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Summary 
Colibacillosis is worldwide one of the main causes of economic losses in the poultry industry. 
Avian pathogenic Escherichia coli (APEC) show a great diversity in O-serotypes, but O78, 
O2 and O1 are the most frequently isolated. APEC cause a number of diseases at different 
ages, the most important of which are septicaemia, cellulitis and swollen head syndrome.  
A large number of virulence factors have been identified in APEC. Especially adhesion 
factors, like P-fimbriae, iron uptake systems like aerobactin, and serum resistance 
mechanisms are specific for APEC. However, these factors can also be found in strains 
isolated from clinically healthy chickens. Moreover, APEC are both pheno- and genotypically 
very diverse, which greatly hampers a clear distinction between pathogenic and commensal 
isolates.  
Colibacillosis is generally considered as a secondary disease, appearing only after debilitation 
of the animals by other pathogens or an unfavourable housing climate. Zoonotically, APEC 
are not very important, even though O157 verotoxigenic E. coli (VTEC) have been 
sporadically isolated from broilers and close relationships have been found between O78 and 
O2 isolates from human and poultry origin.  
Diseased flocks are mainly treated with antibiotics, by preference after preliminary sensitivity 
analyses, in view of the widely spread antimicrobial resistance. Preventive measures include a 
thorough hygiene, limiting the possibilities of disease introduction into the house, an optimal 
housing climate, and a good vaccination scheme against other pathogens. Live attenuated, 
dead and subunit vaccines may offer protection against an infection with homologous APEC 
strains. 
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Introduction 
Colibacillosis, caused by avian pathogenic Escherichia coli or APEC, is worldwide one of the 
most important causes of economic losses in the poultry industry (Morris, 1989; Dho-Moulin, 
1993; Yogaratnam, 1995; Elfadil et al., 1996; Barnes & Gross, 1997). The losses are caused 
by morbidity, lack of uniformity in a flock, lowered production, increased condemnation at 
the slaughter plant and mortality (Gross, 1991). The disease affects day-old chicks, broilers 
and layers. Colibacillosis in poultry is generally considered as a secondary disease (Barnes & 
Gross, 1997), although some isolates are capable of inducing disease on their own (Cheville 
& Arp, 1978; Jorge et al., 1988; Dhillon & Jack, 1996; Zanella et al., 2000). In literature, 
mainly studies on broilers are described, which are considered more susceptible to this disease 
than the lighter breeds (Goren, 1991; Foley et al. , 2000; Stordeur & Mainil, 2002). 
Nevertheless, layer flocks also suffer important losses (own observations), but the data 
available are as yet insufficient.  
 
Etiology 
E. coli  is a gram negative, rod shaped bacterium that grows both aerobically and 
anaerobically. Avian colibacillosis is caused by different types of E. coli strains. They do not 
fit in the E. coli classification used for mammals: entero-invasive (EIEC), enterotoxigenic 
(ETEC), enteropathogenic (EPEC), verotoxigenic (VTEC/STEC), enterohaemorrhagic 
(EHEC), enteroadherent (EAEC), or necrotoxigenic E. coli (NTEC). For this reason, they are 
referred to as avian pathogenic E. coli (APEC). As yet, no markers have been identified 
allowing a clear differentiation between APEC and commensal E. coli , in spite of extensive 
research in this area. Especially E. coli possessing P-fimbriae, iron acquisition systems and 
factors allowing the bacterium’s survival in blood seem important for the induction of avian 
colibacillosis (see also ‘Virulence factors’). Since serotyping for the somatic antigen (O-
serotyping) is still the most frequently used typing method for diagnostic purposes, the O-type 
is often used for APEC description. O78, O2 and O1 are reported as the main serotypes in 
different disease types (cellulitis, septicaemia, airsacculitis) by several authors. In a number of 
studies they were isolated from 50 to 60% of the cases (Sojka & Carnaghan, 1961; Cloud et 
al., 1985; Dozois et al., 1992; Gomis et al., 1997b). Nevertheless, there is frequently also a 
great diversity of O-types in the isolates. Twenty-two and 19 different O-types were detected 
in cases of salpingitis in broilers and layers, respectively (Bisgaard & Dam, 1980 and 1981). 
Onderka et al. (1997) isolated 85 E. coli strains from cases of cellulitis, which belonged to 19 
different O-types. Blanco et al. (1997b) examined 458 strains originating from septicaemic 
broilers, detecting 62 different O-types. In a study by Carvalho de Moura et al. (2001), 50 
strains isolated from colisepticaemia belonged to 20 different O-types. Moreover, these 
serotypes are not exclusively associated with colibacillosis.  
 
Epidemiology 
As is the case in mammals, E. coli is a normal inhabitant of the distal part of the intestine in 
birds. There are usually 104 to 107 colony forming units (CFU) present per gram of intestinal 
content. E. coli has also been frequently isolated from the upper respiratory tract. Furthermore 
it is present on the bird’s skin and feathers. These strains always belong to both pathogenic 
and non-pathogenic types (Harry & Hemsley, 1965b). In the caecal flora of healthy chickens, 
10 to 15% of the E. coli strains may belong to an O-serotype that can also be isolated from 
colibacillosis lesions (Harry & Hemsley, 1965a).  

As soon as the first hours after hatching, the birds start building up their E. coli flora. 
The bacteria quickly increase their numbers in the gut. In a single bird a large number of 
different E. coli types is present, obtained via horizontal contamination from the environment, 
more specifically from other birds, faeces, water and feed (Dho-Moulin & Fairbrother, 1999). 
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Rodents may be carriers of APEC and hence a source of contamination for the birds (Barnes 
& Gross, 1997). Clonal relationships were found for O2:K1 isolates from humans and 
chickens (Achtman et al. , 1986) and for O78 isolates from humans, cattle, sheep, pigs and 
chickens (Chérifi et al., 1994), indicating that these species too might act as a source of 
infection for chickens. 

Even though certain O-types are more frequently detected in APEC than in 
commensal E. coli (Blanco et al., 1997b), the isolates are very heterogenous, both in their 
pheno- and genotype (Achtman et al., 1986; Blanco et al. , 1997b; Carvalho de Moura et al., 
2001; Chansiripornchai et al., 2001). Moreover, the prevalence of certain serotypes is linked 
with the geographical localisation of a flock (Blanco et al., 1998). 
 
Pathogenesis and disease syndromes 
APEC are responsible for a large number of different diseases at different ages.  

Neonatal infection of chicks can occur horizontally, from the environment, or 
vertically, from the hen. A laying hen suffering from E. coli-induced oophoritis or salpingitis 
may infect the internal egg before shell formation. Faecal contamination of the eggshell is 
possible during the passage of the egg through the cloaca and after laying. The latter 
possibility is considered as the main route of infection for the egg (Barnes & Gross, 1997). 
Before hatching, APEC cause yolk sac infections and embryo mortality. The chick can also be 
infected during or shortly after hatching. In these cases, retained infected yolk, omphalitis, 
septicaemia and mortality of the young chicks up to an age of three weeks is seen (Barnes & 
Gross, 1997).  

Broilers may be affected by necrotic dermatitis, also known as cellulitis, characterised 
by a chronic inflammation of the subcutis on abdomen and thighs (Barnes & Gross, 1997). 
The affected animals usually do not show any clinical signs, and the lesions are sometimes 
only detected at the slaughter plant (Gomis et al. , 2001). The animals are infected through 
skin lesions (Elfadil et al., 1996), but symptoms are probably only seen if a minimum 
infection pressure of APEC and possibly also other predisposing factors are present in the 
house (Onderka et al., 1997). Glünder (1990) indeed refers to cellulitis as a consequence of 
overpopulation and poor house hygiene rather than a specific disease.  

Swollen head syndrome (SHS), mainly a problem in broilers, causes oedema of the 
cranial and periorbital skin. SHS can cause a reduction in egg production of 2 to 3%, and a 
mortality of 3 to 4% (Morley & Thomson, 1984). Data on this disease are contradictory. 
E. coli is usually isolated from the lesions, but the intercurrent infections are not always the 
same. Picault et al. (1987) and Hafez & Löhren (1990) consider SHS as a disease caused by 
avian pneumovirus (APV), usually followed by an opportunistic E. coli infection. Nakamura 
et al. (1998) however report that APEC are probably playing a significant part in the disease, 
but that the role of APV is not at all clear. This has been confirmed by Georgiades et al. 
(2001), who did not detect APV in any of the flocks affected by SHS during a field study, but 
instead detected infectious bronchitis virus (IBV), avian adenovirus, avian reovirus, and 
Newcastle disease virus (NDV), as well as Mycoplasma synoviae and M. gallisepticum (MG). 
These researchers conclude that SHS is a multifactorial disease that can be the result of 
infection by diverse pathogens in combination with favourable environmental conditions. 

APEC probably do not cause intestinal diseases. Nevertheless, enterotoxigenic E. coli 
(ETEC) are occasionally isolated from poultry suffering from diarrhoea (Tsuji et al., 1990; 
Akashi et al. , 1993; Dho-Moulin & Fairbrother, 1999), and diarrhoea was experimentally 
induced after intramuscular inoculation of APEC (Zanella et al. , 2000). In the chicken, 
enteropathogenic E. coli (EPEC) were isolated from clinically healthy animals (Kariuki et al., 
2002). In turkeys, experimentally inoculated EPEC can only cause enteritis in combination 
with coronavirus (Guy et al., 2000).  



INTRODUCTION 

 

 
- 12 - 

Layers as well as broilers may suffer from acute or chronic salpingitis (Bisgaard & 
Dam, 1980 and 1981). Salpingitis can be the result of an ascending infection from the cloaca 
(Bisgaard & Dam, 1980 and 1981) or an infection of the left abdominal airsac (Barnes & 
Gross, 1997), although Bisgaard & Dam (1980) consider the latter possibility less likely than 
an ascending infection. Salpingitis can lead to the loss of egg-laying capacity (Dho-Moulin & 
Fairbrother, 1999). In the case of chronic salpingitis, the oviduct has a yellowish-gray, 
cheese-like content, with a concentric structure (Bisgaard & Dam, 1981). In layers, salpingitis 
can cause egg peritonitis if yolk material has been deposited in the peritoneal cavity, 
characterised by a sero-fibrinous inflammation of the surrounding tissues (Barnes & Gross, 
1997).  

Airsacculitis is observed at all ages. The bird is infected by inhalation of dust 
contaminated with faecal material, which may contain 106 CFU of E. coli per gram (Harry, 
1964). In animals with respiratory defenses compromised by other pathogens or by an 
unfavourable housing climate (see also ‘Predisposing factors’), inhalation of contaminated 
dust causes airsacculitis with sero-fibrinous exsudate (Dho-Moulin & Fairbrother, 1999). The 
airsacs are vulnerable because of their limited defenses against inhaled dust particles 
(Pourbakhsh et al., 1997a). Airsacculitis and pneumonia may eventually create an access to 
the vascular system. This aerogenic route of infection is considered as the main origin of 
systemic colibacillosis or colisepticaemia (Goren, 1991; Pourbakhsh et al., 1997a; Dho-
Moulin & Fairbrother, 1999). 

Septicaemia also affects chickens of all ages, and is mainly described in broilers. It is 
the most prevalent form of colibacillosis, characterised by polyserositis (Dho-Moulin & 
Fairbrother, 1999). It causes depression, fever and often high mortality. Although its 
pathogenesis has not been elucidated, several routes of infection are possible: neonatal 
infections (Barnes & Gross, 1997), infections through skin lesions (Norton et al. , 2000), 
infection of the reproductive organs (Bisgaard & Dam, 1980 and 1981, Barnes & Gross, 
1997), of the respiratory tract (Pourbakhsh et al., 1997a), and even infection per os (Leitner & 
Heller, 1992). When E. coli reaches the vascular system, the internal organs and the heart are 
infected. The infection of the myocard causes heart failure (Gross, 1966). Septicaemia 
occasionally also leads to synovitis and osteomyelitis (Dho-Moulin, 1993; Barnes & Gross, 
1997) and on rare occasions to panophthalmia (Barnes & Gross, 1997).  

Coligranuloma or Hjarre’s disease is characterised by granulomas in liver, caeca, 
duodenum and mesenterium, but not in the spleen. It is a rare form of colibacillosis, but in 
affected flocks it may cause up to 75% mortality (Barnes & Gross, 1997). 
 
Predisposing factors  
Already in 1968, Carlson & Whenham reported that the risk for colibacillosis increases with 
increasing infection pressure in the environment. A good housing hygiene and avoiding 
overcrowding are very important. Other principal risk factors are the duration of exposure, 
virulence of the strain, breed, and immune status of the bird (Gross et al., 1980; Rosenberger 
et al., 1985; Gross, 1992; Pourbakhsh et al., 1997a; McGruder & Moore, 1998). Specifically 
for layers, Kohlert (1968) reported a lowered resistance in chickens after treatment with 
progesterone. She posed that in the case of increased egg production an imbalance exists 
between the oestrogen and progesterone level, which also induces a lowered resistance against 
infections. Animals exposed to stress run an increased risk of colibacillosis (Barnes & Gross, 
1997). Leitner & Heller (1992) showed that stress promotes infection per os : they induced 
bacteraemia after inoculation of APEC per os, by fasting the animals for 36 – 48 hours or 
exposing them to high temperatures.  

Every damage to the respiratory system favours infection with APEC. Several 
pathogens, like NDV, IBV and MG, both wildtype and vaccine strains, may play a part in this 
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process. An unfavourable housing climate, like an excess of ammonia or dust, renders the 
respiratory system more susceptible to APEC infections through deciliation of the upper 
respiratory tract (Barnes & Gross, 1997).  

In broilers, the disease is age related. If the breeder flock has been vaccinated or 
infected with APEC, there is a clear maternal resistance before the age of four weeks, which 
however may be breached after debilitation of the respiratory epithelium by other pathogens 
or an unfavourable housing climate. About three to four weeks after introduction of the flock 
in the house, the maternal antibody titre becomes minimal and the bacterial infection pressure 
in the environment maximal. Viral diseases mostly occur around the age of three weeks. The 
biggest losses in broilers therefore are suffered in the age category of five to twelve weeks 
(Goren, 1991; Foley et al. , 2000).  
 
Virulence factors associated with APEC 
Several authors (Whittam & Wilson, 1988; White et al., 1990 and 1993; Ngeleka et al., 1996; 
Blanco et al., 1997b) pose that APEC isolates belong to special groups of pathogenic clones. 
This supports the special pathogenicity theory, rather than the prevalence theory. The latter 
states that serogroups isolated from extra-intestinal infections represent phenotypes that are 
generally present in large numbers in the faecal reservoir. Nevertheless, a large phenotypic 
and genotypic diversity exists among APEC, greatly hampering their identification as such.  

The virulence mechanisms of APEC have not been clearly characterised yet. Dho-
Moulin (1993) summarised it in three steps. First there is adhesion, followed by a 
multiplication in the host’s tissues and finally the evasion of its defense systems. This means 
that a combination of different virulence factors is required to allow the infection to proceed 
and to define APEC, since the presence of only one such characteristic is not sufficient to 
explain the pathogenic potential of these bacteria (Góes et al. , 1993). APEC have different 
degrees of virulence, determined by the possession of certain genes. However, it is not always 
easy to examine whether the genes encoding virulence factors are expressed in vivo. 
Moreover, certain pathogenic charac teristics, like serum resistance, are defined by more than 
one gene, which implies that the absence of a certain gene does not necessarily mean the 
absence of the phenotypic characteristic (Gomis et al., 2001). 

Adhesion factors have frequently been studied. Type 1 fimbriae, also known as F1 
fimbriae or mannose-sensitive pili, because their adhesive capacities disappear in the presence 
of mannose, are more frequently detected in APEC than in commensal E. coli strains. F1-
mediated adhesion is not necessary for the colonisation of trachea and airsacs, but may be 
essential for the colonisation of the lungs . However, F1 fimbriae by themselves play a limited 
role in pathogenicity (Marc et al., 1998). The definition of P fimbriae is based on their 
capability of agglutinating human erythrocytes of blood group P. P fimbriae are mannose 
resistant. In highly pathogenic APEC, P fimbriae are expressed in the deeper tissues, instead 
of F1 fimbriae (phase variation). In the study by Mellata et al. (2003), the presence of F1 
fimbriae and the absence of P fimbriae promoted bacterial association with chicken 
heterophils and macrophages. Both the presence of type 1 and P fimbriae, however, seemed to 
protect bacteria against the bactericidal effect of phagocytes, especially heterophils. This is in 
contrast with earlier reports, stating that F1 fimbriae are a disadvantage in the systemic phase, 
because they facilitate phagocytosis by the macrophages (Orndorff & Bloch, 1990), and that 
the presence of P fimbriae allows the bacterium to resist phagocytosis, while bacteria 
expressing type 1 fimbriae are rapidly killed by avian macrophages (Pourbakhsh et al. , 
1997b). The pap -gene, encoding the P fimbriae, is more often detected in extra-intestinal 
isolates than in intestinal isolates (Stordeur et al., 2002). The role of these P fimbriae has not 
been elucidated (Dho-Moulin & Fairbrother, 1999). They are related to the F11 fimbriae of 
uropathogenic E. coli (UPEC) isolated from humans and dogs, and are also associated with 
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strains isolated from septicaemic pigs (Pourbakhsh et al. , 1997a). The csgB gene, encoding 
another adhesion factor, named curli, is present in most APEC but also in commensal E. coli. 
Curli allow adherence to the extracellular matrix and to serum proteins. The importance of  
this factor remains to be elucidated (Dho-Moulin & Fairbrother, 1999). Isolates lacking curli 
are less virulent and show a lower persistence in the caecum, but they remain capable of 
reaching liver and spleen after infection per os (La Ragione et al., 1999). Temperature 
sensitive haemagglutinin (tsh), encoded by a gene (tsh) rarely detected in commensal E. coli 
(Dho-Moulin et al., 1997; Delicato et al., 2002), is most frequently found in highly 
pathogenic avian E. coli. Tsh has a potential role as an adhesin (Provence & Curtiss, 1994). 
Moreover, based on the presence of serine protease sites in the tsh protein (Henderson et al., 
1998) and its ability to degrade haemoglobin (Otto et al., 1998), tsh is suggested to act as a 
protease on a specific substrate in the air sacs in the early stages of the infection, thus 
promoting lesion formation. However, tsh is not necessary for the ensuing general infection 
(Dozois et al. , 2000; Delicato et al., 2002). 

APEC possess a number of other virulence factors that enable them to survive in the 
extra-intestinal tissues of the host. Serum resistance was found to be an important virulence 
determinant for E. coli in chickens and turkeys (Ellis et al., 1988; Dozois et al., 1992; Ike et 
al., 1992). Two genes, traT (complement resistance and surface exclusion of closely related 
plasmids) (Moll et al., 1980), and iss (increased serum survival) (Binns et al., 1979) are 
known to be associated with serum resistance. During a comparison of APEC with 
commensal E. coli, the iss-gene was significantly more often present in APEC than in 
commensal E. coli (Pfaff-McDonough et al., 2000). Serum resistance is a multifactorial 
phenomenon (Dho-Moulin, 1993), in which not only surface antigens like the iss and traT 
gene products play a part, but also other factors like the O-antigen lipopolysaccharides or the 
presence of a capsule (Timmis et al., 1985). The capsule also protects the bacterium against 
phagocytosis (Horwitz & Silverstein, 1980), and is reported as characteristic for APEC (Brée 
et al., 1989; Wooley et al. , 1993). Nevertheless, Parreira et al. (1998) detected capsule 
antigen K1 in only 14% of the examined strains, isolated from chickens with SHS, and in the 
study of Pfaff-McDonough et al. (2000), capsules were significantly more often detected in 
commensal E. coli than in APEC. 

Iron acquisition systems, like aerobactin, are associated with virulence in day-old 
chicks. Most APEC produce aerobactin, while this siderophore is absent in most commensal 
E. coli (Linggood et al., 1987; Dozois et al., 1992; Emery et al. , 1992). Czirók et al.(1990) 
however posed that aerobactin should be considered as a less expedient virulence marker than 
capsule K1. Other iron acquisition systems detected in APEC are yersiniabactin (irp2-fyuA 
gene cluster) (Janssen et al., 2001) and salmochelin (iroC) (Dozois et al., 2003).  

Toxin production does not seem to be a major factor for virulence in APEC (Blanco et 
al., 1997b; Dho-Moulin & Fairbrother, 1999). The heat-labile chick lethal toxin (CLT) is 
lethal for chickens within four to six hours after intravenous inoculation (Truscott, 1974), but 
is rare (Blanco et al. , 1997b). Two other different heat-labile toxins (LT) have been detected 
so far (Emery et al., 1992). Verocytotoxin (VT) is detected rarely (Fantinatti et al., 1994) or 
not at all (Irwin et al., 1989; Blanco et al., 1997b), except in isolates from SHS cases (Parreira 
& Yano, 1998). In the latter study, 72% of the SHS isolates produced a VT-variant that also 
has a toxic effect on HeLa cells. ETEC, producing heat-stable (ST)-like and LT-like 
enterotoxins (Blanco et al., 1997b; Tsuji et al., 1990), have been isolated occasionally from 
diarrhoeic chickens and once from a chicken suffering from extra-intestinal colibacillosis. 
Some APEC strains produce a soluble product lethal for mice (Blanco et al. , 1997b). In the 
study of Salvadori et al. (2001), the E. coli vacuolating factor (ECVF), whose toxic effect can 
only be detected on cell lines derived from chickens, was produced by all tested APEC 
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strains, isolated from cellulitis (N=20), septicaemia (N=5) and SHS (N=5). Its effect can be 
compared to that of Helicobacter pylori cytotoxin on HeLa and Vero cells.  

Colicin production and O-serogroup are associated with in vivo pathogenicity. In a 
study by Blanco et al. (1997b), colicinogenicity was detected in 73% of septicaemic strains, 
vs. 58% of faecal isolates. Twenty-two % of the septicaemic strains produced Colicin V, and 
51% produced other colicins. Colicin production was correlated with in vivo  pathogenicity in 
mice after intraperitoneal inoculation: 80% and 66% of strains producing Col V and other 
types of colicins, respectively, were characterised as being of high pathogenicity, whereas 
only 15% of the noncolicinogenic strains were classified as highly pathogenic. In the same 
study, 60% of 119 E. coli strains, belonging to 18 serogroups most frequently identified 
among septicaemic strains, were classified as highly pathogenic. In contrast, only 5/21 strains 
with O serogroups less prevalent were considered highly pathogenic. Moreover, the 
production of Col V was detected especially among E. coli strains belonging to the four 
serogroups (O2, O5, O8 and O18) most frequently identified in isolates from septicaemic 
chickens. Of these 148 strains, 45% were Col V positive, whereas only 10% of the 477 
isolates belonging to other serotypes were positive for Col V (Blanco et al., 1997b).  
 
Zoonotic importance  
E. coli of the O2:K1 serotype isolated from human urinary tract infections and from 
septicaemic chickens are phenotypically highly related. A distinction between both groups 
was only possible examining their plasmid contents (Achtman et al., 1986). Chérifi et al. 
(1994) obtained similar results for a group of O78 isolates and concluded that chickens may 
be a source of septicaemic human O78 infections. However, contrasting results were obtained 
in a study by Caya et al. (1999). In this study, avian E. coli isolates from healthy and diseased 
birds (airsacculitis and cellulitis) and E. coli strains isolated from sick humans during the 
same period and in the same geographical area as the avian isolates were compared. The study 
results suggest that these avian isolates possess very few of the attributes required to cause 
disease in humans.  

Reversely, human isolates can be pathogenic to day-old chicks after subcutaneous 
inoculation. Strains tested were of the serotypes O1, O2, O18 and O78 (Czirók et al., 1990). 

Although O157 verotoxigenic E. coli (VTEC) have  been detected in broilers (Hafez et 
al., 1997), the chicken is not considered as an important reservoir for this zoonotically often 
reported serotype. Experimental studies show that chickens may function as a reservoir: O157 
strains easily infect the young birds, even at a low dose, and persist in the caecum for up to 
three months (Chapman et al., 1997). The study by Stravric et al. (1993) showed that layers 
are also susceptible to colonisation by O157:H7 and other VTEC after inoculation per os. The 
intestines were increasingly colonised if increasing inoculation doses were used. The older the 
animal, the more restricted the colonisation and persistence were. All birds involved in the 
experiment remained clinically healthy. Histologically, attachment and effacement lesions 
were detected in the proximal caeca. In 1997, Chapman et al. reported that at that time no 
bacteriologically confirmed human cases of O157 infections had been observed, caused by 
poultry. Nonetheless, chicken meat is sometimes positive for VTEC (Doyle & Schoeni, 1987; 
Radu et al., 2001). 
 
Diagnosis 
Colibacillos is is suspected based on the clinical picture and the typical macroscopic lesions. 
The diagnosis is obtained by E. coli isolation from cardiac blood and affected tissues, like 
liver, spleen, pericard or bone marrow. Experimentally it was shown that in acute cases, 
isolation is possible from six hours to three days after infection; in subacute cases, isolation is 
only possible until seven days after infection (Gomis et al., 1997a). Contamination from the 
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intestines is rarely a problem, if fresh material is used and standard bacteriological procedures 
are applied (Gross & Domermuth, 1975).  

Selective media like McConkey, eosin-methylene blue or drigalki agar are used for 
isolation. Further identification of the isolated colonies is based on biochemical reactions 
(indol production, fermentation of glucose with gas production, presence of ß-galactosidase, 
absence of hydrogen sulphite production and urease, and the inability to use citrate as a 
carbon source) (Dho-Moulin & Fairbrother, 1999). 

O-serotyping is a frequently used typing method. Although it is not very useful for 
diagnostic purposes, it is a valuable tool in epidemiological assessment, risk analysis and 
prevention. O-serotyping is an expensive method; usually not all 167 O-antisera are available 
in the laboratory of analysis, and even if they are, part of the strains have to be classified as 
‘non-typable’ (‘rough’ or auto-agglutinating).  

An ELISA, based on sonicated E. coli, has been developed for detection of antibodies 
against two important pathogenic  serotypes of E. coli: O78:K80 and O2:K1 (Leitner et al., 
1990). Another ELISA was based on fimbrial antigen (Bell et al., 2002). Both have limited 
value because they can only detect homologous APEC types. 

All currently known virulence-associated factors, detected in strains isolated from 
colibacillosis lesions, can also be detected in faecal isolates from clinically healthy chickens. 
For this reason, none of these traits can be used for APEC identification.  
 
Treatment 
Colibacillosis is mainly treated with antibiotics. Their choice is restricted because only those 
products can be used that are easily absorbed per os and yield and sustain an effective blood 
level. Numerous strains, moreover, are resistant to one or more antibiotics (Goren, 1991; 
Blanco et al., 1997a; Vandemaele et al., 2002). Especially to tetracyclins, sulphonamides, 
streptomycin, trimethoprim (combined or not with sulphonamides), nitrofurans, nalidixic acid 
and ampicillin (amoxicillin) a high level of resistance is detected. Acquired resistance to 
fluoroquinolones (flumequin, norfloxacin, ofloxacin, enrofloxacin, pefloxacin) was detected 
in 13-24% of the strains (Blanco et al., 1997a). Specifically for Belgium, in the period of 
1997 to 2000, an increase of resistance was noted to ampicillin/amoxycillin from 49 to 59%, 
to flumequin from 28 to 36%, and to trimethoprim-sulphonamides from 34.5 to 50%. 
Resistance percentages to tetracyclins (63 – 69%) and enrofloxacin (13 - 16%) remained 
relatively stable during that period (Vandemaele et al., 2002). It is not only important to 
analyse the isolates for their antibiotic resistance patterns (Barnes & Gross, 1997; Blanco et 
al., 1997a; Dho-Moulin & Fairbrother, 1999; Stordeur & Mainil, 2002), one must also take 
care that the animals receive a sufficie ntly high dose of the antibiotic and moreover, ingest it 
(even when diseased), to obtain the necessary therapeutic effect (Barnes & Gross, 1997). 
Often a resurgence of the outbreak occurs after cessation of the antibiotic treatment (Zanella 
et al., 2000). 

APEC-infected chicks have a better chance for survival if they are kept warm and are 
fed in time. A diet containing a high protein level and sufficient vitamin E promotes survival 
(Barnes & Gross, 1997). 

Ascorbic acid, which improves the efficiency of the phagocytes at a dose of 
300 mg/kg of feed, is also reported as a possibility for treatment (Gross et al., 1988). Ascorbic 
acid probably acts by increasing the synthesis of the superoxide anion, which kills 
phagocytised bacteria. Dose is important, because too little ascorbic acid results in too little 
superoxide anion, whereas too much ascorbic acid results in reduction of the superoxide anion 
(Scarpa et al., 1983; Som et al. , 1983).  

In view of the increasing interest of the scientific world and the public  opinion for 
antibiotic resistance and the possible transfer of resistance from animal to human isolates, 
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there is a growing need for an efficient alternative. Lytic bacteriophages, i.e. viruses killing 
bacteria, might offer such an alternative. Extensive Russian literature exists on the use of lytic 
bacteriophages for the treatment of human diseases. Recently the western world has shown a 
rekindled interest in the use of bacteriophages in treating and preventing bacterial diseases. 
However, only few data are available on their use in poultry. Studies published so far seem 
promising (Barrow et al., 1998; Huff et al., 2002a and b) but much more research needs to be 
done before bacteriophages will become applicable for prevention and treatment of diseases 
like colibacillosis in poultry.  

 
Prevention 
A first step is the prevention of egg contamination by fumigating them within two hours after 
lay, and by removing cracked eggs or eggs soiled with faecal material. No methods are known 
to protect incubators and hatchers against spread of infection. It is recommended to vent the 
incubators and hatchers to the outside and to have as few breeder flocks as possible per 
breeding unit (Barnes & Gross, 1997). In chicks, contamination with APEC from the 
environment must be controlled by reduction and control of intestinal infection. This can be 
achieved using competitive exclusion (CE) (Weinack et al. , 1981; La Ragione et al., 2001; 
Hofacre et al., 2002), i.e. inoculating day-old chicks with normal bacterial flora of healthy 
adult chickens or a monoculture, for instance of Bacillus subtilis. CE is based on four effects 
that induce the desired result on their own or in combination: production of a physiologically 
restrictive environment limiting the survival of pathogenic bacteria, competition for receptor 
sites, production of substances with antibiotic effect and the depletion of essential substrates 
(Schneitz & Mead, 2000). Animals also need to be protected against pathogens that promote 
infections with APEC. This is possible by using Mycoplasma -free birds (Barnes & Gross, 
1997) and protecting the animals against mycoplasms and viral diseases by vaccinations 
(Goren, 1991). Disease introduction must also be avoided (Goren, 1991) by a suitable house 
infrastructure, the correct use of a transition zone (for changing clothes and shoes, and 
washing hands), and pest control: rodent faeces are a source of pathogenic E. coli (Barnes & 
Gross, 1997). The housing climate must be kept optimal for bird density, humidity, 
ventilation, dust and ammonia (Goren, 1991; Dho-Moulin & Fairbrother, 1999).  

