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STELLINGEN 

1. De braakreactie na het nuttigen van een grote hoeveelheid bier zou het gevolg kunnen 

zijn van de aanwezigheid van het Fusarium mycotoxine vomitoxine (deoxynivalenol) 

in het bier. 
Scott, P.M., Kanhere, S.R. and D. Weber (1993) Food Addit. Contam. 10, 381-389. 

2. De species Campylobacter jejuni, Campylobacter coli en Campylobacter lari worden 
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Brock, T.D. (ed.). Thermophiles (1986) John Wiley & Sons, New York, p. 40. 
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Cellini, L., Allocati, N., Angelucci, D., Iezzi, T., Dicapli, E., Marzio, L. and B. Dainelli (1994) 

Microbiol. Immunol. 38, 843-850. 
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externe milieu. 
Doyle, M.P. (1990) Campylobacter jejuni. In: Cliver, D.O. (ed.). Foodborne diseases. Academic Press 

Inc., San Diego, p. 217-222. 

5. De conclusie van Park en Krol dat cellobiose mogelijk gebruikt kan worden voor 

preventie van ziektes veroorzaakt door Listeria wordt niet ondersteund door de 

beschreven experimenten. 
Park, S.F. and R.G. Kroll (1993) Mol. Microbiol. 8, 653-661. 

6. Chuma et al. concluderen ten onrechte dat de beschreven DNA-DNA hybridisatie een 

gevoeligere detectiemethode voor Campylobacter is dan de selectieve ophoping in 

Preston bouillon. 

Chuma, T., Yamada, T., Yano, K., Okamoto, K. and H. Yugi (1994) J. Vet. Med. Sei. 56, 697-700. 



7. Het belang van het standaardiseren van de ontwikkelingstijd van foto's ten behoeve 

van het vastleggen van DNA gels wordt onderschat. 

8. Bij de toetsing van de effectiviteit van vrouwvriendelijke maatregelen die het doorstro­

men van vrouwen naar hogere functies bevorderen, moet gecorrigeerd worden voor 

het aantal dames dat een promotiekans heeft laten liggen. 
Vrouwen in hogere functies; Lessen uit de praktijk (1993) Commissie Ontwikkeling Bedrijven, Sociaal-

Economische Raad. 

9. Door de voorlichtingscampagne rond AIDS heeft het medische begrip 'seropositief' 

een beladen, stigmatiserende betekenis gekregen. 

10. Uit het oogpunt van voorlichting en bewustwording van de consument zou gebruik van 

de term 'milieuvriendelijk' vermeden moeten worden en moet de omschrijving 

'milieuvijandig' in voorkomende gevallen worden aanbevolen. 

Petra M.F.J. Koenraad, Wageningen, 20 september 1995. 
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ABSTRACT 

Koenraad, P.M.F.J. (1995) Prevalence of Campylobacter in Dutch sewage purification 

plants. PhD-thesis, Wageningen Agricultural University, The Netherlands (149 pp., 

English and Dutch summaries). 

Campylobacter bacteria are an important cause of bacterial gastro-enteritis in 

man. Although food of animal origin is the main source of human infection, a case-

control study in the United States of America showed that 8% of all campylobacteriosis 

cases could be attributed to consumption of contaminated surface water. In this thesis the 

prevalence of Campylobacter in sewage purification plants was investigated in order to 

obtain more information on the survival of this pathogen in aquatic environments. A 

survey carried out on three municipal plants showed that sewage and surface waters are 

frequently contaminated with Campylobacter. The contamination of sewage was higher 

when meat-processing industries were present in the drainage area of these plants. 

Indeed, drain water of a poultry abattoir contained high numbers of Campylobacter. It is 

clear that other sources contribute far lower numbers to sewage. Furthermore, the 

aquatic Campylobacter isolates were more resistant to quinolones and to ampicillin when 

a meat-processing industry was draining its waste on the sewerage. 

The purification process reduced the numbers of Campylobacter, but this 

pathogen was not eliminated completely. The prevalence and reduction were not 

correlated with environmental parameters, such as water temperature and oxygen 

pressure. 

The phenomenon of the transformation of spiral Campylobacter cells to coccoid 

cells was also investigated. Determination of several physiological parameters indicated 

that the contribution of the nonculturable, coccoid Campylobacter cells is to infection 

routes probably negligible. 

Considering the observed occurrence of Campylobacter in surface waters, in the 

context of the reported dose-response model for this pathogen, it can be concluded that 

the role of surface waters in the epidemiology of Campylobacter may be underestimated. 

Keywords: Campylobacter, sewage, purification, sources, coccoid cells. 
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CHAPTER 1 

GENERAL INTRODUCTION 

THE GENUS CAMPYLOBACTER 

The bacteria now known as Campylobacters were first isolated at the beginning of 

this century (McFadyean and Stockman, 1913) and they were considered to be a member 

of the genus Vibrio. The genus name of Campylobacter was introduced by Sebald and 

Véron (1963). Based on their morphological features, the genera Campylobacter and 

Spirillum were grouped in the family of Spirillaceae (Smibert, 1974). However, the 

phylogenetic relationships of these organisms were unknown, so the family name Spiril­

laceae was no longer current (Krieg, 1984). Additionally, during the past decade several 

new Campylobacter species have been described and Vandamme and De Ley (1991) pro-

(A) (B) 

Fig. 1. Electron micrographs presenting the spiral and coccoid morphology of Campylobacter. A: Spiral 

form (magnification 8,800 x); B: Coccoid form (magnification 14,400 x) (TFDL, Wageningen, The 

Netherlands). 

