  a  se le c tiv e  

e n r ic h m e n t  p r o c e d u r e  a n d  s e le c t iv e  p la t in g  w a s  u se d . 

T h is  a p p r o a c h  h a s  b e e n  r e p o rte d  to  in c re a s e  th e 

r e c o v e r y  o f  C a m p y lo b a c te rs  fr o m  e n v iro n m e n ta l w a te r s  

( R o s e f  e t a h , 2 0 0 1 ) .  P r e s to n  e n ric h m e n t  b r o th  a n d  

m C C D A  s e le c t iv e  a g a r  w e re  u se d  a s  se le c tiv e  m e d ia  in  

th e c u r r e n t  s tu d y ; th e  s u c c e ss iv e  u se  o f  th e se  tw o  m e d ia  

w a s  s u g g e ste d  to  b e  u se fu l fo r  th e  d e te r m in a t io n  o f  

th e rm o p h il ic  C a m p y lo b a c te rs  fr o m  e n v iro n m e n ta l s a m ­

p le s  (e .g . w a te r ) ,  w h e re  C a m p y lo b a c te r  n u m b e rs  a re  low  

( C o r r y  et a h , 19 9 5 ) .  T h e  in it ia l in c u b a t io n  o f  e n rich m e n t 

c u ltu re s  a t  3 7  ° C  fo llo w e d  b y  se le c tiv e  in c u b a t io n  at 

4 2  ° C  a n d  s e le c t iv e  p la t in g  se e m s  to  s ig n if ic a n t ly  en h an ce  

th e r e c o v e r y  o f  s u b - le th a lly  in ju re d  th e rm o p h il ic  Cam ­

p y lo b a c te r s  fr o m  e n v iro n m e n ta l w a te r s  ( H u m p h re y  an d 

M u s c a t ,  19 8 9 ) .
S in c e  th e n u m b e r  o f  th e rm o p h il ic  C a m p y lo b a c te rs  in 

e n v iro n m e n ta l w a te r  is  b e lie v e d  o fte n  to  b e  lo w , the 

e x a m in a t io n  o f  a  la r g e  w a te r  v o lu m e  s e e m s  to  b e  an  

o b v io u s  w a y  o f  in c re a s in g  r e c o v e r y  ( B o lt o n  e t  a h , 19 8 2 ; 

H à n n in e n  e t a h , 2 0 0 3 ) . T h e r e fo r e , th e  s ta n d a r d  P H L S  

p r o to c o l r e c o m m e n d s  th e f i lt ra t io n  o f  10 0 0  m l o f  w a ter . 

T h e  r e su lts  o b ta in e d  in  th e p re s e n t  s tu d y , h o w e v e r , 

s h o w e d  th a t  th e  f i lt ra t io n  o f  a  la rg e  v o lu m e  ( 10 0 0  m l) 

tu rb id  p o n d  w a te r  n e v e r  y ie ld e d  C a m p y lo b a c te r  iso la tes  

( T a b le  1 ) .  T h e s e  w e re  c le a r ly  fa ls e -n e g a t iv e  re su lts , sin ce 

th e  f i lt ra t io n  o f  s m a lle r  v o lu m e s  ( 10  o r  10 0  m l)  o f  w a te r  

fro m  th e  s a m e  s ite s  fr e q u e n t ly  g a v e  p o s it iv e  resu lts 

( T a b le  1 ) .  S in c e  th e C a m p y lo b a c te r -n e g a tiv e  cu ltu re s  

fro m  1000  m l f i lt r a t io n  h a d  h ig h  le v e ls  o f  h e te ro tro p h ic  

b a c te r ia ,  c o l ifo r m s  a n d  to ta l b a c te r ia l p o p u la t io n s  

( T a b le  2 ) ,  it  is  l ik e ly  th a t  h ig h  le v e ls  o f  b a c k g ro u n d  

b a c te r ia  c o m p e t in g  fo r  n u tr ie n ts  p re v e n te d  th e g ro w th  

o f  C a m p y lo b a c te r  d u r in g  th e  e n r ic h m e n t  p ro ced u re- 

S im ila r ly ,  A q u in o  et a h  ( 19 9 6 )  fo u n d  th a t  th e  m a jo r ity  

o f  C a m p y lo b a c te r -n e g a tiv e  c u ltu re s  fro n t h e a v i ly  c o n ­

ta m in a te d  p o u lt r y  p r o d u c ts ,  h a d  h ig h  le v e ls  o f  fa eca l 

in d ic a to r s  a n d  la c t o b a c i l l i ,  w h ic h  m a y  h a v e  h in d e re d  the 

r e c o v e r y  o f  C a m p y lo b a c te rs . T h u s ,  th e se e d in g  

e n ric h m e n t  c u ltu re  w ith  th e  re s id u e  f r o m  a  la r g e  v o lu m e  

o f  tu r b id  w a te r  (10 0 0  m l), m a y  le a d  to  o v e r lo a d in g  h> 

b a c k g r o u n d  b a c te r ia  a n d  th e o u t -c o m p e t it io n  o f  C am ­
p y lo b a c te r  to  th e  e x te n t  th a t  it  is  u n a b le  to  g r o w  to 

d e te c ta b le  le v e ls . F r ic k e r  ( 19 8 7 )  re v ie w e d  v a r io u s  

m e th o d s  th a t  a r e  u se d  to  is o la t e  C a m p y lo b a c te r  f r onl 

e n v iro n m e n ta l s a m p le s  a n d  s u g g e ste d  th a t  o v e r lo a d in g  

b y  b a c k g r o u n d  m ic r o f lo r a  m a y  p re v e n t  th e g ro w th  

C a m p y lo b a c te rs  d u r in g  th e  e n r ic h m e n t  s ta g e ; this 

s u g g e s t io n  is s u p p o r te d  b y  o u r  re su lts .
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S im ila r  o b s e r v a t io n s  w e re  o b ta in e d  fr o m  o u r  e x a m ­

in a t io n  o f  se d im e n t s a m p le s . A  la rg e  v o lu m e  (5 .0  m l) o f  

s e d im e n ts  d id  n o t  g iv e  a n y  p r e s u m p tiv e  C a m p y lo b a c te rs  

(T a b le  1 ) .  T h e  c o n c e n tr a t io n  o f  b a c te r ia  in  a q u a t ic  

se d im e n t h a s  b e e n  r e p o rte d  to  b e  a r o u n d  a  h u n d re d  

tim es h ig h e r  th a n  in  o v e r ly in g  w a te r  ( C a v a l lo  et a l .,  

19 9 9 ) , th u s  w e  s u g g e s t  th a t  th e u se  o f  a  la rg e  in o c u lu m  

o f  m ic r o b ia lly  r ic h  se d im e n t to  a s s e ss  th e  p re se n c e  o f  

C a m p y lo b a c te rs  m a y  le a d  to  fa ls e -n e g a t iv e  re su lts , 

p r o b a b ly  b e c a u s e  o f  c o m p e tit io n  b y  th e b a c k g ro u n d  

m ic ro flo r a .
It  m a y  b e  s u g g e ste d  th a t in  th e p r o c e s s in g  o f  la rg e  

v o lu m e s  o f  tu rb id  w a te r  (10 0 0  m l) , th e u se  o f  a  la rg e r  

v o lu m e  o f  e n r ic h m e n t  b ro th  (5 0 0  o r  10 0 0  m l)  p e r  s a m p le  

w o u ld  p re v e n t  th e  in te r fe re n c e  o f  b a c k g r o u n d  b a c te r ia  

a n d  a l lo w  C a m p y lo b a c te r  to  g r o w  to  d e te c ta b le  lev e ls . 

H o w e v e r ,  fo r  a  la b o r a t o r y  c a r r y in g  o u t ro u t in e  in v e s t i­

g a t io n s , su c h  a  p r o c e d u r e  w o u ld  b e  b o th  e x p e n s iv e  a n d  

im p r a c t ic a l ,  e s p e c ia l ly  w h e n  s m a lle r  v o lu m e s  o f  e n r ic h ­

m e n t b r o th  ( 1 5 0  m l)  g iv e  p o s it iv e  re su lts  p r o v id e d  th a t 

a p p r o p r ia te  v o lu m e s  o f  w a te r  a re  p r o c e s s e d , a s  is  sh o w n  

in  th is  s tu d y .

T h e  C a m p y lo b a c te r  fla g e llu m  is b e lie v e d  to  b e  a  

s ig n if ic a n t  v ir u le n c e  fa c t o r  (P e r c iv a l  e t a l . ,  20 0 4 ) . In  th is  

s tu d y , w e  u se d  a  P C R  p r o to c o l th a t  a m p lif ie s  th e 

in te rg e n ic  se q u e n c e  b e tw e e n  th e C a m p y lo b a c te r  f la g e llin  

g e n e s , f la A  a n d  f la B ,  a s  a  r a p id  c o n fir m a to r y  test o n  

C a m p y lo b a c te r  p r e s u m p tiv e  is o la te s . W e c h o o s e  th e 

p r im e rs  C F 0 3  a n d  C F 0 4  (W e g m iille r  e t a l .,  19 9 3 )  

b e c a u se  o f  th e ir  s p e c if ic ity  fo r  d e te c tin g  C a m p y lo b a c te r  
je ju n i  a n d  C . co li. O u r  r e su lts  s h o w e d  th a t  th e 

a m p li f ic a t io n  o f  D N A  e x t ra c te d  fr o m  a ll  2 4  p re s u m p tiv e  

C a m p y lo b a c te r  i s o la te s ,  a n d  a ls o  fr o m  a  c lin ic a l is o la te , 

p r o d u c e d  P C R  fr a g m e n ts  o f  3 4 0 - 3 8 0  b p  in  le n g th . 

