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This thesis is an investigation of the prevalence of avian adeno-associated virus 

(AAAV), chicken anaemia virus (CAV), fowl adenovirus (FAdV), and infectious bursal 

disease virus (IBDV), and risk factors for CAV, FAdV, and IBDV, among commercial 

broiler chicken flocks in Ontario. Biological samples from 231 randomly-selected flocks 

were collected at slaughter. Laboratory methods to determine flock exposure to these 

viruses included PCR and ELISA or AGID. A subset of FAdV- and IBDV-positive 

samples was genotyped. Data on management and biosecurity practices used in raising 

the study flocks were collected via a face-to-face interview with the producers. 

Associations of exposure to the three viruses or the presence of FAdV genotypes with 

management/ biosecurity practices were investigated using generalized estimating 

equations, linear regression, and logistic regression models. The flock-level period 

prevalence of exposure to AAAV, CAV, FAdV, and IBDV during grow-out were 

88.76%, 77.06%, 96.54%, and 48.92%, respectively. Potentially pathogenic FAdV 

genotypes constituted 39.38% of the isolates. The most common IBDV genotype 

identified was IBDV NC171 (60%). Risk factors for CAV included: caked or matted 

litter under water lines; some feed mills; fall season; and use of mixed (fresh and 



leftover) feed. Protective factors for CAV included some other feed mills and increasing 

rest period. Risk factors for IBDV included: increasing annual production; grass around 

the barn; and thermal discomfort of the flock during grow-out. Protective factors for 

IBDV included: geographic location; fall season; some hatchery companies; barn wall 

constructed of concrete or concrete at the bottom and wood on top; increased frequency 

of washing barns with high pressure in the past year, and flushing water lines during 

grow-out. Risk factors for exposure of flocks to pathogenic FAdV genotypes included: 

grass around the barn; tunnel or other types (axis, natural, or mixed) of ventilation; 

immediate disposal of dead birds in restricted area, or in/ out of the controlled access 

zone; and thermal discomfort during grow-out. Protective factors included some hatchery 

companies and increasing duration of the brooding period. This study estimated baseline 

prevalence of exposure to AAAV, CAV, FAdV, and IBDV, and identified genotypes and 

risk factors to consider in disease control. 
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STATEMENT OF WORK 

This thesis stems from a project entitled “Enhanced surveillance for viral and 

bacterial pathogens in commercial broiler chicken flocks in Ontario”. The project was 

conducted for a period of 19 months commencing July 2010 to determine flock-level 

prevalence of, and risk factors for, nine viruses and four bacteria of poultry health 

significance in the Ontario broiler industry. Specifically, this thesis focuses on prevalence 

and risk factors for four of these viruses, which include: avian adeno-associated virus, 

chicken anemia virus, fowl adenovirus, and infectious bursal disease virus. The project 

was on-going by the time I joined the team. 

Contributing to the existing project questionnaire was one of my first 

involvements in the project. Dr. Michele Guerin, who was the project leader, and I used 

the existing On-Farm Food Safety Assurance Program (OFFSAP) and the Chicken 

Farmers of Ontario’s (CFO) broiler farms audit questions to improve the existing 

questions and formulate additional ones. Following the completion of the questionnaire, I 

participated in pre-testing it on a small sample of farmers and improving it based on their 

feedback in order to enhance the validity of collected information. For the most part of 

the project, I recruited farmers who participated in the study and administered part A and 

C of the questionnaire (Appendix I and III) to the farmers in face-to-face interviews. Part 

B (Appendix II) was administered by my fellow students and research assistants. Also, in 

the initial stages of the project, I participated in the collection of tissue samples from the 

processing plants and processing of these samples for submission to the Animal Health 

Laboratory, Guelph for analysis. Statistical analysis of the laboratory and questionnaire 
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data in order to determine prevalence and risk factors for the four viruses was my main 

task. 

Given the economic burden associated with infection of broiler flocks with 

viruses, it is expected that considering results of this thesis in disease control efforts 

might be of potential benefit to the broiler industry.  
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CHAPTER ONE 

Introduction, Literature review, and Objectives 

INTRODUCTION 

Poultry and eggs continue to be a highly important source of animal protein in the 

world, with poultry meat production, consumption, and trade all increasing steadily since 

the late 1990s (Pattison, et al., 2008). Chickens and turkeys are farmed for their meat 

more than other poultry species (ducks, geese, and ostriches), with chickens accounting 

for more than 85% of all poultry meat produced worldwide (Pattison, et al., 2008). In 

Canada, the chicken industry plays a very important role in the agricultural economy. For 

instance, in 2011, the chicken industry contributed a total of $6.5 billion to Canada’s 

Gross Domestic Product (Informetrica, 2011). In addition, the chicken industry supported 

a total of 55,943 jobs in Canada (Informetrica, 2011). However, infectious agents can 

have a negative impact on chicken production. 

Inclusion body hepatitis (IBH) is a disease of broiler chickens usually aged three 

to seven weeks (McFerran and Smyth, 2000). The disease is characterized by a sudden 

onset of death in the affected birds. Flock mortality of 5 to 10% has been reported, 

reaching as high as 30% in severe outbreaks (McFerran and Smyth, 2000). Inclusion 

body hepatitis causes economic losses to the poultry industry worldwide. For example, 

the prevalence of IBH in Ontario, Canada from January 2007 to June 2009 was estimated 

at 1.9% of all broiler placements; with an increase of 3.1% in mean mortality of the 
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affected flocks compared to normal flocks (Dr. Rachel Ouckama, 2013, personal 

communication). 

Fowl adenoviruses (FAdVs), which belong to Group I avian adenoviruses, are a 

cause of IBH (Fadly, et al., 1976). Two opposing points of view exist on the role of 

FAdV in the causation of IBH. The first is that FAdV is a primary causative agent for 

IBH without a requirement for other pathogens to cause disease (Reece, et al., 1986; 

Christensen and Saifuddin, 1989; Gomis, et al., 2006; Sentíes-Cué, et al., 2010). The 

second is that FAdV requires the immunosuppressive effects of another pathogen, such as 

infectious bursal disease virus (IBDV), chicken anemia virus (CAV), or mycotoxin-

producing fungi, to cause IBH (Rosenberger, et al., 1975; Fadly, et al., 1976; Toro, et al., 

2000; McFerran and Smyth, 2000; Shivachandra, et al., 2003; Sentíes-Cué, et al., 2010). 

It has also been proposed that avian adeno-associated viruses (AAAVs) increase the 

pathogenicity of adenoviruses (Bagshaw, et al., 1980). 

Fowl adenovirus infections are widespread globally thereby posing a great 

challenge to prevention and eradication initiatives (McFerran and Smyth, 2000). Fowl 

adenovirus is vertically transmitted from the parent flock to the offspring through 

embryonated eggs (McFerran and Adair, 1977; Fadly, et al., 1980). Horizontal 

transmission is facilitated by excretion of the virus in the faeces and other bodily 

secretions or excretions of infected birds (McFerran and Smyth, 2000). Current FAdV 

control practices include routine barn cleaning and disinfection, and strict adherence to 

biosecurity practices (Balamurugan and Kataria, 2004). At the grandparent and parent 

flock levels, inactivated vaccines are used (McFerran, 1997; Eterradossi and Saif, 2008). 
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In Ontario, all parent flocks are vaccinated with a killed bivalent (FAdV-08/ FAdV-11) 

autogenous vaccine in order to minimize the incidence of IBH in the broiler offspring. 

The vaccination program started in January 2010 with the first broiler chicks being 

placed on August 1, 2010. This initiative led to a significant reduction in reported cases 

of IBH beginning in the last quarter of 2010. Compared to past outbreaks, there was 

decreased mortality in the affected flocks during this period (Dr. Rachel Ouckama, 2013, 

personal communication). 

The following literature review focuses on the characteristics, transmission, 

pathogenesis, disease syndromes, prevention and control, prevalence, and risk factors for 

FAdV, CAV, IBDV, and AAAV in commercial broiler chickens. The objectives of this 

thesis will be presented at the end of the chapter. 

LITERATURE REVIEW 

Fowl adenovirus 

Fowl adenovirus is classified under the genus Aviadenovirus and family 

Adenoviridae (Benkő, 2005). Adenoviruses are icosahedral, non-enveloped, double-

stranded deoxyribonucleic acid (DNA) viruses, with sizes that span from 74 to 90 nm. 

Avian adenoviruses are broadly classified into three groups, namely I, II, and III (Benkő, 

2005). Group I adenoviruses are further differentiated into 5 species and 12 serotypes 

using restriction endonuclease analysis and cross-neutralization tests (Calnek and Cowen, 

1975; Cowen, et al., 1977; Grimes, et al., 1977). These include species A (serotype 1), B 



 

4 

 

(serotype 5), C (serotypes 4 and 10), D (serotypes 2, 3, 9, and 11), and E (serotypes 6, 7, 

8a, and 8b) (Benkő, 2005). 