1 Part of this chapter is submitted as a review. Authors: P.M.F.J. Koenraad,.F.M. Rombouts, and 
S.H.W. Notermans. 
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posed a new family, Campylobacteraceae, to include the 11 presently described species 

of Campylobacter (Table 1) and also the genus Arcobacter. The Gram-negative, non-

sporeforming, oxidase and catalase positive Campylobacter cells are small, curved, 

spiral-shaped cells with corkscrew-like, darting motility. Campylobacter does not ferment 

or oxidize carbohydrates and has in general a micro-aerophilic character. Occasionally, 

some species grow aerobically and others can grow under anaerobic conditions with only 

fumarate as electron acceptor or with fumarate in combination with H2 or formate as 

electron donors (Holt et al., 1993). Under unfavourable conditions the spiral cells 

transform into a coccoid nonculturable stage (Fig. 1, B) (Rollins and Colwell, 1986). 

Table 1. Campylobacter species with their hosts and medical associations for humans. 

Species 

C. jejuni 

C. coli 

C. lari 

C. fetus 

C. hyointestinalis 

C. upsaliensis 

C. concisus 

C. sputorum 

C. curvus 

C. rectus 

C. mucosalis 

Hosts 

Man, gulls, dogs, cats, 

poultry, cattle, goats, 

sheep, pigs 

Man, gulls, dogs, cats, 

poultry, pigs 

Man, gulls, dogs, cats, 

poultry, monkeys, fur seal 

Man, cattle, sheep 

Man, pigs, cattle, hamsters 

Man, dogs, cats 

Man 

Man, cattle 

Man 

Man 

Pig 

Disease association 

Fever, enteritis, 

bacteraemia, 

Guillain-Barré syndrome 

Enteritis, bacteraemia 

Enteritis 

Systematic illness 

Enteritis 

Bacteraemia, enteritis 

Gingivitis, periodontotis 

Gingival crevices 

Gingival crevices, periodontotis 

Gingival crevices, periodontotis 

Not associated with human 

diseases 

References 

Ladrón De Guevara et 

al. (1994), Skirrow et 

al. (1993), Kuroki et al. 

(1991) 

Skirrow (1994), Ladrón 

de Guevara et al. (1994) 

Simor and Wilcox 

(1987) 

Skirrow et al. (1993), 

Cover and Blaser (1989) 

Edmonds et al. (1987) 

Skirrow et al. (1993) 

Smibert (1984) 

Skirrow (1994) 

Smibert (1984) 

Skirrow (1994) 

Skirrow (1994) 



Chapter 1 

C. jejuni, C. coli, and C. lari, generally referred to as the thermophilic species, 

are the most important species causing human diarrhoeal diseases (Mishu et al., 1991). 

These organisms do not proliferate at temperatures below 30°C. Most recently, there has 

been growing understanding that many Campylobacter species besides C. jejuni, C. coli, 

and C. lari may also be human pathogens in immunocompromised persons, homosexual 

men, and the population at large. However, these species are rarely isolated, and 

represent only 1 % of the human Campylobacter isolations reported in the United States 

from 1987 to 1989 (US Department of Health and Human Services, Public Health Ser­

vice, 1990). Hosts and medical importance for humans of these 11 species are presented 

in Table 1. 

The three species C. jejuni, C. coli, and C. lari are generally identified by several 

biochemical tests, as summarized in Table 2. In the species C. jejuni, two subspecies can 

be distinguished, mainly based on nitrate reduction and cephalothin susceptibility. Within 

the C. jejuni species, only C. jejuni subsp. jejuni is thermophilic and usually this 

subspecies is described as C. jejuni. The biochemical tests for Campylobacter identifica­

tion, as presented in Table 2, are regarded as unsatisfactory. Therefore, various methods 

have been developed for more rapid identification, such as agglutination assays 

(Nachamkin and Barbagallo, 1990), DNA hybridization tests (Cudjoe et al., 1991, 

Giesendorf et al., 1993) and polymerase chain reaction tests (Eyers et al., 1993). 

THERMOPHILIC CAMPYLOBACTER IN HUMANS 

Clinical features of human enteritis 
Manifestations of illness due to Campylobacter infections are often set out by a 

prodrome with fever, headache, myalgia, and malaise. They mostly start 24-72 hours 

after ingestion, but may extend up to 7 days (Skirrow, 1994). After 12-24 hours this 

prodrome is followed by intestinal manifestations: diarrhoea and abdominal pain. Fever 

usually persists but nausea and vomiting rarely occur (Cover and Blaser, 1989). Although 

the clinical picture may resemble that of other forms of acute enteritis, the severity of 

symptoms, the prodromal period, and the severe pain, which sometimes mimic acute 
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appendicitis, are characteristic features. Furthermore, abdominal cramps reflect the 

severity of the diarrhoea (Skirrow, 1994). For up to 2-3 weeks, 106-108 Campylobacter 

bacteria can be isolated per gram human patient's faeces (Taylor et al, 1993). 

Most of the Campylobacter infections are self limiting and only incidentally treat-

Table 2. Biochemical identification of thermophilic Campylobacter species (Smibert, 1984). 

Campylobacter species 

Reaction or growth condition 
jejuni jejuni 

subsp. subsp. 

jejuni doylei 

coli lari 

Catalase 

Nitrate reduction 

Nitrite reduction 

H2 requirement 

Urease 

H2S in Triple Sugar Iron Agar 

Hippurate hydrolysis 

Indoxyl acetate hydrolysis 

Growth at 25 °C 

Growth at 42°C 

Growth in the presence of 3.5% NaCl 

Growth in the presence of 1 % glycine 

Growth in the presence of 0.1 % Trimethylamine-N-oxide HCl 

Nalidixic acid susceptibility 

Cephalothin susceptibility 

+a 

+ 

-
-
-
-
+ 

+ 

-
+ 

-
+ 

-
Sc 

R 

Vb 

a 

-
-
-
-
V 

+ 

-
-

-
+ 

-
S 

s 

+ 

+ 

-
-
-
-
-

+ 

-
+ 

— 
+ 

-
s 
R 

+ 

+ 

-
-
V 

-
-

-

-
+ 

-
+ 

+ 
Rc 

R 

" + = Positive reaction, 

V = Variable reaction. 
c R = Resistant, S = Sensitive. 

