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In order to determine the prevalence and risk factors for necrotic enteritis in broilers, a cross-sectional survey was conducted among 857 farms, rearing broilers for nine UK poultry companies. The main data collection tool was a postal questionnaire directed at farm managers. Additional information on disease occurrence on the farm was collected from veterinary post-mortem reports. The response rate to the questionnaire was 75%, ranging from 54% to 90% within companies. During 2001, 32.8% of the respondents indicated that they had had a case of necrotic enteritis (95% C.I. 29.1 -36.8) in at least one flock. The disease was most often reported during the months October to February.

The point prevalence (necrotic enteritis occurrence in the most recently reared flock) reported by farm managers was 12.3% (95% C.I. 9.8 -15.2). Multilevel logistic regression with poultry company as the random effect was performed, using the occurrence of necrotic enteritis in the farm's most recently reared flock as the dependent variable. Strong associations were found between the outcome variable and the occurrence of wet litter (O.R. 2.39; 95% C.I. 1.27-4.52; p=0.007) and coccidiosis (O.R. 4.68; 95% C.I. 1.74-12.55; p=0.002). In addition, the use of ammonia as a disinfectant for coccidial oocysts appeared to be an independent risk factor (O. R. 3.44; 95% C.I. 1.53-7.71; p=0.003). Finally, the positive association between the use of plasterboard

 3.72; 1.38-10.00; p=0.009).

Introduction

Necrotic enteritis (NE) is an acute, often fatal disease of chickens, characterised by depression, loss of appetite and sudden death. Since its first description in 1961, (Parish, 1961a), it has subsequently been reported from many different regions in the world including Australia (Gardiner, 1967;[START_REF] Nairn | Necrotic enteritis of broiler chickens in western Australia[END_REF], North America (Bernier & Filion, 1971;Helmboldt & Bryant, 1971), South America (Baldassi et al., 1995),

Europe [START_REF] Jylling | Necrotic enteritis in chickens [in Danish[END_REF][START_REF] Köhler | Investigations into necrotic enteritis of chickens. 1. Diagnosis and control[END_REF], Asia [START_REF] Kwatra | A presumptive diagnosis of avian necrotic enteritis in the fowl (Gallus gallus domesticus) from Assam (India)[END_REF][START_REF] Oda | Acute diarrhoea caused by Clostridium perfringens in adult chickens [in Japanese[END_REF][START_REF] Tsai | An outbreak of necrotic enteritis in broiler chickens[END_REF] and Africa (Dosoky, 1990;[START_REF] Rahamathulla | Outbreak of avian necrotic enteritis in Kaduna State, Nigeria[END_REF].

Until recently, NE has been controlled rather effectively by the presence of antimicrobial growth promoters in the feed. Concerns about increased antibiotic resistance in human pathogens have led to restrictions in the use of these compounds in animal feed. Consequently, it has been a common perception in many countries that NE is a reemerging disease although few studies have been done to determine the prevalence or incidence of the disease, in the past or at present. Frequency measures that have been obtained, were derived by evaluating consignments of chickens submitted to diagnostic laboratories [START_REF] Long | Necrotic enteritis in broiler chickens. I. A review of the literature and the prevalence of the disease in Ontario[END_REF]Bernier et al., 1974;[START_REF] Köhler | Necrotic and ulcerative enteritis in fattening and laying fowls under conditions of intensive poultry production[END_REF][START_REF] Kralj | Ulceronecrotic enteritis in poultry. III. Role of coccidiosis in its appearance [in Serbo-Croatian[END_REF][START_REF] Kaldhusdal | Association between cereal contents in the diet and incidence of necrotic enteritis in broiler chickens in Norway[END_REF] and as such did not study representative samples of the total population at risk.