T h u s ,  a ll p r e s u m p t iv e  is o la te s  w e re  c o n firm e d  a s  

C a m p y lo b a c te r  s p p . a n d  w e  c o n c lu d e  th a t  th e y  w e re  

e ith e r  C . j e ju n i  o r  C . c o li  o n  th e b a s is  o f  th e w o r k  

d e s c r ib e d  b y  W e g m u lle r  et a l. ( 19 9 3 )  a n d  W a a g e  et a l. 

( 19 9 9 ) , w h o  s h o w e d  th a t  th e  a m p li f ic a t io n  w ith  C F 0 3  

a n d  C F 0 4  g iv e s  3 4 0 - 3 8 0  b p  fr a g m e n ts  w ith  C . je ju n i  

a n d  C. coli.

5 . C o n c lu s io n s

S t a n d a r d  m e th o d s  fo r  th e  d e te c t io n  o f  C a m p y lo b a c te r  
s p p . re c o m m e n d  th e  p r o c e s s in g  o f  w a te r  s a m p le s  o f  

la rg e  v o lu m e . O u r  re su lts  su g g e st , h o w e v e r ,  th a t  th e 

f i lt ra t io n  o f  la rg e  v o lu m e s  o f  tu rb id  e n v iro n m e n ta l 

w a te r ,  o r  o f  s e d im e n ts , m a y  b e  c o u n te r p r o d u c t iv e  

a n d  m a y  n o t  y ie ld  p r e s u m p tiv e  C a m p y lo b a c te rs . 

P i lo t  s tu d ie s  to  e s ta b l is h  a p p r o p r ia te  v o lu m e s  o f  

e n v iro n m e n ta l w a te r  o r  se d im e n t s a m p le s  s h o u ld  be 

u n d e r ta k e n  b e fo r e  ro u t in e  d e te r m in a t io n  o f  C a m p y lo ­
b a c te r  is  b e g u n .

A c k n o w le d g e m e n ts

W e  th a n k  th e  P u b lic  H e a lth  L a b o r a t o r y  S e r v ic e  in 

S c u n th o r p e , U K ,  fo r  s u p p ly in g  C a m p y lo b a c te r  c lin ic a l 

is o la te s  a n d  S a r a h  L y t h e  fo r  h e lp  w ith  s a m p lin g .
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Waterfowl and the bacteriological quality of amenity 
ponds
H. h . Abulreesh, T. A. Paget and R. Goulder

ABSTRACT

This study investigated the impact of waterfowl on the bacteriological quality of village ponds in East 
Yorkshire, north-east England. Water and sediment samples were collected from ponds with and 
without resident ducks and geese; faecal indicator and potentially pathogenic bacteria were assayed 
by membrane filtration and by selective enrichment. Escherichia coli, faecal streptococci and, to a 
degree, Clostridium perfringens were more abundant in ponds with waterfowl; Salmonella was 
isolated in June-August from the sediment of a pond with waterfowl. The results suggested that the 
bacteriological quality of village ponds might be adversely affected by waterfowl. All water samples 
from ponds with waterfowl had faecal indicators at higher concentrations than EU requirements for 
bathing waters. Although these ponds are not bathing waters we suggest skin contact and 
accidental ingestion of water should be avoided.
Key words | Escherichia coli, faecal indicators, faecal streptococci, ponds, Salmonella, waterfowl
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INTRODUCTION

W a t e r f o w l  a r e  g r o s s  e x c r e t e r s  o f  f a e c a l  c o l i f o r m s  a n d  

f a e c a l  s t r e p t o c o c c i  ( A s h b o l t  e t a l. 2 0 0 1 ) a n d  t h e i r  a s s o c i ­

a t io n  w i t h  t h e  c o n t a m i n a t i o n  o f  w a t e r  b o d i e s  t h a t  a r e  u s e d  

f o r  r e c r e a t i o n  h a s  b e e n  d e s c r i b e d .  T h u s ,  a  b a t h in g  b e a c h  

o n  a  W i s c o n s i n ,  U S A ,  l a k e  w a s  c l o s e d  b e c a u s e  o f  a  h ig h  

c o n c e n t r a t i o n  o f  f a e c a l  c o l i f o r m s  t h a t  w a s  a t t r ib u t e d  to  

m a l l a r d  d u c k s  ( S t a n d r i d g e  e t a l. 19 7 9 ). L i k e w i s e ,  in  t h e  

U K ,  m a l l a r d  d u c k s ,  a n d  o t h e r  b i r d s  w e r e  f o u n d  t o  b e ,  in  

p a r t ,  r e s p o n s i b l e  f o r  h ig h  d e n s i t i e s  o f  f a e c a l  c o l i f o r m s  a t  

M o r e c a m b e  B a y ,  w h i c h  f a i l e d  t o  c o m p l y  w i t h  E U  g u i d e ­

l i n e s  f o r  b a t h in g  w a t e r  ( J o n e s  2 0 0 2 ).

W a t e r f o w l  a l s o  h a r b o u r  b a c t e r i a  in  t h e i r  i n t e s t in a l  

t r a c t  t h a t  a r e  p o t e n t i a l  h u m a n  p a t h o g e n s .  S a lm o n e lla  a n d  

C a m p y lo b a c te r  a r e  m a j o r  c a u s a t i v e  a g e n t s  o f  b a c t e r i a l  

g a s t r o e n t e r i t i s  in  b o t h  t h e  U K  a n d  U S A  ( R u s i n  e t a l. 2 0 0 0 ; 

T i m b u r y  e t a l. 2 0 0 2 ). B o t h  o r g a n i s m s  h a v e  b e e n  f o u n d  in  

t h e  i n t e s t in a l  t r a c t  o f  d u c k s  a n d  g e e s e  ( P a c h a  e t a l. 1 9 8 8 ; 

R i d s d a l e  e t a l. 19 9 8 ; F e a r e  e t al. 19 9 9 ; A y d i n  e t a l. 2 0 0 1 ; 

D i e t e r  e t a l. 2 0 0 1 ; R e f s u m  e t a l. 2 0 0 2 ). T h e  c a r r i a g e  o f  t h e s e  

p a t h o g e n s  b y  d u c k s  a n d  g e e s e  s u g g e s t s  t h a t  w a t e r f o w l  

m a y  a c t  a s  a  r e s e r v o i r  f o r  t h e i r  t r a n s m i s s i o n  t h r o u g h  t h e

c o n t a m i n a t i o n  o f  w a t e r .  C o n t a m i n a t e d  w a t e r  is  a  p o t e n t i a l  

s o u r c e  o f  S a lm o n e lla  a n d  C a m p y lo b a c te r  a n d  m a y  b e  a  

v e h i c l e  f o r  t h e i r  t r a n s m i s s i o n  to  d o m e s t i c  a n im a l s  a n d  

h u m a n s  ( B o l t o n  e t a l. 19 8 7 ; M e l l o u l  &  H a s s a n i  1 9 9 9 ; 

T h o m a s  e t a l. 1 9 9 9 ).

H ig h  n u m b e r s  o f  w a t e r f o w l  a r e  o f t e n  f o u n d  o n  v i l l a g e  

p o n d s  in  E n g l a n d .  T h e s e  p o n d s  a n d  t h e i r  e n v i r o n s  a r e  

t y p i c a l l y  r e c r e a t i o n a l  a n d  a m e n i t y  s i t e s .  V i s i t o r s  a n d  r e s i ­

d e n t s  f r e q u e n t l y  e n c o u r a g e  w a t e r f o w l  b y  f e e d i n g  t h e m , 

a n d  d i r e c t  c o n t a c t  w i t h  f a e c a l  m a t e r i a l  o r  c o n t a m in a t e d  

w a t e r  i s  l i k e l y  t o  o c c u r .  T h e  p r e s e n t  s t u d y  a i m e d  t o  i n v e s ­

t i g a t e  t h e  i m p a c t  o f  w a t e r f o w l  o n  t h e  b a c t e r i o l o g i c a l  

q u a l i t y  o f  s o m e  a m e n i t y  v i l l a g e  p o n d s  in  E a s t  Y o r k s h i r e ,  

n o r t h - e a s t  E n g l a n d .

MATERIALS AND METHODS

Sites and sampling

T h e  s t u d y  s i t e s  w e r e  s e v e n  r o a d s i d e  v i l l a g e  p o n d s .  F o u r  o f  

t h e s e  h a d  r e s i d e n t  s e m i - t a m e  d u c k s  a n d  s o m e t i m e s  g e e s e :

mailto:h.h.abulreesh@biosci.hull.ac
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S o u t h  D a l t o n  ( N a t i o n a l  G r i d  R e f e r e n c e  S E  9 6 9  4 5 4 ,  p o n d  

a r e a  2 , 4 1 0  m 2 ), B r a n t i n g h a m  ( S E  9 4 1  2 9 6 ,  2 4 0  m 2 ), 

G a r t o n - o n - t h e - w o l d s  ( S E  9 8 3  5 9 4 ,  1 , 8 0 0  m 2 ) a n d  L i t t l e  

W e ig h t o n  ( S E  9 8 8  3 3 8 ,  6 4 0  m 2 ). W a t e r f o w l  ( d u c k s  a n d  

g e e s e )  n u m b e r s  w e r e  v a r i a b l e  b u t  s o m e  b i r d s  w e r e  a l w a y s  

p r e s e n t ;  n u m b e r s  r a n g e d  f r o m  1 3  t o  7 5  b i r d s ;  t h e  w a t e r  

w a s  t u r b id  a n d  a q u a t i c  v e g e t a t i o n  w a s  s p a r s e  o r  a b s e n t .  

D u c k s  a n d  g e e s e  w e r e  n e v e r  o b s e r v e d  a t  t h e  o t h e r  t h r e e  

p o n d s .  T h e s e  w e r e  a t  H o l m e - o n - S p a l d i n g - M o o r  ( S E  8 2 7  

3 9 0 ,  1 , 5 3 0  m 2 ) , B e n t l e y  ( T A  0 1 9  3 5 9 ,  2 2 0  m 2 ) a n d  

S a n c t o n  ( S E  9 0 1  3 9 2 ,  8 5  m 2 ). T h e i r  w a t e r  w a s  c l e a r ,  a n d  

s u b m e r g e d  a n d  e m e r g e n t  a q u a t i c  p l a n t s  w e r e  a b u n d a n t .