The great diversity among APEC strains limits the possibilities of vaccination, and 
vaccines are not used on a large scale. Several vaccines based on killed or attenuated strains 
have been tested experimentally. In general, they give sufficient protection against infection 
with homologous strains, but protection against heterologous strains is less efficient (Dho-
Moulin & Fairbrother, 1999). Nevertheless, Melamed et al. (1991) reported a certain degree 
of heterologous protection obtained with an inactivated vaccine. Passive immunisation of 
young birds via the breeder hens is efficient for two weeks (Heller et al. , 1990), if the animals 
are challenged with homologous strains. Vaccines based on virulence factors like fimbriae, 
also give a good homologous protection, i.e. against APEC possessing the same fimbriae 
(Gyimah et al., 1986). A live vaccine consisting of a wild type, non-pathogenic strain 
producing fimbriae (BT-7) was efficient if used in birds  older than two weeks. Here too, 
homologous and heterologous protection were observed (Frommer et al., 1994).  
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Until recently, colibacillosis outbreaks were mainly associated with broiler flocks, which are 
considered more vulnerable to APEC than the lighter layer breeds. However, from the mid-
nineties on, an important increase in colibacillosis outbreaks in layers has been observed in 
several European countries. In literature, little inf ormation is available on this subject. 
Therefore, the general aims of this thesis were to describe the clinical and bacteriological 
characteristics of colibacillosis outbreaks in layers, and to assess the infectious and non-
infectious risk factors that could contribute to the occurrence of these outbreaks. Information 
thus obtained may be useful in future research and helpful in controlling the disease. 
 
 
The specific aims of the present thesis were: 
 

1. to describe colibacillosis in laying hens, both clinically and bacteriologically 
(Chapter 1); 

2. to assess the importance of infections with infectious bronchitis virus, Newcastle 
disease virus, avian pneumovirus, Mycoplasma gallisepticum, M. synoviae and 
Ornithobacterium rhinotracheale  as predisposing factors for  colibacillosis outbreaks 
(Chapter 2); 

3. to describe risk factors in management and housing which could promote 
colibacillosis outbreaks (Chapter 3); 

4. to examine virulence factors that might be characteristic for APEC causing 
colibacillosis outbreaks with high mortality, as opposed to E. coli isolates only causing 
bacteraemia in debilitated animals (Chapter 4). 
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Summary 
In Europe, outbreaks of acute mortality in layer flocks due to colisepticaemia have frequently 
been observed since the mid-nineties. The aims of this study were to describe the disease, to 
identify the serotypes of the avian pathogenic Escherichia coli (APEC) present in these 
outbreaks, and to detect the presence of F11 fimbriae and flagella in the isolates. For this 
purpose, twenty flocks with APEC-associated increased mortality and twenty control flocks 
matched for age, were examined.  
Weekly mortality in the colibacillosis-affected flocks reached 1.71%, versus 0.30% in the 
control flocks. The maximum cumulative mortality over an entire colibacillosis outbreak 
reached 9.19%. The disease was often flock and hen house associated, with recurrent 
outbreaks within one round and in successive rounds in the same house. Disease was usually 
acute without clinical symptoms. Peritonitis with yolk material deposited in the peritoneal 
cavity and polyserositis were the main lesions at necropsy. O78 strains were isolated in 15 of 
the 20 colibacillosis flocks, and in only one of the control flocks. The majority of strains from 
the control flocks could not be serotyped by the 28 O-antisera used. In general, F11 fimbriae 
and flagella were present in the majority of the strains. F11 fimbriae were significantly more 
often found in O78 isolates than in the other serotypes, and were thus more often present in 
isolates from colibacillosis flocks. Strains positive for F11, and for F11 and flagella were 
more frequently present in heart and liver of the colibacillosis -affected flocks. 
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Introduction 
Colibacillosis, caused by avian pathogenic Escherichia coli (APEC) is one of the main causes 
of economic losses in the poultry industry worldwide (Morris, 1989; Dho-Moulin, 1993; 
Yogaratnam, 1995; Elfadil et al., 1996; Barnes & Gross, 1997). Losses occur at all ages, and 
are due to a decrease in hatching rate, mortality, lowered production, carcass condemnation at 
processing and treatment costs (Goren, 1991; Gross, 1991; Barnes & Gross, 1997). Lesions 
associated with colibacillosis mainly consist of airsacculitis, peritonitis, polyserositis and 
septicaemia. Colibacillosis is usually considered as a secondary disease, following a primary 
infection with respiratory pathogens and/or unfavourable environmental conditions (Barnes & 
Gross, 1997). However, it can also be a primary cause of disease (Cheville & Arp, 1978; 
Dhillon & Jack, 1996; Zanella et al. , 2000). 

Most studies on colibacillosis refer to broilers, even though laying hens can also be 
severely affected (Dhillon & Jack, 1996; Zanella et al., 2000). In Europe, outbreaks of acute 
mortality in layer flocks due to E. coli septicaemia have frequently been observed since the 
mid-nineties. Nevertheless, scientific reports on colibacillosis in this type of birds are scarce. 
The characteristics of the disease and its aetiological agent have not been well defined yet. 
Consequently, it was the aim of this study to describe the disease related to colibacillosis in 
laying hens, based on field observations, and to identify the serotypes of E. coli involved.  

F11 fimbriae are a type of P fimbriae that protect E. coli against phagocytosis 
(Pourbakhsh et al. , 1997), and flagella make the strains motile. Since information on their 
prevalence in E. coli isolates from layers might give some perspectives towards the use of a 
vaccine based on these two antigens, it was an additional aim of this study to determine their 
prevalence in E. coli strains of laying hens. 
 
Material and methods 
Flocks and inclusion criteria 
Forty poultry flocks were included in this study. Selected flocks were Belgian commercial 
caged layers, producing eggs for consumption. Twenty flocks were suf fering from 
colibacillosis while the other flocks were considered as controls. A flock suffering from 
colibacillosis was identified on the basis of (1) a ‘farmer-reported’ increase in mortality, as 
compared to the normal baseline mortality in the flock (Table 1), (2) necropsy lesions of five 
hens, compatible with colibacillosis, and (3) E. coli isolated from heart and/or liver in pure or 
abundant cultures. As soon as a colibacillosis flock was identified, a control flock with hens 
of approximately the same age was sought. A control flock was defined as a flock in the 
house of which no increased mortality as compared to the standards of the breeding 
organisation had been observed during the current and the previous round(s). The study was 
based on voluntary participation. 

Farm managers were asked to fill out a questionnaire on the clinical symptoms seen in 
the colibacillosis-affected flocks, and, if any, in the control flocks. Egg production, i.e. 
percentage lay and egg quality (% cracked and soiled eggs excee ding 1.5% or not), and 
weekly mortality were monitored for at least five weeks prior to and five weeks following the 
sampling.  

The 40 flocks were divided over 25 different farms, all situated in the northern part of 
Belgium (Table 2).  On 14 farms, only one flock was sampled. On eight farms two flocks were 
sampled, on two farms three flocks were sampled, and on one farm four flocks were sampled. 
Four farms yielded both a colibacillosis and a control flock. Ages of the control flocks varied 
between 21 and 74 weeks, while the ages of the colibacillosis-affected flocks ranged from 21 
to 87 weeks (Table 3). All farms with more than one flock were multi-age farms.  
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Necropsy 
During a single visit per flock within two weeks after the outbreak for the colibacillos is-
affected flocks, and at a comparable age for the control flocks, diseased hens and hens that 
had recently died were collected for necropsy. Routinely five birds from all flocks suffering 
from colibacillosis and all available diseased or dead hens from the control flocks were 
examined. Gross lesions were noted and samples were collected for bacteriology. 
 
E. coli isolation 
One heart, one liver and one ovarium or oviduct were routinely sampled for bacteriology, 
originating from one to three animals, by preference from an animal showing macroscopical 
lesions in the concerned organs. The trachea was by preference taken from an animal showing 
lesions in one of the other organs. Depending on the localisation of the lesions, the ovary or 
the proximal part of the  oviduct was used for E. coli isolation. If both lesions were present, 
the ovary was preferred for sampling. If no organs with macroscopical lesions were available, 
as could be the case in hens from control flocks or hens from colibacillosis flocks that had 
acutely died, bacteriology was performed on macroscopically normal organs. The caecal 
contents were collected from all necropsied birds and pooled for analysis. 

Without further preparatory steps, samples were inoculated on Columbia sheep blood 
agar (Becton & Dickinson, Erembodegem, Belgium), and  incubated aerobically at 37°C. E. 
coli colonies were identified by their indol production using pepton water and Kovàcs Indol 
reagent (Merck, Darmstadt, Germany), their ability to ferment glucose with gas production, 
using Triple Sugar Iron agar (Oxoid, Hampshire, England), and their inability to use citrate as 
a carbon source, using Simmons citrate agar (Oxoid, Hampshire, England).  

Per flock, one E. coli colony from heart, liver, trachea, and ovary or oviduct was kept 
for further analysis, except for the pooled caecal contents, from which three colonies were 
selected. Thus a minimum of three and a maximum of seven isolates were obtained per flock. 
They were stored in Luria Bertani (LB) broth containing 50 % glycerol at –80°C until further 
analysis.  
 
O-serotyping 
26 different antisera (O1, O2, O5, O6, O8, O9, O11, O12, O14, O15, O17, O18, O20, O35, 
O36, O45, O53, O78, O81, O83, O88, O102, O103, O115, O116, O132), purchased at the 
E. coli reference centre of the University of Santiago de Compostela (Spain), were used to 
serotype the E. coli strains, which was done using the microtitre agglutination test, as 
described by Guinée et al. (1972). Supplementary, an O109-antiserum, produced in a rabbit 
by our laboratory (Veterinary and Agrochemical Research Centre, Brussels, Belgium), and an 
O157-antiserum (Statens Serum Institute, Copenhagen, Denmark) were used on those strains 
that were non-typable by the abovementioned 26 antisera. For the O109 antiserum the slide 
agglutination technique was used, and for the O157 antiserum the tube agglutination 
technique. If a strain could not be serotyped by the 28 available sera, it was classified as non-
typable (NT). 
 
F11 fimbriae and flagella detection 
F11 fimbriae detection was done with an indirect ELISA as described by van den Bosch et al. 
(1993). Presence of flagella was detected by assessing the motility of the isolates in MIO 
Medium (Becton Dickinson, Erembodegem, Belgium).  
 
Statistical analysis 
Logistic regression (Glimmix macro, SAS, 8.02) was performed on the data, to examine 
possible associations between the type of flock (i.e. control or colibacillosis-affected flock), 
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weekly mortality and egg production data. Weekly mortality was expressed as the percentage 
of dead hens per week by the number of hens originally present in the flock at the age of 17 
weeks. Percentage lay was the daily number of eggs produced divided by the number of hens 
present in the flock at that time. Egg quality was described as a dichotomous variable: normal 
or increased percentage of second choice eggs (threshold 1.5%). Fisher’s exact test 
 
 
Table 1a. Mortality characteristics of the control flocks. Mortality figures are shown for the 

same ages as described for the colibacillosis-affected flocks (Table 1b). 
 

Before increase in mortality 
in parallel colibacillosis 

flock   
At peak mortality in parallel 

colibacillosis flock 

Age in 
weeks 

% 
mortality 
expected 
("target") 

% 
mortality 
observed   

Age in 
weeks 

% 
mortality 
expected 
("target") 

% 
mortality 
observed 

Observed 
mortality 
increased 

by 

19 0,01 0,02  21 0,08 0,04 2,3 
20 0,02 0,05  22 0,08 0,07 1,4 
20 0,02 0,04  21 0,04 0,08 1,9 
22 0,08 0,05  23 0,07 0,08 1,6 
24 0,07 0,04  27 0,08 0,06 1,8 
26 0,08 0,05  27 0,07 0,07 1,4 
30 0,08 0,03  32 0,07 0,04 1,1 
33 0,10 0,04  34 0,10 0,05 1,3 
33 0,10 0,06  36 0,10 0,06 1,0 
33 0,10 0,04  36 0,10 0,04 1,0 
34 0,10 0,07  37 0,10 0,06 0,8 
35 0,10 0,06  38 0,10 0,11 2,0 
38 0,10 0,03  41 0,10 0,07 2,3 
45 0,10 0,05  48 0,10 0,07 1,5 
50 0,10 0,16  51 0,10 0,12 0,8 
52 0,10 0,08  53 0,12 0,06 0,8 
52 0,10 0,10  53 0,13 0,09 0,9 
56 0,12 0,11  59 0,12 0,05 0,4 
58 0,12 0,15  59 0,13 0,16 1,0 
79a 0,15 0,25   82a 0,15 0,28 1,1 

a: For this flock no data were available for ages 84 and 87 
 
(Frequency procedure, SAS, 8.02) was used to compare the frequency of the O78 and NT 
serotypes, of E. coli isolation from heart and liver, of the presence of F11 fimbriae in isolates 
from heart, trachea, and ovary/oviduct, and of flagella in isolates from heart, liver, trachea and 
ovary/oviduct between control and colibacillosis-affected flocks. Pearson’s chi-square 
(Frequency procedure, SAS, 8.02) was used for the data concerning E. coli isolation from 
trachea and ovary/oviduct, for F11 presence in isolates from the livers and pooled caecal 
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contents, and for the presence of flagella in the pooled caecal contents. For presence of F11 
and flagella, the Pearson’s chi-square was used for all organs except trachea and 
ovary/oviduct, for which the Fisher’s exact test was used. Additionally, possible associations 
between the presence of F11 fimbriae and flagella in the isolates, and flock type, organ and O-
serotype were examined (Glimmix macro, SAS, 8.02). 

 
 

Table 1b. Mortality characteristics of the colibacillosis-affected flocks. The age shown 
‘before increase in mortality’ is the last week that can be considered as showing a baseline 

mortality. 
 

Before increase in mortality   At peak mortality 

Age in 
weeks 

% 
mortality 
expected 
("target") 

% 
mortality 
observed   

Age in 
weeks 

% 
mortality 
expected 
("target") 

% 
mortality 
observed 

Observed 
mortality 
increased 

by 

Interval 
to peak 

mortality 
in weeks 

19 0,01 0,08  21 0,04 0,64 7,8 2 
20 0,02 0,11  22 0,08 0,76 6,8 2 
20 0,02 0,15  21 0,04 1,11 7,4 1 
22 0,08 0,31  23 0,08 1,53 5,0 1 
24 0,07 0,09  27 0,07 0,66 7,2 3 
26 0,08 0,11  27 0,07 0,57 5,2 1 
30 0,08 0,15  32 0,08 0,66 4,5 2 
33 0,10 0,11  34 0,10 0,46 4,3 1 
33 0,10 0,07  36 0,10 0,27 3,9 3 
33 0,10 0,29  36 0,10 1,39 4,8 3 
34 0,10 0,08  37 0,10 0,36 4,7 3 
35 0,10 0,38  38 0,10 1,71 4,6 3 
38 0,10 0,06  41 0,10 0,26 4,1 3 
45 0,10 0,26  48 0,10 0,96 3,7 3 
50 0,10 0,11  51 0,10 0,53 5,0 1 
52 0,10 0,06  53 0,12 0,49 8,4 1 
52 0,10 0,15  53 0,12 0,62 4,1 1 
56 0,12 0,08  59 0,13 0,44 5,7 3 
58 0,12 0,17  59 0,13 0,67 4,0 1 
84 0,15 0,10   87 0,15 0,33 3,4 3 
 
 

Results 
Clinical symptoms 
A detailed description of the characteristics of control flocks and flocks suffering from 
colibacillosis is given in Tables 1, 2 and 3.  

In the colibacillosis-affected flocks, the weekly mortality, which was  a selection 
criterion, increased with a factor three to eight within a one to three-week period following 
the onset of the outbreak (Table 1). Peak mortality ranged from 0.26 to 1.71% per week. This 
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was significantly different (P<0.0001) from the peak mortality in the control flocks, ranging 
from 0.07 – 0.30 percent.  

Nine of the affected flocks were sampled during the first colibacillosis episode of the 
round, and 11 flocks during a recurrent outbreak. In three flocks, a total of four periods of 

 
 

Table 2 a. Bacteriological results of the animals originating from control flocks. 
 

      E. coli isolated from 

Flock 
nr Farm 

Nr of 
flocks on 
the farm 

Breeding 
company

Age at 
sampling 
(weeks) 

Nr of    
E. coli 
isolated Heart Liver Trachea 

Ovarium-
oviduct 

Pooled  
caecal contents 

          1 2 3 
1 24 1 3 21 3  -b   -   -   -  O15 O15 NTc 
2 21 2 3 21 6 O2 NT  -  O2 O2 O2 O2 
3 19 2 3 22 3  -   -   -   -  NT NT NT 
4 20 2 3 26 3  -   -   -   -  NT NT NT 
5 21 2 3 27 5 O20 O78  -   -  NT NT NT 
6 18 3 3 28 5 NT NT  -   -  NT NT NT 
7 8 1 2 33 3  -   -   -   -  NT NT NT 
8 19 2 3 36 4  -   -  O2  -  NT NT NT 
9 18 3 3 36 7 NT NT O88 NT O109 NT NT 

10 19 2 1 36 6 O5 O5  -  O5 O2 O5 NT 
11 25 2 3 36 3  -   -   -   -  O8 O8 O8 
12 7 3 2 39 6 O88 O88  -  O88 NT NT NT 
13 11 1 2 41 5  -  NT NT  -  NT NT NT 
14 6a 2 1 43 7 O83 O17 O17 O83 O83 O83 O83 
15 5a 2 2 55 4 NT  -   -   -  O5 O6 NT 
16 15a 3 2 56 5  -  O2 O18  -  NT NT NT 
17 7 3 2 57 4  -  NT  -   -  NT NT NT 
18 4a 4 2 58 4  -   -   -  NT NT NT NT 
19 19 2 3 59 7 O2 O2 O2 O2 NT NT NT 
20 18 3 3 74 6 O53 NT  -  NT NT NT NT 

a: Farms where a control and a colibacillosis -affected flock were sampled 
b: No E. coli isolated 
c: Non-typable with the 28 O-antisera used 

 
 
increased mortality had been observed at that time. Of the 11 flocks showing a recurrent 
outbreak of E. coli-caused mortality, two had been treated with antibiotics (flumequine and 
tetracyclin for 4 and 7 days respectively) approximately one week before hens were sampled 
for necropsy. One flock had been treated with a homoeopathic product. The other eight flocks 
had not received any treatment. 

The first notifications of increased mortalities varied between 21 and 55 weeks of age 
in the different flocks, but in 70% of the cases the first outbreaks were seen at the onset of lay 
and peak production, i.e. 20 – 40 weeks of age. Increased mortality lasted for a minimum of 
three weeks. In five flocks, it was chronic, lasting for 8-10 weeks. In one of these flocks, the 
cumulative mortality over this period reached 9.19%. For eight colibacillosis flocks, the farm 
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manager reported a local increase in mortality in the hen house at the start of the colibacillosis 
outbreak, after which it spread throughout the batteries. In 10 colibacillosis flocks, the 
increased mortality was from the start evenly spread over all batteries. Only in two affected 
flocks, the mortality remained localised in certain parts of the batteries. 
 
 

Table 2b. Bacteriological results of the animals originating from colibacillosis-affected 
flocks. 

 
      E. coli isolated from 

Flock 
code Farm 

Nr of 
flocks on 
the farm 

Breeding 
company 

Age at 
sampling 
(weeks) 

Nr of    
E. coli 
isolated Heart Liver Trachea 

Ovarium-
oviduct 

Pooled  
caecal contents 

          1 2 3 
1 23 2 3 21 7 O78 O78 O8 O78 O6 O6 O78 
2 9 6 2 22 7 O78 O78 O78 O78 O78 O78 O78 
3 22 1 3 22 7 O2 O2 O2 O2 O2 NTc NT 
4 17 2 2 25 7 O78 O78 O78 O78 O78 O78 NT 
5 4a 4 2 26 7 O78 O78 O78 O78 O78 O78 O78 
6 12 2 2 29 7 O78 O78 O78 O78 O78 NT NT 
7 1 3 1 33 6 O78 O78 O78  - b O78 O78 O78 
8 5a 2 2 36 7 O78 O78 O78 O78 O78 O78 O78 
9 9 6 2 36 6 O78 O78  -  O78 O78 O78 O78 

10 12 2 2 36 6 O78 O78 O78  -  O78 O78 O78 
11 16 5 2 36 7 O78 O78 O78 O78 NT NT NT 
12 13 2 1 38 6 O78 O78 O78  -  O78 O78 O78 
13 6a 2 1 39 6 O2 O2 O2  -  O2 O5 NT 
14 10 1 1 48 6 O18 O18 O18  -  O18 O18 O18 
15 2 1 1 53 6 O2 O78  -  O2 O78 NT NT 
16 9 6 2 53 5 O78 O78  -   -  O14 O78 O78 
17 3 2 2 54 7 O78 O78 O78 O78 O14 O78 O78 
18 16 5 2 59 7 O18 O18 O78 O18 O18 O78 NT 
19 15a 3 2 61 4  -  O83  -   -  O8 O8 O8 
20 14 1 2 87 7 NT NT NT NT O6 O6 O9 

a: Farms where a control and a colibacillosis -affected flock were sampled 
b: No E. coli isolated 
c: Non-typable with the 28 O-antisera used  

 
 
Symptoms were seen in 10 colibacillosis flocks, i.e. depression, and/or soiled cloacae, 

but only in a limited number of hens. A decrease in egg production of 2.20 to 5.65% at the 
time of maximum mortality and an increase in the percentage of second choice eggs was seen 
in six and three colibacillosis flocks respectively. In only one flock, both these symptoms 
were seen. No significant difference was found for the egg production data between the 
colibacillosis flocks at the age of maximum mortality and the control flocks at a comparable 
age.  
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No potential stressors, like malfunctions in the house or extraordinary temperatures, 
were reported for any of the flocks, occurring shortly before the colibacillosis outbreak in the 
affected flocks or shortly before the sampling in the control flocks. 
 
 

Table 3. Characteristics of the control and colibacillosis-affected flocks. 
 

  Control flocks Colibacillosis-affected 
flocks 

Number of flocks sampled 20 20 
Number of farms sampled 13 16 
Flock size 11,005 – 44,000 11,700 – 50,000 
Age at sampling in weeks  21 - 74 21 - 87 
Breed   

Isa Brown 10 17 
Lohman Selected Leghorn 3 3 

Lohman Brown 3 0 
Hisex Brown 3 0 
Hisex White  1 0 

Maximum weekly percentage of  
mortality  0.07 - 0.30  0.26 - 1.71  
Duration increased mortality in 
weeks  -  3 - 10  
Clinical signs 0 10 

None 20 10 
Depression 0 5 

Soiled cloacae 0 6 
Decrease in egg production > 2% 1 6 
Percentage decrease in egg 
production      2.52  2.20 - 5.65  
Increased percentage of second 
choice eggs (> 1.5%) 0 3 
Increase in second choice eggs and  
decrease in egg production > 2% 0 1 

 
 

Necropsy lesions 
The lesions found in necropsied hens derived from the control flocks were very diverse, 
including abscesses, dystocia, liver lesions and bone trauma. Articular amyloidosis was 
present in two flocks. Polyserositis was seen in birds from two flocks, peritonitis with yolk 
material deposited in the peritoneal cavity in birds from five flocks.  

In the flocks suffering from a colibacillosis outbreak on the other hand, the birds 
consistently showed lesions of polyserositis, including perihepatitis (11/20), pericarditis 
(12/20) and peritonitis with yolk material deposited in the peritoneal cavity (19/20). 
Furthermore, oophoritis was observed in 8/20 flocks and salpingitis in 6/20. Liver lesions 
(ruptured liver, haematoma, steatosis or fragile liver) were found in four flocks, and dystocia, 
femoral head problems and inactive ovarium each in three flocks. Egg concrements in the 
oviduct, urate deposits in the viscera, catarrhal enteritis and bone trauma were each seen in 
only one flock. 
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Characteristics of E. coli strains 
Following necropsy, 224 E. coli strains were isolated. Ninety-six were derived from control 
flocks and 128 from flocks suffering from colibacillosis (Table 4). E. coli was significantly 
more often found in the heart (19/20, P=0.0033), liver (20/20, P=0.0033) and trachea (16/20, 
P=0.0036), from colibacillosis flocks than from control flocks, for which heart, liver and 
trachea were positive for E. coli in 10, 12, and six of the 20 flocks respectively. The 
difference between both types of flocks for isolates from ovary or oviduct, i.e. 13/20 in 
colibacillosis and 8/20 in control flocks, was not significant (P=0.2049). 

Results of the bacteriological analyses per organ and the serotyping of isolates from 
the control and colibacillosis flocks are shown in Table 2. Among the isolates from flocks 
experiencing outbreaks of colibacillosis, the O78 serotype was predominant, being isolated 
from 15/20 flocks (75%). Serotype O78 was isolated from only one of the control flocks 
(5%). This difference between both types of flocks was significant (P<0.0001). The majority 
of strains obtained from the control flocks was not typable with the set of antisera used. NT 
strains were isolated from 18 out of 20 control flocks (90%). NT strains were also found in 
8/20 (40%) of the flocks suffering from colibacillosis, yielding a significant difference with 
the control flocks (P=0.0022). Serotypes O9 and O14 were only found in colibacillosis-
affected flocks, and O15, O17, O20, O53 and O109 were only found in control flocks. O2, 
O5, O6, O8, O18, O78, O83, O88 and NT were found in control as well as in colibacillosis 
flocks. Insufficient data were available on the identity of the flocks’ rearing farms to allow a 
close epidemiological examination of the encountered serotypes. Per breeding company, six 
to ten different O-serotypes were found, besides the NT strains (Table 2). Of the 15 different 
serotypes found in total, nine were present in at least two of the three breeding companies. 
The six serotypes “exclusive” to a certain breeding company were detected in only one or two 
flocks each.  

The strains isolated from the pooled caecal contents in 17/20 colibacillosis flocks 
belonged at least in part to the same serotype as the strains isolated from the other organs. 
This phenomenon was also seen in 10/20 of the control flocks. The serotypes O17, O20, O53 
and O88 were detected only among extra-intestinal isolates, and O6, O9, O14, O15 and O109 
were only detected among caecal isolates. For the control and colibacillosis-affected flocks 
situated on the same farm, different serotypes were detected, even though the hen houses were 
situated on the same premises (Table 2).  

The presence of F11 was demonstrated in 65/96 (68%) E. coli isolates from control 
flocks and in 111/128 (87%) strains isolated from colibacillosis flocks (Table 4). Statistical 
analysis revealed that this prevalence was significantly higher for the colibacillosis flocks 
(P=0.0188) due to the association of F11 with the O78 serotype (P=0.0013). Table 4 shows 
that 17/19 (90%) of the heart isolates in the colibacillosis flocks are positive for the presence 
of F11, versus 5/10 (50%) in the control flocks, yielding a significant difference (P=0.0302). 
For the isolates from the pooled caecal contents, 53/60 (88%) were positive for F11 fimbriae 
in the colibacillosis flocks versus 44/60 (73%) in the control flocks. This difference was also 
significant (P=0.0369). For the isolates from the liver (P =0.0763), the trachea (P =0.5407), 
and ovary/oviduct (P =1.0000), no significant differences were found betwee n both types of 
flocks. 

Flagella were detected in 84/96 (88%) control flock isolates, and in 100/128 (78%) 
colibacillosis flock isolates (Table 4). The prevalence of flagellated strains was not 
significantly different between both flock types (P =0.2750), nor for the different organs per 
flock type (Pheart=0.3880, Pliver=1.0000, Ptrachea=1.0000, Povary/oviduct =0.6065, and Ppooled caecal 

contents=0.3272). For serotype however, significant differences in the prevalence of flagella 
were found between NT (63/73, 86%), O78 (52/79, 66%) and the other serotypes (69/72, 
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Table 4. Distribution of the isolates per flock type and organ for the detection of F11 and flagella. 
 

  
Number of isolates  
per organ of origin  

 
Total number 

of isolates Heart Liver Trachea 
Ovary/ 
oviduct 

Pooled caecal 
contents 

Control flock isolates 96 10A 12B 6C 8 60 
Average number of isolates per flock 4.8 0.5 0.6 0.3 0.4 3.0 

Number of isolates positive for F11 (%) 65D (68) 5E (50)  6 (50) 4 (67) 6 (75) 44F (73) 
Number of isolates positive for flagella (%) 84 (88) 9 (90) 11 (92) 5 (83) 7 (88) 52 (87) 

Number of isolates positive for F11 and flagella (%) 53 (55) 4 (40) 5 (42) 3 (50) 5 (62) 36 (60) 

Colibacillosis-affected flock isolates 128 19A 20B 16C 13 60 
Average number of isolates per flock 6.4 0.9 1.0 0.8 0.6 3.0 

Number of isolates positive for F11 (%) 111D (87) 17E (90) 16 (80) 14 (88) 11 (85) 53F (88) 
Number of isolates positive for flagella (%) 100 (78) 14 (74) 17 (85) 12 (75) 9 (69) 48 (80) 

Number of isolates positive for F11 and flagella (%) 87 (68) 13 (68) 15 (75) 10 (62) 7 (54) 42 (70) 
 
A: Difference is significant in the Fisher’s exact test (P=0.0033)  
B: Difference is significant in the Fisher’s exact test (P=0.0033)  
C: Difference is significant in the Pearson’s chi-square (P=0.0036) 
D: Difference is significant in the logistic regression (P=0.0188)  
E: Difference is significant in the Fisher’s exact test (P=0.0302) 
F: Difference is significant in the Pearson’s chi-square (P=0.0369)  
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96%). O78 had the lowest percentage of isolates with flagella, yielding a significant 
difference with NT isolates (P=0.0112) and with the other serotypes (P<0.0001).  

Eighty-seven of the 128 colibacillosis flock isolates (68%) were positive for both F11 
and flagella, versus 53/96 (55%) of the control flock isolates, which was borderline 
significant (P=0.0509) (Table 4). The most pronounced difference was found between the 
isolates from the livers, of which 15/20 (75%) were positive for both factors in the 
colibacillosis flocks, versus 5/12 (42%) in the control flocks, giving a borderline significance 
(P=0.0593). For the other organs, no significant differences were found (Pheart=0.1397, 
Ptrachea=0.6550, Povary/oviduct=1.0000, and Ppooled caecal contents=0.2508). 
 
Discussion 
Until present, only two case reports have been published, indicating that colibacillosis can 
cause severe losses in layer hens (Dhillon & Jack, 1996; Zanella et al. , 2000). Systematic 
studies on the clinical and pathological characteristics of the infection in this type of birds had 
not yet been done. The present paper therefore aims to be the first report describing outbreaks 
of colibacillosis in layer hens as a well-defined disease entity.  

In this study 20 flocks suffering from colibacillosis were compared with 20 healthy 
control flocks of the same age, to deduce the characteristics of colibacillosis in layer hen 
flocks. Although under field conditions it can never be excluded that other diseases are 
simultaneously present, it became clear that outbreaks of colibacillosis are characterised by 
sudden deaths in layer hens, the absence of typical signs of clinical disease, and lesions of 
polyserositis. The condition usually initiates during early production and often reoccurs 
multiple times within one production cycle. Cumulative mortality due to colibacillosis may 
amount to more than 9% during a single outbreak. Flocks subsequently kept in the same 
house can also be affected. Outbreaks of colibacillosis are not systematically accompanied by 
a decrease in egg production or a poor egg quality. 

The antibiotic treatment received by two affected flocks approximately one week 
before hens were collected for necropsy, and the homoeopathic treatment of a third flock did 
not prevent the isolation of E. coli from heart and liver in these flocks. The hens sampled 
from these flocks all presented lesions of polyserositis at necrospy.  