Negative reaction. 
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ment with antimicrobial agents is indicated. Erythromycin is still the drug of choice 

(Skirrow and Blaser, 1992) but nowadays, fluoroquinolones are considered to Se good, 

safe but expensive alternatives for the treatment of Campylobacter enteritis (Mattila et 

al., 1993). However, the rapid increase of quinolone resistance of Campylobacter strains 

isolated from human stools and poultry may have implications for the treatment of human 

diarrhoeal diseases (Endtz et al., 1991; Jacobs-Reitsma et al., 1994b). 

Patients suffering from Campylobacter enteritis are at risk for bacteraemia, but its 

actual incidence remains unknown (Ladrón De Guevara et al., 1994). Furthermore, C. 

jejuni enteritis may incidentally preceed Guillain-Barré syndrome (Kuroki et ah, 1991), 

which is a polyneuritis attended with severe and sometimes fatal paralysis (Kaldor and 

Speed, 1984). 

Infectivity and immunity 
The infectious dose of Campylobacter for humans appears to be low (Black et al., 

1988). Human volunteer studies revealed that illness was caused in 10% of the individu­

als who were exposed to approximately 8xl02 Campylobacter cells (Black et al., 1992). 

Based on the dose-response relationship, Rose and Gerba (1991) estimated the probability 

of contracting an infection from exposure to one Campylobacter organism to be 7x10 . 

Some studies indicated that regular exposure to a low dose of Campylobacter cells leads 

to protection. Sibbald and Sharpe (1985) found that the incidence rate in rural areas was 

lower than in urban areas. Blaser et al. (1987) observed that in individuals with a regular 

consumption of raw milk, no illness occurred, which may indicate immunity. Black et al. 

(1992) carried out volunteer studies in order to evaluate the immune responses following 

infection and the extent of protective immunity. Volunteers were challenged with two 

strains at different doses (10-109 Campylobacter cells) and the extent of infections, 

defined as Campylobacter-positme stools, and illness, defined as the presence of 

diarrhoea or fever, were determined. Although infection and illness were not clearly 

correlated with the challenge dose, rechallenging of human volunteers within 28 days 

after they had suffered from campylobacteriosis, resulted in a significantly lower rate of 

infection and/or illness compared to a control group of volunteers, who had not 

previously participated in challenge studies. These results indicate that homologous 

immunity can be induced, at least for the short term, by symptomatic C. jejuni infection. 
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However, the predictive value of such human volunteer experiments with single strains is 

disputable because of differences in virulence between the various Campylobacter 

phenotypes (Newell et al, 1985; Ma wer, 1988). 

In developing countries, where Campylobacter is hyperendemic, the highest rate 

of infections is observed in very young children (Isselbacher, 1994) and with increasing 

age, the illness-to-infection rates fall by acquisition of immunity (Skirrow and Blaser, 

1992). Contrarily, investigations on the specific antibody level against C. jejuni among 

Danish slaughterhouse workers showed no increased level in comparison with the control 

group of greenhouse workers (Lings et al., 1994). 

In summary, challenge studies and epidemiological investigations indicate that 

natural infections with Campylobacter confer protective immunity. This may explain the 

age-related decrease in the illness-to-infection rate for C jejuni in developing countries 

(Calva et al., 1988). The extent and mechanism of heterologous immunity remain to be 

determined. Furthermore, the applicability of artificial immunogens, has to be evaluated 

in the context of the great variety of phenotypes (Report on a WHO Consultation on 

Epidemiology and Control of Campylobacteriosis, 1994). 

Sources of infection and incidence rates 

Campylobacter is recognised as one of the most important causes of human 

diarrhoeal disease. It is now clear that the number of Campylobacter infections, which 

are mostly so-called single cases, exceeds that of Salmonella (Notermans and Van De 

Giessen, 1993). From sentinel and population studies carried out in the Netherlands, it 

can be estimated that about 2,000 per 100,000 people suffer annually from campylobacte-

riosis and for Salmonella the incidence rate was estimated to be 800 cases per 100,000 

people (Notermans and Van De Giessen, 1993). These results are in agreement with 

estimates from the United Kingdom and the United States of America (Johnson and 

Nolan, 1985; Kendall and Tanner, 1982; Sacks et al, 1986). 

The incidence of Campylobacter infections in developing countries is much higher 

compared to that in developed countries. For example, the incidence rate of Campylobac­

ter enteritis in Mexico and Thailand is estimated to be 40,000 per 100,000 for children 

younger than five years old. Although the occurrence of diarrhoea in young children in 

developing countries is over 100 times more frequent than that in the United Kingdom, 
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the rates of symptomatic illness in school-age children and adults in developing countries 

are lower than in the United Kingdom (Taylor, 1992). Opposed to this, in developed 

countries persons of all ages may be affected and the male group aged 20-28 years has a 

greater risk to become diseased (Tauxe, 1992). 

A seasonal distribution among human infections, consisting of peaks in spring­

time and autumn (Hoogenboom-Verdegaal et al., 1990) has been reported for the temper­

ate climates. Seasonal trends are much less evident in tropical and subtropical countries, 

although in general higher incidences have been observed during rainy seasons (Skirrow 

and Blaser, 1992). Outbreaks of campylobacteriosis mostly occur in May and October, 

however, reported isolates which are largely sporadic cases, peak in the summer months. 

This contrast in seasonal distribution indicates different vehicles of transmission (Tauxe, 

1992). An overview of reported outbreaks and their indicated sources is presented in 

Table 3. 

Sporadic cases of Campylobacter enteritis are far more common than outbreak-

associated cases. In many countries single cases are not reported in surveillance program­

mes and therefore little information is available concerning the types of foods involved in 

campylobacteriosis. However, several case-control studies revealed that eating or 

handling poultry products, drinking raw milk or untreated surface water, and to a lesser 

degree, living in a household with a cat or dog are considered as the most important risk 

factors (Deming et al., 1987; Hopkins et al., 1984; Kapperud et al., 1992; Wood et al., 

1992). One case-control study indicated that consumption of curd or cottage cheese was 

identified as being protective (Schorr et al., 1994). A case-control study in the United 

States of America showed that 50% of all cases is caused by consumption of poultry 

meat, and 8% could be attributed to drinking contaminated surface water (Tauxe, 1992). 