W a t e r  a n d  s e d i m e n t  s a m p l e s  w e r e  c o l l e c t e d  f r o m  

S o u t h  D a l t o n  a n d  H o l m e - o n - S p a l d i n g - M o o r  in  t h e  la t e  

m o r n i n g  a t  a b o u t  m o n t h l y  i n t e r v a l s  f r o m  J u n e  2 0 0 1  to  

J a n u a r y  2 0 0 2 .  W a t e r  s a m p l e s  w e r e  t a k e n  f r o m  t h e  o t h e r  

f i v e  p o n d s  o n  o n e  d a y  in  A u g u s t ,  o n e  d a y  in  O c t o b e r  a n d  

o n e  d a y  in  N o v e m b e r  2 0 0 1 .  S u r f a c e  w a t e r  w a s  c o l l e c t e d  

f r o m  p o n d  m a r g i n s  in t o  s t e r i l e  p o l y p r o p y l e n e  b o t t le s .  T w o  

r e p l i c a t e  s e d i m e n t  c o r e s  w i t h  o v e r l y i n g  w a t e r  w e r e  t a k e n  

in  4 4  m m  in t e r n a l  d i a m e t e r ,  s t e r i l e  g l a s s  t u b e s  ( C a r r  &  

G o u l d e r  1 9 9 0 ). T h e  t o p  1  c m  o f  s e d i m e n t  w a s  s ip h o n e d  

o f f .  T h a t  f r o m  o n e  c o r e  w a s  u s e d  f o r  S a l m o n e l l a  a n d  

C a m p y l o b a c t e r  e n r i c h m e n t  c u l t u r e .  T h a t  f r o m  t h e  o t h e r  

c o r e  w a s  d i lu t e d  t e n  t im e s  w i t h  s t e r i l e  p o n d  w a t e r  a n d  

u s e d  f o r  t h e  o t h e r  s e d i m e n t  a s s a y s .  T h i s  d i lu t e d  s e d i m e n t  

w a s  h o m o g e n i z e d  b y  t r e a t m e n t  in  a  s t o m a c h e r  ( C o l w o r t h  

4 0 0 ;  A . J .  S e w a r d  L t d ,  L o n d o n )  f o r  5  m in .  A l l  s a m p l e s  w e r e  

p a c k e d  in  i c e  a n d  k e p t  in  d a r k n e s s  d u r in g  t r a n s p o r t ;  

b a c t e r i o l o g i c a l  a s s a y s  w e r e  b e g u n  o n  t h e  s a m e  d a y  a s  

s a m p l in g .

Bacteriological assays

P r o t o c o l s  f o r  f a e c a l  i n d i c a t o r s  a n d  p o t e n t i a l  h u m a n  

p a t h o g e n s  w e r e  b a s e d  o n  t h o s e  u s e d  b y  t h e  P u b l i c  H e a l t h  

L a b o r a t o r y  S e r v i c e  ( P H L S  19 9 8 a - e )  a n d ,  f o r  C l o s t r i d i u m ,  

o n  H M S O  ( 19 8 3 ). M e d i a  w e r e  f r o m  O x o i d  L t d ,  

B a s i n g s t o k e ,  U K ,  u n l e s s  o t h e r w i s e  i n d ic a t e d .  E s c h e r i c h ia  

c o l i ,  f a e c a l  s t r e p t o c o c c i  a n d  C l o s t r i d i u m  p e r f r i n g e n s ,  in  

p o n d  w a t e r  a n d  a p p r o p r i a t e l y  d i lu t e d  s e d i m e n t  s l u r r i e s ,  

w e r e  a s s a y e d  b y  c o l o n y  c o u n t s  o n  0 .4 5  p m  m e m b r a n e  

f i l t e r s .  A t  l e a s t  t w o  r e p l i c a t e  f i l t e r s  w e r e  c o u n t e d  p e r

s a m p l e .  T h e  p r e s e n c e  o f  S a l m o n e l l a  a n d  C a m p y l o b a c t e r  

w a s  t e s t e d  f o r  b y  s e l e c t i v e  e n r i c h m e n t .  T h e  e n r i c h m e n t  

c u l t u r e s  w e r e  s e e d e d  w i t h  m e m b r a n e  f i l t e r s  b e a r i n g  th e  

r e s i d u e  f r o m  f i l t r a t i o n  o f  1  l i t r e  o f  p o n d  w a t e r ,  o r  w i t h  5  m l 

o f  s e d im e n t .

M e m b r a n e s  f o r  E . c o l i  c o u n t s  w e r e  i n c u b a t e d  o n  

a b s o r b e n t  p a d s  w i t h  la u r y l  s u l p h a t e  b r o t h ;  p l a t e s  w e r e  

i n i t i a l l y  i n c u b a t e d  a t  3 0 ° C  f o r  4  h o u r s ,  f o l l o w e d  b y  1 4  

h o u r s  a t  4 4 ° C .  C o l o n i e s  o f  f a e c a l  s t r e p t o c o c c i  w e r e  

c o u n t e d  a f t e r  i n c u b a t i o n  o f  m e m b r a n e s  o n  S l a n e t z  a n d  

B a r t l e y  a g a r  a t  3 7 ° C  f o r  4  h o u r s ,  t h e n  a t  4 4 ° C  f o r  4 0  h o u rs .  

A s s a y s  f o r  C . p e r f r i n g e n s  u s e d  p o n d  w a t e r  a n d  s l u r r y  th a t  

h a d  b e e n  h e a t - t r e a t e d  a t  7 5 ° C  f o r  1 0  m in  p r i o r  to  f i l t r a t io n  

t o  e n s u r e  t h a t  o n l y  C . p e r f r i n g e n s  s p o r e s  r e m a i n e d  in  

t h e  s a m p l e s .  M e m b r a n e s  w e r e  i n c u b a t e d  a n a e r o b i c a l l y  

( A n a e r o G e n ,  O x o i d )  o n  r e i n f o r c e d  c l o s t r i d i a l  a g a r  f o r  2 4  

h o u r s  a t  3 7 ° C .

R e p r e s e n t a t i v e  c o l o n i e s ,  f i v e  o r  s i x  f r o m  e a c h  m e m ­

b r a n e ,  w e r e  s u b je c t e d  t o  c o n f i r m a t o r y  t e s t s .  E . c o li  

w a s  c o n f i r m e d  b y  c u l t u r e  in  F l u o r o c u l t  b r o t h  ( M e r c k ,  

D a r m s t a d t ,  G e r m a n y ) ;  i n c u b a t i o n  w a s  a t  3 7 ° C  f o r  2 4  

h o u r s ,  t o  v e r i f y  p r o d u c t i o n  o f  b o t h  / ? - g a la c t o s id a s e  a n d  

/ S - g lu c u r o n id a s e .  C o n f i r m a t i o n  o f  f a e c a l  s t r e p t o c o c c i  w a s  

b y  i n c u b a t i o n  o n  b i l e  a e s c u l i n  a g a r  p l a t e s  a t  4 4 ° C  f o r  1 6  

h o u r s .  C . p e r f r i n g e n s  w a s  c o n f i r m e d  b y  a n a e r o b i c  in c u ­

b a t io n  in  C r o s s l e y  m i lk  m e d iu m  f o r  2 4  h o u r s  a t  3 7 ° C .

M e m b r a n e s  a n d  s e d i m e n t  s u b s a m p l e s  f o r  S a l m o n e l l a  

a s s a y  w e r e  s u b je c t e d  to  p r e - e n r i c h m e n t  i n c u b a t i o n  ¡ n 

b u f f e r e d  p e p t o n e  w a t e r  f o r  1 8  h o u r s  a t  3 7 ° C .  S e l e c t i v e  

e n r i c h m e n t  w a s  t h e n  d o n e  s e p a r a t e l y  in  b o t h  R a p p a p o r t -  

V a s s i l i a d i s  s o y a  p e p t o n e  b r o t h ,  w i t h  i n c u b a t i o n  a t  4 1 . 5 ° C  

f o r  2 0  h o u r s ,  a n d  in  s e l e n i t e  c y s t i n e  b r o t h ,  w i t h  in c u b a t io n  

a t  3 7 ° C  f o r  2 0  h o u r s .  T h e s e  c u l t u r e s  w e r e  p l a t e d  o n  b o th  

x y l o s e  l y s i n e  d e s o x y c h o l a t e  a g a r  ( X L D )  a n d  b r i l l i a n t  g r e e n  

a g a r  ( B G A )  a n d  t h e  p l a t e s  w e r e  i n c u b a t e d  a t  3 7 ° C  f o r  2 2  

h o u r s .  S u s p e c t e d  S a l m o n e l l a  c o l o n i e s  ( r e d  w i t h  b la c k  

c e n t r e s  o n  X L D ,  a n d  r e d  w i t h  a  b r ig h t  r e d  h a l o  o n  B G A )  

w e r e  s u b c u l t u r e d  o n  to  c y s t i n e  l a c t o s e  e l e c t r o l y t e  d e f ic ie n t  

( C L E D )  a g a r  a n d  w e r e  i n c u b a t e d  a t  3 7 ° C  f o r  1 8  to  2 2  

h o u r s .  F l a t ,  b l u e  c o l o n i e s  o n  C L E D  a g a r  w e r e  c o n f i r m e d  

b y  i n c u b a t i o n  o n  l y s i n e  i r o n  a g a r  s l o p e s  a n d  in  u r e a  b r o t h ;  

i n c u b a t i o n  a t  3 7 ° C  f o r  1 4 - 1 8  h o u r s .