Serotyping of E. coli isolates obtained during this study revealed that the O78 serotype 
was present in 15 of the 20 flocks suffering from outbreaks of colibacillosis, but in only one 
control flock. In several other E. coli-associated diseases like cellulitits, septicaemia and 
airsacculitis, O78 is a predominant serotype (Sojka & Carnaghan, 1961; Cloud et al., 1985; 
Dozois et al., 1992; Gomis et al., 1997). In the latter manifestations, E. coli serotypes O2 and 
O1 play a role too. In the present study, the O2 serotype was isolated as well, but in similar 
frequencies from control and colibacillosis flocks. None of the isolates belonged to the O1 
serotype.  

In the control flocks, the isolated E. coli strains were often non-typable. In the 
colibacillosis flocks on the other hand, NT strains were in comparison rarely found. This is 
probably due to the test kit we used, which is composed of 26 O-types frequently found in 
diseased poultry (Blanco et al., 1997). This finding supports the view that the healthy flocks 
involved in this study are suited control flocks, carrying E. coli types that are generally 
considered non-pathogenic. The NT strains found in this study probably represent several 
serotypes.  

The O157 serotype of E. coli was not isolated in this study. O157 verotoxigenic E. coli  
(VTEC) strains cause severe disease in humans. In general, poultry is not considered as an 
important source of VTEC infection for humans. So far, no bacteriologically confirmed cases 
of human O157 infections originating from a poultry source have been reported (Chapman et 
al., 1997), even though broilers have been found infected with this type of VTEC (Hafez et 
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al., 1997), and Stavric et al. (1993) found that experimental infection of layers per os lead to 
intestinal colonisation with O157 and other VTEC. Our findings indicate that under the 
circumstances of this study, colibacillosis in layer hens did not present a risk for zoonotic 
disease.  

Until now the pathogenesis of colibacillosis in layer hens remains unclear. The route 
of entry leading to septicaemia has not been established. The results of this field study 
demonstrate that, when E. coli are present in trachea or ovary/oviduct, often the same 
serotypes are detected there as in heart and liver. Moreover, E. coli was significantly more 
often present in the trachea of hens from colibacillosis than from control flocks. This may 
point to an aerogenic route of infection. The ovary/oviduct was also more frequently positive 
in colibacillosis flocks, but here the difference with the control flocks was not significant. 
Ascending infections through the oviduct therefore might evoke colisepticaemia less 
frequently.  

For 17/20 colibacillosis flocks the serotypes of the extra-intestinal and the caecal 
isolates were at least in part the same. This phenomenon was also found in 10/20 control 
flocks. The “prevalence theory” (Ørskov & Ørskov, 1985) says that serogroups of extra-
intestinal isolates are also frequently present in the faecal reservoir. However, several authors 
(Whittam & Wilson, 1988; White et al., 1990 and 1993; Ngeleka et al., 1996; Blanco et al., 
1997) support the “special pathogenicity theory” (Ørskov & Ørskov, 1985), i.e. that APEC 
belong to special groups of pathogenic clones. Since the O78 serotype was found in 75% of 
the colibacillosis flocks and only in 5% of the control flocks, our results support the latter 
theory. Further research will be needed to assess whether the O78 strains are highly related or 
not. Although their incidence and site of isolation could differ, the serotypes O2, O5, O6, O8, 
O18, O78, O83 and O88 were found in both colibacillosis and control flocks. This might 
indicate that APEC can be only partly defined by serotyping, and that within one serotype, 
strains may have a different genotype and pathogenic potential. This has already been stated 
for isolates from other E. coli related diseases in poultry (Blanco et al., 1997; Carvalho de 
Moura et al., 2001). 

Our results indicate that specific APEC strains are responsible for the colibacillosis 
outbreaks. No data are available determining the origin of these strains, nor how long the 
flock had been infected before the increased mortality started. A close examination of the 
epidemiological relationship between the rearing units and the flocks they produced, would be 
highly relevant. Unfortunately, such an analysis was not possible because only for a part of 
the flocks data on the identity of their rearing farms were still available at the time of 
sampling.  

The F11 fimbrial antigen was detected in 87% of the colibacillosis flock isolates, and 
in 68% of the control flock isolates. This difference was even more striking when comparing 
its prevalence in strains isolated from the heart only: F11 positive strains were isolated in 90% 
versus 50% of the heart samples obtained from hens that were derived from the colibacillosis 
flocks and control flocks, respectively. For the other extra-intestinal organs, there were also 
clear differences between the control and colibacillosis flock isolates, but they were not 
significant. These results may indicate that F11 is a factor contributing to the virulence of E. 
coli strains in layer hens. F11 fimbriae are one of the 11 types of P fimbriae currently known 
(Low et al., 1996). In a study by van den Bosch et al. (1993), 78% of the examined APEC 
strains isolated from septicaemic chickens were found to express F11 fimbriae. The pap gene, 
encoding P fimbriae, is more frequently found in extra-intestinal than in faecal isolates 
(Stordeur et al, 2002), and strains expressing P fimbriae are able to resist phagocytosis 
(Pourbakhsh et al. , 1997). The exact role of F11 in colibacillosis of layer hens needs further 
research.  
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Flagella were present in 78% of the colibacillosis flock isolates, and in 88% of the 
control flock isolates. No significant differences were found for flock type or organ of origin. 
They were, however, significantly less often present in the O78 isolates (66%) and in the NT 
isolates (86%) compared with the other serotypes (96%). This may indicate that the virulence 
of E. coli strains of layer hens cannot be discriminated on the basis of presence or absence of 
flagella. 

The present study focused on characteristics of E. coli isolates involved in outbreaks 
of colibacillosis, and their possible relationship with virulence. However, an unfavourable 
housing climate as well as other infections might predispose the hens to E. coli septicaemia. 
Viral infections such as Newcastle disease, infectious bronchitis and avian pneumovirus, 
which may predispose chickens to E. coli infections of the respiratory tract, usually lead to a 
drop in egg production and a poor egg quality. None of the latter symptoms were consistently 
observed in the present study, possibly indicating that these infections did not play a role in 
the pathogenesis of colibacillosis in the majority of the flocks. Moreover, this was confirmed 
in a concurrent experiment (Vandekerchove et al., in press). The absence of stressors before 
the outbreak, as reported by all the farmers, further suggests that the bacteria act as primary 
pathogens. 

Because of the high losses due to colibacillosis in layers, the needs for an effective 
vaccine are increasing. The only commercially available E. coli vaccine at the time of this 
study was a subunit vaccine intended for use in broiler breeders, containing F11 fimbrial and 
flagellar toxin antigens. In view of our results, this vaccine may also be useful in layers. 
Further research on this subject is needed.  

In conclusion, colibacillosis causes important economic losses through high mortality. 
The disease is flock and hen house associated. In this study the serotype O78 was most often 
isolated from the colibacillosis-affected flocks. Even though serotyping can offer a first 
assessment of the strains found after a sudden increase of mortality, variation in virulence is 
observed within one serotype. Both F11 fimbriae and the O78 serotype are significantly more 
often present in the isolates from the colibacillosis-affected flocks. However, F11 are also 
found in isolates from the control flocks, as was the O78 serotype. Further research will be 
needed to allow a clearer characterisation of APEC and to define the predisposing factors 
favouring a colibacillosis outbreak.  
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Summary  
This study aimed to examine the significance of interactions between E. coli and various  
respiratory pathogens during outbreaks of colibacillosis-associated mortality in layer hen 
flocks under field conditions. For this purpose, a case-control study involving 20 control 
flocks with baseline mortality and 20 flocks with increased mortality due to E. coli 
septicaemia and polyserositis, was conducted. In each colibacillosis flock, blood samples 
were taken from 20 hens at the onset of clinical disease and three times thereafter with two-
week intervals. Control flocks of comparable ages were sampled in the same way. Pooled 
sera, taken at the first and last sampling, were examined for antibody titres against infectious 
bronchitis virus (IBV) and Newcastle disease virus (NDV). The individual sera of all four 
samplings were examined for the presence and/or titres of antibodies against avian 
pneumovirus (APV), Mycoplasma gallisepticum (MG), M. synoviae (MS) and 
Ornithobacterium rhinotracheale  (ORT). Titer increases were seen for IBV D274 (one 
control flock) and ORT (one control and one colibacillosis flock). An increase in percent 
reactors was seen for APV (one control flock), and for MS (one control and two colibacillosis 
flocks). The study failed to detect any consistent interactions between E. coli and the above 
pathogens.  
These results indicate that, at least as observed in this study, outbreaks of increased mortality 
resulting from colibacillosis are not necessarily associated with IBV, NDV, APV, MG, MS or 
ORT infections.  
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Introduction 
Colibacillosis, caused by avian pathogenic Escherichia coli (APEC), is one of the main 
causes of economic loss in the poultry industry worldwide (Morris, 1989; Dho-Moulin, 1993; 
Yogaratnam, 1995; Elfadil et al. , 1996; Barnes en Gross, 1997). Traditionally, septicaemia 
and polyserositis in laying hens represented only a limited part of the poultry problems related 
to colibacillosis. Although not proven by sound data, it is generally accepted in the field that 
from the mid -nineties on, the incidence of colibacillosis in layer flocks has substantially  
increased in many European countries. On the basis of field observations, Vandekerchove et 
al. (2004) described the current problems of colibacillosis outbreaks in laying hens as a 
specific entity characterised by acute mortality without prior clinical signs of disease, with 
septicaemia and polyserositis lesions at necropsy, and without a significant impact on egg 
production or egg quality. Most outbreaks occur around the period of peak production, and 
cumulative mortality may exceed 9%. In the majority of the flocks, the E. coli strains isolated 
belonged almost exclusively to the O78 serotype, and they usually possessed F11 fimbriae 
and flagella (Vandekerchove et al., 2004).  

In other types of poultry such as broilers, colibacillosis is often considered as a 
problem that occurs secondarily to other pathogens and/or unfavourable environmental 
conditions (Barnes & Gross, 1997). For layer hens, however, this aspect of the pathogenesis 
has not been clarified.  

It was the purpose of the present study to examine whether infections with infectious 
bronchitis virus (IBV), Newcastle disease virus (NDV), avian pneumovirus (APV), 
Mycoplasma gallisepticum (MG), M. synoviae (MS) and Ornithobacterium rhinotracheale 
(ORT) might play a role in outbreaks of colibacillosis in laying hens.  
 
Material and methods 
Study design 
The study was set up as a case-control design in 40 commercial caged layer flocks originating 
from 25 different farms in the northern part of Belgium, including 20 flocks suffering from 
colibacillosis-associated mortality, and 20 clinically healthy control flocks of the same ages. 
On 14 farms, only one flock was sampled. On eight farms two flocks were sampled, on two 
farms three flocks were sampled, and on one farm four flocks were sampled. On four farms, 
both a colibacillosis and a control flock were sampled. All farms with more than one flock 
were multi-age farms. Ages of the control flocks varied between 21 and 74 weeks, and 
between 21 and 87 weeks in the flocks with a colibacillosis outbreak. Flock sizes ranged from 
11,005 to 50,000. Breeds were Isa Brown (27/40), Lohman Selected Leghorn (6/40), Lohman 
Brown (3/40), Hisex Brown (3/40) or Hisex White (1/40). Maximum weekly mortality in the 
control flocks ranged from 0.07 to 0.30%, with an average of 0.13%; these mortalities did not 
have the typical characteristics of colibacillosis as described by Vandekerchove et al (2004). 
In the colibacillosis flocks, they ranged from 0.26 to 1.71%, with an average of 0.72%. 
Increased mortality in the colibacillosis floc ks lasted from three to 10 weeks, with a three- to 
eightfold increase in the weekly number of dead hens within a one- to three-week period 
following the onset of the outbreak. A decrease in egg production exceeding 2% was 
observed in one control and six colibacillosis flocks. A decrease in egg quality (percentage 
second-class eggs exceeding 1.5%) was seen in three colibacillosis flocks. In only one 
colibacillosis flock were both a decrease in egg production and egg quality seen 
(Vandekerchove et al., 2004).  

The 20 colibacillosis-affected flocks were identified on the basis of clinical 
characteristics, necropsy findings and the isolation of E. coli in abundant or pure cultures 
from the lesions according to the criteria of Vandekerchove et al. (2004).  
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Flocks suffering from an outbreak of colibacillosis were visited within two weeks after 
the onset of the increased mortality and three times thereafter at two-week intervals. On each 
occasion serum was collected from the same 20 hens in five marked cages. A maximum of 
one cage per battery was sampled, alternately situated near the entrance of the house, at the 
far end of the house, and in between, to have layers representative of the entire flock. Control 
flocks of comparable ages without increased mortality were sampled in the same way.  

 
Serology 
All sera were examined for the presence of antibodies or antibody titres against IBV, NDV, 
APV, MG, MS and ORT.  

The presence of antibodies against MG was determined in fresh, undiluted sera by a 
rapid slide agglutination test using Nobilis MG antigen (Intervet International, Boxmeer, the 
Netherlands). Samples with positive or doubtful reactions were retested with the Svanovir 
MG-Ab ELISA (Svanova, Biotech AB, Uppsala, Sweden). All other tests were performed on 
sera kept frozen until used.  

Sera obtained from the first farm visits and those taken six weeks later were examined 
for their antibody titres against IBV and NDV. For this purpose, the 20 sera of each sampling 
were pooled and tested with haemagglutination inhibitio n (HI) using 8 haemagglutination 
units (HAU) of IBV M41, D274 and D1466, or 4 HAU of IBV 4/91 as antigens for IBV, and 
8 HAU of La Sota NDV. A titre increase of more than two log2 units in the pooled sera was 
considered as a seroconversion. If the titre increase amounted to two log2 units, the 
corresponding individual sera were examined, in order to exclude the possibility of 
overestimation, for a recorded titre of e.g. 8 may represent an actual titre of 8.1 as well as 8.9. 
Only if the resulting titres yielded an average increase of two or more log2 units, the 
seroconversion was confirmed.  

For APV, MS and ORT antibody detection, all 3200 sera obtained during the four 
successive samplings of each flock were tested individually. For the former two agents, the 
Svanovir APV-Ab ELISA (Svanova, Biotech AB, Uppsala, Sweden) and the Idexx MS 
(Idexx, Schiphol-Rijk, The Netherlands) ELISA were used, respectively. The results of the 
APV-AB ELISA were classified as positive if the percent inhibition (PI) exceeded 40%, as  
borderline if the PI was lower than or equal to 40% and higher than 30%, and as negative if 
the PI was lower than or equal to 30%. Sera classified as borderline were not included as 
positives. Examination of the antibody titres against ORT was performed using an indirect 
ELISA (Intervet International, Boxmeer, The Netherlands) as described by van Empel et al. 
(1997). 
 
Statistical analyses 
A repeated measures Poisson regression (Glimmix macro, SAS 8.02) was used to compare the 
log2 HI titre profiles between colibacillosis -affected and control flocks for the IBV antigens 
M41, D274, D1466 and 4/91, for NDV, and for the average ORT titre. A repeated measures 
logistic regression (Glimmix macro, SAS 8.02) was used to compare the serological profiles 
between colibacillosis-affected and control flocks for the proportion of seropositive hens for 
APV and MS per flock at the moment of sampling. Age at first sampling (continuous), flock 
type (colibacillosis-affected vs. control flock), the interval between the colibacillosis outbreak 
and a given sampling (repeated measure; continuous variable), and the interval by flock type 
interaction were entered in the model as fixed effects, and farm of origin as random effect. 
The interval between the colibacillosis outbreak and the first sampling varied for the 
colibacillosis-affected flocks from 0 (acute outbreaks, quickly reported to our team) to 30 
weeks (chronic colibacillosis with a continuous but wavelike increased mortality). For the 
control flocks, this interval was conside red to be the same as for the corresponding 
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colibacillosis-affected flock. A Pearson’s chi-square (Statistix 1.0) was used to compare the 
total number of seroconversions in the control and the colibacillosis group. 
Results 
HI antibody titres of the pooled serum samples against IBV M41, D274, D1466 and 4/91 
ranged between 7.6 and 9.6 log2 units (Table 1). No significant differences in antibody titres 
(PM41=0.5984, P D274=0.5096, PD1466=0.5936, P4/91=0.8273) were observed between the 
control flocks and the flocks suffering from colibacillosis. In five flocks, the pooled sera 
showed a titre increase of two log2 units when tested with IBV D274 (one control flock) and 
4/91 (three control flocks and one colibacillosis flock). The corresponding individual sera 
yielded mean titre increases ranging from 1.3 to 1.6 log2 units. Of the five cages tested per 
flock, one to three showed a mean titre increase of two units or more. 

 
 

Table 1. HI log2 titres against IBV and NDV of pooled sera collected with a six-week-interval 
in 20 flocks of layer hens suffering from colibacillosis and in 20 control flocks. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a: Minimum and maximum values 
b: 8 haemagglutination units (HAU) 
c: 4 HAU 
d: 8 HAU of La Sota 

 
Seroconversion was observed in only one flock, in the control group (Table 3). In this 

flock the antibody titre of the pooled sera against IBV D274 rose from 7 - 11 in the successive 
samplings. This seroconversion was not accompanied by a decrease in egg production or 
quality. 

HI antibody titres of the pooled sera against NDV ranged between 8.5 and 8.8 log2 
units (Table 1). No significant differences in antibody titres (P=0.3019) were observed 
between control flocks and colibacillosis flocks, nor seroconversion in any of the flocks.  

At all samplings in all 40 flocks at least 75% of the birds tested positive in the ELISA 
for APV antibodies (Table  2). No significant differences in percentage reactors were 
measured between the control flocks and those suffering from colibacillosis (P=0.5935). In 
one control flock, an increase of 75% to 100% reactors was seen (Table 3). In this flock, there 

Antigen Control flocks 
 

Flocks suffering from 
colibacillosis 

  1st sampling 
(min - max) a 

after 6 weeks 
(min - max) 

  1st sampling 
(min - max) 

after 6 weeks 
(min - max) 

IB M41b 8.4                 
(6 - 10) 

8.6                 
(7 - 10)  8.6                        

(6 - 10) 
8.5                            

(7 - 10) 

IB D274b 9.2                 
(7 - 11) 

9.6                 
(8 - 11)  9.3                     

(8 - 11) 
9.4           

(8 - 11) 

IB D1466b 7.8                 
(6 - 9) 

8.0                  
(6 - 9)  8.4                    

(6 - 10) 
8.1                   

(6 - 9) 

IB 4/91c 7.6                 
(6 - 9) 

8.2                 
(7 - 9)  

7.9                    
(6 - 9) 

8.2                   
(7 - 9) 

NDVd 8.6                  
(7 - 11) 

8.5                  
(7 - 10)   

8.5                    
(6 - 11) 

8.8                  
(6 - 11) 
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was also an increase in the percent inhibition of the sera. It was therefore considered as a 
seroconvertor. This observation was not accompanied by a decrease in egg production or 
quality. 

 
 

Table 2. Serology for the detection of antibodies or antibody titres against APV, MG, MS and 
ORT in sera collected with two-week -intervals from 20 flocks of layer hens suffering from 

colibacillosis and in 20 control flocks. 
 

 Pathogen 1st sampling 
(min - max) a 

2nd sampling 
(min - max) 

3rd sampling 
(min - max) 

4th sampling 
(min - max) 

APV, ELISA % reactors     

Control flocks 98.0          
(75.0 - 100.0) 

98.0           
(80.0 - 100.0) 

98.8          
(85.0 - 100.0) 

98.5          
(85.0 - 100.0)  

Flocks suffering from colibacillosis 95.5          
(85.0 - 100.0) 

95.8           
(85.0 - 100.0) 

94.8          
(80.0 - 100.0) 

94.5          
(80.0 - 100.0)  

MG, slide agglutination               
and ELISA % reactors 

     

Control flocks 0.0              
(0.0 - 0.0) 

0.0              
(0.0 - 0.0) 

0.0              
(0.0 - 0.0) 

0.0              
(0.0 - 0.0) 

Flocks suffering from colibacillosis 0.0              
(0.0 - 0.0) 

0.0              
(0.0 - 0.0) 

0.0              
(0.0 - 0.0) 

0.0              
(0.0 - 0.0) 

MS, ELISA % reactors     

Control flocks 96.0          
(40.0 - 100.0) 

95.8           
(45.0 - 100.0) 

98.5          
(80.0 - 100.0) 

97.8          
(80.0 - 100.0)  

Flocks suffering from colibacillosis 86.3            
(0.0 - 100.0) 

88.1             
(5.0 - 100.0 

92.1             
(5.0 - 100.0)  

93.9          
(10.0 - 100.0)  

ORT (titres)     

Control flocks 9.1              
(8.0 - 10.6) 

8.8               
(7.6 - 10.5) 

9.1               
(7.4 - 11.4) 

9.0              
(8.0 - 11.3) 

Flocks suffering from colibacillosis 8.7               
(7.3 - 9.8) 

8.8               
(6.9 - 10.6) 

8.7              
(7.2 - 10.1) 

8.7               
(7.4 - 10.2) 

a: Minimum and maximum values 
 
 
All sera from all hens sampled in the flocks were negative for MG antibodies 

(Table  2).  
All flocks were positive for MS, with percentages ranging from 85% to 100%, except 

for one control and three colibacillosis-affected flocks. The control flock and two of the 
colibacillosis flocks showed an increase in percent reactors ranging from 40% to 70% during 
the follow -up period (Table 3). Of the two colibacillosis flocks, one was sampled during a 
first outbreak, and the other during a repeated outbreak (Table 4). In none of these flocks was 
there a decrease in egg production or egg quality. No significant differences in percentage 
reactors (P=0.6251) were measured between the control flocks and the flocks suffering from 
colibacillosis.  

Average flock antibody titres against ORT ranged from 6.9 to 11.3 log2 units, with a 
mean of 9.0 and 8.7 in the control flocks and the colibacillosis flocks, respectively. Titres of 
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individual birds were as high as 15 log2 units. No significant differences in titres (P  =0.5501) 
were measured between the control flocks and the flocks suffering from colibacillosis. 
Seroconversion was observed in one flock of each group (Table 3), with mean antibody titres 
in the control flock rising from 8.16 to 11.39 and in the colibacillosis flock from 7.99 to 
10.13. The colibacillosis flock was sampled during a repeated outbreak (Table 4). Neither 
flock showed a decrease in egg production or quality. 

 
 

Table 3. Seroconversions in the 20 flocks suffering from colibacillosis and the 20 control 
flocks, against IBV, NDV, APV, MG, MS and OR T, and observations in the flocks at the time 

of the blood sampling 
 

Pathogen Control flocks    Colibacillosis flocks 

  

No. of 
serocon-
verting 
flocks  

Lowered egg 
production 

(>2%) 

 2nd-class 
eggs 

increased    
(> 1.5%)   

No. of 
serocon-
verting 
flocks  

Lowered egg 
production 

(>2%) 

 2nd-class 
eggs 

increased    
(> 1.5%) 

IBV 1a no no  0  -b   -  
NDV 0  -   -   0  -   -  
APV 1 no no  0  -   -  
MG 0  -   -   0  -   -  
MS 1 no no  2c no no 

ORT 1 no no   1d no no 
a: Seroconversion against IB D274 
b: Not applicable 
c: One flock was sampled during a first outbreak, the other during a repeated outbreak 
d: Flock sampled during a repeated outbreak 

 
 
When looking at the total number of seroconversions against any of the agents 

(Table  3), i.e. four in the control group and three in the colibacillosis group, no significant 
difference (P=0.6773) was found between the two flock types. 
 
Discussion 
The present study examined the presence of antibodies or antibody titres and eventual 
seroconversion for IBV, NDV, APV, ORT, MG and MS in 20 layer flocks suffering from 
colibacillosis-associated mortality and in 20 control flocks of the same age. We hypothesised 
that if an infection with one of the above-mentioned pathogens in the layer flocks took place 
just before the colibacillosis outbreaks, it would be possible to detect seroconversion in the 
weeks following the outbreak.  The study protocol therefore involved four blood samplings 
with intervals of two weeks. Statistical analysis related the results to clinical and technical 
data of the flocks. This allowed us to obtain epidemiological data on the prevalence and 
significance of these respiratory pathogens and their role in the pathogenesis of outbreaks of 
E. coli mortality in flocks of layer hens. The sampling of 20 hens per flock allowed only to 
define within-flock prevalences with a relatively wide 95% confidence interval (CI), using the 
exact binomial method as described by Clopper & Pearson (1934). If, for example, 10% of the 
sampled hens were found to react positively, the 95% CI would range from 1.2 to 31.7%. In 
the case of 50% and 90% reactors, CI’s would range from 27.2 to 72.8%, and from 68.3 to 
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98.8%, respectively. Nevertheless, because a total of 40 flocks was sampled, the results were 
valuable, and no significant differences were observed between control and colibacillosis 
flocks for any of the pathogens tested.  
 
 

Table 4. Time of first sampling, outbreak characteristics, and serological results of the 
colibacillosis-affected flocks. 

 

Flock 
code 

Age at first 
sampling 
(weeks) 

Interval outbreak 
- first sampling 

(weeks) 

Number of weeks 
with increased 

mortality 

Flock sampled at 
first (1) or repeated 

(R) outbreak 

Increase of titre 
or number of 

reactors against 
1 21 0a 3 1  -b 
2 22 2 4 1 MS 
3 22 1 3 1  -  
4 25 2 7 1  -  
5 26 1 7 1  -  
6 29 2 6 1  -  
7 33 2 10 1  -  
8 36 2 8 R  -  
9 36 1 6 1  -  

10 36 2 3 R  -  
11 36 2 8 R  -  
12 38 2 10 1  -  
13 39 0 4 R MS 
14 48 2 3 R  -  
15 53 0 4 R ORT 
16 53 2 3 R  -  
17 54 1 4 R  -  
18 59 2 4 R  -  
19 61 2 10 R  -  
20 87 2 3 R  -  

a: Time interval of less than one week 
b: None 
 
 

In all flocks, antibody titres against NDV and IBV were high as a result of intensive 
vaccination, possibly boostered by field strains. However, antibody titres were at a level as 
can be expected after vaccination. No extremely high titres were detected, indicative of 
infection with field strains, nor IBV-related clinical problems, like a decrease in egg 
production or egg quality. Significant differences between the control flocks and the flocks 
suffering from colibacillosis were not observed. Seroconversion against NDV was not 
observed at all and only one flock of the control group seroconverted to IBV serotype D274. 
This may indicate that under the circumstances of this study, NDV and IBV did not  
predispose flocks of layer hens to outbreaks of colibacillosis. 

A high proportion of APV reactors was found in all the sampled flocks. In view of the 
low frequency of APV vaccinations, we conclude that APV infections are common in the 
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layer flocks under study. The APV Svanova ELISA is a qualitative test, but an increase in the 
percent inhibition of the test may indicate a renewed contact of the layers with APV and 
replication of the virus in the birds. 

Antibody titres against ORT were generally high in the colibacillosis flocks as well as 
the control flocks. Since none of these flocks had been vaccinated against ORT, a high 
prevalence of ORT infections is indicated in these layer flocks. As far as we know, these are 
the first epidemiological data on ORT infections in layers in Europe. Sprenger et al. (2000) 
described mortality and drops in egg production due to ORT infections in flocks of layer hens 
in North America. During the present study, only one colibacillosis flock seroconverted for 
ORT. Since this flock was suffering from colibacillosis by the time of sampling, it was not 
possible to determine whether ORT infection led to increased mortality. The control flock that 
showed seroconversion had no increased mortality. Drops in egg production or egg quality 
were not observed. For the remaining seropositive flocks, ORT infections probably occurred 
at an earlier age, for which serological and technical data were not available. 

All flocks were negative for antibodies against MG. Indeed it was known 
(M. Verlinden, Animal Health Care Flanders, personal communication) that the prevalence of 
MG infections in Belgian layers is very low. However, all flocks reacted positively for MS 
antibodies, indicating a high prevalence of MS infection among Belgian layers. The IDEXX 
MS ELISA is a qualitative test, and since MS causes a chronic recurrent infection, the number 
of reactors may increase or decrease. However, no significant differences were found between 
the control and the colibacillosis flocks, indicating that, under the circumstances of this study, 
MS may not have acted as a primary pathogen triggering colibacillosis. The significance of 
MS infections in layers has not been well established. Landman & Feberwee (2001) 
demonstrated a potential role of MS in the pathoge nesis of amyloid arthropathy in layers. In 
the present study during the time of sampling three flocks seroconverted, one of which 
belonged to the control group of flocks, and the other two were flocks suffering from 
colibacillosis. None of the birds of these three flocks, submitted for necropsy, showed lesions 
of amyloid arthropathy (Vandekerchove et al., 2004). No decreased egg production or egg 
quality was reported for these flocks. 

Of the 20 layer flocks suffering from colibacillosis, only three seroconverted against 
other respiratory agents, notably MS and ORT. Antibody titres and/or the proportion of birds 
having antibodies against IBV, NDV, APV, MS and ORT were similar to the control group of 
flocks. Thus, even though they may act as a priming agent in certain cases, none of the agents 
examined were shown to consistently act as a trigger for colibacillosis. This may indicate a 
primary nature of E. coli infections in the investigated flocks of laying hens. In a previous 
study (Vandekerchove et al., 2004), it was demonstrated that E. coli strains involved in 
typical outbreaks of colibacillosis with high mortality, belonged almost exclusively to the 
serotype O78, while this type was very rarely found in flocks without colibacillosis-associated 
mortality. 
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Summary 
Colibacillosis appears to be of increasing significance in layer flocks, but there have been no 
studies of the risk factors associated with outbreaks. This study aimed to investigate the 
possible associations between risk factors of non-infectious nature and outbreaks of mortality 
due to colibacillosis in flocks of caged layer hens. Information on management, biosecurity 
measures and housing conditions was collected in 20 flocks suffering from the disease and in 
20 clinically healthy control flocks. The data were processed using multiple logistic 
regression.  
The statistical analysis demonstrated that an increase in the distance to the nearest poultry 
farm by 1 km was associated with a sixfold decreased risk of an outbreak of colibacillosis 
(odds ratio {OR} = 0.16, 95% confidence interval {CI} = 0.05 - 0.55). Furthermore, a 1 litre 
increase in cage volume per hen was associated with a 33% decrease in the risk of an outbreak 
(OR = 0.75, 95% CI = 0.63 - 0.89). It was concluded that distance between poultry farms and 
hen density in the cages are important risk factors for outbreaks of colibacillosis in flocks of 
layer hens. 
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Introduction 
Colibacillosis, caused by avian pathogenic Escherichia coli (APEC), is one of the main 
causes of economic loss in the poultry industry worldwide (Morris, 1989; Dho-Moulin, 1993; 
Yogaratnam, 1995; Elfadil et al., 1996; Barnes & Gross, 1997). Traditionally, it was mostly 
associated with losses in broilers, but in Europe from the mid-nineties on, it has been 
increasingly observed in layer hens (Zanella et al., 2000; Vandekerchove et al., 2004). In our 
recent field study, we described a distinct syndrome associated with colibacillosis in laying 
hens, characterised by acute mortality without prior clinical signs of disease and without a 
significant impact on egg production or quality. At necropsy, the layers consistently showed 
lesions compatible with colisepticaemia (polyserositis, including perihepatitis, pericarditis and 
peritonitis with yolk material deposited in the peritoneal cavity). The majority of the 
outbreaks occurred around the period of peak egg production, and cumulative mortality 
sometimes exceeded 9%. In the majority of the flocks, most of the E. coli isolated belonged to 
the O78 serotype, although other serotypes, like O2 and O18 were also detected. The strains 
usually possessed F11 fimbriae and flagella (Vandekerchove et al., 2004). Infection with 
other pathogens is reported to make chickens more susceptible to colibacillosis (Barnes & 
Gross, 1997). However, our earlier studies found no significant associations between 
colibacillosis outbreaks and serum antibodies against infectious bronchitis virus (IBV), 
Newcastle disease virus (NDV), avian pneumovirus (APV), Mycoplasma gallisepticum (MG), 
M. synoviae (MS) or Ornithobacterium rhinotracheale (ORT) (Vandekerchove et al., in 
press). These results indicate that, even though in some cases colibacillosis can be triggered 
by other infectious agents, APEC may act as primary pathogens. 