Even purified drinking water may contribute to infections with Campylobacter. A risk 

analysis carried out by Medema and Havelaar (1994), based on the dose-respons relation­

ship as deduced by Rose and Gerba (1991), indicated that purified drinking water may be 

the cause of 0.2-0.5% of all Campylobacter infections registered in the Netherlands. 

Since cases and controls are generally matched by geographic region, the importance of 

water as a risk factor may be underestimated. 

Reviewing the reported common-source outbreaks of human infections caused by 

C. jejuni, C. coli, and/or C. lari (Table 3) it becomes clear that especially untreated 
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water or contaminated surface water are indicated sources in causing infections among 

Table 3. Reported outbreaks of human Campylobacter enteritis. 

Country 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

USA 

Canada 

Canada 

Canada 

UK 

UK 

UK 

UK 

New Zealand 

New Zealand 

Finland 

Finland 

Norway 

Germany 

Year 

of 

outbreak 

1978 

1980 

1981 

1982 

1983 

1983 

1985 

1986 

1985 

1987 

1991 

1985 

1990 

1991 

1992 

1984 

1987 

1986 

1989 

1991 

1986 

Number of 

persons 

involved 

3000 

28 

>250 

11 

6 

865 

22 

15 

162 

13 

241 

7 

? 

11 

72 

80 

19 

94 

75 

680 

556 

Indicated source 

Contaminated drinking water 

Raw clams 

Raw milk 

Barbecued chicken 

Raw goat's milk 

Contaminated drinking water 

Raw milk 

Raw milk 

Contaminated drinking water 

Community water supply 

Drinking water contaminated by 

meltwater 

Chicken casserole 

Bird-pecked milk 

Bird-pecked milk 

Unpasteurised milk 

Raw milk 

Town water supply 

Contaminated drinking water 

Surface water 

Non-chlorinated drinking water 

Cabbage stew with beef 

References 

Vogt et al. (1982) 

Griffin et al. (1983) 

Kornblatt et al. (1985) 

Istre et al. (1984) 

Harris et al. (1987) 

Sacks et al. (1986) 

Korlath et al. (1985) 

Klein et al. (1986) 

Broczyk et al. (1987) 

Alary and Nadeau (1990) 

Millson et al. (1991) 

Rosenfield et al. (1985) 

Hudson et al. (1991) 

Riordan et al. (1993) 

Morgan et al. (1994) 

Brieseman (1984) 

Brieseman (1987) 

Rautelin et al. (1990) 

Aho et al. (1989) 

Melby et al. (1991) 

Steffen et al. (1986) 
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considerably large groups of persons. These findings indicate that activities such as 

swimming or sailing in recreational waters may be a risk as well. Also sewage may be 

involved in Campylobacter infections; Sumathipala and Morrison (1983) reported a pecu­

liar case of campylobacteriosis after a sewage worker had fallen into a tank of untreated 

sewage sediment. 

ANIMAL SOURCES OF CAMPYLOBACTER 

The natural habitat of Campylobacter is the intestinal tract of warm-blooded 

animals. These animals excrete the organism in large numbers and provide a constant 

flow of Campylobacter into the external environment. 

Poultry can be highly contaminated with Campylobacter; 82% of the investigated 

flocks were Campylobacter positive (Jacobs-Reitsma et al, 1994a). Most of the broiler 

flocks become colonised at about three to four weeks of age and remain carriers up to 

slaughter (Jacobs-Reitsma et al, 1995). It is increasingly recognized that horizontal 

transmission, which includes many potential sources of infection, like other livestock, 

flies, wild birds and vermin, is the main route of contamination (Evans, 1992; Jacobs-

Reitsma, 1994). Kapperud et al. (1993) has identified the use of untreated well water and 

pig breeding on the same farm as factors increasing the risk of broiler contamination. 

An epidemiological study on the prevalence of Campylobacter in pigs showed that 

more than 85% of the pigs were intestinal carriers during all stages of fattening. It was 

suggested that piglets were already infected at a young age on the breeding farm before 

weaning (Weijtens et al., 1993). 

Cattle can also harbour Campylobacter in the intestines, although a lower 

contamination level, approximately 23%, was observed (Humphrey and Beckett, 1987). 

Faeces may contaminate milk (Beumer et al., 1988) and raw milk is frequently documen­

ted as source of human campylobacteriosis (Wood et al., 1992) (Table 3). 

Wild birds are a major animal reservoir of C. jejuni; especially water-fowl, such 

as gulls, are frequently carriers of Campylobacter (Luechtefeld et al., 1980). Moreover, 

this organism has also been recovered from many other wild bird species such as geese 

(Yogasundram et al., 1989), blue magpies and pigeons (Ito et al., 1988). 
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Furthermore, Campylobacter has been isolated from faeces of household pets and 

kennel animals (Blaser et al., 1980), rodents (Fox et ai, 1981), flies (Rosef and 

Kapperud, 1983; Shane et al, 1985) and shellfish (Abeyta et al, 1993). 

CAMPYLOBACTER IN AQUATIC ENVIRONMENTS 

Prevalence 
Patients suffering from campylobacteriosis and healthy animal carriers of Campy­

lobacter provide a constant flow of this micro-organism into the environment. The 

external environment may become contaminated either directly, via livestock or wild-

living animals, or via its waste, which is carried off as sewage. Although Campylobacter 

cannot multiply outside its host, it may survive fairly well in the external environment, 

especially in aquatic niches (Blaser et al, 1980; Stelzer et al, 1991). As a consequence 

of faecal pollution, sewage is regularly contaminated with various pathogens including 

Salmonella, Helicobacter, Listeria, Arcobacter (Kearney et al., 1993) and Campylobac­

ter. In various studies in the United Kingdom, Germany and Italy on the occurrence of 

Campylobacter in sewage, numbers of Campylobacter from 1.7 log10 (MPN/100 ml) up 

Table 4. Occurrence of Campylobacter in various sewage waters and the effects of various purification 

treatments. 