Enrichment for C a m p y l o b a c t e r  utilized Preston 
C a m p y l o b a c t e r  enrichment broth; cultures were initially
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Table 1 I Bacteria in water and sediment from ponds at South Dalton and Holme-on-Spalding-Moor, June 2001-January 2002

Median (range) n

S o u t h  D a lto n H o lm e - o n - S p a ld in g  M o o r P

In  w a te r

E. c o li  ( x  1 0 3 c fu  10 0  m l “  *) 8 1  ( 3 - 1 8 0 )  7 4  ( 0 . 0 1 - 1 1 )  7 < 0 .0 1

F a e c a l s tr e p to c o c c i ( x  1 0 3 c fu  10 0  m l ~ *) 3 4  ( 1 .6 - 4 9 0 )  6 1 1  ( 0 - 2 4 )  7 < 0 .1

C. p e r fr in g e n s  ( x  1 0 3 c fu  10 0  m l ”  ') 6 .4  ( 0 . 1 1 - 1 0 0 )  6 3 .9  ( 0 .0 1 - 6 0 )  6 N S

H e te ro tro p h ic  p la te  c o u n t  ( x  1 0 5 c fu  m l “ *) 2 .5  ( 1 .6 - 3 . 3 )  5 0 .8 3  ( 0 .3 2 - 2 .4 )  5 < 0 . 0 5

T o ta l b a c te r ia  ( x  1 0 7 m l - 3) 4 .7  ( 3 .4 - 7 .4 )  6 1 . 2  ( 1 . 1 - 3 . 0 )  6 < 0 . 0 5

In se d im e n t

E. c o li  ( x  1 0 3 c fu  m l -  l ) 2 4  ( 0 . 1 4 - 1 0 5 )  7 4 .6  ( 0 - 9 .2 5 )  7 < 0 .0 1

F a e c a l s tr e p to c o c c i ( x  1 0 3 c fu  m l " ' ) 9 .9  ( 0 . 3 - 1 1 3 )  7 0 .6 5  ( 0 - 5 0 )  7 < 0 .1

C. p e r fr in g e n s  ( x  1 0 3 c fu  m l “  *) 3 8  ( 0 . 6 5 - 1 1 3 )  6 1 7 . 3  (0 .6 - 8 7 )  6 < 0 . 0 5

H e te ro tro p h ic  p la te  c o u n t  ( x  1 0 6 c fu  m l '  ’ ) 1 .6  ( 1 . 1 - 2 . 3 )  5 1 .7  ( 1 . 3 - 2 . 8 ) 5 N S

There were up to about 40 ducks and geese at South Dalton; none was present at Holme-on-Spalding-Moor.
P  values are from the ■/ test which tested agreement between observations and the null hypothesis that when ponds are compared pairwise the 
numerical abundance of an Indicator bacterium should equally often be lower as greater in the pond with waterfowl; n=number of samples; NS=P>0.1.

i n c u b a t e d  a t  3 7 ° C  f o r  2 2  h o u r s ,  f o l l o w e d  b y  2 2  h o u r s  a t  

4 2 ° C .  M i c r o a e r o b i c  c o n d i t i o n s  w e r e  a c h i e v e d  b y  i n c u ­

b a t io n  in  s c r e w - t o p  b o t t l e s  w i t h  m i n i m a l  a i r - s p a c e  ( P H L S  

i g g S e ) .  T h e s e  b r o t h  c u l t u r e s  w e r e  t h e n  s u b c u l t u r e d  o n t o  

C a m p y l o b a c t e r  s e l e c t i v e  a g a r  ( m C C D A )  a n d  i n c u b a t e d  in  

a  m i c r o a e r o b i c  a t m o s p h e r e  ( C a m p y G e w ,  O x o id )  a t  3 7 ° C  

f o r  4 8  h o u r s .  C o l o n i e s  w e r e  t h e n  s u b je c t e d  to  a  c o n f i r ­

m a t io n  r o u t e  o f  a  p o s i t i v e  o x i d a s e  t e s t  p l u s  g r o w t h  o n  b lo o d  

a g a r  in  a  m i c r o a e r o b i c  b u t  n o t  a n  a e r o b i c  a t m o s p h e r e .

S p r e a d  p l a t e  c o u n t s  o f  c u l t u r a b l e  h e t e r o t r o p h i c  b a c t e ­

r i a  w e r e  m a d e  o n  c a s e i n  p e p t o n e  s t a r c h  a g a r  ( J o n e s  1 9 7 0 ). 

T e n  r e p l i c a t e  p l a t e s  w e r e  i n o c u l a t e d  w i t h  0 . 1  m l s u b ­

s a m p l e s  o f  d i lu t e d  w a t e r  o r  s l u r r y  a n d  w e r e  i n c u b a t e d  a t  

2 0 ° C  f o r  1 4  d a y s .  D i r e c t  c o u n t s  o f  t o t a l  b a c t e r i a  in  w a t e r  

w e r e  p e r f o r m e d  u s i n g  e p i f l u o r e s c e n c e  m i c r o s c o p y  ( D a l e y  

19 7 9 ). B a c t e r i a  w e r e  s t a i n e d  w i t h  D A P I  ( Y u  e t  a l .  19 9 5 ) 

a n d  t h e n  c o n c e n t r a t e d  o n  b l a c k  0 .2  p m  p o l y c a r b o n a t e

m e m b r a n e  f i l t e r s  a n d  a t  l e a s t  6 0 0  c e l l s  p e r  p r e p a r a t i o n  

w e r e  c o u n t e d  a t  x  1 , 2 5 0  m a g n i f i c a t i o n .

M e a n  v a l u e s  o f  s p e c i f i c  b a c t e r i a l  v a r i a b l e s  in  p o n d s  

w i t h  a n d  p o n d s  w i t h o u t  w a t e r f o w l  w e r e  o f t e n  s k e w e d  b y  

e x t r e m e  v a l u e s ,  h e n c e  m e d ia n  v a l u e s  a r e  g iv e n .

RESULTS AND DISCUSSION

T h e  f a e c a l  i n d i c a t o r s ,  E . c o l i  a n d  s t r e p t o c o c c i ,  w e r e  m o r e  

a b u n d a n t  in  w a t e r  f r o m  S o u t h  D a l t o n ,  w h i c h  h a d  w a t e r -  

f o w l  ( u p  to  a b o u t  4 0  d u c k s  a n d  g e e s e ) ,  t h a n  in  w a t e r  

f r o m  H o l m e - o n - S p a l d i n g - M o o r  ( T a b le  1 ) .  P l a t e  c o u n t s  o f  

h e t e r o t r o p h i c  b a c t e r i a  a n d  d i r e c t  c o u n t s  o f  t o t a l  b a c t e r i a  

in  p o n d  w a t e r  w e r e  a l s o  g r e a t e r  a t  S o u t h  D a l t o n  ( T a b le  1 ) .  

I n  s e d i m e n t ,  E . c o l i , f a e c a l  s t r e p t o c o c c i  a n d  C . p e r f r i n g e n s
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Table 2 | Bacteria in water from five additional East Yorkshire ponds, August-November 2001

Median (range) n

Ponds with waterfowl* Ponds without waterfowlt P

E. c o li  ( x  1 0 3 c fu  1 0 0  m l " *) 2 1  ( 8 .8 - 3 0 0 )  7 0 .0 0 9  ( 0 .0 0 3 - 1 .5 )  6 < 0 .0 1

F a e c a l  s t r e p to c o c c i  ( x  1 0 3 c fu  10 0  m l - 1 ) 1 .6  ( 1 . 3 - 3 0 0 )  9 0 .0 0 9  ( 0 .0 0 1 - 0 .3 6 )  6 < 0 .0 1

C. p e r fr in g e n s  ( x  1 0 3 c fu  1 0 0  m l “  *) 8 0  ( 0 . 1 6 - 9 3 0 )  9 0 .0 1  ( 0 .0 0 9 - 16 .6 )  6 < 0 .0 1

P  values are from the Mann-whitney U-test; n=number of samples.
•Ponds at Brantingham, Garton-on-the-wolds and Little Weighton; up to 75 ducks and geese were present. 
tPonds at Sancton and Bentley.

w e r e  m o r e  a b u n d a n t  a t  S o u t h  D a l t o n  ( T a b le  1 ) .  F a e c a l  

i n d i c a t o r s  in  t h e  w a t e r  f r o m  f i v e  a d d i t i o n a l  p o n d s  w e r e  

a l s o  m o r e  a b u n d a n t  in  t h o s e  p o n d s  w i t h  w a t e r f o w l  ( T a b le  

2 ) .  A l l  p r e s u m p t i v e  c o l o n i e s  o f  E . c o l i  a n d  f a e c a l  s t r e p t o ­

c o c c i  t h a t  w e r e  t e s t e d  c o n f i r m e d  a s  p o s i t i v e ,  b u t  o n l y  

a b o u t  5 0 %  o f  p r e s u m p t i v e  C . p e r f r i n g e n s  w e r e  p o s i t i v e ,  

h e n c e  o u r  r e s u l t s  f o r  C . p e r f r i n g e n s  r e p r e s e n t  p r e s u m p t i v e  

i s o l a t e s .

V a l u e s  o f  t h e  S p e a r m a n ’ s  c o r r e l a t i o n  c o e f f i c i e n t  

s h o w e d  t h a t  t h e r e  w e r e  s i g n i f i c a n t  r e l a t i o n s h i p s  b e t w e e n  

f a e c a l  i n d i c a t o r s  in  p o n d  w a t e r  a n d  w a t e r f o w l  n u m b e r  a n d  

w a t e r f o w l  n u m b e r  p e r  u n i t  p o n d  a r e a  ( T a b le  3 ) .  T h e  

c l o s e s t  r e l a t i o n s h i p  w a s  b e t w e e n  E . c o l i  a n d  n u m b e r  o f  

w a t e r f o w l .