Pathogenicity 

Fowl adenoviruses are present in both healthy and sick poultry flocks (Adair and 

Fitzgerald, 2008). Although immunosuppressive conditions have been thought to 

predispose birds to IBH (Fadly, et al., 1976; Toro, et al., 2000), outbreaks have occurred 

without the presence of immunosuppressive agents (Christensen and Saifuddin, 1989; 

Gomis, et al., 2006). Factors responsible for the pathogenicity of Aviadenoviruses are not 

clear, and experiments have shown that many adenoviruses require the presence of other 

pathogens to cause disease (Hafez, 2011). It has been demonstrated that the presence of 

IBDV (Rosenberger, et al., 1975; Fadly, et al., 1976; Toro, et al., 2000), or CAV (Toro, et 

al., 2000), is required to enhance the pathogenicity of some adenoviruses, while the 

presence of adenovirus-associated parvovirus may reduce growth, pathogenicity, and 

oncogenicity of adenovirus cell cultures (McFerran, 1981). 

Transmission 

Adenoviruses are spread through vertical (Saif, et al., 2008) and horizontal means 

(Akhtar, et al., 1992; Shafique and Shakoori, 1994). Adenoviruses are often reactivated 

during peak egg production as a result of increased stress or level of sex hormones at that 

time, leading to highest transmission to the progeny (Adair and Fitzgerald, 2008). 

Infected breeders can shed the virus, exposing their progeny for a period of three to six 

weeks (Toro, et al., 2001); however, there is no evidence of vertical transmission in birds 
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with a strong immune response (Philippe, et al., 2007). Horizontal transmission of the 

virus is facilitated by its presence in faeces, the tracheal and nasal mucosa, kidneys, and 

semen (Adair and Fitzgerald, 2008). Aerial spread between farms occurs when poultry 

houses are cleaned after the end of the growing cycle (Adair and Fitzgerald, 2008). The 

virus can also be spread through fomites, personnel, and vehicles (Adair and Fitzgerald, 

2008). The incubation period of the virus following natural infection ranges from 24 to 

48 hours (Saif, et al., 2008). 

Susceptibility to chemical and physical agents 

Avian adenoviruses are not destroyed by lipid solvents (ether or chloroform), 

sodium deoxycholate, trypsin, 2% phenol, or 50% alcohol (Adair and Fitzgerald, 2008). 

The viruses resist a pH between 3 and 9, and are only inactivated by a 1:1000 

concentration of formaldehyde (Adair and Fitzgerald, 2008). Deoxyribonucleic acid 

inhibitors (IuDR and BuDR) repress adenoviruses (Burmester, et al., 1960; McFerran, 

1981; McFerran and Smyth, 2000). Avian adenoviruses show varied resistance to 

different heat levels ranging from 56 to 70°C for 30 minutes (Adair and Fitzgerald, 

2008). However, research has shown that composting an infected chicken carcass for 20 

days completely inactivates the virus (Senne, et al., 1994). 

Diagnosis 

Diagnosis of FAdV can be done by virus isolation, polymerase chain reaction 

(PCR), or serology using immunofluorescence or enzyme-linked immunosorbent assay 

(ELISA) (Pattison, et al., 2008) or agar gel immunodiffusion (AGID) test (Domennuth, et 
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al., 1972; Domennuth, et al., 1973). Polymerase chain reaction is the method of choice 

for direct identification of FAdVs (Zsák and Kisary, 1984; Hess, 2000), whereas 

serological methods are of negligible importance for diagnosis due to the extensive 

occurrence of antibodies to the viruses in most birds (Hess, 2000). However, the double 

immunodiffusion test and neutralization test are used to differentiate FAdV subgroups 

(Fitzgerald, 2008) and serotypes (Kawamura and Horiuchi, 1964; Khanna, 1964; 

McFerran, et al., 1972; Calnek and Cowen, 1975; Cowen, et al., 1977; Grimes, et al., 

1977; McFerran and Connor, 1977; Kefford, et al., 1980), respectively, based on 

adenovirus group-specific, and type-specific, antigenic determinants. Chick kidney or 

chicken embryo liver cells can be used in the isolation of fowl adenoviruses, although the 

latter are preferred for diagnostic purposes because of their greater sensitivity to other 

viruses (Adair and Fitzgerald, 2008). The chorioallantoic membrane route of inoculation 

is more sensitive for virus isolation than the allantoic cavity (Kawamura and Horiuchi, 

1964). 

Inclusion body hepatitis 

In broilers, fowl adenovirus causes IBH, hydropericardium syndrome (HPS), 

gizzard erosions, and tenosynovitis (Saif, et al., 2008). Inclusion body hepatitis of 

chickens was first described in the U.S. in 1963 (Helmboldt and Frazier, 1963). Since 

then, the disease has been reported worldwide, including Canada, the U.K., Australia, 

Italy, France, and Ireland (Howell, et al., 1970), with a general increase in incidence 

(McFerran and Smyth, 2000). Inclusion body hepatitis affects 3-7 week old broiler 

chickens (Winterfield, et al., 1973), although birds as young as 7 days (Barr and Scott, 
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1988) and as old as 20 weeks (Jones and Georgiou, 1984) are also affected. Chickens 

from specific breeder flocks may also be affected in an integrated broiler operation 

(MacPherson, et al., 1974). 

The initial signs observed in sick birds include ruffled feathers and stooping, 

followed by sudden death (MacPherson, et al., 1974; McFerran, et al., 1976; Hess, 2000; 

Adair and Fitzgerald, 2008). The rest of flock may appear normal or depressed with low 

weight gains being recorded (Saif, et al., 2008). Morbidity due to IBH is low (Howell, et 

al., 1970; MacPherson, et al., 1974; McFerran, et al., 1976), and mortality might be as 

low as 10% to as high as 30% in the affected flock (Barr and Scott, 1988). At necropsy, 

the liver of affected birds is pale, enlarged, and hemorrhagic (Pattison, et al., 2008). 

Anaemia, jaundice of the skin and subcutaneous fat, and hemorrhages in body organs are 

also observed (Pattison, et al., 2008). Microscopic examination shows hepatitis and 

pancreatitis with eosinophilic intranuclear inclusion bodies in the hepatocytes and cells of 

the pancreas (Pattison, et al., 2008). 

Outbreaks of IBH have been reported in Australia (Barr and Scott, 1988), New 

Zealand (Christensen and Saifuddin, 1989), and Canada (Ojkic, et al., 2008). In Australia, 

mortality of up to 30% was recorded in chickens less than 3 weeks of age. The outbreak 

in New Zealand was mostly associated with FAdV-08, although FAdV-01 and -12 were 

also isolated. However, both outbreaks were associated with FAdV species E (Barr and 

Scott, 1988; Christensen and Saifuddin, 1989). In Canada, FAdV-02, FAdV-08, and 

FAdV-11 have been associated with IBH outbreaks (Ojkic, et al., 2008). 
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Prevalence and genotypes of fowl adenovirus 

Researchers in Belgium evaluated samples from 310 sick broiler chicken flocks 

from May 2002 to May 2012 (Herdt, et al., 2013). Samples collected from internal 

organs, such as trachea, lungs, heart, liver, kidneys, pancreas, thymus, bursa, 

proventriculus, and intestinal tracts were homogenized and inoculated in primary chicken 

embryo liver cells. From cell cultures that exhibited cytopathic effects, FAdVs were 

isolated and identified by immunofluorescence using a polyclonal chicken antiserum and 

serotyped using virus neutralization tests. Of the 310 broiler flocks tested, FAdV was 

isolated from 38 flocks (12.3%). Of the 38 isolates, 5, 13, 1, 8, 4, and 2 were identified as 

FAdV-01, FAdV-02 and FAdV-11, FAdV-03, FAdV-05, FAdV-08a, and FAdV-08a and 

FAdV-08b, respectively. However, 5 isolates were untypeable. 

Researchers in the U.S. carried out a survey of enteric viruses affecting 

commercial chickens and turkeys from September 2005 to July 2006 (Pantin-Jackwood, 

et al., 2008). The viruses of interest included group I and group II adenoviruses, 

astroviruses, rotaviruses, reoviruses, and coronaviruses. A total of 68 pooled intestinal 

samples were collected from 43 chicken and 33 turkey farms and tested for the presence 

of group I adenoviruses (fowl adenovirus) and group II adenoviruses (hemorrhagic 

enteritis virus) using PCR. Adenoviruses were not detected in any of the flocks tested. 

This finding was not anticipated owing to the ubiquitous presence of adenoviruses. The 

researchers considered that the PCR tests used were unable to detect field variants of 

adenoviruses. 
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A study was conducted to determine genotypes/ serotypes of FAdV isolated from 

573 submissions to the Animal Health Laboratory in Guelph, Ontario, Canada between 

2000 and 2006 by sequence analysis using the LaserGene software (DNAStar Inc.) 