Purification system 

Oxidation pond 

Activated sludge 

Activated sludge 

Activated sludge 

Trickling filter 

Numbers in sewage 

(log10(MPN/100 ml)) 

1.7 

3 

3.6 

3.2 

4.7 

Reduction 

(log10 units) 

1.7 

0.9 

2.3 

2 

2.3 

References 

Stelzer and Jacob (1991) 

Stelzer and Jacob (1991) 

Höller (1988) 

Stampieraf. (1992) 

Arimief at. (1988) 

10 
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to 4.7 log10(MPN/100 ml) are reported (Table 4). Seasonal variations have often been 

observed and could be explained by variations in human infection rates and/or animal 

carrier state (Jones et al., 1990). 

From various investigations, it has become clear that purification of sewage does 

not result in a complete elimination of Campylobacter (Table 4). Efflux, if not disinfec­

ted, may be therefore a source of contamination of surface waters. The numbers of 

Campylobacter reported in surface water vary considerably between the various investi­

gations. In Weiße Elster (Germany) Campylobacter was detected in 82% of the river 

water samples, which contained usually less than 1 log10(MPN/100 ml). The presence of 

water-fowl and faecal contamination from a poultry farm resulted in considerable higher 

Campylobacter contents (2.4 log10(MPN/100 ml)) (Stelzer and Jacob, 1991). So, infec­

tions with Campylobacter due to recreational activities on surface water are quite likely 

to occur. 

The reduction of numbers of Campylobacter in sewage purification plants (Table 

4) might be explained by attachment of the bacteria to sludge particles. Bearing in mind 

the disposal practices of sewage sludge and the use of surface water on arable land and 

pastures, it is important to determine the hazards of these activities to the health of man 

and animals (Park and Sanders et al, 1992). 

Sources of aquatic Campylobacter strains 

Typing of aquatic strains may provide information about the origin of Campylo­

bacter strains and their possible significance in human infections. Until now, investiga­

tions on the transmission of Campylobacter in aquatic environments are rare. The num­

ber of phenotypes of Campylobacter isolated from sewage and surface water is consider­

able. Many investigators used sero- and biotyping (Jones et al., 1984) as well as 

phagetyping, allowing for limited conclusions only because of the high numbers of 

nontypable strains. DNA-based typing methods overcome this problem. They do not 

depend on the variable environment-dependent phenotypic charateristics of bacterial cells. 

Especially, the recently developed molecular typing scheme called polymerase chain 

reaction - restriction fragment length polymorphism (PCR-RFLP) is suitable for epidemi­

ological studies. However, up to now this scheme has not been applied for tracing the 

origin of Campylobacter in water-related environments. 
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VIABLE BUT NONCULTURABLE STAGE OF CAMPYLOBACTER 

In an aquatic environment, bacteria which are capable of growing in warm­

blooded hosts, may be stressed by starvation or by exposure to suboptimal temperature, 

salinity or toxic chemicals. As a consequence, these cells may enter into a viable but 

nonculturable stage as a possible strategy for survival until environmental conditions 

change (Kjelleberg et al., 1987). Oliver (1993) defined these viable but nonculturable 

cells as bacteria which are metabolically active, while being incapable of undergoing the 

cellular division required for growth. This useful definition for this viable but 

nonculturable stage will be used in this thesis. Also for Campylobacter such a viable but 

nonculturable stage has been observed. During the decline of culturability, Campylobac­

ter cells are transformed from the spiral form into a coccoid form (Fig. 1, B) (Rollins 

and Colwell, 1986). 

Infectivity of coccoid cells 
The ability of viable but nonculturable enteropathogenic bacteria to regain their 

culturability when conditions become favourable is essential for their significance as 

causal organisms. Moreover, if nonculturable cells could provoke carriership in animals, 

they would be of significance in environmental contamination cycles of these pathogenic 

micro-organisms. Despite their potential importance, reports of challenge experiments 

with nonculturable Campylobacter cells are rare, poorly documented and controversary. 

Differences in opinions exist regarding the capacity of nonculturable Campylobacter cells 

to colonize warm-blooded animals and humans. From challenge experiments, Medema et 

al. (1992) and Fearnley et al. (1994) reported that nonculturable C. jejuni were not able 

to colonize chickens. Beumer et al. (1992) administered Campylobacter coccoid cells to 

laboratory animals and human volunteers. In these challenge experiments no symptoms 

of campylobacteriosis and/or serum antibodies against C. jejuni were observed. 

However, Saha et al. (1991) reported that nonculturable C. jejuni could be con­

verted to a resuscitated form after passage through the gastro-intestinal tract of a rat and 

Jones et al. (1991) was able to colonize mice after challenging with nonculturable forms 

of C jejuni. Stern et al. (1994) found that coccoid Campylobacter cells of four different 

Campylobacter isolates could colonize one-week-old chicks. These contradicting results 

might be explained by the different conditions under which cocci were formed and also 
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by differences in the reversion experiments or viability assays, or by the presence of a 

few culturable Campylobacter cells in the preparation of coccoid cells. Nevertheless, the 

observation of nonculturable Campylobacter forms in water supplies by direct immuno­

fluorescence microscopy and the subsequent colonization of originally Campylobacter-

free chickens (Pearson et al, 1993), could imply a role for coccoid Campylobacter cells 

in transmission routes. 

If these Campylobacter coccoid cells are still infective, the contribution of the 

cocci in the contamination cycle could be substantial. Therefore, their role in transmis­

sion should be evaluated by investigating the physiological status of coccoid cells and/or 

determining the colonization features of these nonculturable stages of Campylobacter. 

Factors influencing the transformation from culturable to nonculturable cells 
The loss of culturability is influenced by many natural environmental stresses, 

which could normally be encountered by bacteria in their natural environment (Oliver, 

1993). The decline of culturability of Campylobacter is dependent on parameters such as 

gas atmosphere, temperature and availability of nutrients. 