There is no information about the possible associations between risk factors of a non-
infectious nature and outbreaks of mortality due to APEC in flocks of caged layer hens. 
Several potential risk factors are described in the literature. Rodents may be carriers of APEC 
(Barnes & Gross, 1997). Water hygiene is also important. Dhillon & Jack (1996) reported that 
adding chlorine to the drinking water was effective in controlling the spread of disease and in 
reducing mortality in two farms with outbreaks of colibacillosis. Feed composition may be of 
importance, as van Harn & van Middelkoop (2000) reported a reduction in mortality 
associated with E. coli in broilers when formic acid was added to the feed. Colibacillosis is 
also believed to be secondary to unfavourable housing conditions (Barnes & Gross, 1997). 
Stress increases susceptibility to disease in general (Freeman, 1976), and to colibacillosis in 
particular (Leitner & Heller, 1992). In general, flies and other insects may play a part in 
disease introduction and spread (Zander et al., 1997). Dermanyssus gallinae may cause stress, 
their feeding can eventually lead to anaemia, and they may act as vectors (Axtell & Arends, 
1990). Frequent removal of dead hens from the house is important to control the spread of 
disease (Zander et al., 1997). High egg production is associated with an imbalance between 
the oestrogen and the progesterone levels, which causes reduced resistance to ascending 
infections of the oviduct (Kohlert, 1968). When hens are beak trimmed at a young age, their 
beaks may regrow, and pecking can lead to cannibalism (Riddell, 1997), allowing infection 
through the compromised skin or mucosal barriers (Barnes & Gross, 1997). However, no 
reports are available about the importance of these factors in layer hens, with the exception of 
the early report by Kohlert (1968).  

The aim of this study was to investigate the possible associations between hygiene and 
biosecurity measures, flock health, management factors, infrastructure, farm situation, 
production parameters and rearing management, and increased mortality associated with 
E. coli in layer flocks. For this purpose, a matched case-control study was performed in 40 
caged layer flocks. 
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Materials and methods  
Flocks  
The study was run from February 2001 to July 2002. It was set up as a case-control study in 
40 commercial caged layer flocks on 25 different farms in the northern part of Belgium. 
Twenty flocks suffering from mortality associated with colibacillosis were matched with 20 
clinically healthy control flocks of the same ages. Seven of the control and 17 of the affected 
flocks were situated in the north-western part of Belgium (provinces of West and East 
Flanders). Thirteen of the control and three of the affected flocks were situated in the north-
eastern part of Belgium (provinces of Antwerp and Limburg). On 14 farms, one flock was 
sampled. On eight farms two flocks were sampled, on two farms three flocks were sampled 
and on one farm four flocks were sampled.  Four farms contained both a colibacillosis and a 
control flock. All farms were multi-age farms. Ages of the control flocks varied between 21 
and 74 weeks, while the ages of the affected flocks ranged from 21 to 87 weeks . Flock sizes 
ranged from 11,005 to 50,000. Breeds were Isa Brown (27/40), Lohman Selected Leghorn 
(6/40), Lohman Brown (3/40), Hisex Brown (3/40) or Hisex White (1/40).  

The 20 affected flocks were identified on the basis of (1) a ‘farmer-reported’ increase 
in mortality, as compared to the normal baseline mortality in the flock, (2) necropsy lesions of 
five hens, compatible with colibacillosis, and (3) E. coli isolated from heart and/or liver in 
pure or abundant cultures according to the criteria of Vandekerchove et al. (2004). A control 
flock was defined as a flock in the house of which no increased mortality as compared to the 
standards of the breeding organisation had been observed during the current and the previous 
batch(es). The study was based on voluntary participation. Flocks suffering from an outbreak 
of colibacillosis were visited within two weeks after the onset of the increased mortality to 
collect diseased or dead hens for necropsy (Vandekerchove et al., 2004). This was followed 
by four blood samplings with two-week intervals to examine the flocks for possible 
seroconversions against IBV, NDV, APV, MG, MS or ORT (Vandekerchove et al., in press). 
Data collection for the risk factor analysis was done at the fourth blood sampling.  

As soon as an affected flock was identified, a control flock of comparable age was 
sought. Control flocks were sampled and analysed in the same way as the affected flocks.  

Maximum weekly mortality ranged from 0.07 to 0.30% in the control flocks and from 
0.26 to 1.71% in the affected flocks. Increased mortality in the affected flocks lasted from 3 to 
10 weeks, with a three- to eightfold increase in the number of dead hens per week within a 
one- to three-week period following the onset of the outbreak. A decrease in egg production 
exceeding 2% was seen in one control and six affected flocks. A decrease in egg quality 
(percentage of second-grade eggs exceeding 1.5%) was seen in three affected flocks. In only 
one affected flock was a decrease in both egg production and egg quality seen 
(Vandekerchove et al., 2004). No significant associations were seen between the colibacillosis 
outbreaks and antibodies against IBV, NDV, APV, MG, MS or ORT (Vandekerchove et al., 
in press). 
 
Data collection 
The farm managers were asked to answer a questionnaire during a face-to-face interview. The 
questionnaire was designed to collect data on biosecurity measures, flock health, management 
factors, infrastructure, farm situation and production parameters. This questionnaire was 
drawn up to assess risk factors for colibacillosis outbreaks suggested in the literature, by 
poultry veterinarians and poultry technicians, and was tested on farm managers and poultry 
veterinarians before use in this study. All interviews were conducted by the first author of this 
paper. Data on vaccinations and age of debeaking were obtained from the breeding and 
rearing companies. 
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The score for biosecurity measures was calculated as follows. Changing shoes and 
clothes to enter the hen house, washing hands before entering the hen house, and other 
possible measures were each given two points when always applied, one point when usually 
applied, and zero points when never applied. These data were tested individually. They were 
also tested as a total score for the farm manager, and as a total score for the visitors. 
Moreover, the overall biosecurity score was calculated by adding the farmer’s total score to 
the total score for visitors divided by four, as the frequency of visitors was very low for all 
flocks. 
 
Data validation 
The questionnaires were encoded onto data sheets, where they were examined for errors and 
missing or unrealistic values. Errors were corrected after telephone contact with the farm 
manager or the breeding/rearing company. Unrealistic values were considered missing. 
Variables for which the observations could not be corrected or completed were excluded from 
the analyses. 

In total, data on 144 variables were obtained. For some variables there was little or no 
variation, and for others too many classes with too few observations per class were obtained, 
so these variables were excluded from the analyses. Other variables were region-dependent, 
as farmers in the north-western and north-eastern region were clients of different 
breeding/rearing companies, feed suppliers and housing equipment companies, resulting in 
the exclusion of most variables related to vaccination schemes, feed suppliers and 
infrastructure such as feed dispensing and watering systems. A total of 46 independent 
variables could be used for model building. 

Data analysis 
Conditional logistic regression (Genmod procedure, SAS, 8.02) was used, with the farm 
identity as a random factor, to examine possible associations between the type of flock (i.e. 
control or affected flock), and the 46 variables described in Tables 1-4. Region of origin 
(north-western Belgium versus north-eastern Belgium) was forced into the model as a fixed 
effect to cope with the possible confounding effect of this variable. A forward stepwise 
procedure was used in view of the large number of variables available. At each step in the 
regression, all variables were tested, and the one giving the smallest P–value in the likelihood 
ratio test, without causing multicollinearity with a previously selected variable, was retained. 
The final model was tested for interactions between the independent variables. 

Correlation between the independent variables was calculated using Pearson’s 
correlations or the Spearman rank test. 

Results  
Data description  
Tables 1-4 show the descriptions of the 26 categorical and 20 continuous variables that were 
used to build the model. In the bivariate analysis, the type of animal having access to the hen 
house (P = 0.02039), regular treatment against flies (P = 0.02140), the pattern of light 
increase at the beginning of the batch (P = 0.00034), pre-lay feed offered before laying feed at 
the beginning of the batch (P = 0.00505), the number of other poultry farms within a 1 km 
radius (P = 0.00535), and the percentage in lay at 22 weeks versus the target (P = 0.00530) 
were the categorical variables significantly associated with the outcome variable (Table 1). 
The number of visitors entering the hen house (P = 0.00355), the frequency of water 
disinfectant use per year (P = 0.04004), the number of hens in the flock (P = 0.00029), well 
depth (P = 0.04056), the distance to the nearest poultry farm (commercial layers or broilers) 
(P = 0.00063), and the age of beak trimming (P = 0.02625) were the significant continuous 
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variables in the bivariate analysis (Table 2). None of the biosecurity scores (individual or in 
combination) were significant. The risk factors that were not significant in the bivariate 
analysis are shown in Tables 3 and 4. 
 
 
Table 1. Potential risk factors for colibacillosis outbreaks in caged layer flocks –  Descriptive 

data of categorical variables, significant in the bivariate analysis 
 

Variables 
Control 
flocks 

Affected 
flocks 

Bivariate 
P-value 

Hygienic preventive measures     

Type of animal with access to hen house   0.02039 
none 3 2  
cats 6 1  

rodents 7 13  
more than one species 4 4  

Regular treatment against flies   0.02140 
no 9 7  

yes 11 13  
Management factors    

Pattern light increase at the beginning of the batch   0.00034 
more than 30 minutes per week 7 12  

30 minutes per week 13 8  
Pre-lay feed offered before layer feed  
at the beginning of the batch  

  
0.00505 

no 8 17  
yes 12 3  

Farm situation     
Number of other poultry farms (commercially kept 
layers or broilers) within a 1 km radius    0.00535 

none 20 15  
1-3 0 4  

more than 3 0 1  
Production parameters    

Percentage in lay at 22 weeks versus target   0.0053 
below the target 10 13  

on the target 6 1  
above the target 4 6  

 
 
Data analysis 
The variables that were significantly associated with colibacillosis outbreaks in the multiple 
regression model explaining a maximum of variation, were distance (km) to the nearest 
poultry farm, and the space per hen (litres) in the cages, both of them continuous variables. 
The model is described in Table 5. The interaction term was not significant. The risk for a 
colibacillosis outbreak decreases sixfold with 1 km increase in distance to the nearest poultry 
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farm (odds ratio {OR} = 0.16). An increase in space of 1 litre per hen in the cages decreases 
the risk for an outbreak by 33% (OR = O.75). 
 
 
Table 2. Potential risk factors for colibacillosis outbreaks in caged layer flocks –  Descriptive 

data of continuous variables, significant in the bivariate analysis 
 

    Mean (minimum – maximum)   

Variables Units Control flocks  Affected flocks 
Bivariate 
P-value 

Biosecurity measures     

Visitors entering hen 
house n/month 0.8 (0-2) 1.4 (0-4) 0.00355 

Frequency of water 
disinfectant use n/year 43.4 (0-365) 84.3 (0-365) 0.04004 

Infrastructure      
Number of hens in the 

flock n 26,996 (11,005-44,000)  36,157 (23,400-50,000) 0.00029 
Well depth m 82.2 (7-250) 181.2 (18-300) 0.04056 

Farm situation     
Distance to the nearest 

poultry farm km 3.3 (0-10) 1.0 (0-3) 0.00063 
Rearing period     

Age of beak trimming  days 25.4 (7-42) 13.6 (9-42) 0.02625 
 
 
Discussion 
The objectives of this study were to identify and quantify the association between certain risk 
factors and colibacillosis outbreaks. All 46 variables were entered in a forward stepwise 
logistic regression, allowing the selection of the best multiple regression model. This model 
included the risk factors distance to the nearest poultry farm and the space per hen in the 
cages, both continuous variables.  

Only a limited number of flocks participated in this study. The sampling was 
performed on an entirely voluntary basis, and farm managers, especially those whose flocks 
are performing well, restrict the number of visitors to a minimum to keep the risk of disease 
introduction low. For this reason, the case/control ratio was limited to 1/1. This reduced the 
power of the study, and perhaps some important variables have been discarded because the 
study was too small. Nevertheless, both categories contain flocks representative of the 
Belgian layer sector, and the sampling of 40 flocks allowed some significant conclusions. 
This study may be useful as a basis for more extensive studies in the future.  

Little information is available on the importance of distances between farms for 
bacterial diseases. A higher farm density in an area implies the possibility of increased direct 
and indirect contacts, facilitating disease introduction. Even though the variable ‘distance to 
the nearest poultry farm’ cannot be simply translated to poultry farm density in an area, both a 
smaller distance and a higher farm density offer possibilities for increased contacts between 
the farms. For APEC transmission to caged hens, indirect contact through vectors is likely to 
be important. People can function as a vector, but also fomites, rodents, chicken mites or flies. 
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Table 3. Risk factors for colibacillosis outbreaks in caged layer flocks, not significant in the 

bivariate analysis – Description of categorical variables 
 

Variables 
Hygienic preventive measures  

Dead hen removal from the house (daily or not daily) 
Use of contract cleaners between batches (yes or no)  
House cleaning method between batches (high pressure hose, compressed air, broom, or 
combination) 
Disinfectant used on house between batches (formalin, commercial combination products 
containing quaternary ammonium compounds, aldehydes and alcohol, or other) 
Cleaning method of silos (using water, compressed air or broom, or silos never cleaned)  
Frequency of cleaning silos (never, less than every batch, or at least once per batch) 
Disinfectants used as water additive (yes or no) 

Flock health  
Previous illness in other contemporary flock (other disease than colibacillosis, colibacillosis, 
or none) 

Management factors 
Use of feed supplements (extra vitamins, minerals) (never, sometimes or always) 
Duration house empty between two batches (1 to 2 weeks or more) 
Only poultry kept on the farm (yes or no) 

Infrastructure 
Drinking nipples shared between cages (yes or no) 
Water mixing system (dosing pump or other) 
Ventilation system (natural ventilation, fans, or a combination of both) 
Fan orientation (natural ventilation only, width, or length)  
Manure drying system (within the house or none within the house) 

Farm situation  
Distance from farmer’s house to hen house (?  50m or > 50m) 

Production parameters 
Percentage in lay at sampling (below, on or above the target) 

Rearing period  
Extra vaccinations (E. coli, Salmonella, M. gallisepticum and/or avian pneumovirus) besides 
‘standard scheme’ (yes or no)  
Salmonella vaccine administered (yes or no)  

 
 

The second risk factor for colibacillosis outbreaks included in the model was the cage 
space per hen. A higher hen density per cage induces stress and hampers the maintenance of 
an optimal housing climate. Stress and unfavourable housing conditions are known to be 
predisposing factors for colibacillosis outbreaks (Leitner & Heller, 1992; Barnes & Gross, 
1997). An increased housing density was found to increase the caecal numbers of Salmonella 
enteritidis in chicks (Asakura et al., 2001), which results in a higher infection pressure in the 
house. A similar effect might exist for APEC. A cost -benefit analysis could be performed to 
determine the optimal density in the cages, ensuring maximal economic return and minimal 
risk of disease outbreaks. However, there is also an increasing public concern for welfare  
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Table 4. Risk factors for colibacillosis outbreaks in caged layer flocks, not significant in the 
bivariate analysis – Description of continuous variables 

 
Variables Units 

Biosecurity measures  
Treatment frequency against Dermanyssus gallinae n/year 

Frequency of dead hen removal from the house  n/week 
Score on biosecurity measures  -  

Management factors  
Age at delivery weeks 

Light regime h/day 
Feeding frequency n/day 

Manure removal from the house n/week 
Infrastructure   

Number of flocks on the farm n 

Total number of hens on the farm n 
Hen density in the house n/m3 

Cage space per hen litre 
Battery floors n 

Age of the hen house infrastructure years 
Rearing period   

Vaccinations against Salmonella n 
 
 
issues in animal husbandry. As a result, European laws are coming into effect allowing more 
cage space per hen, which may prove to have a beneficiary effect on the layers’ health.  

Several possible risk factors for colibacillosis or other disease outbreaks, including 
pest control, hygiene and biosecurity measures, have been described (Kohlert, 1968; Freeman, 
1976; Axtell & Arends, 1990; Dhillon & Jack, 1996; Barnes & Gross, 1997; Riddell, 1997; 
Zander et al. , 1997; van Harn & van Middelkoop, 2000). In the final multiple regression 
model only two variables were retained. Nevertheless, these other factors may play a part in 
flock health and should therefore be carefully controlled.  
 
 

Table 5. Significant risk factors in the final modela. 
 

Variable  Units OR (95% CI)b P-valuec 

Distance to nearest poultry farm km 0.16d (0.05 – 0.55) 0.0035 
Volume in cage  litres/hen 0.75e (0.63 – 0.89) 0.0010 

a: This model yielded a deviance of 16.11 from the null model (degrees of      
freedom = 2, P = 0.00032). 

b: Odds ratios with 95% confidence intervals  
c: P-values for the estimates of the odds ratios 
d: Increase in the distance by 1 km 
e: Increase in the volume per hen by 1 litre 
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Earlier results indicated that colibacillosis in layers does not necessarily need priming 
by other respiratory pathogens. The model we obtained in this study demonstrated the 
importance of two non-infectious risk factors in initiating outbreaks of colibacillosis: the 
distance to the nearest poultry farm, and the hen density in the cages. This indicates that 
reducing the concentration of poultry farms in an area and the density of hens in the farms 
may be helpful to control c olibacillosis. 
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Summary 
Colibacillosis appears to be of increasing importance in layer flocks. The aim of this study 
was to assess the presence of virulence -associated traits in avian pathogenic Escherichia coli 
(APEC). More particularly, 10 E. coli strains originating from hearts or livers of layers from 
healthy flocks (‘control isolates’), and 10 strains isolated from hearts of layer hens, 
originating from colibacillosis-affected flocks (‘outbreak isolates’), were compared in an 
effort to determine characteristics associated with the occurrence of a colibacillosis outbreak 
at flock level. The examined virulence-associated traits were related to adhesins, invasivity in 
Caco-2 cell culture, serum resistance, iron uptake, colicin production, and toxinogenicity. A 
one-sided Fisher’s exact test was used to test the statistical significance of their presence, 
since the possession and not the lack of these virulence factors is presumed to add to the 
strain’s virulence. Haemolysis, cnf1  and 2 (cytotoxic necrotising factors), and stx1  and 2  
(Shiga-like toxins) were not detected in any of the strains. No differences in prevalence were 
found between control and outbreak isolates for type 1 fimbriae, fimH (type 1 fimbrial 
adhesive subunit) , papG (P -fimbrial adhesive subunit), tsh (temperature sensitive 
haemagglutinin) , invasivity in Caco-2 cell culture, and astA (enteroaggregative heat-stable 
enterotoxin). The following virulence traits were more frequently detected in the outbreak 
isolates than in the control isolates (number of outbreak isolates/control isolates): F11 (9/5), 
high serum resistance (10/8), iss (increased serum survival) (8/7), traT (complement 
resistance and surface exclusion of closely related plasmids) (7/5), iucA (aerobactin synthesis) 
(7/6), iutA (aerobactin receptor) (7/6), irp2  (yersiniabactin synthesis) (10/6), fyuA 
(yersiniabactin receptor) (10/6) and iroC (salmochelin) (10/7),  colicin production (10/6), 
colicin production other than Col V (5/1), and cvaC (structural gene of the Col V protein) 
(8/7). However, only for colicin production and for presence of irp2 and fyuA, the difference 
was significant. The combination of virulence traits F11, high serum resistance, iss, traT, 
fyuA, iroC and colicin production was significantly more often present in outbreak isolates (6 
positive) than in control is olates (1 positive). Only the combination of high serum resistance, 
fyuA, iroC and colicin production was present in all outbreak isolates (10 positive), with a 
significantly lower prevalence in the control isolates (5 positive). The possession of multiple  
adhesins, serum survival systems and iron chelators may render a strain more adaptable and 
hence improve its capability for colonization of its host, for survival within the host and for 
multiplication using the host’s resources. This may result in increased virulence. However, 
none of the virulence traits or combinations examined were exclusive to the outbreak isolates. 
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Introduction 
Colibacillosis, caused by avian pathogenic Escherichia coli (APEC), is one of the main 
causes of economic losses in the poultry industry worldwide (Morris, 1989; Dho-Moulin, 
1993; Yogaratnam, 1995; Elfadil et al., 1996; Barnes en Gross, 1997). Traditionally, 
colisepticaemia in laying hens was considered of less importance than colibacillosis in 
broilers. It is generally accepted in the field that from the mid-nineties on, its importance in 
European layer flocks has substantially increased. In a recent field study, Vandekerchove et 
al. (2004) described the current problems of colibacillosis outbreaks in laying hens as a 
specific entity, characterised by acute mortality without prior clinical signs of disease and 
without a significant impact on lay percentages or egg quality. In the majority of the flocks, 
the isolated E. coli strains belonged almost exclusively to the O78 serotype, and usually 
possessed P fimbriae (F11 serotype) and flagella (Vandekerchove et al., 2004). A parallel 
study showed that no significant association existed between colibacillosis outbreaks and 
seroconversion against infectious bronchitis virus (IBV), Newcastle disease virus (NDV), 
avian pneumovirus (APV), Mycoplasma gallisepticum (MG), M. synoviae (MS) and 
Ornithobacterium rhinotracheale (ORT) (Vandekerchove et al. , in press). Since in this study, 
none of the above-mentioned pathogens consistently acted as a priming agent triggering 
colibacillosis, we concluded that colibacillosis is not necessarily secondary to IBV, NDV, 
APV, MG, MS or ORT infections, even though in some cases these pathogens may act as 
primary agents. Furthermore, several authors (Whittam & Wilson, 1988; White et al., 1990 
and 1993; Ngeleka et al. , 1996; Blanco et al., 1997) suggest that APEC belong to special 
groups of pathogenic clones. If this is the case, highly pathogenic E. coli, causing outbreaks at 
flock level, must possess virulence factors that cannot be found in commensal strains or 
strains with lower pathogenicity.  

Numerous studies have compared extra-intestinal E. coli isolates from colibacillosis-
affected chickens with faecal isolates from clinically healthy chickens. None of the virulence 
factors examined (adhesins, invasivity in cell cultures, serum survival, iron uptake systems, 
haemolysins, colicin production, and toxins), was exclusively associated with extra-intestinal 
isolates (Fantinatti et al., 1994; Blanco et al., 1997; Pfaff-McDonough et al. , 2000; Ngeleka et 
al., 2002; Stordeur et al., 2002). Harry & Hemsley (1965) reported that, in the intestinal flora 
of healthy chickens, 10 to 15% of the E. coli isolates may belong to an O-serotype associated 
with colibacillosis lesions, indicating that intestinal isolates may represent a reservoir for 
virulent E. coli.  

In the current study, we compared two groups of extra-intestinal E. coli for differences 
in known virulence traits, associated with adhesion, invasivity, serum resistance, iron uptake, 
colicin production, and toxinogenicity. They were examined phenotypically and/or by PCR. 
 
Materials and methods  
Bacterial strains and serotyping  
Ten E. coli strains were isolated from hearts and livers of 10 debilitated layers from 10 
different clinically healthy flocks with baseline mortality. At necropsy, the lesions detected in 
these individuals resulted from lameness, cachexia, cannibalism, liver steatosis, or dystocia. 
These strains were designated as ‘control isolates’. The 10 ‘outbreak isolates’ were obtained 
from hearts of 10 layers from 10 different colibacillosis-affected flocks with increased 
mortality, that had died with typical lesions of colisepticaemia as described by 
Vandekerchove et al. (2004). The strains were isolated using Columbia sheep blood agar 
(Becton & Dickinson, Erembodegem, Belgium), incubated aerobically at 37°C. E. coli 
colonies were identified by their indole production using pepton water and Kovàcs Indol 
reagent (Merck, Darmstadt, Germany), their ability to ferment glucose, and their production 
of gas, using Triple Sugar Iron agar (Oxoid, Hampshire, England), and their inability to use 
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citrate as a carbon source, using Simmons citrate agar (Oxoid, Hampshire, England). They 
were stored in Luria Bertani (LB) broth containing 50% glycerol at –80°C until further 
analysis.  

Twenty-six different antisera (O1, O2, O5, O6, O8, O9, O11, O12, O14, O15, O17, 
O18, O20, O35, O36, O45, O53, O78, O81, O83, O88, O102, O103, O115, O116, O132), 
purchased at the E. coli reference centre of the University of Santiago de Compostela (Spain), 
were used to serotype the E. coli strains, which was done using the microtitre agglutination 
test, as described by Guinée et al. (1972). Supplementary, an O109-antiserum, produced in a 
rabbit by our laboratory, and an O157-antiserum (Statens Serum Institute, Copenhagen, 
Denmark), were used on those strains that were non-typable by the above-mentioned 26 
antisera. For the O109 antiserum the slide agglutination technique was used, and for the O157 
antiserum the tube agglutination technique. If a strain could not be serotyped by the 28 
available sera, it was classified as non-typable (NT). 

The following reference strains were used: E. coli K514/pLN301 for detection of iss  
(kindly provided by L. Nolan, North Dakota State University, U.S.A.), CFTO73 for irp2 and 
fyuA detection (kindly provided by S. Schubert, Max von Pettenkofer-Institut, LMU 
München, Germany), and IMT 5110 for astA detection (kindly provided by L. Wieler, Freie 
Universität Berlin, Germany). Other reference strains used were 459 and I’A (papG), NCCB 
1395 (cvaC), BM2-1 (cnf1 ), 711vir (cnf2), bovine EHEC O26 strain 193 (stx1), and 
C600(933W) (stx2). The E. coli strain used for detection of general colicin production was 
W3110. 
 
Detection of virulence-associated traits 
Virulence genes 
Polymerase chain reaction (PCR) was performed on the isolates for detection of the conserved 
gene fimH (type-1-fimbrial adhesive subunit). A multiplex PCR was used for detection of the 
specific papG alleles I, II and III, encoding the P-fimbrial adhesive subunit. Furthermore, the 
presence of the tsh gene, coding for temperature sensitive haemagglutinin was determined. 

Detected genes associated with serum survival were iss (increased serum survival) and 
traT (complement resistance and surface exclusion of closely related plasmids). For detection 
of iron uptake systems, iucA (aerobactin synthesis), iutA (aerobactin receptor), irp2 
(yersiniabactin synthesis), fyuA (yersiniabactin receptor) and iroC (putative ABC transporter, 
salmochelin), were analysed. Other genes examined were cvaC (structural gene of the Col V 
protein), astA (enteroaggregative heat-stable enterotoxin), cnf1  and 2 (cytotoxic necrotising 
factors), and stx1  and 2 (Shiga-like toxins). Cnf1  and 2 were analysed using a multiplex PCR. 
The primer sequences, sizes of amplified fragments, and PCR conditions are shown in 
Table 1. The composition of the PCR mixtures is described in Table 2. 
 
Fimbriae 
The strains were analysed for the presence of type 1 fim briae by transmission electron 
microscopy (TEM) after growth for two consecutive periods of 24 hours in 4ml of TSB 
(37°C). The cultures were centrifuged at 200g for 20 minutes, and the pellet was resuspended 
with 0.5 ml of phosphate buffered saline (PBS).  

The supernates were brought on carbon-sputtered, pioloform-coated grids and treated 
for negative staining with 2 % uranyl acetate in bidistilled water. After drying, observations 
were made with a Philips 208EMS transmission electron microscope. 

F11 were detected using the ELISA described by van den Bosch et al. (1993). 
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Table 1. The primer sequences, sizes of amplified fragments, and PCR conditions used for 
detection of the virulence-associated genes. 

 
      PCR conditions (°C/time)   

Detected 
gene Primer sequence (5’ -3’) 

Fragment 
sizes (bp) 

Denatu-
ration 

Annea-
ling 

Elong- 
ation 

No. of 
cycles 

fimHaFb ATGAAACGAGTTATTACCCTGTTTG 903 95/1' 57/1' 72/1'30"  30 

fimHRc TTATTGATAAACAAAAGTCACGCC      

papGId,kF TCGTGCTCAGGTCCGGAATTT 461 94/1' 58/45" 72/1'20" 30 

papG IR TGGCATCCCCCAACATTATCG      

papGIId,kF GGGATGAGCGGGCCTTTGAT 190 94/1' 58/45" 72/1'20" 30 
papGIIR  CGGGCCCCCAAGTAACTCG      

papGIIId,kF GGCCTGCAATGGATTTACCTGG 258 94/1' 58/45" 72/1'20" 30 

papGIIIR  CCACCAAATGACCATGCCAGAC      

tsheF AAGTCTGTCAGACGTCTGTGTT  478 94/10" 55/30" 68/1' 10 
tshR GGATAGCGCTCCTTATCCAGAT   94/10" 55/30" 68/1'+15" l 20 

issfF GTGGCGAAAACTAGTAAAACAGC 760 94/30" 55/20" 72/40" 30 

issR CGCCTCGGGGTGGATAA      

traTeF ACTAATGATGGTTGCACT  720 94/10"  55/30" 68/1'  10 
traTR TAATCAGAGAATATTTGCGAT   94/10" 55/30" 68/1'+15" l 20 

iucAeF ATTATGATCCTGCCCTCTGA  821 94/10" 55/30" 68/1' 10 

iucAR ATCGCGGCTGGTAGCACAGTAGA   94/10" 55/30" 68/1'+15" l 20 

iutAeF ACTGACGGGCATTTGATCA  1185 94/10" 55/30" 68/1' 10 
iutAR TCAATGCTGAAGCTGAGTGTA   94/10" 55/30" 68/1'+15" l 20 

irp2 gF AAGGATTCGCTGTTACCGGAC 287 94/1' 55/1' 72/1'  35 

irp2R TCGTCGGGCAGCGTTTCTTCT      

fyuAgF GCGACGGGAAGCGATGACTTA 774 94/1'  65/1' 72/1'  35 
fyuAR CGCAGTAGGCACGATGTTGTA      

iroC eF GGTATGCACCTGCTGCAGAT  1592 94/10" 55/30" 68/1' 10 

iroC R ATCGCCAGCGGAGGACAATT   94/10" 55/30" 68/1'+15" l 20 

cvaC eF TATGAGAACTCTGACTCTAAAT  559 94/10"  55/30" 68/1'  10 
cvaC R ATTTATAAACAAACATCACTAA   94/10" 55/30" 68/1'+15" l 20 

astAhF TGCCATCAACACAGTATATCC 110 94/40" 52/80" 72/1'  35 

astAR TAGGATCCTCAGGTCGCGAGTGACGGC      

cnf1i ,kF CACTAAGCTTTACAATATTGAC 750 90/1' 55/1'+3" 70/2' 30 
cnf1R TTATATAGTCGTCAAGATGGA      

cnf2i ,kF TATCATACGGCAGGAGGAAGCACC 1250 90/1' 55/1'+3" 70/2' 30 

cnf2R GTCACAATAGACAATAATTTTCCG      

stx1jF AGAGCGATGTTACGGTTTG 388 94/30" 52.8/20" 72/1' 25 
stx1R TTGCCCCCAGAGTGGATG      

stx2jF TGGGTTTTTCTTCGGTATC 807 94/30" 53.6/20" 72/1' 25 

stx2R GACATTCTGGTTGACTCTCTT           
a: Vandemaele et al.(2003a); b: forward; c: reverse; d: Vandemaele et al.(2003b), adapted from 
Johnson & Brown, 1996; e: this study; f: Horne et al. (2000); g: Schubert et al. (1998); h: 
Yamamoto & Echeverria (1996) ; i: adapted from Franck et al. (1998); j: adapted from China 
et al. (1996); k: multiplex PCR; l: in the final 20 cycles, the elongation time was increased 
with 15 seconds per cycle 
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Table 2. Composition of the PCR mixtures. 
 