(Ojkic, et al., 2008). The submissions were from IBH and non-IBH cases drawn from 7 

Canadian provinces, including British Columbia, Alberta, Saskatchewan, Manitoba, 

Ontario, Québec, and Nova Scotia. Eight genotypes identified from 246 FAdV isolates 

from IBH cases with a median age of 21 days and ranging from 7 to 91 days included: 

FAdV-11 strain 1047 (98 of 246); FAdV-08a strain Stanford (58); FAdV-08a strain TR59 

(18); FAdV-08 strain T8-A (1); FAdV-08a strain T8-A and FAdV-08b strain 764 (23); 

FAdV strain x11a (39); FAdV-02 strain P-7A (7); and FAdV-02 (2 of 246). Five 

genotypes identified from 41 FAdV isolates from non-IBH cases included: FAdV-01 

strain CELO (22 of 41); FAdV-11 strain 1047 (15); FAdV-08a strain TR-59 (2); FAdV-

02 (1); and FAdV-04 strain J-2A (1 of 41). 

In Saskatchewan, Canada, researchers conducted a study to evaluate whether IBH 

in broiler chickens was a primary disease due to vertical transmission of adenoviruses 

from their parents, or a secondary disease due to concurrent infection with 

immunosuppressive viruses (Gomis, et al., 2006). Fowl adenoviruses were isolated from 

65 of 66 tissue samples collected from broiler chickens that were housed in 31 different 

broiler barns on 11 separate premises, and that were derived from 17 broiler breeder 

flocks. Genotyping of 48 liver samples identified the following FAdV genotypes: FAdV-

11 strain 380 (28); FAdV-08a strain TR-59 (11); FAdV-07 strain x11a (7); FAdV-08a 
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strain T8-A and FAdV-08b strain 764 (2). However, FAdVs were not detected by PCR or 

by virus isolation on liver samples obtained from day-old broilers. 

In Australia, 26 clinical cases of IBH from broiler flocks were tested for the 

presence of FAdV and genotypes of FAdV using PCR and high-resolution melt (HRM) 

curve analysis (PCR/HRM genotyping), and virus microneutralization and nucleotide 

sequence analysis of the hexon loop 1 (Hex L1) gene (Steer, et al., 2011). The genotypes 

of FAdV that were identified included: FAdV-08b (13); FAdV-11 (13); and FAdV-01 

(1). 

Risk factors for inclusion body hepatitis 

Immunosuppression caused by IBDV infection has been shown to assist 

adenoviruses in producing IBH (Rosenberger, et al., 1975; Fadly, et al., 1976). Analysis 

of data from a 2007 IBH outbreak on several broiler farms in Mississippi, U.S., showed a 

significant positive association of IBH with IBDV infection but not with CAV infection 

(Sentíes-Cué, et al., 2010). However, IBH was reported in both Northern Ireland and 

New Zealand before infectious bursal disease (IBD) was present in these countries 

(Christensen and Saifuddin, 1989), and IBH has been reported in specific-pathogen-free 

birds without IBD (Reece, et al., 1986). 

In western Canada, researchers examined the possible association of IBH with 

IBDV and CAV infections, and also investigated adenovirus serotypes involved in IBH 

outbreaks (Gomis, et al., 2006). The researchers collected serum samples from 17 broiler 

breeder flocks and their progeny at the time of hatching, and during slaughter. During 
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grow-out period, daily mortality was recorded for all 31 broiler flocks that were derived 

from the breeder flocks. In addition, IBH was diagnosed in dead birds using gross 

examination for the presence of hepatic necrosis. Liver samples from dead birds 

diagnosed with IBH were tested for CAV and IBDV antibodies using ELISA. Among the 

31 broiler flocks, no association was found between flocks with IBH outbreaks (vs. 

flocks without IBH) and IBDV or CAV. Fowl adenovirus-07, FAdV-08a, FAdV-08b, and 

FAdV-11 were isolated from the affected birds. The findings of this study showed that 

IBH in western Canada was a primary disease and the presence of immunosuppressive 

agents was not necessary for its occurrence. 

On the South Island of New Zealand, researchers described the occurrence of IBH 

in broiler flocks from one breeder for a period of three months beginning June 1987 

(Christensen and Saifuddin, 1989). A strong positive association was found between IBH 

outbreaks in broilers and the impaired performance of the parent breeder flock at the time 

of laying. There was no association of IBH with CAV or Marek’s disease virus. The 

researchers concluded that IBH was a primary infection of chickens because IBDV, 

which is thought to be a predisposing factor for IBH, was not present in New Zealand at 

the time. 

In an investigation of the effect of immunosuppression caused by IBDV on the 

risk of having IBH, isolation of FAdV-02 and FAdV-12 from the liver of a 6 week old 

cockerel was conducted (Reece, et al., 1986). This evidence suggested that IBH may 

occur without the presence of immunosuppressive agents, such as IBDV. The infection 
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was suspected to have emanated from the environment, perhaps from sparrows, pigeons, 

poultry industry personnel, or farmers. 

In Chile, researchers characterized three FAdV isolates from 1996 - 1997 field 

outbreaks of IBH/ HPS in broiler breeders using a virus neutralization test and restriction 

enzyme analysis of DNA fragments (Toro, et al., 1999). Additionally, the researchers 

experimentally infected chickens to explore the pathogenicity of FAdV isolate 341. The 

FAdV strains studied appeared to work with other immunosuppressive agents to cause 

IBH/ HPS syndrome in the chickens. 

In Ontario, 86 outbreaks of IBH between January 1969 and July 1971 were 

studied (Pettit and Carlson, 1972). The researchers found no relationship between IBH 

and the strain of affected birds, hatchery, feed, management, or medications. However, 

IBH was associated with the spring season. A similar study conducted in Alberta 

investigated a disease characterized by sudden death and liver necrosis, which occurred 

in 12 broiler flocks from 1968 to 1969 (Howell, et al., 1970). In the latter study, no 

association was found between the outbreaks and strain of birds, hatchery, or feed source; 

however, concurrent infection with Marek’s disease, enteritis, and coliform septicemia 

was observed in one of the flocks. Secondary infections, such as those caused by 

Escherichia coli, have been associated with IBH in broiler chicken flocks (Wells, et al., 

1977). 

In southern Ontario, mortality due to IBH was observed in a young breeder flock 

aged 10-14 days (Philippe, et al., 2005). Although the origin of adenovirus could not be 

definitively established, the researchers speculated that the birds might have been 



 

13 

 

exposed to the virus during grow-out through feed, litter, clothing, shoes, or contact with 

other domestic poultry. Despite the fact that the poultry house was cleaned before chick 

placement, the researchers considered that adenovirus might have persisted in the poultry 

house owing to its resistance to disinfectants and cleaning products. 

Control of adenoviruses 

Adenovirus infection can be prevented through appropriate disinfection of the 

barn and equipment, tight biosecurity measures, good ventilation, and appropriate 

lighting in the poultry house (Balamurugan and Kataria, 2004; Hafez, 2011). Due to the 

challenge posed by vertical transmission of adenovirus to its complete eradication and 

control, it is recommended that effective control measures be implemented at the primary 

breeder level (Saif, et al., 2008). Formalin-inactivated vaccine derived from homogenates 

of liver from infected birds has been used in Pakistan (Afzal and Ahmad, 1990; Roy, et 

al., 1999), Mexico, and India (Pattison, et al., 2008) to successfully control HPS. In 

Canada, genotyping of the prevalent FAdV serotypes to identify potential candidates for 

IBH vaccine development has been recommended (Gomis, et al., 2006). In Ontario, 

beginning in January 2010, all breeder flocks are vaccinated with a killed bivalent 

(FAdV-08/ FAdV-11) vaccine to reduce vertical transmission of FAdV to the progeny 

(Dr. Rachel Ouckama, 2013, personal communication). 

Maternal antibodies have been shown to protect the progeny from IBH (ZhiXun, 

et al., 1999). The level of protection provided by maternal antibodies in two broiler 

breeder flocks from FAdV-08/ -11-vaccinated grandparent flocks, and a commercial 

broiler flock was evaluated against challenge with the FAdV-08/ -11 and/ or Stanford 
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strain at 1 or 7 days of age (Alvarado, et al., 2007). The broiler-breeder progenies were 

sourced from a major broiler-breeder company in the US and the commercial broilers 

were sourced from a local hatchery. The researchers observed that vaccinating 30 to 50 

week old grandparents with a FAdV-08/ -11 vaccine conferred adequate immunity 

against challenge with FAdV-08 and -11 and with the Stanford strain. However, higher 

levels of maternal antibodies were observed in the commercial broilers compared to the 

broiler breeder progeny, possibly due to continuous field exposure of commercial broiler 

breeders to adenovirus strains, and consequent transfer of high levels of maternal 

antibodies to their broiler progeny (Alvarado, et al., 2007). In another study, researchers 

tested the hypothesis that effective protection of progeny against IBH and HPS could be 

achieved by dual vaccination of breeders against FAdV-04 and CAV (Toro, et al., 2002). 