It is known that Campylobacter is sensitive to oxygen and therefore, it is possible 

that the presence of oxygen enhances the transformation rate of spirals into coccoid cells. 

The formation of coccoid cells was minimized after the addition of detoxifying, oxygen-

scavenging agents. Antibiotic formulations used in the selective media did not influence 

production of coccoid forms (Moran and Upton, 1987). Microcosms, aerated by shaking, 

exhibited logarithmic decline in culturable C. jejuni cells, while stationary systems under­

went a more moderate rate of decrease into the nonculturable stage (Rollins and Colwell, 

1986). 

Physiology of coccoid cells 
Some investigations have been carried out to determine the physiological status 

of viable but nonculturable Campylobacter forms, which were formed under different 

conditions. It is likely that these different conditions yield cocci with distinct physiologi­

cal features, which hampers comparison of results from different investigations. 

Various investigations have established that cocci contain less low molecular 

weight cytoplasmic components and that the DNA and RNA content was also lower than 
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in spirals (Moran and Upton, 1986; Hazeleger et al., 1994). However, Jacob et al. 

(1993) observed similar whole-cell protein and lipooligosaccharide patterns for cocci 

transformed under different conditions and spirals. Furthermore, the ATP level of 

Campylobacter cocci suspensions remained constant during a period of at least three 

weeks (Beumer et al., 1992). 

The cell wall integrity and composition also provide information on the survival 

abilities of the nonculturable stage of Campylobacter cells. Observed differences in the 

Gram stain reaction of coccoid forms compared with spirals, and lack of cell integrity 

investigated by electron microscopy indicate that changes occur in the cell membrane 

during conversion. The Campylobacter cocci are generally not motile, although flagella 

can be observed with these forms. This indicates that the coccoid cells may be in a 

degenerative stage and unable to supply the flagella with sufficient energy to cause 

motility, or that the flagella apparatus itself is degenerative (Moran and Upton, 1986). 

More and more evidence is accumulated from the various reports that the viable 

but nonculturable stage of Campylobacter is a degenerative form. However, the vital 

question remains if these cocci occurring in the environment can revert to normal cells 

and thereby contribute to contamination cycles. 

SCOPE OF THIS THESIS 
Most outbreak-associated cases of campylobacteriosis are related to the consump­

tion of raw milk or untreated water. Due to these observations, more knowledge on the 

significance of surface waters in the epidemiology of Campylobacter should be genera­

ted. Therefore, the overall aim of the investigations described in this thesis is to obtain a 

better understanding of Campylobacter epidemiology in sewage and surface waters. This 

will be of benefit to estimate the public health risk of recreational exposure to surface 

water. 

Various combinations of isolation and enrichment media were evaluated for their 

efficacy in detection of Campylobacter in sewage. The polymerase chain reaction (PCR) 

technique and the latex agglutination assay were tested on their applicability as tools for 

rapid detection of Campylobacter in enrichments. These evaluations of methodology are 
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described in Chapter 2. 

Chapter 3 deals with the prevalence of Campylobacter in various municipal 

sewage purification plants related to the presence of meat-processing industries in the 

drainage area of these plants. During a two-year surveillance programme the occurrence 

of Campylobacter was determined and the influence of several auxiliary parameters on 

the reduction was studied. As a sequel to this surveillance programme, a short-term study 

on the prevalence of Campylobacter in an activated sludge system and the waste water of 

an associated poultry abattoir was carried out, as described in Chapter 4. The aim of 

this short-term investigation was to deduce a transmission route from serotyping and anti­

biotic susceptibility results. However, it became clear that a disadvantage of the sero­

typing system applied was the relatively high percentage of nontypable strains. There­

fore, in Chapter 5 the recently developed polymerase chain reaction - restriction frag­

ment length polymorphism (PCR-RFLP) technique was used for subtyping of Campylo­

bacter isolates. The PCR-RFLP technique was based on the variety of the flagellin gene 

of Campylobacter (Ayling et al, 1995). The isolates obtained from the activated sludge 

system and poultry abattoir waste water during the two-year monitoring programme were 

subtyped and compared. A screening for antibiotic resistance, especially to quinolones, 

was included in the two-year study on the prevalence of Campylobacter in sewage 

purification plants. These results on antibiotic susceptibility are presented in Chapter 6. 

In Chapter 7 the physiological changes during the transformation from Campylo­

bacter spirals to cocci are presented as function of the incubation temperature and media 

composition. From the results on the ATP measurements, protein profiles and fatty acid 

compositions, the possible role of the coccoid Campylobacter cells in transmission 

routes, could be deduced. 

As surface waters are frequently used for recreational purposes, it is important to 

estimate possible health risks caused by exposure to water contaminated with Campylo­

bacter. Therefore, the annual incidence of Campylobacter enteritis caused by exposure to 

contaminated surface water and the consequences for public health has been estimated, 

based on the dose-response relationship as deduced by Rose and Gerba (1991). The 

results of this exercise are presented in Chapter 8. Finally, a general discussion of the 

work presented in this thesis is given in Chapter 9. 
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CHAPTER 2 

METHODS FOR THE DETECTION OF CAMPYLOBACTER IN SEWAGE: 

EVALUATION OF EFFICACY OF ENRICHMENT AND ISOLATION MEDIA, 

APPLICABDLITY OF POLYMERASE CHAIN REACTION AND 

LATEX AGGLUTINATION ASSAY 

Journal of Microbiological Methods1 (1995) In press. 

In this study several combinations of enrichment and isola­

tion media are compared in the conventional most probable number 

procedure for the isolation of Campylobacter from sewage. Further­

more, the potential of the polymerase chain reaction (PCR) 

technique and the latex agglutination assay (LAA) is assessed for 

rapid detection and identification of Campylobacter in the culturing 

procedure. No significant difference in efficacy was observed for 

the various blood- and charcoal-based enrichment broths and isola­

tion media tested. 