Much work has been carried out to elucidate the aetiology, pathogenesis and risk factors of NE, usually by experimental studies aimed at reproducing the disease (Parish, 1961b;Al-Sheikhly & Truscott, 1977a, b, c;[START_REF] Shane | Etiology and pathogenesis of necrotic enteritis[END_REF][START_REF] Kaldhusdal | Necrotic enteritis challenge models with broiler chickens raised on litter: evaluation of preconditions, Clostridium perfringens strains and outcome variables[END_REF]. However, reproduction of NE is difficult and inconsistent and as a consequence these studies are often inconclusive and risk factors remain ill-defined. Moreover, there exists a need to study the determinants of NE in the field.

In this paper, the results of a cross-sectional study are described which had as objectives to estimate the prevalence of NE in a representative sample of broiler farms in the UK and to determine the risk factors associated with its occurrence under natural conditions.

Materials and Methods

Study population and sample size. The eleven major poultry companies producing broilers in the UK were approached through their company veterinarian and asked if they were willing to participate in a study on NE. Nine companies expressed an interest and meetings were arranged with the agricultural managers and veterinarians of these companies to discuss study objectives, study design, and confidentiality issues. All nine companies agreed to participate, comprising a total study population of 942 broiler producing farms. The smallest company contained 31 farms whereas the largest company owned or contracted 291 farms. Total sample size was obtained by stratified random sampling based on an expected prevalence of necrotic enteritis of 5% with 95% confidence limits and 1% precision and consisted of 857 farms.

Questionnaire. Data was collected through a postal questionnaire directed at farm managers. Questionnaire design was accomplished with the help of the agricultural managers and veterinarians of participating companies and researchers with experience in poultry health questionnaire design. To avoid any bias associated with focussing the questionnaire on necrotic enteritis, it was left out of the title and was not the first topic Non-response. Farm managers whom had not returned their questionnaire by the end of May were contacted by telephone and inquired as to their reasons for not responding. In addition, they were asked the size of their most recently reared flock and the number of houses on the farm. This latter information was used to determine any indication of nonresponse bias. a univariate logistic regression model, using the following fractional polynomials: -2, -1, -0.5, 0, 0.5, 1, 2, 3 [START_REF] Royston | The use of fractional polynomials to model continuous risk variables in epidemiology[END_REF].

Statistical analysis.

Variables with a statistical significance of p<0.25 in the univariate analysis were tested in a multilevel logistic regression model with poultry company as random effect. 

Non-response.

Five questionnaires were received after the deadline date of the 20 th of May and these were neither included in the response rate nor in the analysis. Telephone numbers were obtained for the remaining 212 farms that hadn't returned their questionnaire and 124 (59%) were successfully contacted. Of these, 4 (3%) declined to answer questions over the phone. Twelve (9.7%) farm managers indicated they never received a questionnaire whereas fifteen (12.1%) maintained they had completed and returned it. 'Being too busy' was the most common reason for not returning the questionnaire (n=52; 41.9%), followed by 'finding the questionnaire too long and complicated' (n=12; 9.7%) and 'losing or misplacing the questionnaire' (n=7; 5.6%).

The Farm manager reported point prevalence (NE occurrence in the most recently reared flock) was 12.3% (95% C.I. 9.8 -15.2), and the frequency distribution by poultry company is shown in Figure 2. NE occurred at a median age of 26 days (I.Q.R. 20 -30) and was reported as early as 10 days of age and as late as 49 days.

In the majority of the cases of NE in the most recently reared flock, the veterinarian was involved in making a diagnosis (56.8%; 95% C.I. 44.7 -68.2)). In 43.2% of the cases he did this by himself, or otherwise in collaboration with the farm manager (8.1%), the area manager (1.4%) or both (4.1%).

Almost all cases of NE in the last flock (90.5%; 95% C.I. 81.5 -96.1) were treated and the use amoxycillin or tylosin were the only reported treatments.

Amoxycillin was most frequently used (87.9% of all treated cases).

Disease validation.