The researchers concluded that in cases in which CAV acted as an immunosuppressive 

agent allowing FAdV infection to occur, the progeny can be protected by vaccinating the 

breeders against CAV alone or against both FAdV and CAV. However, if the two viruses 

were acting concurrently, the breeders can be vaccinated either against FAdV alone or 

against FAdV and CAV. 

Infectious bursal disease virus 

Infectious bursal disease virus is classified under the genus Avibirnavirus and 

family Birnaviridae (Saif, et al., 2008). Measuring 55 to 66 nm (Pattison, et al., 2008), the 

non-enveloped virus has a single-shelled icosahedral capsid of 32 capsomeres that 

encloses two segments (segments A and B) of linear double-stranded ribonucleic acid 

(Muller, et al., 1979; Kibenge, et al., 1988; Balamurugan and Kataria, 2006). Two 
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serotypes of IBDV have been distinguished using the virus neutralization test (McFerran, 

et al., 1980). Serotype 1 causes IBD in chickens, whereas serotype 2 is non-pathogenic 

and is mostly isolated from turkeys. The pathogenic serotype 1 field isolate is further 

classified into classical virulent (cv) or very virulent (vv) pathotypes, and antigenic 

variant strains (Müller, et al., 2003). The antigenic variant strains have been isolated in 

several parts of the world, including the U.S. (Snyder, et al., 1988), Central America 

(Jackwood and Sommer, 1999), and Australia (Sapats and Ignjatovic, 2000). 

Cosgrove was the first scientist to recognize IBD when he called it “Avian 

Nephrosis” in 1962 (Saif, et al., 2008). The disease is also referred to as Gumboro disease 

because the first outbreak was observed in Gumboro, Delaware (Müller, et al., 2003). The 

effect of IBD to the poultry industry occurs in two ways; first, through mortality of 

chickens 21 days of age and older, and secondly, by immunosuppression that predisposes 

the affected birds to a variety of infectious disease conditions, such as gangrenous 

dermatitis, IBH, and Escherichia coli infection (Berg, 2000; Saif, et al., 2008). Due to its 

immunosuppressive effects, IBDV may worsen infections by other pathogens, and make 

the affected chicken non-responsive to vaccination, particularly to live attenuated 

vaccines against infectious bronchitis and Newcastle disease (Müller, et al., 2003). 

Transmission and pathogenesis 

Infectious bursal disease virus is a highly transmittable and robust virus in the 

environment, which infects chickens through the oral route (Pattison, et al., 2008) and 

possibly through the upper respiratory tract (McFerran, 1993). Other factors, such as wild 

birds (Ogawa, et al., 1998; Jensen, et al., 2000; Kasanga, et al., 2008; WooJin, et al., 
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2008), rodents (Edgar and Cho, 1976; Jensen, et al., 2000), dogs (Pagès-Manté, et al., 

2004), meal worm (Snedeker, et al., 1967), and wind have been suggested as possible 

sources of infection (Jensen, et al., 2000). 

Infectious bursal disease virus has a predilection for the bursa of Fabricius (Berg, 

2000) and bursectomy prevents illness in chicks infected with virulent IBDV (Hiraga, et 

al., 1994). Chickens are susceptible to IBDV between 3 and 6 weeks of age, a period 

when the bursa is at its optimal developmental stage (Berg, 2000). Following oral 

infection or inhalation, the multiplication of the virus occurs in lymphocytes and 

macrophages of the gut tissue (Berg, 2000). Further replication of the virus takes place in 

the bursa of Fabricius. Lymphoid depletion and destruction of the bursa of Fabricius are 

characteristic features of IBDV infection (Müller, et al., 2003) with peak viraemia 

occurring at 16 hours post infection, resulting in disease and death (Muller, et al., 1979). 

In situations in which the affected birds recover, immunosuppression follows, with a high 

incidence of respiratory infections at the age of 6-8 weeks. 

Clinical signs and diagnosis 

Infectious bursal disease occurs in subclinical, classic virulent, and very virulent 

forms (Berg, 2000). The effect of IBDV infection is mainly influenced by several factors 

that include the strain and the amount of the infecting virus, the age and the breed of the 

bird, the route of inoculation, and the presence or absence of neutralizing antibodies 

(Müller, et al., 2003). Serotype 1 strain has a predilection for the lymphoid cells in the 

bursa of Fabricius, where it causes destruction of the bursa and an acute form of the 

disease, with flock mortality as high as 50% (Müller, et al., 2003; Balamurugan and 



 

17 

 

Kataria, 2006). With morbidity of up to 100%, especially in fully susceptible flocks, the 

disease is less severe in consecutive outbreaks (Saif, et al., 2008). Clinical signs in the 

first three days of exposure include vent picking, soiled vent, watery diarrhea, anorexia, 

depression, ruffled feathers, trembling, severe prostration and dehydration, and 

hypothermia (Cosgrove, 1962). Air sacculitis and colisepticaemia have also been 

observed in the affected birds (Müller, et al., 2003). 

Diagnosis of IBDV is achieved by clinical signs (Pattison, et al., 2008), gross 

lesions, histopathology of the bursa of Fabricius, and immunohistochemistry (Müller, et 

al., 2003; Balamurugan and Kataria, 2006). Confirmation of clinical diagnosis is made 

through detection of viral antigen in a gel diffusion test, by immunofluorescence, 

immunostaining of bursal smear/ section, ELISA, or reverse transcriptase PCR (Pattison, 

et al., 2008). The differentiation of the various IBDV isolates into antigenic serotypes and 

subtypes is by virus neutralization assay (Jackwood and Saif, 1987). 

Prevalence and genotypes of infectious bursal disease virus 

A study was conducted to determine the prevalence of IBDV in broiler chickens 

aged 12–44 days at the time of processing in the eastern U.S. from February to March 

2007 (Jackwood and Sommer-Wagner, 2010). A total of 47 pooled bursa tissue samples 

from 26 processing plants were collected and tested using RT-PCR. Each pooled sample 

was collected from a single broiler flock and comprised tissue from 5 to 10 bursas. Of the 

47 samples tested, 12 (25.5%) were positive for IBDV. 
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In Western Australia, a study was carried out to estimate the prevalence of IBDV 

in broiler breeder and broiler chicken flocks (Wilcox, et al., 1980). Using an agar gel 

precipitin test, 357 serum samples collected from 22 broiler flocks on 22 different farms 

between November 1978 and November 1979 were tested for the presence of IBDV 

antibodies. Additionally, serum samples collected from 7 broiler breeder flocks on 5 

farms were also tested. Of the 22 broiler flocks tested, 10 (45.5%) were positive. Of the 7 

broiler breeder flocks tested, 5 (71.4%) were positive. 

In Tamil Nadu, India, researchers determined the presence of IBDV antibodies in 

400 apparently healthy broiler birds from 23 commercial farms (Karunakaran, et al., 

1993). Sera collected at slaughter were tested using an agar gel immunodiffusion test 

with standardized antigens-serotype 1 (G13) and serotype 2 (TY 89). Antibodies against 

IBDV were detected in 295 (73.8%) of the 400 broiler chickens tested. 

Researchers carried out a retrospective study to determine whether variant IBDV 

strains were present in broiler chicken flocks in Ontario, Canada between 1997 and 2006 

by genotyping Canadian field strains of IBDV (Ojkic, et al., 2007). A total of 134 bursal 

samples from seven Canadian provinces and 123 case submissions were analyzed at the 

Animal Health Laboratory of the University of Guelph. Of the 134 samples, 44 (32.8%) 

were identified as NC171 U.S. IBDV field strain; 16 (11.9%) were South African 05SA8 

IBDV strain; 33 (24.6%) were Delaware E-related field IBDVs; 34 (25.4%) were U.S. 

IBDV strain 586; 5 (3.7%) were vaccine-related viruses; and 2 (1.5%) were U.S. Del A 

and Spanish SP_04_02 (0.02%). 
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In Ethiopia, a cross-sectional study was carried out from 2010 to 2011 to estimate 

seroprevalence and risk factors of IBD in eight districts (Jenbreie, et al., 2013). Sera 

samples were collected from 2,597 randomly selected non-vaccinated chickens and tested 

for the presence of antibodies against IBDV using ELISA. Serum sample positive (SP) 

control ratio was used to interpret test results. A serum sample was considered positive if 

SP value was ≥0.5 and negative if SP was <0.5. Of the 2,597 chickens tested, 2,159 

(83.1%) were positive. However, the farm-level prevalence was not reported. 

Risk factors for infectious bursal disease 

In a study to evaluate the possibility of dogs being carriers of IBDV, a beagle fed 

chicks infected with very virulent IBDV shed the virus detected in its faeces using the 

reverse transcriptase PCR technique for 2 days post-ingestion (Pagès-Manté, et al., 2004). 

The researchers concluded that dogs fed dead IBDV-infected birds could be reservoirs for 

the virus and are capable of spreading it. Proper disposal of poultry carcasses was 

suggested as a good practice in controlling the spread of IBDV. 