The LAA had a positive predictive value of 39% and there­

fore, this assay should not be used as a rapid method for detection 

of Campylobacter in sewage enrichments. The PCR culture assay is 

suitable for the detection of Campylobacter in sewage enrichments; 

the method is faster and has a higher detection ability than the 

conventional culturing procedure, also when including four isolation 

media. For a qualitative analysis by conventional culturing 1 ml of 

the 10"1 dilution of sewage is preferably enriched, and for the PCR 

assay raw sewage can be enriched for qualitatively detecting Cam­

pylobacter. 

1 Authors: P.M.F.J. Koenraad, B.A.J. Giesendorf, M.H.C. Henkens, R.R. Beumer, and W.G.V. 
Quint. 
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INTRODUCTION 

In developed countries Campylobacter is now well recognized as an important 

cause of human enteritis. Poultry products, unpasteurized milk, and non-chlorinated 

drinking water were shown to be the main vehicles of transmission to man. Campylobac-

teriosis patients provide a constant flow of this pathogen into the environment. These and 

other sources, contribute to the Campylobacter contamination of sewage, sewage sludge, 

and surface water (Koenraad et al., 1994; Stelzer et al., 1991). 

A great variety of broths and media has been proposed for the isolation of Cam­

pylobacter from clinical, veterinary, and food samples. These media can be categorized 

in blood-based or charcoal-based types and they differ in the mix of selective agents and 

the choice of the basal medium (Goossens et al., 1986; Park and Sanders, 1991; Scotter 

et al., 1993). For the analysis of artificially-contaminated chicken livers, Peterz (1991) 

did not observe a difference in yield between the blood-based Preston agar and charcoal-

based charcoal cefoperazone deoxycholate broth (CCDB), although the selectivity of the 

CCDB was higher. Goossens et al. (1986) and Gun-Munro and coworkers (1987) both 

recommended CCDA for the isolation of Campylobacter from faecal samples. Korhonen 

and Martikainen (1990) recommended a combination of Oosterom broth/CCDA or 

CCDB/CCDA for the isolation of Campylobacter from surface water samples and they 

suggested that CCDB was better applicable to polluted waters than Preston broth (PB). 

Holler (1991) analysed 15 sewage samples in parallel and examined the best broth/agar 

combination from Preston and CCD media. No significant differences between the sev­

eral combinations could be ascertained. Despite differences in incubation temperature 

and/or time, Campylobacter contamination levels of the analysed samples, levels of com­

peting flora, the use of artificially or naturally-contaminated samples, the CCD media are 

slightly preferred. It is advisory to evaluate the optimal medium combination for each 

specific application, which was the isolation of Campylobacter from sewage samples in 

this study. 

Enrichment procedures are necessary to isolate Campylobacter from samples with 

low contamination levels, such as surface water or sewage. These conventional proced­

ures are laborious, mainly because of the requirement of a non-selective pre-enrichment 

step (Fricker, 1987). The selective enrichment requires two days while isolation and 

subsequent identification of Campylobacter by biochemical tests lasts three days. The 
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identification can be shortened in time by applying rapid methods, such as an immuno­

logical agglutination assay (Nachamkin and Barbagallo, 1990), or a DNA probe (Cudjoe 

et al., 1991; Tenover et al, 1990). Griffiths et al. (1989) and Hazeleger et al. (1992) 

reported that a latex agglutination assay (LAA) could be applied to enrichments of faeces 

from campylobacteriosis patients and to enrichments of chicken products, respectively. 

Oyofo and Rollins (1993) reported that the application of the polymerase chain re­

action (PCR) is a possibility to shorten the detection procedure of Campylobacter in wa­

ter samples. These authors developed a filtration PCR method with a high specificity and 

a sensitivity of 10 to 100 viable Campylobacter cells per 100 ml filtered water for the 

detection of C. jejuni and C. coli in environmental waters. Sewage has a high degree of 

turbidity and therefore, the PCR culture assay, developed by Giesendorf et al. (1992) 

was evaluated as a rapid detection method for Campylobacter in sewage enrichments. 

In order to obtain the optimal detection procedure for Campylobacter from 

sewage, a comparison was made between enrichment broths and isolation media, applied 

within a conventional most probable number (MPN) procedure. Furthermore, the poten­

tial of the PCR assay, described by Giesendorf et al. (1992), and the LAA are assessed 

for rapid detection and identification of Campylobacter in the MPN procedure for sewage 

samples. 

MATERIALS AND METHODS 

Sample collection 

The influx and the efflux of an activated sludge system were sampled during 8 

consecutive weeks in the period 26 May - 28 July 1993. The activated sludge system, 

with a capacity of 46,000 citizen equivalents receives approximately 15,000 m3 sewage 

daily, including sewage from approximately 30,000 inhabitants, a poultry abattoir and 

other small industries. The samples were transferred to the laboratory in a cold storage 

container on ice and analysed for Campylobacter within 2 h of collection. 
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Conventional culturing procedure of Campylobacter 

The most probable number technique, described by Koenraad et al. (1994) was 

used to determine the numbers of Campylobacter in the sewage samples. Eight broth/ 

agar combinations, whose compositions are summarized in Table 1, were compared. The 

basic compositions of the KAR and CCDA+ are very similar to the composition of the 

CCDA, however according to the manufacturer's instructions C. jejuni, C. coli, and C. 

lari should be distinguishable from their colony morphology on CCDA+. All incubations 

were under micro-aerobic conditions and checked by incubating a positive control, con­

sisting of a brain heart infusion broth culture (BHI, 0037-01-6, Difco Laboratories, 

Detroit, USA). Enrichment included a non-selective step of 4 h at 37°C. After 2 days of 

incubation at 42°C, 0.1 ml from each enrichment tube were streaked on plates of the 

various isolation media (Table 1). At least 5 suspected colonies per plate were purified 

by subculturing (42°C) on Columbia agar base plates containing 5% (v/v) defibrinated, 

lysed horse blood (CAB). Confirmation was based on microscopic appearance (curved or 

spiral-shaped cells with darting corkscrew-like motility), ability of growth under micro-

aerobic conditions in BHI at 42°C ( + ) and 25°C (—), oxidase activity ( + ) and catalase 

activity ( + ). Plates confirmed for Campylobacter were used in calculating the loga-

rithmjQ of the most probable number per 100 ml (log10 (MPN/100 ml)). 