Detected 
gene 

Total 
volume 
in µl 

dNTP    
mM 

Primer    
µM 

MgCl2 
mM Buffer Polymerase U/µl (supplier) 

fimH 20 0.2 1 1.5 Taq DNA polymerase buffer 
(Promega) 

2.5 (TAQ DNA polymerase, Promega)  

papGIa 20 0.2 1 1.5 Taq DNA polymerase buffer 
(Promega) 

2.5 (TAQ DNA polymerase, Promega)  

papGIIa 20 0.2 1 1.5 Taq DNA polymerase buffer 
(Promega) 

2.5 (TAQ DNA polymerase, Promega)  

papGIIIa 20 0.2 1 1.5 Taq DNA polymerase buffer 
(Promega) 

2.5 (TAQ DNA polymerase, Promega)  

tsh 50 0.2 0.4 2 Ex. Taq buffer (Takara)  5 (TaKaRa Ex Taq, Takara)  
iss 50 0.2 0.2 1.5 20 mM Tris, 50 mM KCl 3 (Recombinant Taq polymerase, 

Invitrogen) 
traT 50 0.2 0.4 2 Ex. Taq buffer (Takara)  5 (TaKaRa Ex Taq, Takara)  
iucA 50 0.2 0.4 2 Ex. Taq buffer (Takara)  5 (TaKaRa Ex Taq, Takara)  
iutA  50 0.2 0.4 2 Ex. Taq buffer (Takara)  5 (TaKaRa Ex Taq, Takara)  
irp2 50 0.2 0.4 1.5 Taq PCR Master Mix (Qiagen) 2.5 (Taq PCR Master Mix, Qiagen) 
fyuA 50 0.2 0.2 1.5 Taq PCR Master Mix (Qiagen) 2.5 (Taq PCR Master Mix, Qiagen) 
iroC 50 0.2 0.4 2 Ex. Taq buffer (Takara)  5 (TaKaRa Ex Taq, Takara)  
cvaC 50 0.2 0.4 2 Ex. Taq buffer (Takara)  5 (TaKaRa Ex Taq, Takara)  
astA 50 0.2 0.4 1.5 Taq PCR Master Mix (Qiagen) 2.5 (Taq PCR Master Mix, Qiagen) 
cnf1a 50 0.2 0.2 5 10 mM Tris, 50 mM KCl 2.5 (Amplitaq Gold, Applied 

Biosystems) 
cnf2a 50 0.2 0.2 5 10 mM Tris, 50 mM KCl 2.5 (Amplitaq Gold, Applied 

Biosystems) 
stx1 50 0.2 0.4 2 Ex. Taq buffer (Takara)  1 (TaKaRa Ex Taq, Takara) 
stx2 50 0.2 0.4 2 Ex. Taq buffer (Takara)  1 (TaKaRa Ex Taq, Takara)  

a: Multiplex PCR 
 
 
Invasivity in Caco-2 cells 
Invasion in human intestinal epithelial cells was assessed using a gentamicin protection assay 
on the human intestinal epithelial Caco-2 cell line. Overnight bacterial cultures (37°C) were 
resuspended in culture medium consisting of Dulbecco’s Minimal Essential Medium 
(DMEM, Gibco, Paisley, Scotland) supplemented with 10% foetal calf serum (FCS, Gibco) 
and 1% non-essential amino acids (Gibco). Confluent monolayers of Caco-2 cells in a 96 well 
plate were exposed to 107 colony forming units (CFU) of the different E. coli isolates. The 
plate was centrifuged for 10 min at 37°C (350g) and incubated at 37°C in a 5% CO2 enriched 
atmosphere for one hour. The cells were rinsed five times with Hanks’ balanced salt solution 
(HBSS, Gibco) and further incubated for another hour at 37°C and 5% CO2 in culture medium 
supplemented with 50 µg/ml gentamicin (Gibco). Thereafter, the cells were rinsed five times 
with HBSS. Cell lysis was obtained by incubating them for 10 minutes at room temperature 
with 1% Triton X-100 (Acros, New Jersey, USA) in distilled water. Finally, 120 µl of tenfold 
dilutions were plated on blood agar plates and after incubation for 24h at 37°C, colonies were 
counted. Invasivity was expressed as the percentage of the number of CFU to which the Caco-
2 monolayers had been exposed. The invasion assays were performed in triplicate. 
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Serum resistance  
Serum resistance of the strains was analysed as described by Vandemaele et al. (2003b), using 
a turbidimetric assay adapted from Kaipainen et al. (2002). In short, blood was collected from 
healthy chickens and pooled. After clotting, normal chicken serum (N -CS) was isolated by 
centrifugation. Inactivated chicken serum (I-CS) was prepared by incubating N-CS in a 
waterbath at 56°C for 25 minutes. 150µl serum (N-CS or I-CS) was mixed with 50µl of 
bacterial suspension in a 96 well microplate. Each strain was tested in duplicate and negative 
controls (0.9% NaCl instead of serum) were included. The initial absorbance at 620 nm was 
measured, and compared with the absorbance after 3 hours of incubation, using a microplate 
multiskan. The final absorbance was determined as the average of the two replicates, and the 
percentage remaining absorbance relative to the initial absorbance was calculated. If the 
remaining absorbance after 3 hours (OD600, 3h) was higher than 150% (relative to the initial 
absorbance), strains were designated highly serum resistant (HSR). If it was between 125% 
and 150% of the initial absorbance, strains were considered intermediate resistant; between 
100% and 125% they were considered slow resistant, and less than 100% was considered 
sensitive. 
 
Haemolysis 
Detection of ? /?  haemolysin and enterohaemolysin was done by plating the strains on 
Columbia sheep blood agar (SBA) (Oxoid, Drongen, Belgium), and Enterohaemolysin sheep 
blood agar (ESBA) (Oxoid, Drongen, Belgium), respectively. Plates were incubated 
aerobically at 37°C, and haemolysis around the colonies was judged at 4h and 24h. If 
haemolysis was present after 4h and 24h in both the SBA and the ESBA, the strain was 
positive for ? /?  haemolysin. If the SBA and ESBA were negative after 4h, and only the 
ESBA was positive after 24h, the str ain was positive for enterohaemolysin. 
 
Colicin production 
To detect colicin production, overnight cultures of the E. coli strains were stabbed on LB 
plates (1.5% agar) and incubated at 37°C for 20 hours. The macro colonies were sterilized by 
chloroform va pours for 10 min. Subsequently, 0.1 ml of a broth culture of the colicin-
sensitive indicator strain E. coli W3110 was mixed with 4 ml of Top agar (0.6% agar) that 
was melted and chilled to 45°C, and poured over the entire surface of the plates. Colicin 
producing colonies are surrounded by inhibition zones in the lawn of the sensitive strain after 
overnight incubation at 37°C. 

To specifically detect Colicin V production, the same procedure was followed in 
parallel by overlaying the plates with the Col V immune strain E. coli NCCB 1395, 
harbouring a Col V plasmid. Strains producing inhibition zones against W3110 but not 
against the Col V immune strain NCCB 1395 produce only Col V. Strains that show 
inhibition zones against NCCB 1395 are producing another colicin. For these strains, the test 
does not allow the detection of Col V production.  
 
Combinations of virulence-associated traits 
Traits were combined in order to examine whether the combinations were more prevalent in 
the outbreak isolates as compared with the control isolates. First, all combinations of two 
traits were analysed, with progressive addition of one trait in such a way that all possible 
combinations were assessed, until a number of combined traits was obtained where none of 
the combinations yielded a significant difference. The combination was defined as positive if 
all traits in the combination were present. If one or more of the traits in the combination were 
absent, the combination was designated as negative. 
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IucA and iutA (aerobactin) as well as irp2 and fyuA (yersiniabactin) were each 
considered as a single virulence trait, since the two respective genes both encode a different 
part of the same iron uptake system. Again, the combination was defined as positive if both 
traits in the combination were present. If one or both of the traits in the combination were 
absent, the combination was designated as negative. Traits present in all 20 or none of the 
isolates from the control and the outbreak group were excluded from the combinations. 
 
Statistical analysis 
The results for invasivity in Caco-2 cells were analysed by a one-way analysis of variance, 
comparing the control and the outbreak group. The prevalence of virulence traits and their 
combinations was assessed using Fisher’s exact test (one-sided hypothesis testing) (Statistix 
1.0). Differences were considered statistically significant if P < 0.05.  
 
Results 
Bacterial strains 
The 10 control isolates were of serotypes O2 (N=2), O53 (N=1), O83 (N=1), O88 (N=1), and 
NT (N=5). Three of these strains were isolated from livers, of which two were NT, and one 
was of serotype O2. The other seven strains were isolated from hearts. All 10 outbreak 
isolates were isolated from hearts. Their serotypes were O2 (N=2), O18 (N=2), O78 (N=5), 
and NT (N=1). 
 
Prevalence of virulence-associated traits 
The PCR results are shown in Table 3, and the phenotyping results in Table 4. FimH was 
detected in all strains. The presence of type 1 fimbriae in these strains was confirmed by 
TEM. PapG  was present in all strains. Moreover, each strain possessed the papGII allele and 
none of the other alleles or allele combinations. However, P fimbriae of the F11 serotype 
were detected in only 5/10 control isolates and 9/10 outbreak isolates. Tsh  was present in 6/10 
control isolates and 6/10 outbreak isolates. All 20 E. coli strains tested were able to invade the 
Caco-2 cells. Invasivity varied from 7.10-4 to 8.20-3%, with an average of 2.62-3%. No 
significant differences in invasivity were found between control and outbreak isolates. All 
strains were serum resistant (OD600, 3h > 100%). However, two control isolates were only slow 
resistant (OD600, 3h between 100-125%). The other control isolates and all outbreak isolates were 
highly resistant (OD600, 3h > 150%). For iss and traT, the prevalence was lower in the control 
isolates than in the outbreak isolates, but the difference was not significant. The iron uptake 
system genes iucA, iutA and iroC were also less often detected in the control isolates, 
however without significant differences. Only the yersiniabactin genes irp2 and fyuA were 
significantly less often present in the control (6/10) than in the outbreak isolates (10/10) (P =  
0.0433). None of the strains produced haemolysins. Colicin production was found 
significantly different (P = 0.0433) between control and outbreak isolates, with 6/10 and 
10/10 positive strains, respectively. The structural gene of the Col V protein, cvaC, was 
detected in 7/10 control isolates and in 8/10 outbreak isolates. When comparing these results, 
we can conclude that of the 10 colicin-producing outbreak isolates, two were not able to 
produce Col V and produced other colicins. Five control isolates and five outbreak isolates 
produced only Col V. One control isolate and three outbreak isolates produced a differ ent 
colicin, and possibly also Col V. AstA was detected in only one control isolate and one 
outbreak isolate. The toxin genes cnf1  and 2 and stx1 and 2 were not detected in any of the 
isolates. 
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Combinations of virulence-associated traits 
Significant differences between the control and outbreak isolates were found for combinations 
of two to seven virulence traits. No combination of eight traits yielded a significant result. A 
selection of the analysed combinations is shown in Table 5. None of the virulence trait 
combinations examined was exclusive for the isolates from outbreaks. The combination of the 
three investigated iron uptake system genes iucA, fyuA and iroC, did not yield a significant 
difference between the control (5/10 positive) and outbreak isolates (7/10 positive). In 
contrast, the fyuA and iroC combination was present in 5/10 of the control and 10/10 of the 
outbreak isolates (P = 0.0163). The combination iss, cvaC, tsh and iucA, a putative 
pathogenicity unit (Nolan et al., 2003), was present in 5/10 control isolates and 4/10 outbreak 
 
 

Table 3. PCR results. 
 

No. of strains positive  

Encoded trait 
Detected 

genes 
Control 
isolates 

Outbreak 
isolates 

 
Pa 

Type 1 fimbriae, adhesive subunit fimH 10 10 NSb 
P fimbriae, adhesive subunit papGc 10 10 NS 

Temperature sensitive haemagglutinin tsh 6 6 NS 

Increased serum survival iss 7 8 NS 
Complement resistance and surface 

exclusion of closely related plasmids traT 5 
 
7 

 
NS 

Aerobactin synthesis iucA 6 7 NS 
Aerobactin receptor iutA 6 7 NS 

Yersiniabactin synthesis irp2  6 10 0.0433 
Yersiniabactin receptor fyuA 6 10 0.0433 

Salmochelin, putative ABC transporter iroC 7 10 NS 
Structural gene of the Colicin V protein cvaC 7 8 NS 

Enteroaggregative heat-stable enterotoxin astA 1 1 NS 
Cytotoxic necrotising factor 1 cnf1  0 0 NS 
Cytotoxic necrotising factor 2 cnf2  0 0 NS 

Shiga -like toxin 1 stx1  0 0 NS 
Shiga -like toxin 2 stx2  0 0 NS 

a: One-sided, calculated using Fisher’s exact test 
b: Not significant (P ?  0.05) 
c: All strains possess only the papGII allele 
 
 
isolates, yielding no significant difference. The HSR, fyuA, iroC and colicin production 
combination was present in only 5/10 of the control isolates, and in 10/10 outbreak isolates 
(P = 0.0163). The combination F11, HSR, iss, traT, fyuA, iroC, and colicin production was 
present in only 1/10 of the control isolates, but in 6/10 outbreak isolates (P = 0.0286). The 
latter combination contains the traits that are detected in all of the smaller significant 
combinations. 
 
Discussion 
The purpose of this study was to find a difference in virulence traits between extra-intestinal 
E. coli isolates from debilitated individuals of clinically healthy flocks (control isolates), and  
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Table 4. Results of the phenotypic tests. 
 

No. of strains positive  

Virulence-associated traits Control isolates Outbreak isolates 
 

Pa 

Type 1 fimbriae (TEM detection)  10 10 NSb 
P fimbriae of the F11 serotype (ELISA)c 5 9 NS 

Invasivity in Caco-2 cells 10 10 NS 
High serum resistance (OD600, 3h >150%) 8d 10 NS 

a /ß haemolysis 0 0 NS 

Enterohaemolysis  0 0 NS 

Colicin production 6 10 0.0433 
Col V production only 5 5 NS 

Production of colicin other than Col V 1 5 NS 
a: One-sided, calculated using Fisher’s exact test 
b: Not significant (P ?  0.05) 
c: As described by van den Bosch et al. (1993)  
d: 2/10 strains were slow resistant (OD600, 3h between 100-125%) 
 
 

Table 5. Combinations of virulence-associated traits. Only a selection of the tested 
combinations is shown. All the significant smaller combinations are composed of the same 

virulence traits as those found in the combination of seven traits. 
 

No. of strains positive  

Combination 
Control 
isolates 

Outbreak 
Isolates Pa 

fyuAb + iroC 5 10 0.0163 
   

iucAc + fyuA + iroC 5 7 NSd 

   
tsh +  iss + iuc A + cvaCe 5 4 NS 

HSRf + fyuA + iroC + colicin production 5 10 0.0163 
   

F11 + HSR + traT + fyuA + iroC + colicin production 1 7 0.0099 
F11 + HSR+ traT + iroC + cvaC + colicin production 1 6 0.0286 

F11 + HSR + iss + traT + fyuA + colicin production 1 6 0.0286 
F11 + HSR + iss + traT + iroC + colicin production 1 6 0.0286 

F11 + traT + fyuA + iroC + cvaC + colicin production 1 6 0.0286 
F11 + iss + traT + fyuA + iroC + colicin production 1 6 0.0286 

   
F11 + HSR + iss + traT + fyuA + iroC + colicin production 1 6 0.0286 
a: One-sided, calculated using Fisher’s exact test 
b: Represents the presence of both irp2 and fyuA 
c: Represents the presence of both iucA and iutA 
d: Not significant (P ?  0.05) 
e: Putative pathogenicity unit (Nolan et al., 2003)  
f: Highly serum resistant (OD600, 3h  >150%) 
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those isolated from hens of colibacillosis-affected flocks with high mortality (outbreak 
isolates). A one-sided Fisher’s exact test was used to test the statistical significance of their 
presence, since the possession and not the lack of these virulence factors is presumed to add 
to the strain’s virulence. 

Except for colicin production and the yersiniabactin iron uptake system, no significant 
differences were detected between control and outbreak isolates for single traits. Colicin and 
Col V production are frequently detected in APEC (Emery  et al., 1992; da Rocha et al., 
2002; da Silveira et al., 2002). Col V production is considered as a virulence indicator, for in 
bacteraemic strains it is predominantly encoded by genes situated on plasmids which also 
carry other, well-defined virulence genes (Lior, 1994). Genes encoding colicins, other than 
Col V, are also situated on plasmids. A recent report by Stehling et al. (2003) suggests that 
these plasmids are also capable of carrying virulence genes. 

The irp2-fyuA gene cluster, encoding the iron chelator yersiniabactin, was first 
discovered in different species of Yersinia. Meanwhile it has been found in E. coli isolated 
from humans and birds (Schubert et al., 1998; Janssen et al., 2001). Rakin et al. (1995) 
suggested that irp2 and fyuA represent part of an unstable pathogenicity island that has been 
acquired as a result of a horizontal transfer.  

When looking at the significance of virulence trait combinations, none of them was  
exclusive for the isolates from outbreaks. Nevertheless, especially HSR, fyuA, iroC and 
colicin production, but also F11, iss, and traT seem interesting for future studies. Serum 
resistance is an important virulence determinant for E. coli in chickens and turkeys (Ellis et 
al., 1988; Dozois et al., 1992; Ike et al., 1992). Two genes, iss (Binns et al., 1979) and traT 
(Moll et al., 1980), are associated with serum resistance. Since phenotypically, serum 
resistance was present in all strains, but iss and traT were not, other factors are contributing to 
this virulence trait. Indeed it is known that serum resistance is a multifactorial phenomenon 
(Dho-Moulin, 1993), in which except for surface antigens like the iss and traT gene products, 
other factors also may play a part, like the presence of a capsule or the O-antigen 
lipopolysaccharides (Timmis et al., 1985). At this time, it is not known whether iss is itself a 
contributor to virulence or merely marks the presence of a larger pathogenicity unit (Nolan et 
al., 2003). More particularly, iss was found to occur on a large, conjugative Col V plasmid in 
conjunction with other virulence-associated genes (Johnson et al., 2002), i.e. tsh, intI1 
(encoding the class 1 integrase), and iucA and iucC, purportedly forming a pathogenicity unit. 
In the strains examined in this study, the combination iss, tsh, iucA, iutA, and cvaC was 
present in 5/10 control isolates and only 4/10 outbreak isolates. This pathogenicity unit 
therefore does not seem to be directly associated with colibacillosis outbreaks on flock level, 
at least as observed in this study. 

The putative ABC transporter of salmochelin, encoded by iroC, is required for full 
virulence. Deletion of the iro gene cluster demonstrated its importance for persistence and 
generation of lesions in deeper tissues (Dozois et al. , 2003). It encodes putative proteins 
homologous to those encoded by the iro locus of Salmonella enterica .  

The expression of F11, one of the 11 serotypes of P fimbriae, is less frequently 
detected than papG, which encodes the general adhesive subunit of the P fimbriae. Even 
though APEC mainly posses P fimbriae of the F11 serotype (Mainil, 2003), other serotypes 
might also be present. Another explanation may be that in some APEC the pap operon is 
incomplete, as was reported by Dozois et al. (1996).  

Three variants of the papG are described: papGI, papGII and papGIII. In a study by 
Vandemaele et al.  (2003b), it was shown that papGII was the most predominant, which was 
confirmed in this study.  

All examined st rains were isolated from extra -intestinal organs. In order to vanquish 
the defense systems of the host, allowing them to gain access to and survive in the blood, they 
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must all possess a number of characteristics. However, for increased virulence, we would 
expect supplementary virulence traits. The combination of the two iron uptake systems fyuA 
and iroC was significantly more often present in the diseased flock isolates, as were the 
combination HSR, fyuA, iroC and colicin production, and the combination F11, HSR, iss , 
traT, fyuA, iroC and colicinogenicity. The possession of multiple adhesins, serum survival 
systems and iron chelators may render a strain more adaptable en hence improve its capability 
for colonization of its host, for survival within the host and for multiplication using the host’s 
resources. This may result in an increased virulence. 

Our results, together with the currently available data, indicate that, next to 
environmental factors, other, as yet unknown genes may play an important part in a strain’s 
pathogenic potential (Dho-Moulin & Fairbrother, 1999; Delicato et al., 2003). Indications for 
yet undescribed virulence genes were demonstrated by an increased adherence capacity of 
strains possessing non-Col V plasmids (Stehling et al., 2003), and by the selective capture of 
transcribed sequences (SCOTS) described by Dozois et al. (2003). 

In conclusion, the single traits colicin production and yersiniabactin, the combination 
HSR, fyuA, iroC and colicin production, and the combination F11, HSR, iss , traT, fyuA, iroC 
and production of colicin are significantly associated with isolates from colibacillosis 
outbreaks with high mortality. However, none of the virulence traits or combinations 
examined were exclusive to the isolates from outbreaks. Environmental factors and as yet 
unknown virulence factors may influence the occurrence of colibacillosis outbreaks. 
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General discussion 
 
From the mid-nineties on, an important increase in colibacillosis outbreaks in laying hens has 
been observed in several European countries. When trying to estimate the economic 
importance of this disease in Belgium, we have to consider that at least 20% of the layer 
farms are affected. In 2001 and 2002, approximately 14 million laying hens were present in 
Belgium (N.I.S.). Therefore, some 2.8 million hens would have been affected by 
colibacillosis. The losses caused by mortality are estimated at an average of 0.20 € per hen, 
which does not take into account the loss in profits. This means that the Belgian layer sector 
suffered a minimum loss of some 540,000 € per annum in 2001 and 2002.  

At the onset of this study, little information was available on colibacillosis in laying 
hens. We performed a case-control study, aiming to describe the clinical and bacteriological 
characteristics of colibacillosis outbreaks in caged layers, and to assess the infectious and 
non-infectious risk factors that could contribute to the oc currence of these outbreaks. 

The following items are discussed in this section: (I) the advantages and disadvantages 
of a case-control study, the conditions that need to be fulfilled, and to what measure they were 
fulfilled in this study, (II) the clinical and bacteriological characteristics of colibacillosis in 
layers, (III) should colibacillosis in layers be considered as a primary or secondary disease, 
(IV) what is the importance of non-infectious risk factors in triggering colibacillosis, and (V) 
possibilities for future research.  
 
I. Study design 
The study was set up as a case-control study of battery-caged laying hens producing eggs for 
consumption, involving 20 colibacillosis-affected and 20 control flocks. Case-control studies 
allow initial screening and identification of multiple risk factors for a given disease. They 
require the smallest total sample size of any study type, are relatively easy and inexpensive to 
conduct, but they also suffer from many potential biases. For this reason, key items are  (1) the 
criteria and methods used in the selection of cases and controls, (2) the comparability of cases 
and controls, and (3) an accurate unbiased history of exposure to the risk factors of interest.  

(1) Selection criteria must be clear, concise, and highly specific in order to exclude 
false-positive units. If little or no effort is required to obtain the history of exposure to the risk 
factors of interest, all noncases or all noncases with specified other diseases may be used as 
controls (Martin et al. , 1987). Case flocks were identified on the basis of (i) a ‘farmer-
reported’ increase in mortality, as compared to the standards of the breeding organisation, 
(ii) necropsy lesions of five hens, compatible with colibacillosis (airsacculitis, pericarditis, 
perihepatitis, salpingitis, peritonitis, polyserositis, acute septicaemia, i.e. full crops, 
splenomegaly, congested muscles), in the absence of lesions compatible with other diseases 
than colibacillosis, and (iii) E. coli isolated from heart and/or liver in pure or abundant 
cultures. Field observations suggested that once a flock had been affected by colibacillosis, it 
often suffered from renewed outbreaks, and that subsequent flocks in the same house were 
frequently affected as well. For this reason, a control flock was defined as a flock in the house 
of which no increased mortality, as compared to the standards of the breeding organisation, 
had been observed during the current and the previous round(s). At necropsy, hens from 
control flocks could also show lesions compatible with colibacillosis, and yield E. coli  after 
bacteriological examination of heart and/or liver. However, in contrast with the situation in 
colibacillosis-affected flocks, where all necropsied hens showed lesions compatible with 
colibacil losis, these were individual cases. Moreover, the hens concerned were often 
debilitated by other problems such as lameness, cachexia, cannibalism, liver steatosis or 
dystocia. 
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Participating flocks were found with the help of a number of breeder firms, which 
resulted in a certain “pre-selection” of potential participants. When both of the study groups 
are obtained in such a way, there is a risk that the cases and/or controls may not be 
representative of all cases and noncases in the source population. A particular form of 
unrepresentative sampling that gives rise to biased estimates of association, arises when the 
rate of admission to the study is associated with both the risk factors of interest and the 
disease status. When these records are used in a subsequent statistical analysis, the differential 
admission rate acts as a confounding variable and can bias the true association between the 
risk factors and the disease. This phenomenon is often called Berkson’s fallacy after the 
person initially describing it. A classic example of Berkson’s fallacy occurred in a study of 
the association between cancer and tuberculosis based on human autopsies. The initial study 
results indicated less tuberculosis in autopsied cancer victims than in autopsied people dying 
from other diseases than cancer, thus suggesting a sparing effect of tuberculosis on cancer. It 
was later found that the autopsy series contained a disproportionately large number of 
tuberculosis cases because the latter were more likely to be autopsied, and when this was 
taken into account the association between tuberculosis and cancer disappeared. However, 
documented instances of Berkson’s fallacy in veterinary medicine are rare. The likelihood of 
admission rate bias can be assessed by comparing the characteristics of the control group to 
independent samples from the source population. If the control group and the source 
population appear to have similar distributions with respect to a number of factors, admission 
rate bias is unlikely (Martin et al., 1987). In this study, the controls may be considered as 
representative for approximately 90% of the Belgian caged layer flocks as far as their 
mortality figures, the sampled breeds and the flock sizes are concerned.  

The flocks sampled were situated in West Flanders, East Flanders, Antwerp and 
Limburg. The majority of colibacillosis flocks originated from West and East Flanders, and 
the majority of control flocks from Limburg, representing the actual disease situation in 
Belgium, for colibacillosis outbreaks are more frequently observed in West and East Flanders 
compared with Antwerp and Limburg. Nevertheless, this is an imbalance in the study. As a 
result, it was necessary to force region of origin (north-western Belgium vs. north-eastern 
Belgium) into the model as a fixed effect to cope with the possible confounding effect of this 
variable. This way, adjusted odds ratios were obtained. If only one control flock is available 
per case, such a study has low power, and exact methods would be more appropriate for the 
data analysis. However, software capable of performing such complicated analyses was not 
available.  

(2) Theoretically, the cases and controls should be similar in all respects except for the 
disease being investigated. Of course, they would also differ with respect to the investigated 
risk factor if this factor were associated with the disease. Ideally, all cases during a certain 
period of time or a random selection of cases should be compared with randomly sampled 
controls. In practice, the cases and controls may differ in many ways, and a commonly used 
method to increase the comparability of groups is matching. Only factors known to be 
associated with the risk of disease should be included as matching factors. It is a peculiarity of 
case-control studies tha t overmatching (matching for non-causal factors) may reduce the 
ability (power) to detect true associations between the factor and disease (Martin et al., 1987). 
Each colibacillosis flock was matched for age with a control flock from a different farm, for it 
is known in the field that especially birds at the onset of lay and during peak production are at 
risk for colibacillosis outbreaks. As for race, the heavier broiler breeds are considered more 
susceptible to colibacillosis than the lighter layer breeds (Goren, 1991; Foley et al., 2000; 
Stordeur & Mainil, 2002). However, there are no scientific reports stating whether the heavier 
brown layers are more susceptible to colibacillosis than the lighter white layers. Nevertheless, 
some observers in the field suspect that brown layers are indeed more prone to colibacillosis 
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outbreaks. On the whole, the numbers of white and brown layer flocks were comparable in 
the case and control category. In the control flocks, a greater variety of races was present but 
the differences between brown layer races, and those between the white layer races are but 
small. 

(3) To collect accurate, unbiased information about the risk factors of interest, data 
should be obtained in the same manner and with the same rigor from both cases and controls 
(Martin et al., 1987). A strict protocol was designed beforehand and respected throughout the 
entire study. Colibacillosis-affected flocks were visited a first time within two weeks after the 
onset of the increased mortality. During this visit , five diseased or recently died hens were 
taken for necropsy and bacteriological analysis. As soon as the colibacillosis outbreak was 
confirmed, a total of five cages was selected for blood sampling and marked. Maximum one 
cage per battery was sampled, alternately situated near the entrance of the house, at the far 
end of the house, and in between, to have cages representative for the entire flock. The 20 
hens in these cages were bled four times with two-week intervals. These samples were 
examined for seroconversion against infectious bronchitis virus (IBV), Newcastle disease 
virus (NDV), avian pneumovirus (APV), Mycoplasma gallisepticum (MG), M. synoviae (MS) 
and Ornithobacterium rhinotracheale (ORT). Furthermore, a questionnaire was answered by 
the farm manager during a face-to-face interview, conducted by the same researcher. The 
questionnaire had been tested on farm managers and poultry field practicioners before use, 
allowing the refinement, omission and adding of certain questions where appropriate. Data on 
vaccinations and age of debeaking were obtained from the breeding and rearing companies. 
As soon as a colibacillosis flock was identified, a control flock with hens of approximately the 
same age was sought, sampled and analysed following the same protocol as used for the 
colibacillosis flocks.  

As for the power of the study, the sampling of 20 hens per flock allowed only to 
define within-flock prevalences with a relatively wide 95% confidence interval (CI), using the 
exact binomial method as described by Clopper & Pearson (1934). Moreover, the sampling 
was performed on an entirely voluntary basis, and farm managers, especially those of well-
performing flocks, limit the number of visitors to a strict minimum to keep the risk of disease 
introduction low. As a result, the number of flocks available for sampling was low. For this 
reason, only one control flock was available per case. Maximum power is obtained when the 
case/control ratio is 1/4. Our study conditions reduced its power, and perhaps some import ant 
variables have been discarded because the study was too small. Nevertheless, significant 
results were obtained, and the study can be used as a basis for more extensive studies in the 
future. 

 
II. Clinical observations, necropsy lesions and E. coli characteristics  
At the onset of this study, very little data were available on colibacillosis in layer flocks. We 
used the information provided by Flanders Animal Health Care, as well as the data available 
on E. coli-induced acute mortality in broilers, where it causes depression, fever and up to 20% 
mortality (Dho-Moulin & Fairbrother, 1999). Consequently, we set the following selection 
criteria for case flocks: (1) acutely increased mortality in a flock in the absence of symptoms 
indicating diseases other than colibacillosis, like lameness or diarrhoea, (2) necropsy lesions 
compatible with E. coli infection, i.e. airsacculitis, pericarditis, perihepatitis, peritonitis, 
salpingitis, polyserositis or acute septicaemia, in the absence of lesions compatible with other 
diseases than colibacillosis, and (3) isolation of E. coli in pure or abundant cultures from heart 
and/or liver, which is the routine method of analysis for detection of extra-intestinal E. coli 
used by Flanders Animal Health Care. The combination of these three criteria ensured the 
selection of ‘real’ colibacillosis cases, as opposed to control flocks, where an occasional 
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debilitated animal could develop systemic colibacillosis, and hence provide E. coli isolates 
from heart and/or liver. 