Several insect species have been implicated as reservoirs of IBDV (Snedeker, et 

al., 1967). Infectious bursal disease virus remained infective after infected darkling 

beetles (Alphitobius diaperinus) were fed to susceptible chickens 8 weeks after an IBDV 

outbreak (Howie and Thorsen, 1981). However, the recovered virus was not infective 

when infected mosquitoes were fed to susceptible chickens. 

In a study that investigated the potential role of mice in the transmission of IBDV, 

tissues of inoculated mice tested positive for IBDV although none of the mice died or 
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showed signs of disease (MinJoon, et al., 2010). However, when chickens were 

inoculated with faecal extracts prepared from infected mice, clinical signs of IBD and 

death were observed 24 hours post-inoculation. In another study, IBDV was detected in 

rats that were captured on poultry farms using an agar gel precipitin test (Okoye and 

Uche, 1986). From both studies, it is evident that rodents are potential carriers of IBDV. 

The study that was conducted to investigate the presence of IBDV in broilers 

entering processing plants has been highlighted above (Jackwood and Sommer-Wagner, 

2010). In that study, researchers observed that the virus was more frequently detected in 

older birds (mean age 36.3 days) compared to relatively younger birds (26.9 days). 

Because the tested samples were obtained from the progeny of breeder flocks that had 

been vaccinated against IBDV, the researchers suspected that flocks were infected late 

during grow-out as a result of protective maternal antibodies. The results from this study 

underscore the fact that broiler processing plants can be a potential source of IBDV 

infection through contaminated equipment, trucks, or products originating from the 

plants. 

A case-control study was conducted to identify risk factors associated with the 

introduction of acute clinical IBD among Danish broiler chickens in 1998 (Flensburg, et 

al., 2002). Case flocks with clinical IBD were associated with certain hatcheries, age of 

parent birds (with the risk of broilers experiencing clinical IBD increasing with age of 

parent birds), and certain feed mills. No association was found between clinical IBD and 

abattoirs or thinning (shipping of birds for processing on separate days and at various 
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weights). The researchers suspected that IBDV might have been tracked by feed mill 

trucks or equipment from farms with ducks and geese to susceptible broiler farms. 

A cross-sectional study was carried out in Ethiopia as described earlier (Jenbreie, 

et al., 2013). In addition to sera samples, data on risk factors for outbreaks of IBD and 

vaccination history of chickens against IBD were collected using a structured 

questionnaire. The researchers found that the seroprevalence of IBD was significantly 

higher in crossbred chickens compared to exotic or indigenous breeds of chickens; 

younger chickens (≤ 8 weeks) compared to older chickens (> 8 weeks); and in the 

intensive production system compared to semi-intensive or extensive production systems. 

In Bangladesh, a case-control study was conducted from January 2010 to August 

2011 to identify risk factors for IBDV infection in commercial chickens that had been 

vaccinated against IBDV (Rashid, et al., 2013). Case farms were those that tested positive 

for IBDV infection on reverse transcriptase PCR and with IBD specific clinical and post-

mortem findings. Control farms were those that had no clinical findings of IBDV 

infection. Data on potential risk factors were collected through face to face interview with 

farm owner or family member. The researchers found that the risk of IBDV infection was 

increased by visitors on the farm premises, purchase of live poultry from the open 

market, workers living outside the farm premises, and access of vendor vehicles on the 

farm premises. 
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Control 

Combinations of sanitary precautions and vaccination are recommended for the 

prevention and control of IBD (Tsukamoto, et al., 1995; Saif, et al., 2008). Infectious 

bursal disease virus is resistant to ether and chloroform, pH extremes, high temperature, 

and phenol or quaternary ammonium disinfectants (Benton, et al., 1967; Mandeville, et 

al., 2000). Cleaning and disinfection of premises between flocks especially using 

formaldehyde and iodophors is recommended for the control of IBD (Pattison, et al., 

2008). However, being a robust virus in the environment coupled with its wide 

distribution, hygienic control measures alone might not be sufficient for its control (Berg, 

2000). A combined strategy comprising meticulous hygiene, biosecurity measures, and 

vaccination of up to 7 day old chicks using live vaccine in the drinking water can keep 

the disease at bay (Balamurugan and Kataria, 2006; Pattison, et al., 2008). Neutralizing 

antibodies can be induced by vaccinating chicks with live or inactivated vaccines (Berg, 

2000). In this regard, classical live vaccines are recommended for a lifelong and broad 

immunity although they have residual pathogenicity and can revert to virulence. 

Maternally-derived antibodies are known to interfere with vaccination of chicks, 

thus serological monitoring is invaluable for deciding the best time for vaccination (Berg, 

et al., 1991; Kouwenhoven and Bos, 1994; Müller, et al., 2003). Tests to distinguish 

between passive and active immunity can be used in determining the optimal time for 

vaccination (Lambrecht, et al., 2000). The level of attenuation of the vaccine might affect 

immunity developed by the birds after vaccination (Müller, et al., 2003). Highly 

attenuated vaccine-generated immunity is easily overcome by very virulent IBDV 
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(vvIBDV), whereas less attenuated strains might induce immunosuppression through 

destruction of the bursa of Fabricius. An “immune complex” vaccine that is composed of 

virus and an optimum amount of antibodies for in-ovo vaccination, primarily done at the 

eighteenth day of fetal development, is available (Pattison, et al., 2008). Alternatively, 

immunity of chicks, often for periods of 4 to 5 weeks, can be achieved through 

subcutaneous or intramuscular vaccination of the breeder flock at the age of 16 to 20 

weeks with oil-adjuvanted vaccines (Lucio and Hitchner, 1979; Baxendale and Lutticken, 

1982). Inactivated vaccines might be invaluable for inducing substantial antibody levels 

in breeders for passive transmission to the progeny (Berg, 2000). 

Several IBD vaccines based on vectors, such as fowl poxvirus (Bayliss, et al., 

1991; Shaw and Davison, 2000), herpes virus of turkeys (Darteil, et al., 1995), FAdV 

(Sheppard, et al., 1998; François, et al., 2001), Marek’s disease virus (Tsukamoto, et al., 

1999; Tsukamoto, et al., 2000; Tsukamoto, et al., 2002), and Semliki Forest virus 

(Phenix, et al., 2001), have been developed. Moreover, DNA vaccines have been 

developed (Fodor, et al., 1999; Chang, et al., 2001; Chang, et al., 2003). 

Chicken anemia virus 

Chicken anemia virus was first reported in Japan as a pathogen of chickens 

(Yuasa, et al., 1979). The virus belongs to the genus Gyrovirus of the family Circovidae 

(Meehan, et al., 1992). It is ubiquitous, non-enveloped, and has a diameter of 

approximately 23 - 25 nm (Miller and Schat, 2004). The icosahedral virus contains a 

circular, single stranded DNA of 2.3-kb and negative sense (Gelderblom, et al., 1989; 

Claessens, et al., 1991; Noteborn, et al., 1991; Meehan, et al., 1992; Pattison, et al., 
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2008), and has a buoyant density in cesium chloride of 1.33 - 1.34 g/mL (von Bullow and 

Schat, 1997). The virus resists heating at 80° C for 15 minutes, chloroform, and pH 3 

(Pattison, et al., 2008). 

The virus causes chicken anaemia disease (Todd, et al., 1992) primarily in young 

chickens worldwide (Miller and Schat, 2004). The disease manifests itself as severe 

anemia, generalized lymphoid atrophy, and increased mortality (Hagood, et al., 2000). 

This highly contagious disease also causes immuno-suppression thereby predisposing the 

affected chicken to other opportunistic pathogens resulting in economic losses 

(Rosenberger and Cloud, 1998; Hagood, et al., 2000; Todd, 2004). Chicken anemia 

disease can affect all chickens irrespective of age, sex, breed, and the production system, 

especially during the first two weeks of life (Hu, et al., 1993). Broilers are susceptible in 

the presence of other immuno-suppressive pathogens such as IBDV, Marek’s disease 

virus, reovirus, and adenovirus (Yuasa, et al., 1980; McNulty, 1991; Rosenberger and 

Cloud, 1998; Imai, et al., 1999). 

Transmission 

The only natural host for CAV is chickens (Cardona, et al., 2000b) with one day 

old broiler chicks being the most susceptible (Rosenberger and Cloud, 1989). The virus is 

transmitted vertically from dam or sire to the offspring (Yuasa, et al., 1983; Hoop, 1992; 

Hoop, 1993; Pattison, et al., 2008). Horizontal transmission is also possible (Hoop, 1992; 

Pattison, et al., 2008) and is considered important for the establishment of CAV infection 

in commercial flocks. Although older chicks can get infected through the oral route 

(Smyth, et al., 2006), it might not be the most relevant mode of transmission in 



 

25 

 

commercial flocks (Santen, et al., 2004; Joiner, et al., 2005). Other studies have 

suggested that both oral and intra-tracheal mucosal routes as entry points for naturally 

acquired infections (Rosenberger and Cloud, 1989; JianMing and Tannock, 2005). 