Table 3 | Relationships between faecal indicators and waterfowl number and waterfowl 
per unit pond area, June 2001-January 2002

Relationship with 
number of waterfowl

Relationship with 
waterfowl per unit 
pond area

r, P r, P

E. c o li* 0 .8 4 < 0 .0 1 0 .7 5 < 0 .0 1

F a e c a l s t r e p t o c o c c i 0 .6 3 < 0 .0 1 0 .4 9 < 0 .0 1

C. p erfr in g en s* 0 .4 2 < 0 . 0 5 0 .5 0 < 0 .0 1

values are Spearman's correlation coefficients; a two-tailed test was used 
*n=27 samples from 7 ponds, \n -2 9  samples from 7 ponds

S a l m o n e l l a  a n d  C a m p y l o b a c t e r  a s s a y s  w e r e  p e r - 

f o r m e d  o n  w a t e r  f r o m  a l l  s e v e n  p o n d s  a n d  o n  s e d im e n t  

f r o m  S o u t h  D a l t o n  a n d  H o l m e - o n - S p a l d i n g - M o o r .  S a ln r o -  

n e l l a  w a s  r e c o v e r e d  o n l y  f r o m  S o u t h  D a l t o n  s e d im e n t  

d u r in g  s u m m e r  ( Ju n e ,  J u l y ,  A u g u s t ) ;  C a m p y l o b a c t e r  w a s  

r e c o v e r e d  f r o m  n o n e  o f  t h e  p o n d s .

H ig h  c o u n t s  o f  E . c o l i  a n d  f a e c a l  s t r e p t o c o c c i  in  p o n d  

w a t e r  ( T a b le s  1  a n d  2 )  w e r e  p r o b a b l y  c a u s e d  b y  w a t e r f o w l ;  

d u c k  f a e c e s  c o n t a i n  a b o u t  3 . 3  x  1 0 7 f a e c a l  c o l i f o r m s  a n d  

5 . 4  x  1 0 7 s t r e p t o c o c c i  p e r  g r a m  w e t  w e i g h t  ( A s h b o l t  e t  al- 

2 0 0 1 ). T h e  l o w e r  a n d  v e r y  v a r i a b l e  b a c k g r o u n d  n u m b e r s  o f  

f a e c a l  i n d i c a t o r s  f o u n d  in  p o n d s  w i t h o u t  d u c k s  a n d  g e e s e  

p e r h a p s  o r i g i n a t e d  f r o m  s m a l l  f a m i l y  g r o u p s  o f  c o o t  

(F ú l i c a  a t r a )  a n d  m o o r h e n  ( G a l l í n u l a  c h l o r o p u s ) a n d  

f r o m  r a i n f a l l - r e l a t e d  r u n o f f  f r o m  a d j a c e n t  r o a d s  a n d  so il-  

S u c h  r u n o f f ,  e s p e c i a l l y  f r o m  la n d  c a r r y i n g  l i v e s t o c k ,  m a y  

b e  a n  a p p r e c i a b l e  s o u r c e  o f  f a e c a l  i n d i c a t o r s  t o  n a t u r a l  

w a t e r s  ( A l v a r e z  e t  a l .  1 9 9 1 ; J o n e s  2 0 0 2 ) . O f  t h e  p o n d s  th a t  

w e r e  s u r v e y e d  in  t h e  p r e s e n t  s t u d y ,  h o w e v e r ,  t h o s e  w it h  

m o r e  f a e c a l  i n d i c a t o r s  w e r e  n o t  o b v i o u s l y  m o r e  l i a b le  to  

c o n t a m i n a t i o n  b y  r u n o f f ,  h e n c e  w e  s u g g e s t  t h a t  t h e  d e n s e  

p o p u l a t i o n s  o f  w a t e r f o w l  w e r e  t h e  l e a d i n g  c a u s e  o f  h ig h  

c o u n t s  o f  f a e c a l  i n d ic a t o r s .

There was sometimes a closer relationship between 
faecal indicators in pond water and number of waterfowl, 
than there was with waterfowl per unit pond area (Table 
3). This was probably due to non-uniform horizontal 
distribution of both waterfowl and bacteria. Waterfowl 
gather to be fed, and will defecate at pond margins adja* 
cent to roadsides; i.e. where the samples were taken. The
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l a c k  o f  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  C. p e r f r i n g e n s  in  

t h e  w a t e r  a t  S o u t h  D a l t o n  a n d  H o l m e - o n - S p a l d i n g - M o o r  

( T a b le  1 )  a n d  i t s  r e l a t i v e l y  w e a k  c o r r e l a t i o n  w i t h  w a t e r -  

f o w l  a b u n d a n c e  ( T a b le  3 )  s u g g e s t  t h a t  w a t e r f o w l  w e r e  n o t  

n e c e s s a r i l y  t h e  p r i n c i p a l  s o u r c e  o f  p r e s u m p t i v e  C. p e r f r in -  

g e n s .  C o n t a m i n a t e d  s o i l  m a y  a l s o  b e  a  s i g n i f i c a n t  s o u r c e .  

T h e  h ig h  v a l u e s  o f  h e t e r o t r o p h i c  p l a t e  c o u n t s  a n d  t o t a l  

c o u n t s  in  t h e  w a t e r  a t  S o u t h  D a l t o n  ( T a b le  1 )  p r o b a b l y  

r e f l e c t  g e n e r a l  n u t r i e n t  e n r i c h m e n t  b y  w a t e r f o w l .

H ig h  c o u n t s  o f  f a e c a l  i n d i c a t o r s  in  t h e  s e d i m e n t  a t  

S o u t h  D a l t o n  w e r e  m o s t  l i k e l y  d u e  t o  s u n k e n  f a e c a l  

m a t e r i a l .  C o n c e n t r a t i o n s  in  s e d i m e n t s  w e r e  m u c h  h i g h e r  

t h a n  in  o v e r l y i n g  w a t e r  ( T a b le  1 )  t h u s  t h e  s e d i m e n t s  

c o n t a i n  a  r e s e r v o i r  o f  b a c t e r i a  t h a t  i s  p o t e n t i a l l y  r e c y ­

c l a b l e  in t o  t h e  w a t e r  c o l u m n ,  p e r h a p s  b y  f o r a g i n g  w a t e r -  

f o w l  o r  b y  e x t r e m e  w e a t h e r .

T h e  r e c o v e r y  o f  S a l m o n e l l a  f r o m  S o u t h  D a l t o n  s e d i ­

m e n t  in  J u n e - A u g u s t  a g r e e s  w i t h  H e n d r i c k s  ( 19 7 1 ) w h o  

o b s e r v e d  g r e a t e r  r e c o v e r y  o f  S a l m o n e l l a  f r o m  r i v e r  s e d i ­

m e n t s  t h a n  f r o m  w a t e r ,  a n d  w i t h  P i a n e t t i  e t  a l .  ( 19 9 8 ) w h o  

m o s t  r e a d i l y  f o u n d  S a l m o n e l l a  in  r i v e r s  in  s u m m e r  a n d  

a u t u m n .  I t s  p r e s e n c e  in  S o u t h  D a l t o n  s e d i m e n t  m ig h t  b e  

a t t r ib u t e d  t o  i t s  c o n c e n t r a t i o n  t h r o u g h  s e d i m e n t a t io n  o f  

f a e c a l  m a t e r i a l .  T h e  l o w  f r e q u e n c y  o f  S a l m o n e l l a  i s o l a t i o n  

m a y  b e  b e c a u s e  h e a l t h y  w a t e r f o w l  d o  n o t  n e c e s s a r i l y  

h a r b o u r  e n t e r i c  p a t h o g e n s  ( D a m a r e  e t  a l .  19 7 9 ; H u s s o n g  

e t  a l .  19 7 9 ) ;  a l t h o u g h  S a l m o n e l l a  h a s  b e e n  i s o l a t e d  f r o m  a  

w i d e  r a n g e  o f  a p p a r e n t l y  h e a l t h y  b i r d s  ( K a p p e r u d  &  R o s e f  

19 8 3 ). T h e  p r e s e n t  s t u d y  u t i l i s e d  a  p r e s e n t / a b s e n t  a s s a y  f o r  

t h e  e n u m e r a t i o n  o f  S a l m o n e l l a  h e n c e  a b s o l u t e  n u m b e r  

w a s  n o t  d e t e r m i n e d .  I n f e c t i v e  d o s e s  f o r  s a l m o n e l l o s i s  in  

h u m a n s  a r e  a s  l i t t l e  a s  b e t w e e n  1 0 1 a n d  1 0 3 b a c t e r i a l  c e l l s  

( B l a s e r  &  N e w m a n  19 8 2 ) ;  h e n c e  t h e  p r e s e n c e  o f  t h is  

p o t e n t i a l  p a t h o g e n  m ig h t  i n d i c a t e  a  p o s s i b l e  h e a l t h  t h r e a t .

T h e  a p p a r e n t  a b s e n c e  o f  C a m p y l o b a c t e r  f r o m  t h e  E a s t  

Y o r k s h i r e  p o n d s  t h a t  h a d  w a t e r f o w l  w a s  u n e x p e c t e d ;  

p o s t - e n r i c h m e n t  c o l o n i e s  o n  m C C D A  w e r e  c u l t u r a b l e  o n  

b l o o d  a g a r  u n d e r  b o t h  m i c r o a e r o b i c  a n d  a e r o b i c  c o n ­

d i t io n s  a n d  h e n c e  w e r e  n o t  c o n f i r m e d  a s  C a m p y l o b a c t e r .  