Using these criteria, we were able to observe that the predominant clinical aspects of 
colibacillosis in layer flocks is an acute and high mortality, usually without any symptoms. In 
some cases depression and soiled vents can be seen, but only in a limited number of he ns. A 
decrease in egg production and/or egg quality was only rarely seen, and if present, these 
decreases were small. First outbreaks of colibacillosis in layers are usually seen in young hens 
at the start of lay and during peak production. The disease is flock and hen house associated, 
often with repeated outbreaks in the same flock and in houses where the previous flock was 
affected by colibacillosis.  

At necropsy, the layers consistently showed lesions indicative of colisepticaemia. The 
predominant lesion was polyserositis, including perihepatitis, pericarditis and peritonitis, 
often with yolk material deposited in the peritoneal cavity. In broilers, colisepticaemia is the 
most prevalent form of colibacillosis, characterised by polyserositis (Dho-Moulin & 
Fairbrother, 1999), and the aerogenic route of infection is considered as its main origin, with 
airsacculitis and pneumonia creating an access to the blood circulation (Goren, 1991; 
Pourbakhsh et al. , 1997a; Dho-Moulin & Fairbrother, 1999). In our study, the tracheas 
originating from colibacillosis-affected flocks were significantly more often positive for 
E. coli than those from control flocks. This may indicate that for layers too, the aerogenic 
infection route can be important. The penetration mechanisms of the virulent E. coli causing 
bacteraemia remain unknown (Mainil, 2003). 

In the colibacillosis flocks, O78 was the most frequently isolated serotype. In several 
other E. coli-associated diseases like cellulitis, septicaemia and airsacculitis in broilers, O78 is 
a predominant serotype (Sojka & Carnaghan, 1961; Cloud et al., 1985; Dozois et al., 1992; 
Gomis et al.; 1997). In the latter manifestations, serotypes O2 and O1 play a role too. In the 
present study, O2 was isolated as well, but in similar freque ncies from control and 
colibacillosis flocks. None of the isolates from colibacillosis or control flocks belonged to the 
O1 serotype. Some scientists now consider serotyping for diagnostic purposes obsolete 
(Ewers et al., 2003), because of the variation in  virulence within the same serotype. Indeed, 
isolates of the same serotype may be very heterogenous, both in their pheno- and genotype 
(Achtman et al., 1986; Blanco et al., 1997b; Carvalho de Moura et al., 2001; 
Chansiripornchai et al. , 2001). Consequently, the search for virulence-associated traits, that 
may be useful for ‘APEC’ diagnosis, constitutes a major part of the current research projects 
on avian colibacillosis. Nevertheless, our results indicate that certain serotypes, like O78, are 
indicative of high virulence. 

Numerous studies have compared extra-intestinal E. coli isolates from colibacillosis-
affected poultry (broilers, layers, turkeys and ducks) with faecal isolates from clinically 
healthy birds. None of the virulence factors examined (adhesins, invasivity in cell cultures, 
serum survival, iron uptake systems, haemolysins, colicin production, and toxins), was 
exclusively associated with extra -intestinal isolates (Fantinatti et al. , 1994; Blanco et al. , 
1997; Pfaff-McDonough et al., 2000; Ngeleka et al., 2002; Stordeur et al., 2002) even though 
for some characteristics, significant differences were found. In our study, we compared extra-
intestinal isolates from control and colibacillosis-affected flocks. The majority of the 
examined strains were isolated from hearts. Moreover, except for three control strains, all 
isolates originated from animals that were positive for the same E. coli serotype in at least one 
other extra-intestinal organ (trachea, liver or ovarium/oviduct). This improved the odds  that 
we selected septicaemia-inducing E. coli , rather than post-mortal contaminants. Colicin 
production (Col V and other colicins) was significantly more often present in extra-intestinal 
isolates from colibacillosis flocks than those from control flocks. Colicin and Col V 
production are frequently detected in APEC (Emery  et al., 1992; da Rocha et al., 2002; da 



GENERAL DISCUSSION 
 

 
 - 95 - 

Silveira et al., 2002). Col V production is considered as a virulence indicator, because in 
bacteraemic strains it is predominantly encoded by genes situated on plasmids which may 
also carry other, well-defined virulence genes (Lior, 1994). Production of other colicins is not 
considered as a virulence indicator, even though the genes encoding these other colicins are 
situated on plasmids as well. However, a recent report by Stehling et al. (2003) now suggests 
that these plasmids too may carry virulence genes. This points towards new and interesting 
possibilities for future research.  

When looking at the significance of virulence trait combinations, none of them was 
exclusive for the isolates from colibacillosis flocks. Nevertheless, especially the combination 
of high serum resistance (HSR), fyuA (iron chelator yersiniabactin), iroC (iron chelator 
salmochelin) and colicin production, but also the F11 serotype of P fimbriae, iss (increased 
serum survival), and traT (complement resistance and surface exclusion of closely related 
plasmids) seem interesting for future studies. Incidentally, iss, traT, fyuA and iroC have all 
been detected on plasmids. The combination of the two iron uptake systems fyuA and iroC 
was significantly more often present in the diseased flock isolates, as were the combinations 
HSR, fyuA, iroC and colicin production, and F11, HSR, iss, traT, fyuA, iroC and colicin  
production. The possession of multiple adhesins (F1 and P fimbriae), serum survival systems 
(iss and traT) and iron chelators (aerobactin, yersiniabactin and salmochelin), may render a 
strain more adaptable and hence improve its capability for colonization of its host, survival 
within the host and multiplication using the host’s resources. This may result in increased 
virulence. Our results, together with the currently available data, indicate that other, as yet 
unknown genes may play an important part in a strain’s pathogenic potential (Dho-Moulin & 
Fairbrother, 1999; Delicato et al., 2003). Indications for yet undescribed virulence genes were 
demonstrated by an increased adherence capacity of strains possessing non-Col V-plasmids 
(Stehling et al. , 2003), and by the selective capture of transcribed sequences (SCOTS) 
described by Dozois et al. (2003).  
 
III. Colibacillosis: a primary or secondary pathogen ?  
Several authors (Whittam & Wilson, 1988; White et al., 1990 and 1993; Ngeleka et al., 1996; 
Blanco et al. , 1997b) suggest that APEC isolates belong to special groups of pathogenic 
clones. Our results also indicate that colibacillosis outbreaks are associated with specific 
E. coli isolates. These isolates have not been tested for their primary pathogenic potential in 
animal infection experiments. Nevertheless, we have investigated the possibility of infectious 
and non-infectious risk factors promoting colibacillosis outbreaks.  

In broilers, colibacillosis is considered as a problem that is primed by other pathogens, 
and/or unfavourable environmental conditions (Barnes & Gross, 1997). For instance, 
infections with field or vaccine strains of  IBV, NDV, or MG, and environmental conditions 
such as the concentrations of ammonia or dust may cause a ciliostasis and/or deciliation of the  
upper respiratory tract, thereby rendering the birds more susceptible to E. coli  infection. For 
laying hens, however, this aspect of the pathogenesis still has to be clarified. The respiratory 
route of infection is considered the most important for induction of colisepticaemia in 
broilers. For this reason, the layer flocks’ serological profiles for the main respiratory 
pathogens present in commercially kept Belgian poultry, i.e. IBV, NDV, APV, MG, MS and 
ORT, were examined for their possible association with outbreaks of colibacillosis.  

The definition of primary and secondary pathogens implies that infection with the two 
agents occurs with only a short period of time in between. If the time lapse between the 
passage of a respiratory pathogen and the colibacillosis outbreak becomes too long, it can no 
longer be considered as a trigger for colibacillosis. Information about the specific interactions 
between predisposing pathogens and APEC is only available from experimental studies. 
Peighambari et al. (2000) developed a model for a natural challenge route in chickens, using 
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IBV as the predisposing agent. Highest lesion scores and the only septicaemic lesions were 
obtained if aerosolised E. coli were administered four days after intranasal IBV inoculation, 
as opposed to intervals of 0, 2, 6, 13 and 20 days. During the three-week observation period 
post-challenge, mortalities occurred only within the first two weeks after the E. coli challenge. 
Smith et al. (1985) reported a period of mortality of two weeks after intranasal inoculation of 
young chicks with a mixture of IBV and E. coli. Based on this information, we hypothesised 
that if an infection with one of the above-mentioned pathogens in the layer flocks would take 
place just before the colibacillosis outbreaks, it should be possible to detect a seroconversion 
during the six-week follow-up period. We considered a maximum interval of two weeks 
between the onset of the increased mortality and the first blood sampling as sufficiently short 
for this purpose.  

If a pathogen is to facilitate respiratory E. coli infection, it would first have to cause 
sufficient damage to the respiratory tract. This requires a substantial replication, which would 
cause a detectable seroconversion. No significant differences were found between the 
serological profiles for IBV, NDV, APV, MG, MS, and ORT of the control and the 
colibacillosis flocks. These results show that none of the pathogens examined in this study 
consistently acted as a priming agent triggering colibacillosis. Although it cannot be excluded 
that field situations may exist in which these pathogens trigger outbreaks of colibacillosis, the 
present data demonstrate that colibacillosis is not necessarily secondary to IBV, NDV, APV, 
MG, MS or ORT infections. Moreover, the Belgian layer flocks are intensively vaccinated for 
IBV and NDV, and during this study no symptoms were seen that might have been caused by 
these pathogens (lowered egg production, more second-grade eggs). Furthermore, mortality 
caused by E. coli lasts for a minimum of three weeks, and in some cases even longer than 10 
weeks. In contrast, viral agents like IBV, NDV and APV cause infections of a more acute 
type.  

These results support our earlier conclusion that specific APEC strains are responsible 
for the colibacillosis outbreaks. 

 
IV. Importance of non-infectious risk factors 
At the onset of this study, little was known about the possible associations between risk 
factors of non-infectious nature and outbreaks of colibacillosis in caged laying hens. Based on 
potential risk factors described in literature and personal communications of poultry 
specialists in the field, a questionnaire was composed, to investigate the possible associations 
between biosecurity measures, flock health, management factors, infrastructure, farm 
situation, production parameters, and rearing management, and colibacillosis outbreaks in the 
layer flocks. The variables that were significantly associated with colibacillosis outbreaks in 
the multiple model explaining a maximum of variation, were distance (km) to the nearest 
poultry farm, and cage space per hen (litre). The interaction term was not significant, and 
there was no multicollinearity between the variables. The risk for a colibacillosis outbreak 
decreases sixfold with an increase in distance of 1 km to the nearest poultry farm (odds ratio 
{OR} = 0.16, 95% confidence interval {CI} = 0.05 - 0.55). With an increasing volume of 
1 litre per hen in the cages, the risk for an outbreak decreases with 33% (OR = 0.75, 95% CI = 
0.63 - 0.89).  

Little information is available on the importance of distances between farms for 
bacterial diseases. A high flock density in an area implies the possibility of increased direct 
and indirect contacts, facilitating disease introduction into a herd. Even though the variable 
‘distance to the nearest poultry farm’ cannot be simply translated to poultry farm density in an 
area, both a smaller distance and a higher farm density offer possibilities for increased 
contacts between the farms. For APEC transmission to caged hens, indirect contact through 
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vectors is likely to be important. People might function as a vector, but also fomites, rodents, 
chicken mites or flies. 

In view of the importance of the variable ‘distance to the nearest poultry farm’, it may 
seem strange that on four farms both a colibacillosis-affected and control flock were present. 
However, on two of these farms, the control flocks had considerably more cage volume per 
hen than the problem flocks (27.5 vs. 22.4 litre and 26.6 vs. 21.2 litre), corroborating the 
importance of the second variable in the equation, ‘cage space per hen’. On the third farm, the 
control flock suffered a colibacillosis outbreak shortly after we had finished the sampling. On 
the fourth farm, the only difference between the control and the problem flock was the light 
regime: the control flock had a continuous period of light for 16 h, followed by 8 h of 
darkness, while the problem flock had an intermittent light regime of 4 h of light followed by 
2 h of darkness. Interestingly, a third flock on this farm, also with an intermittent light pattern, 
had been suffering from a colibacillosis outbreak as well. The intermittent light pattern was 
introduced in an attempt to control the chicken mite infestation without having to use 
pesticides. Presumably the birds suffered from increased stress, either as a result of the mite 
infestation, or as a result of this light regime. 

The second risk factor for colibacillosis outbreaks included in the model is the volume 
per hen in the cages. If the farm is located at one km or less from another poultry farm, 
increasing the cage space per hen is only going to have some effect from 38 litre per hen 
onward, and even then it remains very limited. However, when the distances between farms 
become larger, ‘cage space per hen’ will begin to influence the colibacillosis outbreaks. A 
larger hen density per cage induces stress and hampers the maintenance of an optimal housing 
climate. Stress and unfavourable housing conditions are known to be predisposing factor s for 
colibacillosis outbreaks (Freeman, 1976; Leitner & Heller, 1992; Barnes & Gross, 1997). An 
increased housing density was found to increase the caecal numbers of Salmonella Enteritidis 
in chicks (Asakura et al., 2001), which results in a higher infection pressure in the house. A 
similar effect might exist for APEC. A cost-benefit analysis could be performed to determine 
the optimal density in the cages, ensuring maximal economic return and minimal risk of 
disease outbreaks. However, there is also an increasing public concern for welfare issues in 
animal husbandry. As a result, European laws are coming into effect allowing more cage 
space per hen. More specifically, the European guideline 1999/74/EG of July 19th 1999 
specifies that as of January 1st 2003, all non-enriched cages should provide a minimum of 550 
cm2 per hen. In view of the results of our risk analysis, where cage space was significantly 
associated with the occurrence of colibacillosis outbreaks, this may prove to have a 
beneficiary effect on the layers’ health.  

In the early sixties, high-density livestock areas were stimulated by the European 
Union (EU) in response to food shortages (Bendixen, 1985; Westergaard, 1996). Livestock 
like pigs and poultry can be kept in areas with poor soil conditions, which are unable to 
compete in land-based agricultural production and are consequently relatively cheap. 
Concentration of livestock production generally increased in areas with good access to 
transport facilities, thanks to the supply of materials t o produce feeding stuff at low costs, and 
the vicinity of related industries and consumers. However, an important disadvantage of such 
livestock-dense areas is the increased risk and effect of contagious diseases (Huirne et al., 
1995). Nowadays we have ample food supplies, so more attention can be given to controlling 
the risks of infectious diseases. For the production of cattle, pigs and small ruminants, the 
European Union has already started analysing epidemiological data, which for pigs resulted in 
the conclusion that livestock densities are an important risk factor for disease outbreaks 
(Huirne & Windhorst, 2003). Reducing the concentration of the livestock production would 
therefore be advisable.  
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For colibacillosis in caged laying hens, the best epidemiological model we obtained, 
estimating the risk for outbreaks, suggests a significant role for distance between farms and 
cage space per hen. Both factors are related to hen density. Other parameters, describing the 
actual flock or hen density in the areas where the sampled flocks were situated, were not 
available at the time of this study. However, another, slightly less significant model was 
composed of the variables ‘distance to the nearest poultry farm’ and ‘total number of chickens 
in the flock’. The latter variable is again related to hen density. Flock sizes have increased to 
staggering numbers thanks to technical innovations such as automated feeding and watering 
systems, automatic egg-collecting systems, and computer -controlled ventilation systems. 
However, in this type of animal husbandry, disease control is a main problem, and a 
systematic animal health management is necessary (Windhorst, 1995). This requires 
knowledge and control of potential risk factors. 

The study conditions, with a case/control ratio of 1/1, allowed only for a model with 
two independent variables. These two variables explained a maximum of the variation 
observed in the study, and not enough variation remained for addition of extra variables. 
Several other variables, however, might prove to be significant as well in a more extensive 
study. The results obtained in the bivariate analysis must be interpreted with care, because, 
except for the inclusion of farm identity as a random factor, and the region of origin as a fixed 
effect (see above) in the equation, there is no correction for other variables. In literature, 
several potential risk factors are described. Rodents may be carriers of APEC (Barnes & 
Gross, 1997). Water hygiene is also important. Dhillon & Jack (1996) reported that adding 
chlorine to the drinking water was effective in controlling the spread of disease and in 
reducing mortality in two farms with outbreaks of colibacillosis. Feed composition may be of 
importance, as van Harn & van Middelkoop (2000) reported a reduc tion in mortality 
associated with E. coli in broilers when formic acid was added to the feed. Colibacillosis is 
also believed to be secondary to unfavourable housing conditions (Barnes & Gross, 1997). 
Stress increases susceptibility to disease in general (Freeman, 1976), and to colibacillosis in 
particular (Leitner & Heller, 1992). In general, flies and other insects may play a part in 
disease introduction and spread (Zander et al., 1997). Dermanyssus gallinae may cause stress, 
their feeding can eventually lead to anaemia, and they may act as vectors of pathogens (Axtell 
& Arends, 1990). Frequent removal of dead hens from the house is important to control the 
spread of disease (Zander et al., 1997). High egg production is associated with an imbalance 
between the oestrogen and the progesterone levels, which causes reduced resistance to 
ascending infections of the oviduct (Kohlert, 1968). When hens are beak trimmed at a young 
age, their beaks may regrow, and pecking can lead to cannibalism (Riddell, 1997), allo wing 
infection through the compromised skin or mucosal barriers (Barnes & Gross, 1997).  

 
V. Possibilities for future research 
At the onset of this study, very little was known about colibacillosis in layers. Our research 
has provided answers to a number of frequently asked questions. Nevertheless, other 
questions have remained unanswered, and future research might focus on the following 
aspects of the disease.  

(1) More epidemiological data are needed, on the reservoirs of APEC that may cause 
reinfection of sanitised hen houses, and on how the pathogenic E. coli are reintroduced after 
sanitation. Knowledge on the epidemiology of APEC would allow the farm managers to take 
more efficient biosecurity measures in their efforts to control the disease.  

(2) An experimental model needs to be developed. This would allow the detection of 
differences in virulence between isolates, as well as the assessment of the importance of 
virulence characteristics.  
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If an experimental model were available, objective testing of the efficiency of several 
potential treatments would become possible as well. In layers producing eggs for 
consumption, the use of antibiotics is not a viable option, because after cessation of the 
treatment often a renewed outbreak is observed (Zanella et a l., 2000). Moreover, the eggs of 
treated hens are not fit for consumption. For these reasons, layers are only rarely treated with 
antibiotics, and the alternatives that are used in the field do not always have the desired effect. 
There are few scientific reports available on potential treatments. Dhillon & Jack (1996) 
reported that the use of disinfectants in the water may control the spread of colibacillosis and 
mortality in a flock. Van Harn & van Middelkoop (2000) suggest that adding formic acid to 
the feed may help in controlling colibacillosis-induced mortality. Ascorbic acid, which 
improves the efficiency of the phagocytes, is also reported as a possibility for treatment 
(Gross et al., 1988).  The use of lytic bacteriophages, i.e. viruses that kill bacteria, seem a 
promising alternative as well (Barrow et al. , 1998; Huff et al., 2002a and b).  

Moreover, an experimental model would be a useful tool for vaccine testing. In 
Belgium, autovaccines are produced for some farms that suffer from repeated outbreaks. 
However, these vaccines do not always offer the desired protection. The only commercially 
available colibacillosis vaccine in Belgium is registered for broiler breeders. Its value for use 
in layers needs to be evaluated.  

(3) Finally, a better knowledge of APEC virulence characteristics would allow the 
development of diagnostic tests for APEC detection. This would result in possibilities for the 
timely detection of flocks at risk, as well as a more efficient diagnosis of the disease itself.  
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Summary 
 

 

Until recently, colibacillosis outbreaks were mainly associated with broiler flocks, which are 
considered more vulnerable to avian pathogenic Escherichia coli (APEC) than the lighter 
layer breeds. However, from the mid-nineties on, field observations indicated a growing 
importance of colibacillosis outbreaks in layer flocks in several European countries, including 
Belgium. Scientific data on this disease in layers were scarce. For this reason, a case -control 
study involving 20 colibacillosis -affected and 20 control flocks of caged layers has been 
performed. The aims of this study were to describe the clinical and bacteriological 
characteristics of colibacillosis outbreaks in layers, and to assess the infectious and non-
infectious risk factors that could contribute to the occurrence of these outbreaks. Information 
thus obtained may be useful in future research and helpful to control the disease. 
 
The 20 affected flocks were identified on the basis of (1) a ‘farmer-reported’ increase in 
mortality, as compared to the normal baseline mortality in the flock, (2) necropsy lesions of 
five hens, compatible with colibacillosis, in the absence of lesions compatible with other 
diseases than colibacillosis, and (3) E. coli isolated from heart and/or liver in pure or abundant 
cultures. Field observations suggested that once a flock was affected by colibacillosis, it often 
suffered from renewed outbreaks, and that subsequent flocks in the same house were 
frequently affected too. For this reason, a control flock was defined as a flock in the house of 
which no increased mortality as compared to the normal baseline mortality had been observed 
during the current and the previous batch(es). Flocks suffering from an outbreak of 
colibacillosis were visited within two weeks after the onset of the increased mortality to 
collect diseased or dead hens for necropsy. If the flock was confirmed as a colibacillosis case, 
four blood samplings were performed with two-week intervals on 20 hens in marked cages. 
The sera were examined for possible seroconversions against infectious bronchitis virus 
(IBV), Newcastle disease virus (NDV), avian pneumovirus (APV), Mycoplasma 
gallisepticum (MG), M. synoviae (MS) and Ornithobacterium rhinotracheale (ORT). Data 
collection for the non-infectious risk factor analysis was done during the visit for the fourth 
blood sampling, when the farm manager was asked to fill out a questionnaire. This contained 
questions pertaining to biosecurity measures, flock health, management factors, infrastructure, 
farm situation, production parameters, and rearing management. Data on vaccinations and 
debeaking were obtained from the breeding and rearing companies. 

As soon as an affected flock was identified, a control flock of comparable age was 
sought. Control flocks were sampled and analysed in the same way as the affected flocks.  

 
In view of the lack of a scientific description of ‘colibacillosis in layer flocks’, we collected 
data on the clinical, pathological and bacteriological aspects of this disease. The results are 
described in Chapter 1.  

In the colibacillosis -affected flocks, the weekly mortality increased with a factor three 
to eight within a one to three-week period following the onset of the outbreak. Peak mortality 
reached 1.71% per week. Nine of the affected flocks were sampled during the first 
colibacillosis episode of the round, and 11 flocks during a recurrent outbreak. In three flocks, 
a total of four periods of increased mortality had been observed at that time. The first 
notifications of increased mortalities due to colibacillosis varied between 21 and 55 weeks of 
age, but in 70% of the cases the first outbreaks were observed at the onset of lay and during 
peak production, i.e. at 20 – 40 weeks of age. Increased mortality lasted for a minimum of 
three weeks. In five flocks, it was chronic, lasting for 8-10 weeks. In one of these flocks, the 
cumulative mortality over this period reached 9.19%. Symptoms were seen in 10 
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colibacillosis flocks, i.e. depression, and/or soiled vents, but only in a limited number of hens. 
A decrease in egg production of 2.20 to 5.65% at the time of maximum mortality and an 
increase in the percentage of second choice eggs (>1.5%) was seen in six and three 
colibacillosis flocks respectively. In only one flock, both these symptoms were seen. No 
significant difference was found for the egg production data between the colibacillosis flocks 
at the age of maximum mortality and the control flocks at a comparable age.  

At necropsy, the hens originating from the colibacillosis-affected flocks consistently 
showed lesions of polyserositis, including perihepatitis (11/20), pericarditis (12/20) and 
peritonitis (19/20), often with yolk material deposited in the peritoneal cavity. Oophoritis was 
observed in 8/20 and salpingitis in 6/20 affected flocks.  

In order to detect the E. coli strains present in  case and control flocks, one heart, one 
liver and one ovarium or oviduct were routinely sampled for bacteriology from each flock. 
These organs originated from one to three animals, by preference from animals showing 
macroscopical lesions in the concerned organs. The trachea was by preference taken from an 
animal showing lesions in one of the other organs. Depending on the localisation of the 
lesions, the ovary or the proximal part of the oviduct was used for E. coli isolation. If lesions 
were present in both organs, the ovary was preferred for sampling. If no organs with 
macroscopical lesions were available, as could be the case in hens from control flocks or hens 
from colibacillosis flocks that had acutely died, bacteriology was performed on 
macroscopically normal organs. The caecal contents were collected from all necropsied birds 
and pooled for analysis. The isolated E. coli strains were analysed for their O-serotype, to 
allow a preliminary assessment of the types present in the case and control flocks.  

Following necropsy, 224 E. coli strains were isolated. Ninety-six were derived from 
control flocks and 128 from flocks suffering from colibacillosis. E. coli was significantly 
more often found in the heart (19/20), liver (20/20) and trachea (16/20) from colibacillosis 
flocks than from control flocks, for which heart, liver and trachea were positive for E. coli in 
10, 12, and six of the 20 flocks respectively.  

Among the isolates from colibacillosis flocks, the O78 serotype was predominant, 
being isolated from 15/20 flocks (75%), whereas this serotype was isolated from only one of 
the control flocks (5%). This difference was significant. The majority of strains obtained from 
the control flocks was not typable (NT) with the set of O-antisera used. NT strains were 
isolated from 18 out of 20 control flocks (90%), and from 8/20 (40%) of the colibacillosis 
flocks, yielding a significant difference. The strains isolated from the pooled caecal contents 
in 17/20 colibacillosis flocks belonged at least in part to the same serotype as the strains 
isolated from the extra-intestinal organs. This phenomenon was also seen in 10/20 of the 
control flocks.  

The isolated strains were supplementary tested for presence of F11 fimbriae and 
flagella, since information on their prevalence in E. coli isolates from layers might give some 
perspectives towards the use of a vaccine based on these two antigens. F11 was significantly 
more often present in E. coli isolates from affected flocks (87%) than in strains isolated from 
control flocks (68%). This was due to the association of F11 with the O78 serotype. Ninety 
per cent of the heart isolates in the colibacillosis flocks were positive for the presence of F11, 
versus 50% in the control flocks, yielding a significant difference. For the is olates from the 
pooled caecal contents, 88% were positive for F11 fimbriae in the affected flocks versus 73% 
in the control flocks. This difference was also significant. For the isolates from the liver, the 
trachea, and ovary/oviduct, no significant differences were found between both types of 
flocks. For flagella, there was no significant difference between control and affected flocks. 

 
In the first part of our study, results indicated that colibacillosis in layer flocks is associated 
with specific E. coli strains. However, is the presence of these strains sufficient to cause 
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increased mortality, or does the occurrence of colibacillosis outbreaks depend on intercurrent 
infections with other pathogens ? In broilers, colibacillosis is often considered as a problem 
that is primed by other pathogens and/or unfavourable environmental conditions, especially 
those affecting the respiratory tract. For this reason, we wanted to examine the serological 
profiles of the flocks for possible seroconversions against the main respiratory agents that 
may be present in Belgian poultry flocks: IBV, NDV, APV, MG, MS and ORT. In all flocks, 
four blood samplings with two-week intervals were performed on 20 hens in marked cages. A 
maximum of one cage per battery was sampled, alternately situated near the entrance of the 
house, at the far end of the house, and in between, to have layers representative of the entire 
flock.  

The results of these serological anlyses are presented in Chapter 2. HI antibody titres 
of the pooled serum samples against IBV M41, D274, D1466 and 4/91 ranged between 7.6 
and 9.6 log2 units. No significant differences in antibody titres were observed between the 
control flocks and the flocks suffering from colibacillosis. Seroconversion was observed in 
only one flock, in the control group. In this flock the antibody titre of the pooled sera against 
IBV D274 rose from 7 to 11 in the successive samplings. This seroconversion was not 
accompanied by a decrease in egg production or quality. In five flocks, the pooled sera 
showed a titre increase of two log2 units, but when the corresponding individual sera were 
tested to refine these results, the average titre increase varied from 1.3 to 1.6.  

HI antibody titres of the pooled sera against NDV ranged between 8.5 and 8.8 lo g2 
units. No significant differences in antibody titres were observed between control flocks and 
colibacillosis flocks, nor seroconversion in any of the flocks.  

At all samplings in all 40 flocks at least 75% of the birds tested positive in the ELISA 
for APV antibodies. No significant differences in percentage reactors were measured between 
the control flocks and those suffering from colibacillosis. In one control flock, an increase of 
75% to 100% reactors was seen. In this flock, the ELISA also showed an increase in the 
percent inhibition of the sera. It was therefore considered as a seroconvertor. This observation 
was not accompanied by a decrease in egg production or quality. 

All sera from all hens sampled in the flocks were negative for MG antibodies.  
All flocks were positive for MS, with percentages ranging from 85% to 100%, except 

for one control and three colibacillosis flocks. The control flock and two of the colibacillosis 
flocks showed an increase in percentage reactors ranging from 40% to 70% during the follow-
up period. In none of these flocks was there a decrease in egg production or egg quality. 
These results must be carefully interpreted, since MS causes a chronic recurrent infection, and 
the number of reactors may increase or decrease. Nevertheless, no significant differences in 
percentage reactors were measured between the control flocks and the flocks suffering from 
colibacillosis.  

Average flock antibody titres against ORT ranged from 6.9 to 11.3 log2 units, with an 
average of 9.0 and 8.7 in the control flocks and the colibacillosis flocks, respectively. Titres 
of individual birds were as high as 15 log2 units. No significant differences in titres were 
measured between the control flocks and the flocks suffering from colibacillosis. 
Seroconversion occurred in one flock of each group, with mean antibody titres in the control 
flock rising from 8.16 to 11.39 and in the colibacillosis flock from 7.99 to 10.13. Neither 
flock showed a decrease in egg production or quality. 

When looking at the total number of seroconversions against any of the agents, i.e. 
four in the control group and three in the colibacillosis group, no significant difference was 
found between the two flock types. 

In conclusion, only three of the 20 layer flocks suffering from colibacillosis 
seroconverted against other respiratory agents, notably MS and ORT. Antibody titres and/or 
the proportion of birds having antibodies against IBV, NDV, APV, MG, MS and ORT were 
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similar for the control and colibacillosis group of flocks. Thus, eve n though they may act as a 
priming agent in certain cases, none of the agents examined were shown to consistently act as 
a trigger for colibacillosis. These results suggest that, at least as observed in this study, 
outbreaks of increased mortality resulting from colibacillosis are not necessarily secondary to 
IBV, NDV, APV, MG, MS or ORT infections. Moreover, clinical observations, necropsy and 
bacteriological analyses did not yield indications of the presence of other pathogens in the 
flocks. 

 
Our previous results had not only shown that specific E. coli  were present in case flocks, but 
also that other respiratory agents are not necessarily priming colibacillosis outbreaks. 
However, non-infectious factors might also facilitate the occurrence of increased mortality 
caused by E. coli.  