A total of 183 post-mortem reports covering 123 flocks from which information had been collected by the questionnaire were retrieved from the veterinarians of seven companies. The veterinarians of two companies failed to submit reports. Post-mortem reports were available for 33 of the 74 flocks with farm manager reported NE but only 19 of these were carried out at a similar time (within five days)

during the grow-out period as when NE had reportedly occurred. Eleven of these postmortem examinations confirmed NE whereas eight reports made no mention of the disease. Five post-mortem reports carried a diagnosis of NE where the farm manager had not reported this in the questionnaire. 3).

F

Univariate analysis showed strong associations with disease, with both wet litter and coccidiosis increasing the odds of NE occurrence. Similarly, there were positive associations with increased mortality and curative antibiotics use. Preventive antibiotics did not decrease the odds of NE.

There was evidence that increased farm size increased the likelihood of NE occurrence in that an increased number of chickens placed in the last flock, an increased number of hatcheries supplying the chicks, and an increased number of feed lorries coming onto the farm all increased the odds of NE.

There were a wide variety of variables related to hygiene and biosecurity associated with NE occurrence. These included preventive effects of having separate farm clothing, separate farm boots, and hand-washing facilities available in each shed as well as having a turn-around time (i.e. the time period between the last chickens leaving the farm for slaughter and new chicks coming unto the farm) of greater than 14 days, which might allow for more effective cleaning and disinfection schedules. Cleaning carried out with a dry brush or compressed air as opposed to water and detergent increased the odds of NE as did using ammonia as a disinfectant. Other variables possibly related to biosecurity, such as having cattle on the farm and spreading cow manure on fields on and adjoining the farm decreased the odds of NE. There were some associations that were possibly related to stress, such as the type of lighting in the shed, but also the association of NE occurrence with feed equipment failures. Finally, one certain type of broiler breed was at an increased risk for NE.

Multivariable analysis. Results of the final multi-level multivariable logistic regression model are listed in Table 2. The proportion of the total variance attributable to poultry company was 0.27 which was highly significant. Goodness-of-fit statistics for a logistic regression model with the same variables but whereby the correlated nature of the data was ignored, did not provide evidence for a poor model fit (Pearson χ 2 =2.45, p=0.78;

Hosmer-Lemeshow χ 2 =0.12, p=0.94; area under the ROC curve 0.70) Re-estimation of this model using two different quadrature points resulted in relative differences between estimated coefficients smaller than 1%, hence providing evidence for the validity of the quadrature approach in this random effects model.

Discussion

By taking a random sample of the UK broiler population we have obtained the first (1973) and [START_REF] Köhler | Necrotic and ulcerative enteritis in fattening and laying fowls under conditions of intensive poultry production[END_REF] reported prevalences of 7.7% and 8.57% respectively, based on the number of broiler consignments diagnosed with NE submitted to diagnostic laboratories over a three year period. The total broiler population in the areas served by the laboratories was unknown and the denominator was taken as the total number of poultry consignments [START_REF] Long | Necrotic enteritis in broiler chickens. I. A review of the literature and the prevalence of the disease in Ontario[END_REF] or broiler consignments [START_REF] Köhler | Necrotic and ulcerative enteritis in fattening and laying fowls under conditions of intensive poultry production[END_REF] submitted over the three year period. [START_REF] Kaldhusdal | Association between cereal contents in the diet and incidence of necrotic enteritis in broiler chickens in Norway[END_REF] calculated quarterly cumulative incidences, varying from zero to 34.8%, by retrospectively analysing data from the Central Veterinary Laboratory in Norway over a twenty-year period and recording broiler consignments diagnosed with NE. They approximated the total number of birds in the study region based on the number of hatched birds during this period and figures from regional processing plants.