I n  c o n t r a s t ,  c l i n i c a l  i s o l a t e s  o f  C a m p y l o b a c t e r ,  s u p p l i e d  b y  

H u l l  P H L S ,  d id  c o n f i r m  a s  C a m p y l o b a c t e r .  T h e  n o n ­

i s o l a t i o n  o f  C a m p y l o b a c t e r  in  s u m m e r ,  w h e n  m o r n i n g  

w a t e r  t e m p e r a t u r e  w a s  u p  t o  1 9 ° C ,  is  c o m p a t ib l e  w i t h  

s e a s o n a l  t r e n d s  f o r  i t s  r e c o v e r y  f r o m  t h e  e n v i r o n m e n t ;

O b i r i - D a n s o  &  J o n e s  (19 9 9 ) f o u n d  t h is  o r g a n i s m  t o  b e  

s p a r s e  in  r i v e r  w a t e r  in  s u m m e r .  T h e  a p p a r e n t  a b s e n c e  o f  

C a m p y l o b a c t e r  in  w i n t e r ,  h o w e v e r ,  is  p u z z l in g .  T h e  s t a n ­

d a r d  P H L S  p r o t o c o l  u s e d  in  t h e  p r e s e n t  s t u d y  r e q u i r e d  t h e  

f i l t r a t i o n  o f  1 , 0 0 0  m l o f  w a t e r  s a m p l e .  T h e  s e e d i n g  o f  

e n r i c h m e n t  c u l t u r e s  w i t h  t h e  r e s i d u e  f r o m  s u c h  a  l a r g e  

v o l u m e  o f  w a t e r ,  o r  w i t h  5  m l o f  m i c r o b i a l l y  r i c h  s e d i m e n t ,  

m a y  h a v e  le d  t o  o u t - c o m p e t i t i o n  o f  C a m p y l o b a c t e r  to  th e  

e x t e n t  t h a t  i t  w a s  u n a b l e  t o  g r o w  to  d e t e c t a b l e  l e v e l s  

( F r i c k e r  19 8 7 ).

C a m p y l o b a c t e r  h a s  b e e n  f o u n d  in  t h e  i n t e s t in a l  t r a c t  

o f  m a n y  s p e c i e s  o f  w a t e r f o w l  ( P a c h a  e t  a l .  19 8 8 ; R i d s d a l e  

e t  a l .  1 9 9 8 ; A y d i n  e t  a l .  2 0 0 1 ), a l t h o u g h  H i l l  &  G r i m e s  

(19 8 4 ) f a i l e d  t o  i s o l a t e  it  in  c a e c a l  s a m p l e s  f r o m  5 0  

w a t e r f o w l  f r o m  a  M is s i s s i p p i  l a k e  a n d  s u g g e s t e d  t h a t  

C a m p y l o b a c t e r  m a y  e x h i b i t  s p o r a d i c  d i s t r ib u t io n  in  

r e s p o n s e  to  f e e d i n g  h a b i t s ,  g e o g r a p h i c a l  d i s t r ib u t io n  a n d  

m i x i n g  o f  w a t e r f o w l  w i t h  o t h e r  b i r d s  a n d  a n im a l s .  F e a r e  

e t  a l .  ( 19 9 9 ) a l s o  d id  n o t  m a n a g e  t o  i s o l a t e  C a m p y l o b a c t e r  

f r o m  6 0 0  f a e c a l  d r o p p i n g s  o f  d u c k s  a n d  g e e s e  t h a t  w e r e  

c o l l e c t e d  f r o m  1 2  s i t e s  l o c a t e d  in  L o n d o n ,  s o u t h - e a s t  

E n g l a n d ,  Y o r k s h i r e  a n d  n o r t h e r n  E n g l a n d  o v e r  a  p e r i o d  o f  

2  y e a r s .  T h i s  v a r i a t i o n  b e t w e e n  s t u d i e s  i s  p e r h a p s  

e x p l a i n e d  b y  d i f f e r e n c e s  in  t h e  m e t h o d s  u s e d  to  a s s e s s  

C a m p y l o b a c t e r .

CONCLUSIONS

W a t e r f o w l  a r e  o f t e n  r e g a r d e d  a s  a  p o s i t i v e  f e a t u r e  o f  

a m e n i t y  p o n d s  in  E n g l i s h  v i l l a g e s ;  a d u l t s  a n d  c h i l d r e n  

e n j o y  f e e d i n g  t h e m . H o w e v e r ,  f a e c a l  i n d i c a t o r s  in  t h e  

w a t e r  o f  E a s t  Y o r k s h i r e  p o n d s  w i t h  d u c k s  a n d  g e e s e  

( T a b l e s  1  a n d  2 )  a l w a y s  e x c e e d e d  t h e  E U  r e q u i r e m e n t s  f o r  

b a t h in g  w a t e r s  ( E U  19 9 4 ) o f  < 2 0 0 0  E . c o l i  p e r  1 0 0  m l a n d  

< 4 0 0  f a e c a l  s t r e p t o c o c c i  p e r  1 0 0  m l .  T h e s e  p o n d s  a r e  n o t  

u s e d  f o r  b a t h in g ,  n e v e r t h e l e s s  w i t h  t h e s e  h ig h  c o n c e n ­

t r a t io n s  o f  f a e c a l  i n d i c a t o r s  t h e r e  is  a  p o t e n t i a l  h a z a r d  

f r o m  p a t h o g e n s  -  a n d  S a l m o n e l l a  w a s  f o u n d  in  s o m e  

s a m p l e s .  S k i n  c o n t a c t  a n d  a c c i d e n t a l  i n g e s t i o n  o f  w a t e r  is  

p r o b a b l y  b e s t  a v o i d e d .  P o n d s  w i t h o u t  w a t e r f o w l  w e r e  

b e t t e r  t h a n  E U  r e q u i r e m e n t s  f o r  b a t h i n g  w a t e r s  o r  o n l y  

in t e r m i t t e n t l y  i n f r i n g e d  t h e m .
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W aterfowl and human-pathogenic bacteria at 
amenity sites: a review
H. H. ABULREESH*, T. A. PAGET and R. GOULDER
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Waterfowl on ponds in civic parks and at other amenity sites are often seen as a positive feature. Large flocks 
may however become a cause for concern. They may foul lawns and gardens, destroy vegetation, can cause 
physical damage at roosting sites and may become a public nuisance. Furthermore, waterfowl may be a 
reservoir for potentially infectious viral, bacterial and parasitic agents. Bacterial pathogens, such as 
Cam pylobacter, Salm onella, Escherichia coli, H elicobacter and others, have been isolated from the faeces of 
apparently healthy waterfowl. These pathogens are also frequently found in the water and/or sediments of 
sites with abundant waterfowl. Migratory waterfowl potentially play a role in the spread of pathogenic 
bacteria across geographic locations. Specific links to human bacterial infectious diseases have been difficult 
to prove, perhaps because of a lack of routine typing of bacteria from both clinical and environmental 
sources. Nevertheless, the contamination of surface waters and their environs by waterfowl faeces is a 
potential source of bacterial infections to the human community. Thus, waterfowl are not necessarily benign; 
it might be appropriate for statutory authorities with responsibility for amenity sites to review their policy 
towards large populations of waterfowl.
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w aterfow l

Introduction

Introduced populations o f  waterfowl at amenity sites, 
particularly ducks and geese, have notably increased 
since the 1960s (Gibbons e ta l., 1994). High numbers 
o f  waterfowl are often found on ponds in civic parks 
and in villages in England. These ponds and their 
environs are typically recreational and amenity sites. 
The presence o f  waterfowl at such amenity sites is 
often seen as a positive feature; visitors and residents 
frequently encourage waterfowl by feeding them. 
However, large flocks o f  waterfowl can have negative 
impact; they may foul lawns and gardens, may destroy 
aquatic and water-side vegetation, may cause physical 
damage to roosting sites and become a public nuisance 
(Conover, 1985). Furthermore, waterfowl may be a 
reservoir for potentially infectious viral, bacterial and 
parasitic agents within a context where direct human 
contact with faecal material or contaminated water is 
highly likely to occur. This review addresses the 
carriage o f  zoonosis-associated bacteria by waterfowl, 
the role o f  waterfowl in the distribution o f  these 
pathogens in the environment, and possible routes o f  
transmission to humans. This review is not intended to 
address diseases in waterfowl caused by bacterial 
in fectious agents.
Campylobacter
Cam pylobacter is possibly the leading worldwide 
cause o f  bacterial gastroenteritis (Frost, 2001). C. jejuni

and C. coli are the species most often implicated in 
water-borne and food-borne infections (Percival et al., 
2004). Avian carriers o f  Cam pylobacter include 
chicken (Yogasundram et a l ,  1989), gulls (Kapperud, 
1983; Quessy and Messier, 1992; Kaneko e t a l ,  1999), 
pigeons (M6 graud, 1987; Kapperud, 1983; Casanovas 
et a l , 1995) and crows (Kapperud, 1983; Ito et a l, 
1988). In waterfowl C. jejuni, and to a lesser extent C  
coli have frequently been isolated from faeces and/or 
cloacal swabs derived from apparently healthy ducks 
and geese worldwide (Luechtefeld et a l ,  1980; Pacha 
e t a l ,  1988; Yogasundram e t al., 1989; Aydin et al., 
2001; Fallacara e ta l., 2001, 2004;K assa e t a l ,  2001; 
Murphy e t a l ,  2005). We have shown, by PCR using 
species-specific primers, that C. je jun i is the 
predominant Cam pylobacter species in duck faeces 
collected from around three village ponds in East 
Yorkshire, England (unpublished cfata). The literature 
cited above clearly indicates that waterfowl are a 
significant environmental reservoir o f  Campylobacter 
species, particularly C. je ju n i.