At the onset of this study, no data were available about the possible associations 
between risk factors of non-infectious nature and colibacillosis outbreaks in flocks of caged 
laying hens. The study presented in Chapter 3 aimed to investigate the possible associations 
between 46 variables describing biosecurity measures, flock health, management factors, 
infrastructure, farm situation, production parameters, and rearing management, and 
colibacillosis outbreaks in the layer floc ks. The data for these variables were obtained through 
a questionnaire. 

Conditional logistic regression was used, with the farm identity as a random factor, to 
examine possible associations between the type of flock (i.e. control or colibacillosis-affected 
flock), and the 46 variables. Region of origin (north-western Belgium vs. north-eastern 
Belgium) was forced into the model as a fixed effect to cope with the possible confounding 
effect of this variable. A forward stepwise procedure was used in view of the large number of 
variables available. 

The variables that were significantly associated with colibacillosis outbreaks in the 
multiple model, explaining a maximum of variation, were distance (km) to the nearest poultry 
farm, and cage space per hen (litre). The risk for a colibacillosis outbreak decreases sixfold 
with an increase in distance by 1 km to the nearest poultry farm. With an increasing volume 
of 1 litre per hen in the cages, the risk for an outbreak decreases with 33%. 
 In the bivariate analysis, type of animal having access to the hen house, regular 
treatment against flies, pattern of light increase at the beginning of the round, transient feed 
offered before laying feed at the beginning of the round, number of other poultry farms within 
a 1 km-radius, and percentage lay at 22 weeks versus the target were categorical variables 
significantly associated with the outcome variable. Number of visitors entering the hen house, 
frequency of water disinfectant use per year, number of hens in the flock , well depth, distance 
to the nearest poultry farm (commercially kept layers or broilers), and age of beak trimming 
were significant continuous variables in the bivariate analysis. However, the bivariate analysis 
does not offer correction for other variables, so these results must be interpreted with care. 
Moreover, some of these bivariately significant variables must be considered as a result of the 
colibacillosis outbreaks, rather than a potential cause, as is the case for ‘number of visitors 
entering the hen house’ and ‘frequency of water disinfectant use’. For both these variables, 
higher values were observed in the colibacillosis than in the control flocks. 
  
Our previous results indicated that specific E. coli strains were were present in case flocks , 
and that the colibacillosis outbreaks are not necessarily secondary to the main other 
respiratory pathogens. This led to the conclusion that there had to be differences in virulence 
between E. coli strains. In Chapter 4, we investigated whether certain virulence traits 
described in literature, or any of their combinations, were significantly associated with the 
isolates from the colibacillosis-affected flocks.  
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For this purpose, extra -intestinal isolates from control flocks were compared with 
extra-intestinal isolates from case flocks. Ten E. coli strains isolated from the hearts or livers 
of 10 debilitated layers from 10 different clinically healthy flocks with baseline mortality, 
were designated as ‘control isolates’. At necropsy, the lesions detected in these individuals 
were associated with lameness, cachexia, cannibalism, liver steatosis or dystocia. The 10 
‘outbreak isolates’ were obtained from the hearts of 10 layers from 10 different colibacillosis-
affected flocks with increased mortality, that had died with lesions compatible with 
colisepticaemia. Both groups were compared for any differences in known virulence traits 
associated with adhesion, invasivity, serum resistance, iron uptake, colicin production, and 
toxinogenicity. They were examined phenotypically and/or by PCR. 

FimH (adhesive subunit of type 1 fimbriae) was detected in all strains. EM confirmed 
that they all possessed type 1 fimbriae. PapG (adhesive subunit of P fimbriae) was present in 
all strains. However, P fimbriae of the F11 serotype were detected in only 5/10 control 
isolates and 9/10 outbreak isolates. Tsh  (temperature-sensitive haemagglutinin) was present in 
6/10 control isolates and 6/10 outbreak isolates. All 20 E. coli strains tested were able to 
invade the Caco-2 cells. No significant differences in percentage invasivity were found 
between control and outbreak isolates. All strains were serum resistant (OD600, 3h > 100%).  
However, two control isolates were only slow resistant (OD600, 3h between 100-125%). The other 
control isolates and all outbreak isolates were highly resistant (HSR) (OD600, 3h > 150%). For iss  
(increased serum survival) and traT (complement resistance and surface exclusion of closely 
related plasmids), the prevalence was lower in the control isolates than in the outbreak 
isolates, but the difference was not significant. The iron uptake system genes iucA  and iutA 
(aerobactin), and iroC (salmochelin) were also less often detected in the control isolates, 
however without significant differences. Only the yersiniabactin genes irp2 and fyuA were 
significantly less often present in the control (6/10) than in the outbreak isolates (10/10). 
None of the strains produced haemolysins. For colicin production, a significant difference was 
found between control and outbreak isolates, with 6/10 and 10/10 positive strains, 
respectively. The structural gene of the Col V protein, cvaC, was detected in 7/10 control 
isolates and in 8/10 outbreak isolates. This implies that of the 10 colicin-producing outbreak 
isolates, two were not able to produce Col V and produced other colicins. Five control isolates 
and five outbreak isolates produced only Col V. One control isolate and three outbreak 
isolates produced colicins, and possibly also Col V. AstA (enteroaggregative heat-stable 
enterotoxin) was detected in only one control isolate and one outbreak isolate. The toxin 
genes cnf1 and 2 (cytotoxic necrotising factors) and stx1 and 2  (Shiga-like toxins) were not 
detected in any of the isolates. 

Significant differences between the control and outbreak isolates were found for 
combinations of two to seven virulence traits. None of the combinations examined was 
exclusive for the isolates from outbreaks. The combination of the three investigated iron 
uptake system genes iucA, fyuA and iroC, did not yield a significant difference between the 
control (5/10 positive) and outbreak isolates (7/10 positive). In contrast, the fyuA and iroC 
combination was present in 5/10 of the control and 10/10 of the outbreak isolates, which 
yielded a significant difference. The combination iss, cvaC, tsh and iucA, a putative 
pathogenicity unit, was present in 5/10 control isolates and 4/10 outbreak isolates, yielding no 
significant difference. The HSR, fyuA, iroC and colicin production combination was present 
in only 5/10 of the control isolates, and in 10/10 outbreak isolates. This difference was 
significant. The combination F11, HSR, iss, traT, fyuA, iroC, and colicin production was 
present in only 1/10 of the control isolates, but in 6/10 outbreak isolates. Again, this 
difference was significant.  The latter combination contains the traits that are detected in all of 
the significant smaller combinations. The possession of multiple adhesins, serum survival 
systems and iron chelators may render a strain more adaptable en hence improve its capability 
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for colonization of its host, survival within the host and multiplication using the host’s 
resources. This may result in an increased virulence. However, our results, together with the 
currently available data, indicate that other, as yet unknown virulence characteristics may play 
an important part in a strain’s pathogenic potential. 

Colicin production was significantly more often detected in outbreak isolates. Col V 
production is considered as a virulence indicator, for in bacteraemic strains it is 
predominantly encoded by genes situated on plasmids which also carry other, well-defined 
virulence genes. Genes encoding colicins, other than Col V, are also situated on plasmids, and 
recent data suggest that these plasmids too are capable of carrying virulence genes. This may 
be an interesting subject for future research.  

 
In conclusion, colibacillosis in layers can be defined as an acute septicaemic disease 

causing important mortality, usually in the absence of clinical symptoms. The disease is flock 
and hen house associated. At necropsy, the hens consistently show lesions of polyserositis 
including peritonitis, pericarditis, and perihepatitis. E. coli are isolated in pure or abundant 
cultures from the lesions. Usually the strains isolated from the caecal contents belong at least 
in part to the same serotype as the strains isolated from the extra-intestinal organs. In this 
study, the most frequently isolated serotype from the colibacillosis -affected flocks was O78. 

In a limited study involving 20 strains, we observed that extra-intestinal isolates from 
colibacillosis outbreaks possess as a rule more virulence-associated traits than extra-intestinal 
isolates from control flocks. Specifically traits concerned with serum resistance and iron 
uptake are more frequently present in outbreak isolates. It is possible that these make them 
more adaptable to the various host’s resources, and thus render them more virulent.  

Even though in certain cases other respiratory pathogens like IBV, NDV, APV, MG, 
MS or ORT may act as primary agents triggering the outbreaks, colibacillosis is not 
necessarily secondary to these pathogens. Distance to the nearest poultry farm and cage space 
per hen are significant risk factors, indicating that both flock and hen density may play a part 
in the outbreaks.  

 
 
 

Samenvatting 
 

 

Tot voor kort werd colibacillose vooral beschouwd als een probleem bij vleeskuikens, die 
gevoeliger geacht worden voor aviaire pathogene Escherichia coli (APEC) dan de lichtere 
legrassen. Sinds het midden van de jaren negentig echter wijzen veldobservaties in 
verschillende Europese landen, waaronder België, op een stijgend belang van colibacillose 
uitbraken in leghennentomen. Wetenschappelijke gegevens over deze ziekte bij leghennen 
waren zeer beperkt. Om deze reden werd een case-control studie uitgevoerd bij leghennen op 
batterij, waarbij 20 tomen aangetast door colibacillose vergeleken werden met 20 
controletomen. De doelstellingen van deze studie waren het beschrijven van de klinische en 
bacteriologische kenmerken van colibacillose bij leghennen, en het nagaan van de infectieuze 
en niet-infectieuze risicofactoren die een invloed zouden kunnen hebben op het optreden van 
deze uitbraken. De informatie die hierbij werd bekomen, kan nuttig zijn voor toekomstig  
onderzoek en helpen in de bestrijding van de ziekte.  
 
De 20 colibacillose probleemtomen werden geïdentificeerd op basis van (1) een stijging in 
sterfte t.o.v. de verwachte normale sterfte, gemeld door de bedrijfsvoerder, (2) 
lijkschouwingsletsels van vijf hennen, compatiebel met colibacillose, in afwezigheid van 
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letsels compatiebel met andere ziekten, en (3) E. coli geïsoleerd uit hart en/of lever in 
reincultuur of in grote aantallen. Veldobservaties wezen erop dat eens een toom aangetast was 
door colibacillose, er vaak herhaalde uitbraken volgden in dezelfde toom, en dat ook de 
daaropvolgende tomen in hetzelfde hok vaak de ziekte doormaakten. Om deze reden werd een 
controletoom gedefinieerd als een toom waarin geen verhoogde sterfte t.o.v. de verwachte 
normale sterfte was vastgesteld, en evenmin in de voorgaande to(o)m(en) in hetzelfde hok. 
Tomen verdacht van een colibacillose uitbraak werden binnen twee weken na de start van de 
verhoogde sterfte bezocht voor het ophalen van vers gestorven of zieke hennen voor 
lijkschouwing. Indien de colibacillose uitbraak werd bevestigd, werden er vier bloedstalen 
genomen van 20 hennen in gemerkte kooien met een interval van telkens twee weken. De sera 
werden onderzocht voor mogelijke seroconversies tegen infectieuze bronchitis virus (IBV), 
Newcastle disease virus (NDV), aviair pneumovirus (APV), Mycoplasma gallisepticum 
(MG), M. synoviae (MS) en Ornithobacterium rhinotracheale (ORT). Het verzamelen van 
gegevens voor de analyse van niet-infectieuze risicofactoren gebeurde tijdens het bezoek van 
de vierde bloedname, wanneer de bedrijfsvoerder een vragenlijst beantwoordde. Deze bevatte 
vragen over bioveiligheidsmaatregelen, gezondheidstoestand van de tomen, 
bedrijfsmanagement, infrastructuur, bedrijfslocatie, productieparameters en opfok 
management. Gegevens over vaccinaties en leeftijd van ontbekken werden bekomen van de 
broeierijen en opfokbedrijven.  

Zodra er een aangetaste toom was geïdentificeerd, werd er gezocht naar een 
controletoom van ongeveer dezelfde leeftijd. De controletomen werden op dezelfde manier 
bemonsterd en geanalyseerd als de aangetaste tomen.  

 
Gezien het ontbreken van een wetenschappelijke beschrijving van ‘colibacillose in 
leghennentomen’, hebben we gegevens verzameld over de klinische, pathologische en 
bacteriologische aspecten van deze ziekte. De resultaten worden beschreven in Hoofdstuk 1.  

In de aangetaste tomen steeg de wekelijkse sterfte met een factor drie tot acht binnen 
een termijn van één tot drie weken na de start van de verhoogde sterfte. De sterfte op 
weekbasis bereikte tot 1,71%. Negen van de aangetaste tomen werden bemonsterd tijdens de 
eerste colibacillose uitbraak van de ronde, en 11 tomen gedurende een herhaalde uitbraak. In 
drie tomen ging het daarbij al om een vierde uitbraak tijdens de zelfde ronde. De eerste 
observaties van verhoogde sterfte ten gevolge van colibacillose gebeurden op een leeftijd die 
varieerde van 21 tot 55 weken, maar in 70% van de gevallen kwamen de eerste uitbraken voor 
bij het begin van de leg en tijdens piekproductie, d.w.z. op een leeftijd van 20 tot 40 weken. 
De verhoogde sterfte duurde minimum drie weken. In vijf tomen was het probleem chronisch, 
en bleef de verhoogde sterfte 8-10 weken aanwezig. In één van deze tomen bereikte de 
cumulatieve sterfte over deze periode 9,19%. Symptomen, namelijk sufheid en/of bevuilde 
cloaca’s, werden in 10 aangetaste tomen gezien, maar telkens slechts in een klein aantal 
hennen. Een daling in eiproductie van 2,20 tot 5,65% op het moment van maximum sterfte en 
een verhoogd percentage tweedekeus eieren (>1,5%) werden gezien in respectievelijk zes en 
drie aangetaste tomen. In slechts één toom werden allebei deze symptomen gezien. Er werd 
voor de eierproductiegegevens geen significant verschil gevonden tussen de aangetaste tomen 
op het moment van maximum sterfte en de controletomen op een vergelijkbare leeftijd.  

Bij lijkschouwing vertoonden de hennen van de aangetaste tomen systematisch 
polyserositisletsels, inclusief perihepatitis (11/20), pericarditis (12/20) en peritonitis (19/20), 
vaak gepaard met buikleg. Oophoritis was aanwezig in 8/20 en salpingitis in 6/20 aangetaste 
tomen.  

Om de E. coli stammen aanwezig in aangetaste en controletomen te kunnen 
beoordelen, werden systematisch één hart, één lever en één ovarium of oviduct per toom 
bacteriologisch onderzocht. Deze organen waren afkomstig van één tot drie dieren, bij 
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voorkeur van dieren die macroscopische letsels vertoonden in de betrokken organen. De 
trachea werd bij voorkeur genomen van een dier dat letsels vertoonde in één van de  andere 
organen. Afhankelijk van de localisatie van de letsels werd het ovarium of het proximale deel 
van het oviduct bemonsterd voor E. coli isolatie. Indien beide organen letsels vertoonden, 
werd het ovarium verkozen voor bemonstering. Indien geen organen met macroscopische 
letsels aanwezig waren, hetgeen mogelijk was bij hennen afkomstig van controletomen of 
hennen van aangetaste tomen die acuut waren gestorven, werd de bacteriologische analyse 
uitgevoerd op macroscopisch normale organen. De caecale inhoud van al de gelijkschouwde 
dieren werd gepoold voor analyse. Het O-serotype van de bekomen E. coli stammen werd 
bepaald om de types aanwezig in aangetaste en controletomen preliminair te kunnen 
beoordelen.  

De staalnames tijdens lijkschouwing leverden 224 E. coli isolaten op. Zesennegentig 
isolaten werden bekomen uit de controletomen en 128 uit aangetaste tomen. E. coli was 
significant vaker aanwezig in het hart (19/20), de lever (20/20) en de trachea (16/20) van 
aangetaste tomen dan van controletomen, waar hart, lever en trachea E. coli positief waren in 
respectievelijk 10, 12, en zes van de 20 tomen.  

O78 was met aanwezigheid in 15/20 aangetaste tomen (75%) het predominante 
serotype in deze groep. Daarentegen werd dit serotype in slechts één controletoom (5%) 
gedetecteerd. Dit verschil was significant. De meerderheid van de stammen afkomstig van de 
controletomen was niet typeerbaar (NT) met de set van O-antisera die werd gebruikt. NT 
stammen werden geïsoleerd uit 18/20 controletomen (90%), en uit slechts 8/20 (40%) 
aangetaste tomen, hetgeen een significant verschil opleverde. De stammen bekomen uit de 
gepoolde caecuminhoud van 17/20 aangetaste tomen behoorden minstens gedeeltelijk tot 
hetzelfde serotype als de stammen afkomstig van de extra -intestinale organen. Dit fenomeen 
werd ook gezien bij 10/20 controletomen.  

De geïsoleerde stammen werden bijkomend getest voor aanwezigheid van F11 
fimbriae en flagellen, gezien informatie over hun prevalentie bij E. coli isolaten van 
leghennen perspectieven zou kunnen bieden met betrekking tot het gebruik van een vaccin 
gebaseerd op deze twee antigenen. F11 was significant vaker aanwezig in E. coli isolaten van 
aangetaste tomen (87%) dan in stammen geïsoleerd uit controletomen (68%). Dit was een 
gevolg van de associatie van F11 met het O78 serotype. Negentig procent van de isolaten uit 
de harten van de aangetaste tomen waren F11 positief, tegen 50% in de controletomen, 
hetgeen een significant verschil opleverde. Van de isolaten uit de gepoolde caecuminhoud 
waren er 88% F11 positief in de aangetaste tomen tegen 73% in de controletomen. Dit 
verschil was eveneens significant. Voor de isolaten uit lever, trachea en ovarium/oviduct 
werden geen significante verschillen gevonden tussen de beide toomtypes. Voor flagellen 
waren er geen significante verschillen tussen de aangetaste en controletomen. 

 
De resultaten van het eerste gedeelte van onze studie wezen op de aanwezigheid van 
specifieke E. coli stammen in leghennentomen die lijden aan colibacillose. De vraag stelt zich 
echter of de aanwezigheid van deze stammen voldoende is om een verhoogde sterfte te 
veroorzaken, of is het voorkomen van colibacillose uitbraken afhankelijk van gelijktijdige 
infecties met andere pathogenen ? Bij vleeskuikens wordt colibacillose gewoonlijk 
beschouwd als een probleem dat uitgelokt wordt door andere pathogenen en/of ongunstige 
omgevingscondities, vooral indien deze een effect hebben op het ademhalingsstelsel. Om 
deze reden hebben we het serologische profiel van de tomen onderzocht op mogelijke 
seroconversies tegen de belangrijkste ademhalingsziekten die in de Belgische pluimveetomen 
aanwezig kunnen zijn: IBV, NDV, APV, MG, MS en ORT. In alle tomen werd met een 
interval van telkens twee weken vier keer bloed genomen van 20 hennen in gemerkte kooien. 
Maximum één kooi per batterij werd geselecteerd, afwisselend gelegen bij de ingang van het 
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hok, aan de andere kant van het hok, en er tussenin, zodat de bemonsterde dieren 
representatief waren voor de gehele toom.  

De resultaten van deze serologische analyses worden beschreven in Hoofdstuk 2. De 
HI antistoffentiters tegen IBV M41, D274, D1466 en 4/91 van de gepoolde serumstalen 
varieerden van 7,6 tot 9,6 log2 eenheden. Er werden geen significante verschillen in 
antistoffentiters gezien tussen de controle - en aangetaste tomen. Seroconversie werd in slechts 
één toom gedetecteerd, in de controlegroep. In deze toom steeg de antistoffentiter van de 
gepoolde sera tegen D274 van 7 tot 11 tijdens de opeenvolgende staalnames. Deze 
seroconversie ging niet gepaard met een daling in eierproductie of –kwaliteit. In vijf tomen 
vertoonden de gepoolde sera een titerstijging van twee log2 eenheden, maar nadat de 
corresponderende individuele sera geanalyseerd waren om dit resultaat te verfijnen, werd een 
gemiddelde titerstijging bekomen van slechts 1,3 tot 1,6.  

HI antistoffentiters van de gepoolde sera tegen NDV varieerden tussen 8,5 en 8,8 log2 
eenheden. Er werden geen significante verschillen in antistoffentiters gedetecteerd tussen 
controle- en aangetaste tomen, en evenmin wer den seroconversies waargenomen.  

Bij alle staalnames in alle 40 tomen werd met behulp van een ELISA minimum 75% 
van de hennen positief bevonden voor APV antistoffen. Er werden geen significante 
verschillen in percentage reactors gedetecteerd tussen controle- en aangetaste tomen. In één 
toom werd een stijging van 75% naar 100% reactors gezien. De ELISA vertoonde voor deze 
toom tegelijkertijd een stijging in het percentage inhibitie van de sera. De toom werd daarom 
beschouwd als een seroconvertor. Deze observatie ging niet gepaard met een daling in 
eierproductie of –kwaliteit.  

Alle sera van alle bemonsterde hennen in de tomen waren negatief voor MG 
antistoffen.  

Alle tomen waren positief voor MS, met percentages reactors die varieerden van 85% 
tot 100%, behalve in één controle - en drie aangetaste tomen. De controletoom en twee van de 
aangetaste tomen vertoonden een stijging in percentage reactors met 40% tot 70% gedurende 
de observatieperiode. In geen van deze tomen werd een daling in eierproductie of –kwaliteit 
gezien. Deze resultaten moeten voorzichtig worden geïnterpreteerd, aangezien MS een 
chronisch terugkerende infectie veroorzaakt, waardoor het percentage reactors kan stijgen of 
dalen. Niettemin werden er geen significante verschillen waargenomen tussen de controle- en 
de aangetaste tomen.  

De gemiddelde antistoffentiters van de tomen tegen ORT varieerden van 6,9 tot 11,3 
log2 eenheden, met een respectievelijk gemiddelde van 9,0 en 8,7 in de controle - en de 
aangetaste tomen. Titers van individuele hennen bereikten waarden tot 15 log2 eenheden. Er 
werden geen significante verschillen gedetecteerd tussen de titers van de controle - en de 
aangetaste tomen. Er greep seroconversie plaats in één toom van elke groep, met stijgingen in 
gemiddelde antistoffentiters van 8,16 tot 11,39 in de controletoom en van 7,99 tot 10,13 in de 
colibacillosetoom. Geen van beide tomen vertoonde een daling in eierproductie of –kwaliteit. 

Wanneer het totale aantal seroconversies tegen een respiratoire pathogeen wordt 
bekeken, namelijk vier in de controlegroep en drie in de groep aangetast door colibacillose, is 
er ook hier geen significant verschil aanwezig.  

In conclusie werden in slechts drie van de 20 aangetaste tomen seroconversies 
gedetecteerd tegen één van de onderzochte respiratoire pathogenen, meer bepaald tegen MS 
en ORT. Antistoffentiters en/of de proportie van de hennen met antistoffen tegen IBV, NDV, 
APV, MG, MS of ORT waren vergelijkbaar voor de controle- en de aangetaste tomen. Dus 
hoewel deze pathogenen in bepaalde gevallen als uitlokkende factor kunnen fungeren, was 
geen van de onderzochte pathogenen systematisch aanwezig bij uitbraken van colibacillose. 
Deze resultaten wijzen erop dat, tenminste zoals geobserveerd tijdens deze studie, 
colibacillose uitbraken niet noodzakelijk secundair optreden na infectie met IBV, NDV, APV, 
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MG, MS of ORT. Bovendien waren er geen klinische, pathologische of bacteriologische 
aanwijzingen voor de aanwezigheid van andere pathogenen in de tomen. 

 
Onze eerdere resultaten toonden niet alleen aa n dat specifieke E. coli aanwezig waren in de 
aangetaste tomen, maar ook dat deze colibacillose uitbraken niet noodzakelijk uitgelokt 
werden door andere respiratoire pathogenen. Niet-infectieuze factoren zouden echter 
eveneens het optreden van verhoogde sterfte ten gevolge van E. coli kunnen beïnvloeden.  

Bij het begin van deze studie waren er geen gegevens beschikbaar over de mogelijke 
associaties tussen niet-infectieuze risicofactoren en colibacillose uitbraken in leghennen met 
batterijhuisvesting. De studie beschreven in Hoofdstuk 3 had als doel de mogelijke verbanden 
na te gaan tussen 46 variabelen die een beschrijving geven van bioveiligheidsmaatregelen, 
gezondheidstoestand van de tomen, management factoren, infrastructuur, bedrijfslocatie, 
productieparameters en opfok management, en colibacillose uitbraken in leghennentomen. De 
gegevens voor deze variabelen werden bekomen met behulp van een vragenlijst.  

De gebruikte statistische techniek was een conditionele logistische regressie, met de 
bedrijfsidentiteit als random factor. Hiermee werden mogelijke verbanden tussen het type 
toom (controle- of aangetaste toom) en de 46 variabelen nagegaan. Streek van oorsprong 
(noordwestelijk België tegen noordoostelijk België) werd in het model geforceerd als een 
‘fixe d effect’ om het mogelijke confounding effect van deze variabele te neutraliseren. Er 
werd een voorwaarts stapsgewijze procedure gebruikt gezien het grote aantal beschikbare 
variabelen.  

De variabelen die significant geassocieerd waren met colibacillose uitbraken in het 
multipele model dat een maximum aan variatie verklaarde, waren afstand (km) tot het 
dichtstbijgelegen pluimveebedrijf, en kooiruimte per hen (liter). Het risico op een 
colibacillose uitbraak wordt zesmaal kleiner wanneer de afstand tot het dichtstbijgelegen 
pluimveebedrijf met één kilometer stijgt. Met een stijging in kooivolume per hen van één liter 
daalt het risico op een uitbraak met 33%. 
 In de bivariate analyse waren de volgende categorische variabelen significant 
geassocieerd met de uitkomstvariabele: type dieren die toegang hebben tot het hok, 
regelmatige behandeling tegen vliegen, tempo van lichttoename aan het begin van de ronde, 
gebruik van overgangsvoeder aan het begin van de ronde vooraleer legmeel verstrekt wordt, 
aantal andere pluimveebedrijven binnen een straal van 1 km, en percentage leg op 22 weken 
ouderdom ten opzichte van de norm. De volgende continue variabelen waren bivariaat 
significant geassocieerd met de uitkomstvariabele: aantal bezoekers die het hok binnengaan, 
frequentie van toevoegen van ontsmettingsmiddelen aan het water, aantal hennen in de toom, 
diepte van de waterput, afstand tot het dichtstbijzijnde pluimveebedrijf (commercieel 
gehouden leghennen of vleeskuikens), en leeftijd van ontbekken. Er moet echter rekening 
gehouden worden met het feit dat de bivariate analyse geen correctie biedt voor andere 
variabelen, dus deze gegevens moeten voorzichtig geïnterpreteerd worden. Bovendien moeten 
sommige van deze significante resultaten beschouwd worden als een gevolg van de uitbraken, 
en niet als een potentiële oorzaak. Dit is het geval voor ‘aantal bezoekers die het hok 
binnengaan’ en voor ‘frequentie van toevoegen van ontsmettingsmiddelen aan het water’. 
Voor allebei deze variabelen waren de geobserveerde waarden hoger in de aangetaste tomen 
dan in de controletomen. 

 
Onze voorgaande resultaten wezen erop dat specifieke E. coli aanwezig waren in de 
aangetaste tomen, en dat de colibacillose uitbraken niet noodzakelijk uitgelokt werden door 
andere respiratoire pathogenen. Dit leidde tot de conclusie dat er verschillen in virulentie 
moesten bestaan tussen de E. coli stammen. In Hoofdstuk 4 onderzochten we of bepaalde in 
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de literatuur beschreven virulentiekenmerken, of combinaties ervan, significant in verband 
konden worden gebracht met de isolaten van de aangetaste tomen.  

Om dit te onderzoeken werden extra-intestinale isolaten van controletomen vergeleken 
met extra-intestinale isolaten van aangetaste tomen. Tien E. coli stammen geïsoleerd uit hart 
of lever van 10 verzwakte leghennen afkomstig van 10 verschillende controletomen werden 
aangeduid als ‘controlestammen’. Deze tomen waren klinisch gezond en hadden een normale 
sterfte. Bij lijkschouwing werden in deze dieren letsels aangetroffen die geassocieerd waren 
met kreupelheid, uitmergeling, kannibalisme, leververvetting of legnood. De 10 
‘uitbraakstammen’ werden bekomen uit het hart van 10 leghennen afkomstig van 10 
verschillende aangetaste tomen met een sterk verhoogde sterfte. Deze leghennen waren 
gestorven met colisepticemie letsels. Beide groepen werden vergeleken voor verschillen in 
gekende virulentiekenmerken met betrekking tot adhesie, invasiviteit, serum resistentie, ijzer 
captatie, colicineproductie en toxinogeniciteit. Ze werden onderzocht met fenotypische 
methoden en/of PCR.  

FimH (adhesieve subunit van type 1 fimbriae) werd in alle stammen gedetecteerd. 
Elektronenmicroscopie bevestigde dat ze allemaal type 1 fimbriae bezaten. PapG (adhesieve 
subunit van P fimbriae) was aanwezig in alle stammen. P fimbriae van het F11 serotype 
werden echter in slechts 5/10 controlestammen en 9/10 uitbraakstammen gedetecteerd. Tsh  
(temperatuur sensitief hemagglutinine) was aanwezig in 6/10 controlestammen en 6/10 
uitbraakstammen. Alle 20 E. coli stammen waren in staat om in Caco-2 cellen binnen te 
dringen. Er werden tussen de controle- en de uitbraakstammen geen significante verschillen in 
percentage invasiviteit gevonden. Alle stammen waren serum resistent (OD600, 3u > 100%). Twee 
controlestammen waren echter slechts traag resistent (OD600, 3u tussen 100-125%). De andere 
controlestammen en alle uitbraakstammen waren sterk serum resistent (SSR) (OD600, 3u > 150%). 
Voor iss (verhoogde overleving in het serum) en traT (complement resistentie en oppervlakte 
exclusie van nauw verwante plasmiden) was de prevalentie lager in de controlestammen dan 
in de uitbraakstammen, maar het verschil was niet significant. De ijzercaptatiesysteem genen 
iucA and iutA (aerobactine) en iroC (salmocheline) waren eveneens minder vaak aanwezig in 
de controlestammen, echter ook zonder dat dit verschil significant was. Enkel de 
yersiniabactine genen irp2 en fyuA waren significant minder vaak aanwezig in de 
controlestammen (6/10) dan in de uitbraakstammen (10/10). Geen van de stammen 
produceerde hemolysines. Voor colicine productie werd een significant verschil aangetoond 
tussen de controle - en de uitbraakstammen, met respectievelijk 6/10 en 10/10 positieve 
stammen. Het structurele gen van het Col V proteïne, cvaC, werd in 7/10 controlestammen en 
in 8/10 uitbraakstammen gedetecteerd. Dit betekent dat er van de 10 colicine producerende 
uitbraakstammen twee niet in staat waren om Col V te produceren, en enkel andere colicines 
produceerden. Vijf controlestammen en vijf uitbraakstammen produceerden enkel Col V. Eén 
controlestam en drie uitbraakstammen produceerden colicines, en mogelijk ook Col V. AstA 
(enteroaggregatief hittestabiel enterotoxine) werd in slechts één controlestam en één 
uitbraakstam gedetecteerd. De toxinegenen cnf1  en 2 (cytotoxische necrotiserende factoren) 
en stx1 en 2  (Shiga-like toxines) werden in geen van de isolaten gedetecteerd.  