Vertical transmission only occurs if the infected hens are antibody negative at the 

time of laying (Miller and Schat, 2004). The chances of infection are exacerbated by 

stress from production, transfer, and hormonal changes during the laying period or sexual 

maturity (Cardona, et al., 2000a; Cardona, et al., 2000b). Therefore, chances of vertical 

transmission of the virus are low because breeder flocks usually acquire antibodies during 

rearing (Pattison, et al., 2008). 

Pathogenesis 

Chicken anemia virus targets erythroid and lymphoid progenitor cells, namely 

haemocytoblasts and precursor T lymphocytes, and also reticular cells (Jeurissen, et al., 

1992; Smyth, et al., 1993). Specifically, it destroys the thymic lymphocytes and bone 

marrow haematopoietic precursors (Adair, 2000). Infection with CAV also depresses T-

helper cells responses in the initial period of infection resulting in poor antibody response 

(Otaki, et al., 1988). However, detectable antibody response resumes at approximately 4 

weeks of age among the survivors (Rosenberger and Cloud, 1998). 

Clinical signs and diagnosis 

Chicken anemia virus has a high affinity for dividing cells (hemocytoblasts and T-

cell lymphoblasts) for its replication (Adair, 2000). In the process, it causes cell 

destruction through apoptosis, hence a decrease in erythrocytes, thrombocytes, 
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granulocytes and T-lymphocytes, and corresponding clinical symptoms of anemia, 

haemorrhages, and secondary infections. 

The common practice of vaccinating breeders has led to a decrease in the clinical 

form of the disease. However, the subclinical form is present in most parts of the world 

(Sommer and Cardona, 2003). The clinical signs shown by affected chicken vary 

depending on age, antibody status, and presence or absence of other pathogens (Müller, et 

al., 2003). Clinical disease occurs in chicks of less than 3 weeks of age without maternal 

antibodies against CAV (Saif, et al., 2008). The affected chicks are anorexic and 

depressed (Rosenberger and Cloud, 1998), and show marked atrophy of the thymus, 

spleen, and bursa of Fabricius in a period of 8 to 10 days post infection (Pattison, et al., 

2008). Bone marrow cell depletion (Goryo, et al., 1985; Rosenberger and Cloud, 1998), 

anemia (Taniguchi, et al., 1982; Yuasa, et al., 1983; Goryo, et al., 1985; Vielitz and 

Landgraf, 1988; Lucio, et al., 1990; Goodwin, et al., 1992; Noteborn and Koch, 1995), 

immuno-suppression (Hu, et al., 1993; Bounous, et al., 1995), and mortality of 1% - 10% 

(McNulty, 1991; Hoop, 1992; McIlroy, et al., 1992) are also observed. Disease morbidity 

varies from 20% - 60% (McNulty, 1991; Pattison, et al., 2008). In broilers, increased 

mortality and weight loss are the most significant signs observed in overt disease 

(McIlroy, et al., 1992). Higher condemnations at slaughter have also been associated with 

clinical CAV infections (Hagood, et al., 2000). Due to immunological competence of 

chickens older than 3 weeks of age, obvious disease is rare compared to the subclinical 

form (Hu, et al., 1993; Sommer and Cardona, 2003). The latter causes economic losses 

due to poor growth, concurrent infection with other diseases, and increased 
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condemnations (McNulty, 1991; McIlroy, et al., 1992; Adair, 2000; Sommer and 

Cardona, 2003). 

Although clinical signs can be used in the diagnosis of the disease, laboratory test 

are required for its confirmation (Yuasa, et al., 1979). Thymic atrophy is normally 

considered pathognomonic of CAV infection when it is observed with other typical signs 

(Rosenberger and Cloud, 1998). Laboratory tests used in the diagnosis of CAV include 

virus isolation in specific T and B lymphoblastoid cell cultures (Yuasa, et al., 1979; 

Yuasa, et al., 1983), PCR (Tham and Stanislawek, 1992), electron microscopy, 

immunoassays (McNeilly, et al., 1991), and other serological assays (Pattison, et al., 

2008). Indirect immuno-fluorescence and ELISA tests can be applied in detecting 

antibodies to CAV, and PCR can be used to detect CAV (Rosenberger and Cloud, 1998). 

However, the use of PCR is limited by lack of primers for some isolates of CAV, and the 

inability of the test to distinguish viable and inactivated virus (Rosenberger and Cloud, 

1998). Detection of antibodies against CAV is indicative of previous exposure to the 

CAV (Davidson, et al., 2004). For virus isolation, Marek’s disease cell culture (MDCC)-

CU147 is considered the most sensitive as it yields 10-100-fold more viruses compared to 

MSB-1 sublines (Calnek, et al., 2000). Commercial ELISA kits are mainly used to screen 

broiler breeders for the virus before the start of the laying period (Miller and Schat, 

2004). 

Prevalence of chicken anemia virus 

Researchers conducted a study to investigate the epidemiology and significance of 

CAV infections in broilers and broiler parents in Belgium (Herdt, et al., 2001). Blood 
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samples were collected from commercial broiler flocks that were derived from 15 broiler 

parent flocks raised between 1993 and 1997. The samples were collected at birth from 98 

broiler flocks and from 86 of the 98 flocks at slaughter (at the age of 6 weeks), and tested 

for the presence of antibodies against CAV using ELISA. Antibodies to CAV were 

detected in all the 98 broiler flocks tested at birth. Of the 86 flocks tested at slaughter, 

antibodies to CAV were detected in 33 (38.0%) of 86 flocks. 

In Iran, serological and molecular evidence of subclinical chicken anaemia virus 

infection in broiler chickens was investigated using ELISA and PCR techniques 

(Gholami-Ahangaran and Zia-Jahromi, 2012). From 2009 to 2010 a total of 25 broiler 

flocks between the ages of 5 to 8 weeks from Isfahan, Yazd, Tehran and Chaharmahal-

va-Bakhtiyari provinces, and central areas of Iran were selected for the study. Fifteen 

serum and 15 thymus samples were collected and tested per flock. All flocks tested 

positive for antibodies against CAV and CAV. 

Another study was carried out in Iran to investigate the prevalence of CAV 

among apparently healthy broiler chicken flocks from the central Iranian province, 

Isfahan (Gholami-Ahangaran, et al., 2011). From 2009 to 2010, a total of 240 thymus 

samples were collected from 15 broiler chicken flocks at slaughter and tested for the 

presence of CAV using PCR method. Of the 15 flocks tested, CAV was detected in 11 

(73.3%) flocks. 

In Shahrekord region of Central Iran, a study was carried out to determine the 

presence of CAV infection and, hematologic and histopathologic changes in CAV 

seropositive broiler chickens (Karimi, et al., 2010). From 23 randomly selected 
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commercial broiler chicken flocks, 271 chickens aged between 2 and 6 weeks were bled 

from the wing veins and tested for the presence of antibodies to CAV using ELISA. All 

flocks tested positive for CAV antibodies. In the same region of Iran, and between 2003 

and 2004, a prospective study was carried out to determine the presence of antibodies 

against CAV among broiler chickens (Mahzounieh, et al., 2005). Blood samples were 

collected from 46 randomly selected broiler chicken flocks aged between 2 days and 9 

weeks, and tested using ELISA. Antibodies to CAV were detected in all flocks tested. 

In Northern Jordan, sero-prevalence of antibodies to CAV in commercial broiler 

chicken flocks was investigated between November 2005 and March 2006 (Roussan, 

2006). A total of 414 blood samples were collected from 32 broiler chicken flocks aged 

between 1 and 43 days by veno-puncture of the wing vein, Enzyme linked immune-

sorbent assay was used to detect antibodies to CAV. Chicken anaemia virus antibodies 

were detected in all flocks tested at all ages. 

In Nigeria, a sero-prevalence study was conducted to investigate the presence of 

CAV in commercial poultry farms (Owoade, et al., 2004). Jugular venipuncture was used 

to obtain blood samples from 20 flocks in Oyo and Lagos states in Southwest Nigeria. 

The selected flocks included: 10 pullets; 7 broilers; 1 cockerel; 1 layer; and 1 breeder. 

ELISA was used to detect the presence of antibodies against CAV. Overall, of the 20 

flocks tested, 11 (55%) were positive. Of the 7 broiler flocks tested, 4 (57.1%) were 

positive. In pullet, layer, breeder, and cockerel flocks, 50%, 100%, 100% and 0% tested 

positive. 
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Control 

Good management practices, good hygiene, and strict bio-security practices 

protect young chicks against early exposure to CAV (Engström, 1999). In Denmark, 

lower incidences of subclinical CAV among broilers were associated with high level of 

hygiene (Fussell, 1998). A stressful environment of poor ventilation and cool 

temperatures predisposes the birds to immuno-suppressive diseases (Fussell, 1998). 