The frequent presence of Campylobacters in 
waterfowl has been related to their feeding habits 
(Luechtefeld et a l, 1980; Waldenstrd m et a l, 2003a). 
For example, the frequence of occurrence of 
Cam pylobacter je jun i in the intestinal tract of 
Green-Winged Teal {Anas acuta) was much lower than 
in the Shoveler Duck {Spatula clypeata).
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The former feed exclusively on vegetable matter, while 
the latter usually strain mud from ponds to extract 
molluscs and other invertebrates (Lueehtefeld et al., 
1980). Similarly, a greater prevalence o f  
Cam pylobacter was found in gulls than pigeons. Gulls 
often feed on refuse tips and sewage sludge, whereas 
pigeons are herbivorous (Kapperud, 1983; Ito et aL, 
1988; W helan e ta /. ,  1988; WaldenstrO metaL, 2003a).

Campylobacters were readily recovered from water 
and sediment from ponds in villages and parks and also 
from rivers and bathing beaches that harboured dense 
populations o f  waterfowl (Mawer, 1988; Obiri-Danso, 
1999,2000; Abulreesh et al., 2005). This suggests that 
waterfowl play a significant role in he dissemination 
o f  these pathogens through the contamination o f  
surface water.

E scherich ia  coli and coliform  bacteria
Waterfowl excrete large numbers o f  faecal coliforms 
and E. co ll A  gram dry weight o f  Mallard (4nas 
platyrhynchos) faeces may contain 7.8 x 1010 faecal 
coliforms and 3.3 x 107 £  coli (Jones, 2002; Taylor, 
2003). Deterioration o f  bacteriological quality o f  water 
al bathing and non-bathing amenity sites, in terms o f  
abundance o f  £  coli, has been related to large numbers 
o f  waterfowl on these water bodies (Hussong et a l, 
1979; Standridge et a l ,  1979; Abulreesh et a l,  2004). 
For example, the positive relationship between £  coli 
in amenity village ponds in East Yorkshire, England 
and waterfowl abundance is shown in Fig. 1. Skin 
contact with, and accidental ingestion of, such water 
potentially has public health implications.

F ig . 1 .  R e lation sh ip  between E. coli and abundance o f w aterfow l (Sperm an ’ s ra n k  correlation coefficient r, •» 0.84, n =  27,/) <0 .0 1) 
in seven am en ity  v illage ponds in E a st Y orksh ire, En glan d, Ju n e  200 1 to Ja n u a ry  2002. Ponds with w aterfow l a t; (7k)

B ran tin gh am  (pond a re a  240 nf ) ,  0 )  Garton-on-the-wolds (1,80 0  m 2), ( ^ )  Little  W eighton (640 ni ) ,  (ft) South  D alton (2 ,4 10  
m 2). Ponds w ithout w aterfow l at; (Q  B en tley (220 m2), Q) H olm e -on-Spald in g-M oor ( 1,5 3 0  m 2) an d  Q )  San cton  (85 m2). A  total 
o f  1 3  sam ples represented ponds w ithout w aterfow l: som e o f  the sym bols a re  superim posed. See  A bulreesh et a l  (2004) fo r  
m eth o d s u sed .

Studies that have addressed the presence o f  
pathogenic or toxigenic strains o f  £  coli in the faeces 
o f  waterfowl suggest that ducks and geese are a 
potential reservoir o f  such strains and may play a role 
in their epidemiology. (Hussong, e t al. 1979) found 
that seven out o f  75 random isolates o f  £  coli 
recovered from the faeces o f  Canada Geese (¡Urania 
can aden sis  and Whistling Swans (Cygnus 
columbianus) in Maryland, USA, were entero-toxin 
producers. Likewise, in the UK, toxigenic strains o f  £  
co li ( £  coli class I) were found to be prevalent in the 
droppings o f  Canada Geese as well as in those o f  
diverse species o f  ducks (Feare et al., 1999). The 
percentage o f  the faeces o f  Canada Geese, collected 
from 12 sites around England, that contained £  coli 
class I ranged from 4 - 1 0 0  %. An extensive search for

pathogenic £  coli serogroups in the faeces o f  Canada 
Geese in Colorado, U SA  was reported by Kullas, e t aL 
(2002). This showed that the most prevalent 
serogroups were enterotoxigenic £  co li (ETEC) at 
13% o f  £  co li isolates, followed by enterohemorrhagic 
£  co li(EHEC) at 6%. Although £  c o l iO l57 has been 
reported in the faeces o f  gulls (Wallace et a l, 1997) it 
has apparently not yet been reported in waterfowl 
(Feare et aL, 1999; Fallacara e t al., 2001, 2004; Kullas 
e t a l., 2002).
Salmonella
Salmonella  is an intestinal pathogen o f  humans and 
diverse animals, including wild birds and domestic pets 
(Lightfoot, 2004). The carriage o f  salmonellae by wild 
birds and their role in the spread o f  the organism in the 
environment is well documented, with much attention
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given to gulls. Free-living, apparently healthy pigeons, 
gulls and crows, were found to be positive for various 
Salm onella serotypes (Kapperud, 1983; Hubalek et a l, 
1995; Ferns, 2000; Kirk et al., 2002; Refsum et aL, 
2002; D o v e  e t a l., 2 0 0 4 ).

Various Salmonella serotypes have been isolated 
from the faeces o f  free-living ducks and geese in 
England (Feare et al., 1999), the US (Fallacara et aL, 
2001, 2004), the Czech Republic (Hubalek et al., 1995) 
and Norway (Refsum et aL, 2002). While 
Campylobacters are frequently found in the intestinal 
tract o f  waterfowl, the incidence o f  salmonellae seems 
to be lower (Mitchell, 1971; Hubalek et al., 1995). 
Fallacara, e t al. (2001) found only one Salmonella 
isolate in 82 faecal droppings o f  Mallard while the 
bacterium was completely absent from 357 faecal 
samples o f  Canada Geese. Other studies report the 
absence o f  Salmonella in the faeces o f  waterfowl 
(Damare e t al., 1979; Hussong e t al., 1979). Low  
incidence and/or complete absence o f  Salmonella 
carriage was also observed in other wild birds, such as 
gulls, passerines, owls, pigeons, thrushes and eagles 
(Brittingham et al., 1988; Palmgren et a l, 1997; Kirk 
e t a l ,  2002; Hernandez e ta l., 2003; Reche et a l, 2003; 
D o v e e t  a l., 2004 ).

It has been suggested that healthy waterfowl, and 
wild birds in general, that live well away from 
pollution do not harbour Salmonella (Damard et aL, 
1979; Hussong e t al., 1979; Brittingham et al., 1988; 
Tizard, 2004). This suggestion agrees with conclusions 
drawn from several studies that showed that wild birds 
(i.e. gulls) acquired Salm onella after scavenging at 
refuse tips and on sewage sludge (Flicker, 1984; Ferns, 
2000; Murray, 2000). Although waterfowl tend not to 
scavenge, gull-like, at insanitary sites (Tizard, 2004), 
they might acquire salmonellae from contaminated 
water at roosting sites and recycle them into the water 
(Mitchell, 1971). Thus, Abulreesh, e t al. (2004) found 
Salm onella in the sediment o f  a pond that harboured 
ducks and geese, in the village o f  South Dalton in East 
Yorkshire, England, but not in other East Yorkshire 
village ponds where waterfowl were absent In the 
pond at South Dalton, potential sources o f  
contamination were the faeces o f  waterfowl and 
run-off from adjacent roads. We were, however, unable 
to isolate Salmonella from run-off water (unpublished 
data). We suggest, therefore, that the likeliest source o f  
salm onellae was the dense population o f  waterfowl. 
Other bacteria
Helicobacters are a major cause o f  peptic ulcers and 
are closely associated with chronic active gastritis in 
humans and mammals (Hunter, 1997; Timbuiy et aL, 
2002; Percival e t al., 2004). People appear to be the 
main host o f  helicobacters, however, the detection o f  
Helicobacter pylori in domestic cats and dogs raises 
questions over the zoonotic transmission o f  the 
bacterium to humans (Hunter, 1997; Jalava et al, 1998;

Cattoli e ta l., 1999; Percival et al., 2004). It is unclear 
whether wild birds, particularly waterfowl, constitute a 
reservoir for Helicobacter species. The isolation o f  H. 
pylori from the faeces o f  wild birds (gulls) was 
reported by Seymour, et a l (1994). Recently, H. 
canadensis, a newly emerged human pathogen was 
isolated from the faeces o f  Canada G eese and Barnacle 
G eese (Branta leucopsid) (Waldenstro m  et a l, 2003b). 
These findings call for further work on the avian 
reservoir and the potential for zoonotic transmission o f  
helicobacters.

Shigella species are the aetiological agents for 
bacillaiy dysentery or shigellosis in humans (Timbuiy 
et al., 2002). The principal recognised habitat for this 
organism is the intestinal tract o f  humans (Hunter, 
1997). Extensive searches for Shigella in waterfowl 
were unsuccessful, and have led to the conclusion that 
healthy waterfowl, that are not exposed to polluted 
environments, may not carry this bacterium (Damare et 
al., 1979; Hussong e t a l , 1979; Roscoe, 1999). 
Karagilzel, et cd. (1993) reported the recovery o f  four 
isolates o f  Shigella sonnei from 616 faecal samples o f  
gulls. They suggested that the gulls hid acquired the 
organism  through feeding on refuse tips.

Vibrio cholerae is the causative agent for pandemic 
cholera in humans (Timbuiy et a l , 2002). V. cholerae 
is subdivided into 139 serogroups on the basis o f  its O 
antigens; pandemic cholera is attributed to serogroups 
0 1  and 0 1 3 9  (Percival et al., 2004). The remaining 
serogroups, the non-Ol vibrios (non-cholera vibrios), 
are associated with mild diarrhoea infections in 
humans (Percival et al., 2004). In wild birds, V. 
cholerae was found in the faeces cf apparently healthy 
gulls in Kent, UK, and it is suggested that wild birds 
may be a vector for the dissemination o f  the bacterium 
(Lee et al., 1982). Similarly, searches for vibrios in the 
faeces o f  ducks and geese showed that V. cholerae both 
0 1  and non-Ol serogroups are prevalent in apparently 
healthy waterfowl, and suggested that ducks and geese 
may be a reservoir and serve as vectors for the 
transmission o f  vibrios in the environment (Bisgaard et 
al., 1978; Schlater et a l, 1981; O gg et a l ,  1989; Buck, 
1990). The sources o f  vibrios to waterfowl remain 
unclear, it is possible that the birds may have fed on 
contaminated material (O gg e t a l., 1989).