Detection of Campylobacter in enrichments by using PCR 

After 18 h enrichment at 42 °C in PB and CCDB, samples were taken from the 

enrichments of the influx samples and stored at -20°C for the PCR. Extraction of nucleic 

acids, based on guanidinium isothiocyanate and PCR were performed as described by 

Giesendorf et al. (1992). Briefly, a standard PCR reaction mixture (100 /il) contained 25 

ixl of the test samples and 75 /tl of 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 2.5 mM 

MgCl2, 0.01% (w/v) gelatin, 0.1% (w/v) Triton X-100, 200 piM each deoxyribonucleo-

tide triphosphate, 0.25 U of SuperTaq DNA polymerase (1865, Promega, Madison, 

USA), and 50 pmol of each primer. The PCR programme consisted of 40 cycles of 

amplification in a thermocycler (Biomed model 60, Alkmaar, The Netherlands) with 1 

min at 94°C, 1 min at 52°C, and 1 min at 74°C. Primers based on the 16S rRNA gene 

(Giesendorf et al., 1992) specific for Campylobacter, were used: C442: 5'-GGAGGAT-

GACACTTTTCGGAGC-3' and C490: 5'-ATTACTGAGATGACTAGCACCCC-3'. In 
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each PCR experiment, distilled water was used as negative control and C. jejuni DNA as 

positive control. PCR fragments were confirmed by hybridization with the oligo­

nucleotide probe C631: 5'-GGAAGAATTCTGACGGTACCT-3'. Enrichments confirmed 

for the presence of Campylobacter by PCR were used in calculating the logarithmjQ of 

the most probable number per 100 ml sewage ((logjgCMPN/lOO ml)). 

Detection of Campylobacter in enrichments by using LAA 

After 48 h incubation in PB and CCDB, the enrichments were screened for the 

presence of Campylobacter by applying LAA and by streaking 0.1 ml of the suspensions 

on selective plates. Fifty microliter suspension were used in the LAA immunotest, ac­

cording to the manufacturer's directions (M46, Microscreen, Mercia Diagnostics 

Limited, Guildford, UK). The assay includes a test latex reagent and a control reagent 

consisting of uncoated latex particles. When both the test and control reagent agglutinate 

with the sample, the agglutination was considered nonspecific. The detection limit of the 

Microscreen agglutination assay was determined by applying the test on dilutions of a 

two days BHI culture of the laboratory strain WAU080193-C50, isolated from sewage. It 

appeared that the minimum cell concentration for specific agglutination was 6 

logjo(colony forming units(CFU))/ml). 

Statistical analyses 
The isolation rates of the various broth/agar combinations were compared by 

variance analysis. Logarithmic transformations were carried out prior to statistical 

analysis in order to obtain normal distribution in the most probable numbers. For each 

enrichment, a presence/absence result was obtained by both PCR and conventional 

culturing. The McNemar's test, a non-parametric, matched-pair test (O'Mahony, 1986) 

which compares the numbers of enrichments registering presence/absence discrepancies, 

was used to evaluate the null hypothesis that the PCR and conventional culturing were 

similar in the ability to detect Campylobacter. P values < 0.05 were regarded to be 

significant. 
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RESULTS AND DISCUSSION 
Eight influx and eight efflux samples from successive weeks were quantitatively 

analysed for the presence of Campylobacter in order to compare the isolation rate of 

different combinations of enrichment/isolation media. The results are presented as log10 

(MPN/100 ml) in Tables 2 and 3. Statistical analysis did not indicate an optimal com­

bination of the enrichment broths (PB and CCDB) and the isolation media tested (CAB+, 

Table 2. Comparative efficacy of the various enrichment/isolation media combinations and PCR for the 

detection of Campylobacter in influx enrichments. 

Week 

no. 

1 

2 

3 

4 

5 

6 

7 

8 

CAB+ C 

3.4 

2.5 

3.5 

4.4 

<1.5 

2.9 

3.2 

3.3 

Enrichment in PBa 

Numbers of Campylobacter 

log10(MPN*/100 ml) 

CCDA 

3.2 

2.5 

4.4 

4.4 

<1.5 

3.2 

3.3 

4.4 

CCDA+ 

3.2 

<1.5 

4.4 

4.4 

<1.5 • 

2.9 

3.3 

3.6 

KAR 

1.5 

2.5 

4.4 

3.5 

<1.5 

2.5 

3.3 

3.2 

PCR 

2.2 

2.2 

4.4 

3.2 

3.7 

3.4 

>5 

4.4 

CAB + 

3.2 

1.9 

3.2 

2.5 

1.5 

2.8 

2.3 

3.2 

Enrichment in CCDB 

Numbers of Campylobacter 

log10(MPN/100 ml) 

CCDA 

1.8 

3.2 

3.2 

3.0 

1.5 

3.0 

2.4 

3.0 

CCDA + 

1.5 

1.5 

3.0 

2.6 

1.8 

2.8 

3.3 

3.0 

KAR 

<1.5 

<1.5 

3.2 

2.8 

1.5 

3.0 

3.3 

2.8 

PCR 

4.0 

4.2 

4.7 

5.0 

3.7 

3.2 

3.7 

4.2 

a PB = Preston broth. 

CCDB = Charcoal cefoperazone deoxycholate broth. 

* MPN = Most probable number. 
c CAB+ = Columbia agar base with 5% defibrinated, lysed horse blood, cefoperazone, and amphote-

ricin-B. 

CCDA = Campylobacter blood-free selective medium-modified CCDA-Preston. 

CCDA+ = Campylobacter blood-free selective medium-modified CCDA improved. 

KAR = Campylobacter agar base Karmali with Karmali selective supplement. 

PCR = Polymerase chain reaction. 
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