Vertical transmission is prevented through administration of autogenous live 

vaccine during the breeder flock rearing period (Pattison, et al., 2008). It is recommended 

that vaccination is done at approximately 13-15 weeks of age or 3-4 weeks before the 

start of the laying period (Vielitz, et al., 1987; McNulty, 1991; McIlroy, 1994). Once 

acquired, immunity prevents vertical transmission of CAV to the progeny for the life of 

the flock (Rosenberger and Cloud, 1998). A few studies conducted at the University of 

Delaware showed that hyperimmunization of breeders with inactivated CAV protects the 

progeny in their first 2 weeks of life, thereby enhancing performance (Rosenberger and 

Cloud, 1998). In the U.S., CAV has also been controlled by introducing litter from CAV-

positive farms into the environment of CAV-negative pullet flocks to facilitate natural 

infection and sero-conversion (Fussell, 1998). A similar approach was used to control the 

disease in Germany (McNulty, 1991). Control of IBDV infection is necessary to decrease 

susceptibility of broilers to CAV (Rosenberger and Cloud, 1998; Miller and Schat, 2004). 
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Avian adeno-associated virus 

Avian adeno-associated virus belongs to family Parvoviridae, subfamily 

Parvovirinae, and genus Dependovirus (Pattison, et al., 2008). It is a small, non-

enveloped, icosahedral, and single-stranded DNA virus with a diameter of approximately 

20 - 22 nm (Pattison, et al., 2008). Initially observed in chickens in the 1970s (Yates, et 

al., 1976), AAAV is ubiquitous with no evidence of disease in poultry flocks (Yates, et 

al., 1976). However, several researchers have found that it requires helper viruses such as 

adenoviruses, herpes viruses, avian infectious laryngotracheitis virus, Marek’s disease 

virus, and mammalian pseudorabies virus for productive replication (Yates, et al., 1973; 

Bauer, et al., 1986; Bauer and Monreal, 1988; Bauer, et al., 1990). It has been 

experimentally shown that FAdV-01, FAdV-05, and FAdV-08 assist in the production of 

AAAV (Bauer, et al., 1986). In this experiment, the researchers associated the 

suppression of FAdV helper virus in chicken kidney cell (CKC) and chicken embryo 

fibroblast (CEF) cultures to increased AAAV production. Although the reason for the 

suppression of helper virus growth is unknown, it was suspected that FAdV and AAAV 

compete for the same biochemical functions. 

AAAV protects against the chicken embryo lethal orphan virus and was also 

observed to cause death in quails purchased from a commercial source when they were 

infected with AAAV alone (Bagshaw, et al., 1980). The researchers suggested that 

AAAV might have enhanced the pathogenicity of adenoviruses present in these birds. 

Experiments have shown AAAV infection significantly decreases multiplication of 

FAdV-01 and FAdV-03 in chicken embryo kidney (CEK) cells (Pronovost, et al., 1979). 
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Non-pathogenicity, long lasting foreign gene expression, and broad tissue tropism have 

currently enhanced the use of AAAV as a gene transfer vector for gene therapy and 

vaccine development (YongJuan, et al., 2009). 

GAPS IN KNOWLEDGE 

Despite the production losses associated with increased IBH outbreaks in Canada 

(Martin, et al., 2005), limited research has been done to understand FAdV and the 

associated immunosuppressive viruses affecting commercial broiler flocks (Gomis, et al., 

2006; Ojkic, et al., 2007; Philippe, et al., 2007; Ojkic, et al., 2008). Knowledge of the 

baseline prevalence of exposure of broiler chicken flocks to FAdV and the associated 

immunosuppressive viruses can be a pre-requisite for setting up a control strategy for 

IBH. In addition, knowledge of geographic distribution of pathogens can be used to 

identify specific regions/ places to institute intervention measures (Bergquist and Rinaldi, 

2010). Furthermore, health and productivity of animals can be improved through 

identification of disease risk factors and their subsequent control (Dohoo, et al., 2009). 

To our knowledge, no studies have been conducted in Ontario to 1) estimate the 

prevalence of FAdV and associated immunosuppressive viruses; 2) understand 

geographic distribution of FAdV and associated immunosuppressive viruses; and 3) 

identify risk factors for exposure of flocks to FAdV and associated immunosuppressive 

viruses. 
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OBJECTIVES 

The objectives of the thesis were to 1) estimate the flock-level period prevalence 

of exposure to AAAV, CAV, IBDV, and FAdV among Ontario commercial broiler flocks 

during grow-out from July 2010 to January 2012; 2) determine prevalent genotypes of 

IBDV and FAdV; 3) determine the associations between flock-level exposure to FAdV 

and flock-level exposure to AAAV, CAV, and IBDV; 4) describe the seasonal variation 

and geographical distribution of the prevalence of exposure to CAV, IBDV, FAdV, 

individual FAdV genotypes, and groups of FAdV genotypes; 5) determine the association 

of prevalence of exposure to each virus, FAdV genotype, and group of genotypes with 

season of grow-out or broiler district; and 6) identify risk factors associated with the 

exposure of flocks to CAV, IBDV, and FAdV. 
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CHAPTER TWO 

Flock prevalence of exposure to avian adeno-associated virus, chicken anemia virus, fowl 

adenovirus, and infectious bursal disease virus among Ontario broiler chicken flocks
A
 

 

SUMMARY. Samples from 231 randomly-selected commercial broiler chicken 

flocks in Ontario were tested at slaughter for exposure to chicken anemia virus (CAV), 

fowl adenovirus (FAdV), and infectious bursal disease virus (IBDV). Fifteen blood 

samples per flock were collected and analyzed for the presence of antibodies against 

CAV, FAdV, and IBDV by enzyme-linked immunosorbent assay or agar gel 

immunodiffusion test. Fifteen caecal tonsils and cloacal swabs per flock were analyzed 

for the presence of CAV, FAdV, and IBDV by polymerase chain reaction (PCR). The 

prevalence of exposure to avian adeno-associated virus (AAAV) was estimated by a PCR 

test on a subset of FAdV-PCR positive samples from 178 flocks. Genotypes of FAdV and 

IBDV were identified on a subset of isolates (n = 353 and 45, respectively). The flock-

level period prevalence of exposure to AAAV, CAV, FAdV, and IBDV during grow-out 

were 88.76% (95% CI: 84.08 – 93.45%), 77.06% (95% CI: 71.59 – 82.52%), 96.54% 

(95% CI: 94.16 – 98.91%), and 48.92% (95% CI: 42.42 – 55.41%), respectively. Results 

of a multivariable logistic regression model showed a significant association of exposure 

to FAdV with exposure to AAAV (OR = 18.57, 95% CI: 3.67 - 93.86, P = 0.0004) but 

not with exposure to CAV (P = 0.7752) or exposure to IBDV (P = 0.2274). Pathogenic 

FAdV genotypes (FAdV-02, FAdV-08, and FAdV-11) constituted 39.38% of the isolates. 
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The most common IBDV genotypes identified were IBDV NC171 (60%) and IBDV 

05SA8 (28.89%). This is the first large-scale study to estimate the baseline flock 

prevalence of exposure to AAAV, CAV, FAdV, and IBDV in commercial broiler flocks 

in Canada. Potentially pathogenic genotypes of FAdV and IBDV that can guide vaccine 

development and disease control efforts in Ontario were identified.  
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Key words: prevalence, avian adeno-associated virus, chicken anemia virus, fowl 
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Abbreviations: AAAV = avian adeno-associated virus; AHL = Animal Health 

Laboratory; CAV = chicken anemia virus; CFO = Chicken Farmers of Ontario; ELISA = 

enzyme-linked immunosorbent assay; FAdV = fowl adenovirus; IBDV = infectious 

bursal disease virus; IBH = inclusion body hepatitis; OMAFRA = Ontario Ministry of 

Agriculture, Food and Rural Affairs; PCR = polymerase chain reaction  
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INTRODUCTION 

First observed in the USA in 1963 (13), inclusion body hepatitis (IBH) has been 

reported in poultry producing areas worldwide (18). In Canada, fowl adenovirus (FAdV) 

serotypes that have been associated with IBH outbreaks include FAdV-02, FAdV-08, and 

FAdV-11 (20). Outbreaks of IBH have been reported in many poultry producing areas 

(18) and these outbreaks have resulted in substantial economic losses to the poultry 

industry. For instance, the prevalence of IBH in Ontario from January 2007 to June 2009 

was estimated at 1.9% of all broiler placements; with an increase of 3.1% in mean 

mortality of the affected flocks compared to normal flocks (Dr. Rachel Ouckama, 2013, 

personal communication). 