An advantage of collecting information from veterinary laboratories in order to obtain a measure of occurrence is that diagnostic data is likely to be fairly accurate and usually available over long periods of time. A major disadvantage is that the total population at risk is often not considered because it is unknown or needs to be approximated. In addition, not all cases of NE will be submitted to the laboratory as some farmers may seek diagnosis and treatment elsewhere, and it is not always possible to distinguish between consignments that are from one and the same outbreak or from different outbreaks. In our survey we relied on the farm manager's ability to report NE which is potentially vulnerable to misclassification. accompanied by a post-mortem report and as such these cannot be solely relied upon for disease validation in future studies. It also suggests that if our disease information had been exclusively collected from veterinary laboratories, the observed prevalence would have been much lower. This has important implications for disease surveillance in the poultry industry.

The increased frequency of NE occurrence during the winter months as found in this survey is in agreement with a study from Norway [START_REF] Kaldhusdal | Association between cereal contents in the diet and incidence of necrotic enteritis in broiler chickens in Norway[END_REF] but stands in contrast with studies from Canada [START_REF] Long | Necrotic enteritis in broiler chickens. I. A review of the literature and the prevalence of the disease in Ontario[END_REF]Bernier et al., 1974) and Germany [START_REF] Köhler | Necrotic and ulcerative enteritis in fattening and laying fowls under conditions of intensive poultry production[END_REF] where NE was more frequently observed during the summer months. The occurrence of NE varied widely between companies, with three out of nine companies not reporting NE. This was reflected by the large proportion of variation residing at company level, identified by a significant intra-class correlation coefficient in the final multi-level model. This underlines the importance of such hierarchical models in a highly centralised population such as that seen in the poultry industry.

Our Wet litter is a common phenomenon on UK broiler farms with a reported prevalence of 56% (Hermans et al., 2006). The term is used when the bedding in poultry houses reaches its saturation threshold, loses its friability and forms a wet cap on the surface [START_REF] Pattison | Problems of diarrhoea and wet litter in meat poultry[END_REF]. Although there are a wide variety of causes for wet litter, including climate conditions in the shed and leaking drinkers and roofs, in recent years it has been increasingly associated with a non-specific enteritis. This condition has also been termed 'dysbacteriosis' because of an apparent overgrowth of certain bacterial populations in the gut. Although ill-defined, it is characterised by the production of large volumes of abnormally wet droppings and maldigestion [START_REF] Pattison | Some clinical and pathological features of enteritis in broilers -Observations on treatment in the UK[END_REF]. A disturbance of the intestinal mobility and pH has been demonstrated to be conducive for the production of NE in experimental studies (Parish, 1961b;Bernier et al., 1977) and presumably, digestive disorders such as 'dysbacteriosis' could have similar effects. This needs further investigation.

The role of coccidial infections in the occurrence of NE has been surmised from field observations (Helmboldt & Bryant, 1971;[START_REF] Kralj | Ulceronecrotic enteritis in poultry. III. Role of coccidiosis in its appearance [in Serbo-Croatian[END_REF] [START_REF] Kmet | The interaction of intestinal microflora with avian enteric pathogens[END_REF]. Although our study has quantified the association between farmer observed coccidiosis and NE in the field, further work is needed to unravel the pathogenesis and to elucidate the role of the individual coccidial species.

Ammonia is often used as a disinfectant in broiler sheds, specifically for coccidial oocysts, and 8.6% of the farms in this survey used this disinfectant preceding their last flock. There was no significant association between the use of ammonia and clinical coccidiosis in the last flock (OR 1.72; 95% C.I. 0.55-5.04; p=0.28) and no evidence of confounding in the multivariable model. It is conceivable that farms with a history of NE outbreaks are more thorough in their disinfection procedures and are more likely to use ammonia. Similarly, farms with recurring coccidiosis problems are also more likely to use ammonia, and we hypothesise that the disinfectant will prevent the occurrence of clinical coccidiosis in the subsequent flock but any lingering oocysts would produce subclinical disease which would act as a precursor for NE.