Significante verschillen tussen de controle- en uitbraakstammen waren aanwezig voor 
combinaties van twee tot zeven virulentiekenmerken. Geen van de bekomen combinaties was 
exclusief voor de uitbraakisolaten. De combinatie van de drie onderzochte 
ijzercaptatiesysteem genen iucA, fyuA and iroC, leverde geen significant verschil op tussen de 
controle- (5/10 positief) en uitbraakstammen (7/10 positief). In tegenstelling hiermee was de 
fyuA en iroC combinatie aanwezig in 5/10 controle- en 10/10 uitbraakstammen, hetgeen een 
significant verschil opleverde. De combinatie iss, cvaC, tsh en iucA, een mogelijke 
pathogeniteitseenheid, was aanwezig in 5/10 controle- en 4/10 uitbraakstammen, he tgeen niet 
significant verschilde. De combinatie SSR, fyuA, iroC en colicine productie was aanwezig in 
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slechts 5/10 van de controlestammen, en in 10/10 uitbraakstammen. Dit verschil was 
significant. De combinatie F11, SSR, iss, traT, fyuA, iroC, en colicineproductie was aanwezig 
in slechts 1/10 controlestammen, maar in 6/10 uitbraakstammen. Dit verschil was opnieuw 
significant. De laatste combinatie bevat de kenmerken die aanwezig zijn in alle significante 
kleinere combinaties. Het bezit van meerdere adhesines, serum resistentiesystemen en ijzer 
chelators kan ervoor zorgen dat een stam zich beter kan aanpassen en dus ook beter in staat is 
om zijn gastheer te koloniseren, erin te overleven en er te vermenigvuldigen, waarbij gebruik 
gemaakt wordt van de verschillende beschikbare weefsels. Dit kan uitmonden in een 
verhoogde virulentie. Onze resultaten, tesamen met de beschikbare gegevens, wijzen er echter 
op dat er andere, tot nog toe onbekende virulentiefactoren een belangrijke rol zouden kunnen 
spelen in het pathogene potentieel van een stam 

Colicineproductie was significant vaker aanwezig in de uitbraakstammen. Col V 
productie wordt beschouwd als een virulentie indicator, omdat het bij bacteremische stammen 
voornamelijk gecodeerd wordt door genen gesitueerd op plasmiden die ook andere, goed 
gedefinieerde virulentiegenen bevatten. Genen die andere colicines dan Col V coderen 
bevinden zich eveneens op plasmiden, en recente gegevens wijzen erop dat deze plasmiden 
eveneens virulentiegenen kunnen dragen. Dit zou een interessant onderwerp kunnen zijn voor 
toekomstig onderzoek.  

 
Als conclusie kan colibacillose bij leghennen gedefinieerd worden als een acute 

septicemische ziekte die een belangrijke sterfte veroorzaakt, gewoonlijk zonder klinische 
symptomen. De ziekte is toom- en hokgebonden. Bij lijkschouwing vindt men systematisch 
polyserositisletsels, inclusief peritonitis, pericarditis en perihepatitis. E. coli wordt in 
reincultuur of in grote aantallen geïsoleerd uit de letsels. Gewoonlijk behoren de stammen 
geïsoleerd uit de caecuminhoud tenminste gedeeltelijk tot hetzelfde serotype als de stammen 
afkomstig van de extra-intestinale organen.  In deze studie was O78 het meest voorkomende 
serotype in de aangetaste tomen. 

In een beperkte studie op 20 stammen werden bij extra-intestinale isolaten afkomstig 
van colibacillose uitbraken in de regel meer virulentiekenmerken gedetecteerd dan bij extra-
intestinale isolaten van controletomen. Vooral kenmerken die verband houden met serum 
resistentie en ijzercaptatie zijn vaker terug te vinden in uitbraakstammen. Mogelijk laten deze 
kenmerken hen toe zich beter aan te passen aan de verschillende gastheerweefsels, waardoor 
ze meer virulent worden.  

Hoewel andere respiratoire pathogenen zoals IBV, NDV, APV, MG, MS of ORT in 
bepaalde gevallen als uitlokkende factor voor een colibacillose uitbraak kunnen fungeren, 
treedt colibacillose niet noodzakelijk secundair na deze pathogenen op. Afstand tot het 
dichtstbijzijnde pluimveebedrijf en kooiruimte per hen zijn significante risicofactoren, 
hetgeen erop kan wijzen dat zowel bedrijfsdichtheid in een streek als bezettingsdichtheid van 
de hennen binnen de toom een rol kunnen spelen in de colibacillose uitbraken.  

 
 
 

Résumé 
 

 

Jusqu’il y a peu, les émergences de colibacillose étaient surtout associées aux cheptels de 
poulets à viande, considérés comme plus vulnérables aux Escherichia coli pathogènes aviaires 
(APEC) que les races pondeuses plus légères. Cependant, depuis le milieu des années 
nonante, dans plusieurs pays Européens dont la Belgique, les observations sur le terrain 
indiquent l’importance croissante des émergences de colibacillose dans les cheptels de poules 
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pondeuses. Les informations scientifiques concernant cette maladie chez les poules pondeuses 
sont plutôt rares. Pour cette raison, une étude de cas -témoin a été effectuée sur des poules 
pondeuses élevées en batterie au cours de laquelle 20 cheptels atteints de colibacillose ont été 
comparés à 20 cheptels contrôles. Les objectifs de cette étude étaient de décrire les 
caractéristiques cliniques et bactériologiques de la colibacillose chez les poules pondeuses, et 
d’examiner les facteurs de risque infectieux et non infectieux dans l’occurrence des 
émergences. L’information ainsi obtenue peut être utile pour le diagnostic futur et pour la 
lutte contre cette maladie. 
 
Les 20 cheptels à colibacillose ont été identifiés sur base (1) d’une augmentation de mortalité 
par rapport à la mortalité normale rapportée par l’éleveur, (2) des lésions compatibles avec la 
colibacillose lors de l’autopsie de cinq poules, en absence de lésions compatibles avec 
d’autres maladies, et (3) l’isolement d’E. coli du cœur et/ou du foie en culture microbienne 
pure ou en grand nombre. Des observations sur le terrain laissent penser que lorsqu’un cheptel 
est atteint de colibacillose, de nouvelles réinfections émergent souvent dans le même cheptel , 
et que les cheptels suivants élevés dans le même poulailler contractent souvent la même 
maladie. Pour cette raison un cheptel contrôle a été défini comme un cheptel dans lequel 
aucune augmentation de la mortalité n’a été constatée par rapport à la mortalité normale dans 
une population présente et passée, élevée dans le même poulailler. Des cheptels suspectés 
d’une émergence de colibacillose ont été visités endéans les deux semaines après l’apparition 
d’une augmentation de mortalité afin d’enlever les poules mortes récemment ou les poules 
malades pour autopsie. Lorsque l’émergence de la colibacillose était confirmée, quatre 
échantillons de sang ont été prélevés à intervalle de deux semaines sur 20 poules dans des 
cages marquées. Les sérums ont été examinés pour séroconversions possibles contre le virus 
de la bronchite infectieuse (IBV), le virus de la maladie de Newcastle (NDV), le pneumovirus 
aviaire (APV), Mycoplasma gallisepticum (MG), M. synoviae (MS) et Ornithobacterium 
rhinotracheale (ORT). La collecte des données pour l’analyse des facteurs de risque non 
infectieux se faisait lors de la visite pour le quatrième prélèvement de sang, au cours duquel 
l’éleveur répondait au questionnaire. Le questionnaire visait la gestion de l’entreprise, les 
mesures de biosécurité, l’état de santé des cheptels, l’infrastructure, la location de l’entreprise, 
les paramètres de production et la gestion de l’élevage des jeunes pondeuses. Les 
informations concernant les vaccinations et l’âge de débecquage ont été obtenues des 
éclosoirs et des entreprises d’élevage.  

Dès qu’un cheptel atteint était découvert, un cheptel contrôle d’âge comparable était 
recherché. Les cheptels contrôles ont été échantillonnés et analysés de façon identique aux 
cheptels à colibacillose. 
 
Vu l’absence d’une description scientifique de ‘colibacillose chez la poule pondeuse’, nous 
avons collecté des données sur les aspects cliniques, pathologiques et bactériologiques de la  
maladie. Les résultats sont décrits au Chapitre 1. Dans les cheptels atteints de colibacillose, la 
mortalité hebdomadaire augmentait d’un facteur trois à huit dans un délai d’une à trois 
semaines après le début de la mortalité augmentée. La mortalité hebdomadaire atteignait 
1,71%. Neuf des cheptels atteints ont été échantillonnés lors de la première émergence de 
colibacillose, et 11 cheptels lors des émergences suivantes. Pour trois cheptels, il s’agissait 
déjà de la quatrième émergence depuis l’introduction de la population concernée dans le 
poulailler. Les premiers cas de mortalité augmentée dans un cheptel causés par la 
colibacillose ont été observés à l’âge de 21 à 55 semaines, mais dans 70% des cas, les 
premières émergences se sont produites au début du ou pendant le pic de ponte, c’est-à-dire à 
l’âge de 20 à 40 semaines. La mortalité augmentée durait au moins trois semaines. Pour cinq 
cheptels le problème était chronique, avec une mortalité augmentée de 8-10 semaines. 
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Pendant cette période, dans un des cheptels concernés, la mortalité cumulative atteignait 
9,19%. Les symptômes, notamment somnolence et/ou cloaques souillés, étaient observés dans 
10 cheptels, mais chaque fois pour un nombre limité de poules pondeuses. Au moment de la 
mortalité maximale, une baisse de production d’œufs de 2,20 à 5,65% et un pourcentage accru 
d’œufs de deuxième classe (>1,5%) étaient observés dans respectivement 6 et 3 cheptels 
atteints. Les deux symptômes étaient observés dans un cheptel seulement. Il n’y avait pas de 
différence significative entre les données de production d’œufs des cheptels atteints au 
moment de la mortalité maximale et des cheptels contrôles à un âge comparable. 
 Lors de l’autopsie les pondeuses de cheptels atteints montraient systématiquement des 
lésions de polysérosites, dont des perihépatites (11/20), des pericardites (12/20) et des 
peritonites (19/20), souvent en combinaison avec le dépôt de jaune d’œuf dans la cavité 
abdominale. Dans les cheptels atteints, des oophorites (8/20) et des salpingites (6/20) étaient 
constatées. 
 Afin de pouvoir évaluer les souches E. coli présentes dans les cheptels atteints et 
contrôles, une analyse bactériologique a été effectuée systématiquement sur un cœur, un foie 
et un ovaire ou oviducte par cheptel. Ces organes provenaient d’un à trois animaux, de 
préférence d’animaux montrant des lésions macroscopiques dans les organes concernés. La 
trachée provenait de préférence d’un animal montrant des lésions dans un des autres organes. 
En fonction de la localisation des lésions , l’ovaire ou bien la partie proximale de l’oviducte 
ont été échantillonnés pour isolement d’E. coli. Si les deux organes montraient des lésions, 
l’ovaire était choisi pour l’échantillonnage. Si aucun des organes ne montrait de lésions 
macroscopiques, ce qui était possible chez les pondeuses des cheptels contrôles ou des 
pondeuses de cheptels atteints qui étaient mortes rapidement, les analyses bactériologiques 
étaient effectuées sur des organes macroscopiquement normaux. Les contenus cécaux de tous 
les animaux autopsiés ont été poolés pour analyse bactériologique. Les souches d’E. coli 
obtenues ont été analysées pour la détermination de leur O-sérotype, ce qui a permis une 
évaluation préliminaire des types présents dans les cheptels atteints et contrôles. 
 Les échantillonnages pendant les autopsies ont débouché sur l’isolement de 224 
souches d’E. coli. Nonante-six isolats étaient originaires de cheptels contrôles et 128 de 
cheptels atteints. E. coli était significativement plus fréquent dans le cœur (19/20), le foie 
(20/20) et la trachée (16/20) d’animaux provenant de cheptels atteints que de cheptels 
contrôles, où le cœur, le foie et la trachée étaient contrôlés positifs pour E. coli dans 10, 12 et 
6 des 20 cheptels respectivement. 
 Avec une présence de O78 dans 15/20 cheptels atteints (75%), ce sérotype était 
prédominant dans ce groupe. D’autre part, O78 était présent dans seulement un cheptel 
contrôle (5%). C’est une différence significative. La majorité des souches originaires des 
cheptels contrôles n’a pa s pu être typée (NT) par le set des O-antisérums utilisés. Des souches 
NT étaient isolées dans 18/20 cheptels contrôles (90%), et dans seulement 8/20 (40%) 
cheptels atteints, donnant lieu à une différence significative. Les souches obtenues des 
contenus cécaux poolés de 17/20 cheptels atteints appartenaient au moins partiellement au 
même sérotype que les souches isolées des organes extra-intestinaux. Le même phénomène a 
été observé dans 10/20 cheptels contrôles.  
 Les souches isolées ont été testées pour la présence de fimbriae F11 et de flagelles, vu 
que de l’information à propos de leur prévalence chez des isolats de poules pondeuses pouvait 
offrir des perspectives concernant l’utilisation d’un vaccin basé sur ces deux antigènes. F11 
était de façon significative plus fréquemment présent dans les E. coli isolées de cheptels 
atteints (87%) que dans celles isolées de cheptels contrôles (68%). Ceci est la conséquence de 
l’association de F11 avec le sérotype O78. Nonante pourcent des souches isolées des cœurs 
des cheptels atteints étaient positives pour F11 contre 50% pour les cheptels contrôles, ce qui 
donne une différence significative. Quatre -vingt-huit pourcent des isolats des contenus cécaux 
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poolés des cheptels atteints était positifs pour F11, contre 73% pour les souches des cheptels 
contrôles. Cette différence est aussi significative. Par contre, aucune différence significative 
n’a été trouvée entre les deux types de cheptels pour les isolats de foie, trachée et 
ovaire/oviducte. Il n’y avait pas de différence significative entre les cheptels atteints et 
contrôles pour les flagelles. 
 
Les résultats de la première partie de notre étude indiquent la présence de souches spécifiques 
d’E. coli dans des cheptels de poules pondeuses atteints de colibacillose. Mais la présence de 
ces souches suffit-elle pour induire une mortalité accrue, ou est -ce que l’émergence de 
colibacillose dépend d’infections simultanées avec d’autres pathogènes ? D’habitude pour les 
poulets à viande la colibacillose est considérée comme un problème en provenance d’autres 
pathogènes et/ou de circonstances d’environnement défavorables, en particulier ceux ayant un 
effet sur le système respiratoire. Pour cette raison nous avons examiné le profil sérologique 
des cheptels sur des séroconversions possibles contre les plus importantes maladies 
respiratoires pouvant se produire dans les cheptels belges : IBV, NDV, APV, MG, MS et 
ORT. Dans tous les cheptels quatre prises de sang ont été effectuées de 20 pondeuses dans des 
cages marquées, à intervalle de 2 semaines. Au maximum une cage par batterie a été 
sélectionnée, alternativement située proche de l’entrée du poulailler, proche de l’autre côté du 
poulailler, et entre les deux, afin que les pondeuses échantillonnées soient représentatives 
pour le cheptel entier. 
 Les résultats de ces analyses sérologiques sont décrits au Chapitre 2. Les taux 
d’anticorps HI contre IBV M41, D274, D1466 et 4/91 des sérums poolés variaient de 7,6 à 9,6 
unités log2. Il n’y avait pas de différence significative entre les taux d’anticorps des cheptels 
atteints et contrôles. Dans un cheptel seulement, appartenant au groupe contrôle, une 
séroconversion a été observée. Dans ce cheptel les taux d’anticorps contre D274 des sérums 
poolés montaient de 7 à 11 pendant les échantillonnages successifs. Cette séroconversion 
n’allait pas de pair avec une baisse de production ou de qualité des œufs. Dans cinq cheptels 
les sérums poolés donnaient une augmentation du taux d’anticorps par 2 unités log2, mais une 
augmentation moyenne de seulement 1,3 à 1,6 a été obtenue après analyse des sérums 
individuels correspondant visant à affiner ce résultat. 
 Les taux d’anticorps HI des sérums poolés contre NDV variaient entre 8,5 et 8,8 unités 
log2. Entre les taux d’anticorps des cheptels contrôles et atteints, il n’y avait pas de différence 
significative, ni de séroconversions.  
 Un minimum de 75% des pondeuses étaient positives en ELISA pour des anticorps 
contre APV à tous les échantillonnages dans l’ensemble des 40 cheptels. Il n’y avait pas de 
différence significative entre le nombre de réactions positives des cheptels contrôles et 
atteints. Dans un cheptel, une augmentation de 75% à 100% de réactions positives a été 
constatée. L’ELISA présentait simultanément une augmentation en pourcentage d’inhibition 
des sérums de ce cheptel. En conséquence, le cheptel était désigné comme séroconverteur. 
Cette observation ne s’accompagnait pas d’une baisse de production ni de qualité des œufs. 
 Tous les sérums de toutes les pondeuses échantillonnés dans les cheptels étaient 
négatifs pour les anticorps contre MG.  
 Tous les cheptels étaient positifs pour MS, montrant des pourcentages de positifs 
variant de 85% à 100%, sauf un seul cheptel contrôle et trois cheptels atteints. Le cheptel 
contrôle et deux des cheptels atteints présentaient une augmentation en pourcentage de 
positifs de 40 à 70% pendant la période de suivi. Dans aucun de ces cheptels une baisse de 
production ou de qualité des œufs n’a été constatée. Ces résultats doivent être interprétés 
prudemment puisque MS induit une infection chronique intermittente, ce qui peut résulter en 
une augmentation ou une baisse du pourcentage de réactions positives. Néanmoins il n’y avait 
pas de différence significative entre les cheptels contrôles et atteints. 
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 Les taux d’anticorps moyens des cheptels contre ORT variaient de 6,9 à 11,3 unités 
log2, avec une moyenne respective de 9,0 et 8,7 dans les cheptels contrôles et atteints. Les 
taux d’anticorps de pondeuses individuelles atteignaient des valeurs de 15 unités log2. Il n’y 
avait pas de différence significative entre les taux d’anticorps des cheptels contrôles et 
atteints. Une séroconversion était observée dans un cheptel de chaque groupe, avec des 
augmentations de taux d’anticorps moyennes de 8,16 à 11,39 dans le cheptel contrôle et de 
7,99 à 10,13 dans le cheptel atteint. Aucun des deux cheptels ne montrait une baisse de 
production ou de qualité des œufs.  

Quand le nombre total de séroconversions contre un pathogène respiratoire est évalué, 
notamment quatre dans le groupe contrôle et trois dans le groupe atteint de colibacillose, 
aucune différence significative n’a été détectée non plus.  

En conclusion ce n’est que dans trois des 20 cheptels atteints qu’une séroconversion a 
été détectée contre un des pathogènes respiratoires recherchés, notamment contre MS et ORT. 
Les taux d’anticorps et/ou la proportion des pondeuses ayant des anticorps contre IBV, NDV, 
APV, MG, MS ou ORT étaient comparables pour les cheptels contrôles et atteints. Donc, bien 
que ces pathogènes puissent provoquer une émergence de colibacillose, aucun des pathogènes 
recherchés n’était présent de façon systématique. Ces résultats indiquent que, durant cette 
étude au moins, les émergences de colibacillose ne sont pas nécessairement secondaire à une 
infection par IBV, NDV, APV, MG, MS ou ORT. En outre il n’y avait aucune indication 
clinique, pathologique ou bactériologique de la présence d’autres pathogènes dans les 
cheptels.  
 
Nos résultats précédents ont démontré non seulement que des E. coli spécifiques étaient 
présentes dans les cheptels atteints de colibacillose, mais aussi que ces émergences n’étaient 
pas nécessairement provoquées par d’autres pathogènes respiratoires. Des facteurs non-
infectieux pourraient cependant aussi bien induire une mortalité accrue à cause d’E. coli.  
 Au début de cette étude il n’y avat pas de données relatives aux associations possibles 
entre des facteurs de risque non-infectieux et les émergences de colibacillose chez les poules 
pondeuses élevées en batteries. L’étude décrite au Chapitre 3 avait comme but d’analyser les 
associations possibles entre 46 variables décrivant les mesures de biosécurité, l’état de santé 
des cheptels, la gestion de l’entreprise, l’infrastructure, la localisation de l’entreprise, les 
paramètres de production, la gestion de l’élevage des jeunes pondeuses et l’émergence de 
colibacillose dans les cheptels. Les données de ces variables ont été obtenues à l’aide d’un 
questionnaire. 
 La technique statistique utilisée était une régression logistique conditionnelle, avec 
l’identité de la ferme comme facteur aléatoire. De cette façon les associations possibles entre 
le type de cheptel (contrôle ou atteint de colibacillose) et les 46 variables ont pu être 
analysées. La région d’origine (Belgique nord-ouest versus nord-est) a été forcée dans le 
modèle comme effet fixe afin de neutraliser le possible effet confondant de cette variable. Une 
procédure additive pas -à-pas a été utilisée en raison du grand nombre de variables 
disponibles.  
 Les variables associées de façon significative avec les émergences de colibacillose 
dans le modèle multiple expliquant le maximum de variation étaient la distance (km) de 
l’entreprise de volaille la plus proche et le volume de cage par pondeuse (litre). Le risque 
d’une émergence de colibacillose diminue de six fois si la distance de l’entreprise de volaille 
la plus proche est augmentée d’un km. Une augmentation de volume de cage par pondeuse 
d’un litre diminue le risque d’une émergence de 33%. 
 Dans l’analyse bivariante, les variables catégoriques suivantes étaient 
significativement associés avec la variable dépendante  : le type d’animaux ayant accès au 
poulailler, le traitement régulier contre les mouches, la cadence d’augmentation 
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d’illumination juste après introduction de la population dans le poulailler, l’utilisation d’un 
aliment de transition au début de l’introduction de la population avant d’utiliser une farine 
pour la ponte, le nombre de fermes de volaille dans un rayon d’un km, et le pourcentage de 
pondeuses en ponte à l’âge de 22 semaines par rapport à la norme. Les variables continues 
suivantes étaient significativement associées avec la variable dépendante en analyse 
bivariante : le nombre de visiteurs entrant dans le poulailler, la fréquence d’ajout de 
désinfectants au système d’abreuvement, le nombre de pondeuses dans le cheptel, la 
profondeur du puits, la distance de l’entreprise de volaille la plus proche (élevage commercial 
de poules pondeuses ou de poulets à viande), et l’âge de débecquage. Il faut cependant tenir 
compte du fait que l’analyse bivariante n’offre pas de correction pour d’autres variables, et 
que ces résultats doivent donc être interprétés prudemment. En outre quelques-uns de ces 
résultats significatifs doivent être considérés comme une conséquence des émergences de 
colibacillose, et non comme cause potentielle. C’est le cas pour ‘le nombre de visiteurs 
entrant le poulailler’ et pour ‘la fréquence d’ajout de désinfectants au système 
d’abreuvement’. Pour ces deux variables les valeurs observées étaient plus élevées dans les 
cheptels atteints que dans les cheptels contrôles. 
 
Nos résultats précédents indiquaient que des E. coli spécifiques étaient présentes dans les 
cheptels atteints, et que les émergences de colibacillose n’étaient pas nécessairement 
provoquées par d’autres pathogènes respiratoires. Ceci nous a mené à la conclusion qu’il 
devait y avoir des différences de virulence entre les souches d’E. coli. Au Chapitre 4, nous 
avons étudié certaines caractéristiques de virulence décrites dans la littérature de manière à 
pouvoir établir d’éventuelles associations entre ces caractéristiques et les isolats des cheptels 
atteints de colibacillose.  
 Dans cet examen, des isolats extra-intestinaux de cheptels contrôles étaient comparés 
avec des isolats extra-intestinaux des cheptels atteints. Dix souches d’E. coli, isolées du cœur 
ou du foie de 10 pondeuses affaiblies et originaires de 10 cheptels contrôles différents, étaient 
désignées comme ‘souches contrôles’. Ces cheptels étaient cliniquement sains et avaient une 
mortalité normale. Les lésions observées pendant l’autopsie des 10 pondeuses concernées 
étaient compatibles avec des symptômes de paralysie, de cachexie, de cannibalisme, de 
stéatose du foie ou de dystocie. Les souches des cheptels atteints ont été obtenues du cœur de  
10 pondeuses originaires de 10 cheptels différents atteints de colibacillose avec une mortalité 
élevée. Les pondeuses étaient mortes avec des lésions de colisepticémie. Les deux groupes 
ont été comparés pour différencier leurs caractéristiques de virulenc e en ce qui concerne 
l’adhésion, l’invasivité, la résistance au sérum, la captation de fer, la production de colicines 
et la production de toxines. Ils ont été analysés par méthodes phénotypiques et/ou PCR. 
 FimH (sous -unité adhésive de fimbriae du type 1) était présent dans toutes les souches. 
La microscopie électronique a confirmé qu’elles possédaient toutes des fimbriae du type 1. 
PapG (sous-unité adhésive de fimbriae P) était présent dans toutes les souches. Des fimbriae 
P du sérotype F11 ont cependant été détectées dans seulement 5/10 souches contrôles et 9/10 
souches des cheptels atteints. Tsh (hémagglutinine thermosensible) était présent dans 6/10 
souches contrôles et 6/10 souches émergences. Les 20 souches E. coli étaient toutes capables 
de pénétrer dans des cellules Caco-2. Il n’y avait pas de différence significative entre le 
pourcentage d’invasivité des souches contrôles et des souches des cheptels atteints. Toutes les 
souches étaient résistantes au sérum (OD600,3h > 100%). Deux souches contrôles cependant 
n’étaient que lentement résistantes (OD600,3h entre 100-125%). Les autres souches contrôles et 
toutes les souches des cheptels atteints étaient fortement résistantes au sérum (FRS) (OD600,3h 

> 150%). Pour iss (survie élevée en présence de sérum) et traT (résistance au complément et 
exclusion de surface de plasmides apparentés), la prévalence était moins élevée dans les 
souches contrôles que dans les souches des cheptels atteints, mais la différence n’était pas 
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significative. Les gènes codant les systèmes de captation de fer iucA, iutA (aerobactine) et 
iroC (salmochéline) étaient eux aussi moins fréquemment retrouvés dans les souches 
contrôles, mais de nouveau sans différence significative. Seuls les gènes encodant la 
yersiniabactine, notamment irp2 et fyuA, étaient de façon significative moins fréquemment 
présents dans les souches contrôles (6/10) que dans les souches des cheptels atteints (10/10). 
Aucune des souches ne produisait de l’hémolysine. Pour la production de colicine, une 
différence signif icative existait entre les souches contrôles et celles des cheptels atteints, avec 
respectivement 6/10 et 10/10 souches positives. Le gène structurel de la protéine Col V, cvaC, 
était détécté dans 7/10 souches contrôles et 8/10 souches des cheptels atteints. Sur 10 souches 
des cheptels atteints produisant des colicines, deux ne produisaient pas Col V mais 
produisaient d’autres colicines. Cinq souches contrôles et cinq souches des cheptels atteints 
ne produisaient que la Col V. Une souche contrôle et trois souches des cheptels atteints 
produisaient des colicines et peut-être aussi de la Col V. AstA  (entérotoxine entéroaggrégative 
thermostable) était détecté dans seulement une souche contrôle et une souche émergente. Les 
gènes de toxine cnf1 et 2 (facteurs nécrotisants cytotoxiques) et stx1 et 2 (toxines ‘Shiga-like’) 
n’étaient retrouvés dans aucun des isolats. 
 Des différences significatives entre les souches contrôles et celles des cheptels atteints 
étaient présentes pour des combinaisons de deux à sept carac téristiques de virulence. Aucune 
des combinaisons obtenues n’était exclusive pour les souches des cheptels atteints. La 
combinaison des gènes de trois systèmes de captation de fer examinés iucA, fyuA et iroC ne 
donnait pas de différence significative entre  les souches contrôle (5/10 positives) et les 
souches des cheptels atteints (7/10 positives). La combinaison fyuA et iroC au contraire, était 
présente dans 5/10 souches contrôles et dans 10/10 souches des cheptels atteints, ce qui 
engendrait une différence significative. La combinaison iss, cvaC, tsh  et iucA, une unité de 
pathogénicité potentielle, était présente dans 5/10 souches contrôles et dans 4/10 souches des 
cheptels atteints, ce qui n’était pas significativement différent. La présence de FRS, fyuA, 
iroC combinée à la production de colicine était retrouvée dans seulement 5/10 souches 
contrôles et dans 10/10 souches des cheptels atteints. Cette différence était significative. La 
combinaison F11, FRS, iss, traT, fyuA, iroC et la production de colicine était présente dans 
seulement 1/10 souches contrôles, et dans 6/10 souches des cheptels atteints. De nouveau, 
cette différence était significative. Cette dernière combinaison contient les caractéristiques 
présentes dans toutes les combinaisons significative s plus petites. La possession de plusieures 
adhésines, systèmes de résistance au sérum et chélateurs de fer peut permettre à une souche de 
mieux s’adapter et par conséquent mieux coloniser son hôte, mieux survivre et se multiplier 
dans ses tissus, en utilisant les différentes ressources disponibles. Ceci peut engendrer une 
virulence augmentée. Nos résultats combinés avec les données disponibles indiquent 
cependant qu’il y a d’autres facteurs de virulence, inconnus jusqu’à présent, qui pourraient 
jouer un rôle important dans le potentiel pathogène d’une souche.  
 La production de colicine était significativement plus souvent marquée dans les 
souches des cheptels atteints. La production de Col V est considérée comme indicateur de 
virulence, puisque chez les souches bactériémiques elle est de façon prédominante encodée 
par des gènes situés sur des plasmides qui contiennent aussi d’autres gènes de virulence bien 
définis. Les gènes encodant des colicines autres que Col V se trouvent aussi sur des 
plasmides, et des données récentes indiquent que ces plasmides peuvent aussi contenir des 
gènes de virulence. Ceci constitue un sujet intéressant pour une étude future. 
 
A titre de conclusion, la colibacillose des poules pondeuses peut être définie comme une 
maladie aiguë septicémique qui provoque un taux élevé de mortalité, d’habitude sans 
symptômes cliniques. La maladie est associée à la population et au poulaillier. A l’autopsie on 
retrouve systématiquement des lésions de polysérosites, dont des peritonites, pericardites et 
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perihépatites. E. coli est isolée en culture microbienne pure ou en grand nombre des lésions. 
Les souches isolées des contenus cécaux poolés appartiennent d’habitude au moins 
partiellement au même sérotype que les souches isolées des organes extra-intestinaux. Dans 
cette étude, le sérotype O78 était le plus fréquemment observé dans les cheptels atteints de 
colibacillose.  
 Dans une étude limitée à 20 souches, nous avons détecté en règle générale dans les 
isolats des cheptels atteints plus de caractéristiques de virulence que dans ceux des cheptels 
contrôles. Les caractéristiques relatives à la résistance au sérum et à la captation du fer étaient 
plus fréquemment retrouvées dans les souches des cheptels atteints. Il est possible que ces 
caractéristiques permettent aux souches de mieux s’adapter aux différentes ressources de 
l’hôte, ce qui les rend plus virulentes. 

Bien que d’autres agents pathogènes respiratoires tels que IBV, NDV, APV, MG, MS 
ou ORT puissent provoquer une émergence de colibacillose, la colibacillose n’est pas 
nécessairement secondaire à ces pathogènes. La distance de l’entreprise de volaille la plus 
proche et volume de cage par poule pondeuse sont des facteurs de risque significatifs, ce qui 
pourrait indiquer que la densité d’élevage dans une région ainsi que la densité de pondeuses 
dans le cheptel peuvent jouer un rôle dans les émergences de colibacillose. 
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