Yersinia enterocolitica is an important pathogen that 
causes enteritis in humans (Anon., 1980). Extensive 
research has been carried out to determine the natural 
habitat o f  the bacterium and it is believed that Y. 
enterocolitica, and other species such as Y. 
kristensermii, and Y. pseudotuberculosis, are present in 
animals, particularly wild birds (Kaneko, 1981; 
Kapperud, 1983; Kato e ta l., 1985; Fukushima, 1991; 
Niskanen et a l, 2003). The faeces o f  ducks and geese 
including migratoiy birds have been shown to be 
positive for Yersinia species including Y. enterocolitica. 
Waterfowl may, therefore, constitute a resavoir o f  this

Section S. Waterfowl disease prevention and control

358



P ro ce ed i ngs  o f  the 3rd World Water fowl  C o n f er e n ce . November  1-6.  2005.  Guangzhou .  Ch ina

pathogen (Kawaoka eta l., 1984;Shayegani eta l., 1986; 
N iskanen e t a l ,  2003 ).
In fec tio n  or  com m en sa lism  
Are bacteria, which are pathogenic in humans, living 
as commensals when found in the digestive tract o f  
waterfowl? The answer largely seems to be yes, 
although there are obvious avian pathogens, such as 
Pasteurella multocida the causative agent o f  avian 
cholera (Pedersen e t al., 2003), which can also cause 
infection in humans (Timbury e t a l., 2002).

The optimal growth temperature o f  thermophilic 
Campylobacters (i.e. Campylobacter jejuni, C. coli and 
C. lari) is 42 °C, which is around the body temperature 
o f  waterfowl and birds in general (Luechtefeld et a l, 
1980). High prevalence o f  thermophilic 
Campylobacters has been found in waterfowl without 
obvious clinical manifestations, including the absence 
o f  the gut lesions associated with Cam pylobacter 
infections (Luechtefeld et a l, 1980; Oyarzabal et a l,  
1995). This is clear evidence o f  non-harmful 
coexistence between thermophilic Campylobacters and 
their bird hosts (Luechtefeld et a l, 1980; Kapperud and 
Rosef, 1983; Oyarzabal et al., 1995; Jones, 2001; 
WaldenstrO m e t a l., 2003a).

Similarly, Salmonella  may be regarded as part o f  the 
normal intestinal flora o f  many animals, including 
waterfowl (Murray 2000). Waldrup and Kocan (1985) 
suggested that Salmonella infections are not frequent in 
wild-living waterfowl, e.g. Mallard, American Wigeon 
( Anas americana) and Blue-Winged Teal (Anas 
discors). Ducks may, rarely, be diseased with 
septicaem ia that is attributable to Salmonella (Henry, 
2000; Tizard, 2004). Such infection may be more 
common in cultivated ducklings that have been 
exposed to poor hatchery hygiene (Hemy, 2000). In the 
case o f  other wild birds (e.g. gulls) there is clear 
evidence that carriage o f  salmonellae is passive (i.e. 
without clinical manifestation) and lasts only a few  
days (Murray, 1991, 2000).

Escherichia coli is part o f  the normal flora o f  the 
intestinal tract o f  waterfowl. Although serotypes that 
are pathogenic to humans are found in the faeces o f  
waterfowl, they may be harmless to their host Thus, 
pathogenic strains o f£ . co li in waterfowl were isolated 
from apparently healthy birds (Hussong e t al., 1979; 
Feare et a l ,  1999; Kullas et a l ,  2002). However, there 
is som e evidence to suggest that £  coli can be an 
opportunistic pathogen to avian species. It causes 
deadly septicaemia in farmed ducklings (2-8 weeks 
old), due to contaminated ponds and poor husbandry 
(Miller e t  a l., 2004).
The public-health relevance of pathogenic bacteria 
in waterfowl
Although waterfowl are a reservoir o f  bacteria that are 
potential human pathogens, the relevance o f  this to 
public health needs further research.

Two water-borne outbreaks o f  Campylobacter

enteritis in Norway were attributed to Pink-Footed 
G eese (Ariser brachyrhynchus) (Varslot e t al., 1996). It 
was suggested that drinking water became 
contaminated by C. je jun i from goose faeces. Similarly, 
in Florida, an outbreak o f  water-borne
campylobacteriosis was attributed to contamination o f  
water supply by grackles (Quiscalus quiscalua) (Sacks 
et al., 1986). In an attempt to establish a link between 
the birds and the outbreak, Cam pylobacter serotypes 
derived from infected people and from faeces o f  birds 
were compared. Although different serotypes were 
found, this might be because the serotypes from birds 
were obtained seven weeks following the outbreak, 
during the migration season. At the time o f  the 
outbreak, the birds may have carried the
outbreak-related serotypes (Sacks et al., 1986). A  study 
o f  milk-associated Campylobacter infections in south 
Wales showed that there was strong association 
between Cam pylobacter infection and doorstep 
delivery o f  bottled milk (Southern et al., 1990). The 
source o f  Campylobacter contamination was perhaps 
wild birds, magpies (Pica p ica )  and jackdaws (Corvus 
monedula), piercing foil milk-bottle tops. This 
hypothesis was, however, based only on eyewitness 
accounts o f  birds attacking milk bottles (Southern et a l,  
1990). In northwest England, similar Cam pylobacter 
strains were found in the faeces o f  diarrhoea patients, 
in the faeces o f  waterfowl and other w ild birds, and 
also in surface waters. However, no clear route for the 
transfer o f  Campylobacters from birds to the 
community was established, apart from the potential 
for human consumption o f  contaminated food or water 
(Jones, 2001). In general the lack o f  routine parallel 
typing o f  clinically and environmentally derived 
pathogenic bacteria may enhance the difficulty in 
establishing a definite link between waterfowl and 
bacterial infection in the community. Nevertheless, 
waterfowl roosting at amenity sites or near drinking 
water supplies constitute a potential human health 
hazard.

Multi-drug resistant bacterial pathogens in die 
environment are a concern to public health authorities. 
Information on antibiotic resistant pathogenic bacteria 
in free-living waterfowl is sparse. Aydin, et a l (2001) 
tested 12 isolates o f  C. jejun i recovered from the faeces 
o f  Domestic Geese (Anser anser) for susceptibility to 
antimicrobial agents. The isolates showed vaiying 
degrees o f  resistance to eight out o f  17 antibiotics. All 
12 isolates were resistant to penicillin G and 
cepahlothin. Eleven isolates were resistant to sodium 
cefuroxime and eight to cloxacillin, ampicillin and 
colistin sulphate. Fewer isolates were resistance to 
tetracycline, sulfamethoxazole/trimethoprim and 
kanamycin. Multidrug resistance was also observed in 
C. je ju n i and £. coli isolated from Mallard and Canada 
Geese (Fallacara et aL, 2001, 2004; Cole e t al., 2005; 
Middleton and Ambrose, 2005). Similarly, 5!
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typhimurium  and C. je ju n i from the faeces o f  other 
wild birds, e.g. gulls and Starlings ($turnus vulgarly  
showed a high degree o f  antibiotic resistance 
(Palmgren e t at., 1997). It follows that waterfowl are 
potentially a reservoir for multidrug resistant bacterial 
pathogens and may serve as vectors for their 
distribution in the environment.

Large numbers o f  waterfowl at amenity sites are not 
necessarily a benign presence. They are a potential 
source o f  pathogenic bacteria, including antibiotic 
resistant strains. The problem may be compounded by 
migration. Luechtefeld, e t al. (1980) and Pacha, et al. 
(1988) found that migratory ducks and geese arriving 
in northern Colorado and central Washington 
harboured C. je ju n i These birds migrate annually 
between Alaska, north and central Canada and northern 
and central USA, and visit amenity locations such as 
Lake Onalaska on the Mississippi River where they 
contribute to contamination o f  surface water (Pacha et 
al., 1988). The role o f  migratory waterfowl in the 
spread o f  pathogens in the environment includes the 
introduction o f  new strains or species into new  
locations. Ogg. e t al. (1989) isolated Vibrio cholerae, 
both O l and non-Ol strains, from the faeces o f  
migratory waterfowl and in environmental waters in 
Colorado and Utah. They found no local source o f  the 
bacterium and suggested that waterfowl may have 
brought the organism from Chesapeake Bay in the 
eastern U SA , where V. cholerae  is prevalent.

Conclusions

Large populations o f  waterfowl at amenity sites can 
foul lawns and gardens, destroy vegetation, cause 
physical damage and become a public nuisance. 
Waterfowl are also a potential reservoir o f  bacterial 
pathogens, including antibiotic resistant strains, and 
their eccreta may constitute a public health hazard. The 
incidence o f  Campylobacter, Salmonella and other 
human pathogens in the intestinal tract o f  waterfowl 
may reflect commensalism rather than infection o f  the 
birds. Water-borne enteritis outbreaks have been 
associated with contamination o f  drinking water by 
waterfowl. The lack o f  routine parallel typing o f  
infection-associated strains and those derived from 
waterfowl and the environment make it difficult to 
establish direct links between waterfowl and enteric 
infection in the human community. Migratory 
waterfowl may carry pathogenic bacteria between 
geographic areas, including multidrug resistant strains. 
For these reasons it is suggested that authorities with 
local responsibility should review their policies 
towards the presence o f  large populations o f  waterfowl 
at c iv ic  parks and other am enity sites.
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