The presence of plaster-board walls as a risk factor in our final model might be an indication that hygiene and disinfection have an important part to play in the prevention of NE. This porous type of material, used by 6% of farms in our survey, could be more difficult to clean and disinfect, and therefore present a biosecurity hazard. Alternatively, the variable might be a proxy for another common factor that was not identified by our study.

Equally revealing as the risk factors that remained in our final model, are those variables which showed no significant associations with the occurrence of NE in this study but which are often implicated in other studies. For example, the inclusion of wheat in broiler diets was shown to be a strong risk factor for NE in an experimental study (Branton et al., 1987) but the addition of whole wheat to the feed in our survey 4.42; p=0.24). However, we were unable to ascertain the total content of wheat in the diet but only the proportion that was added as whole wheat. More detailed analyses of feed rations would be required to determine the role of wheat and other feed components as determinants of NE. Efforts to do this in this study were unsuccessful, partly because of the high commercial value and extreme sensitive nature of broiler feed information and also because of the large degree of homogeneity of broiler rations within companies.

Preventive measures such as the prophylactic use of antibiotics and the use of competitive exclusion products (CE) failed to remain significant factors in the final multivariable model. Fifty-one percent of farm managers reported having used at least one prescription-only antibiotic for preventive reasons in their most recently reared flock. The antibiotic most often used was lincomycin-spectinomycin (34% of all instances of antibiotic use for a preventive reason) followed by tylosin (29% of all instances). Several experimental studies claim beneficial effects of these antimicrobial compounds against NE [START_REF] Maxey | Efficacy of lincomycin feed medication for the control of necrotic enteritis in broiler-type chickens[END_REF]Hamdy et al., 1983;Brennan et al., 2001;Collier et al., 2003) but the results of our survey could not demonstrate a significant protective effect of these antibiotics in the way they are presently used in UK broiler farming. Equally, CE use has been shown to be effective in experimental studies (Elwinger et al., 1992;Hofacre et al., 1998), but the 11% of farm managers who reported its use in our survey, were not at a significantly lower risk of NE occurrence in their last flock.

Increasing restrictions in the use of antibiotics in animal production will require alternative strategies for the control of animal diseases. Studies as the one described in this paper will be indispensable to evaluate existing strategies and to generate ideas for future control methods. By working with the major broiler companies in the UK on a topical issue, we achieved a large degree of cooperation and compliance, which is important in any observational study. However, by leaving out independent growers and smaller companies, selection bias cannot be ruled out. In addition, rudimentary analysis of non-responding farms, seem to indicate that these, on average, are farms with fewer chickens. This might have over-estimated our frequency estimate as univariate analysis demonstrates a positive association between farm size and NE occurrence. By maximising our response rate we hope to have kept this non-response bias to a minimum. Also, future studies will need to devise methods to secure case ascertainment, as our survey demonstrates that to rely on veterinary post-mortem reports alone is insufficient. 
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Table 1 .

 1 Univariate associations (p≤0.05) between the occurrence of necrotic enteritis in the most recently reared flock and explanatory variables.

	3. Hypothetical causal pathway of necrotic enteritis, based on associations
	(p<0.05) identified in the univariate analysis. Variables in grey boxes, remained
	significant in the final multivariable model.

Table 2 .

 2 Hierarchical multivariable logistic regression model of risk factors associated with the occurrence of necrotic enteritis in the most recently reared flock (n=449).

	Variable	Coefficient	S.E.	Odds Ratio	95% C.I.	p-value
	Wet litter	0.872	0.325	2.39	1.27-4.52	0.007
	Coccidiosis	1.544	0.503	4.68	1.74-12.55	0.002
	Plaster board walls	1.314	0.504	3.72	1.38-10.00	0.009
	Use of ammonia	1.235	0.412	3.44	1.53-7.71	0.003
	Constant	-3.197	0.375	-	-	-
	Variance estimate of the random effect: 1.21 rho=0.270 LRT of rho=0 χ2 =8.48 p=0.002	
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