Co-infection with chicken anemia virus (CAV) (30) and/or infectious bursal 

disease virus (IBDV) (10) have often been associated with outbreaks of IBH. The CAV 

destroys thymic lymphocytes and hematopoietic precursors in the bone marrow leading 

to immunosuppression and anemia (2). The IBDV causes immunosuppression by 

destruction of B cells or their precursors (4), or through the development of suppressor 

cells (25), thereby rendering chickens more susceptible to infection with other agents. It 

has also been suggested that avian adeno-associated viruses (AAAVs) enhance the 

pathogenicity of adenoviruses (3). Further, it has been shown that both human and avian 

adeno-associated viruses can enhance or inhibit adenovirus replication and modify 

adenovirus pathogenicity in vivo (23). However, other studies have established that 

FAdV is an infectious agent in its own right and does not require other pathogens to 

produce disease (7, 11, 24). 
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Few studies have been conducted on these viral pathogens among commercial 

broiler flocks in Canada (11, 19, 20, 22). Moreover, studies on genotyping of Canadian 

FAdVs (20) and IBDVs (19) were based on biased samples only from sick birds 

submitted to the Animal Health Laboratory (AHL). Therefore, there is a paucity of 

information about the distribution of AAAV, CAV, FAdV, and IBDV among broiler 

flocks. Knowledge of the baseline prevalence of exposure of flocks to these economically 

important viruses is vital for the development of disease control strategies. Also, 

identification of specific FAdV and IBDV genotypes that are circulating in Ontario will 

facilitate vaccine development efforts. This study was conducted on a large and 

representative sample of Ontario commercial broiler flocks at the time of processing. The 

objectives of the study were to 1) estimate the flock-level period prevalence of exposure 

to AAAV, CAV, FAdV, and IBDV among Ontario commercial broiler flocks during 

grow-out; 2) determine prevalent genotypes of FAdV and IBDV; and 3) determine the 

associations between flock-level exposure to FAdV and flock-level exposure to AAAV, 

CAV, and IBDV. 

MATERIALS AND METHODS 

Sample size. This cross-sectional study was conducted for a period of 19 months 

commencing July 2010. The study is a component of a large surveillance project aimed at 

determining the flock-level prevalence of, and risk factors for, nine viruses and four 

bacteria of poultry health significance in the Ontario broiler industry. Due to the 

economic importance of IBH in Ontario, our focus here was on FAdV and viruses that 
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have been reported to be associated with IBH outbreaks, such as CAV and IBDV, and 

AAAV, which has been reported to modify adenovirus pathogenicity. The other five 

viruses and bacteria that were investigated in the larger project included avian reovirus, 

Newcastle disease virus, infectious bronchitis virus, infectious laryngotracheitis virus, 

avian encephalomyelitis virus, Enterococcus cecorum, Brachyspira spp., Clostridium 

perfringens, and Clostridium difficile. In order to identify risk factors for all viruses and 

bacteria investigated in the project with a confidence of 95%, power of 80%, and a priori 

estimate of a difference of 20% between the proportions of exposed and unexposed 

flocks with an estimated baseline prevalence of 20%, it was estimated that a total of 240 

flocks should be sampled. Although the difference in proportions was not likely to be 

identical for each virus or bacterium, we assumed that a conservative estimate of 20% 

was adequate for all viruses and bacteria. The number of birds tested per flock to detect 

viruses and bacteria of interest was estimated using the formula n = lnα / lnq (8). 

Therefore, for a confidence level of 90% and expected within-flock prevalence of 15%, a 

minimum of 15 birds were tested per flock. It is noted that the within-flock prevalence of 

exposure was not likely the same for all viruses and bacteria; however, a conservative 

estimate of 15% was deemed sufficient. Initially, only FAdV- and IBDV-positive 

samples from the first 80 flocks were genotyped for FAdV and IBDV; a sub-sample of 80 

flocks was targeted based on an expected isolation rate of FAdV and IBDV of at least 

30% of the total flocks sampled. An additional 50 FAdV-positive flocks were later 

genotyped to generate adequate data to facilitate identification of risk factors for specific 

FAdV genotypes. 
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Recruitment of flocks. One provincial and five federal processing plants were 

selected because they represented approximately 70% of Ontario’s broiler processing. 

The Chicken Farmers of Ontario (CFO), a farmer-run, non-profit organization 

representing Ontario chicken farmers, sensitized all registered, quota-holding broiler 

farmers about the project through farmer meetings and mailings. Using MiniTab 14 

statistical software (Minitab Inc., State College, PA), four-week schedules, that randomly 

allocated specific sampling days to each plant, were sent by the researchers to the 

participating plants. The number of days allocated per plant per four-week period was 

weighted based on the plant’s relative market share of Ontario’s broiler processing. 

Therefore, plants with the largest share of processing had the highest number of days 

scheduled for sample collection. The plants then sent a list of flocks that were planned for 

processing during their scheduled days to the CFO, who in turn provided the researchers 

with the farmers’ contact information. A farmer was randomly selected from the list of 

farmers whose flocks were scheduled for processing on a particular day, contacted by 

telephone, and invited to participate in the project. This process was repeated when a 

selected farmer declined to participate due to lack of time or if the farmer had already 

participated in the project; the number of flocks per farm was limited to one to maximize 

variability in the data. In order to protect the identity of participating farmers, 

confidentiality agreements were signed by all participating organizations. Flocks 

originating from Québec were excluded. The research was approved by the University of 

Guelph Research Ethics Board (number 10MY003). 

Collection of samples. In the week preceding flock slaughter, processing plants were 

contacted via e-mail to obtain detailed slaughter information for flocks belonging to 
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participating farmers. Information requested from the plants included the number of birds 

to be slaughtered, number of trucks, slaughter start time, and estimated duration of 

slaughter. Members of the research team were trained on sample collection protocols, 

hygiene, and safety at the participating processing plants. During flock slaughter, blood 

was collected from the drip line into 15 tubes, and 15 intestinal tracts (duodenum to 

cloaca) were collected from the evisceration line. In addition, 15 cloacal swabs were 

obtained from each flock prior to scalding (one cloacal swab per bird). These were 

pooled in groups of five in transport medium (Multitrans System, Starplex Scientific Inc., 

Etobicoke, ON). In order to ensure that samples were representative of the flock, the 

research team collected them as evenly as possible from the total number of trucks used 

in the delivery of each flock. For example, if the flock was delivered in three trucks, five 

samples were collected per truck. Sample collection was spread out within a truck. For 

example, if the duration of processing per truck was 50 minutes, and 5 samples were 

required, each sample was collected approximately 10 minutes apart. All samples were 

kept chilled in coolers and transported directly to the AHL. 

Sample processing and laboratory analysis. Sample processing and testing was 

conducted at the AHL of the University of Guelph. One caecal tonsil was harvested from 

each intestinal tract and then pooled in three tubes in groups of five. Instruments were 

autoclaved between flocks. In total, 15 blood samples, 3 cloacal swab tubes, and 3 caecal 

tonsil tubes were labeled and submitted for analysis from each flock. Serum samples 

were tested for the presence of antibodies to CAV and IBDV by using enzyme-linked 

immunosorbent assay (ELISA) kits (IDEXX Laboratories Inc., Westbrook, ME) as 

recommended by the manufacturer. The presence of antibodies against FAdVs was 
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determined by agar gel immunodiffusion (AGID) test as follows: Twenty-five µL of 

FAdV1 reference antigen, FAdV1 reference serum (Charles River Laboratory, North 

Franklin, CT) and test serum samples were added to wells (4.4 mm ± 0.05 in outside 

diameter, 2.4 mm apart) in 0.7% agarose (Sigma, Oakville, ON) and incubated for 16-24 

hours at 19-25ºC. A sample was considered positive for FAdV when a precipitation line 

that formed between the reference antigen and the test serum was continuous with the 

reference serum line. Samples were considered negative when a precipitation line 

between the reference antigen and the test serum was not observed and the precipitation 

line of the positive control serum continued into the test sample well without curving. 

Virus isolation was conducted in Leghorn male hepatoma (LMH) cells obtained from 

American Type Culture Collection (ATCC#CRL-2117) as described previously (20). 

Polymerase chain reaction (PCR) was used to detect the presence of CAV and IBDV in 

cloacal swab pools, and AAAV, FAdV, and IBDV on cell culture supernatants. Fifty µL 

aliquots of virus transport media from cloacal swab pools (CAV, IBDV) or cell culture 

supernatant (AAAV, FADV) were used to extract viral nucleic acids using the 

MagMAX™-96 Viral RNA Isolation Kit (Life Technologies, Grand Island, NY) on a 

MagMAX™ Express-96 Magnetic Particle Processor (Life Technologies). Real-time 

PCR tests for AAAV, CAV, FAdV, and IBDV were developed in-house at the AHL. 

Polymerase chain reaction for FAdV genotyping was carried out as described previously 

(19). Sequence analysis was carried out using the LaserGene software (DNAStar Inc., 

Madison, WI). A 158 amino acid sequence from amino acid residues 130 to 287, based 

on the FAdV-09 hexon gene sequence, was used to calculate pairwise sequence identities 

and construct FAdV phylogenetic trees. For IBDV, amino acid residues 213 to 332 of the 
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VP2 hypervariable region was used to calculate pairwise sequence identities and 

construct IBDV phylogenetic trees. 

Collection of flock information. A few days following the processing of selected 

flocks, farmers were visited by research team members for an interview. The 

questionnaire was administered through a face-to-face interview in order to enhance 

farmers’ response rate (8). The interview focused on farm and flock characteristics, 

mortality, and vaccination history. Extensive information on management and biosecurity 

practices used in raising the study flocks was also collected as part of the larger project, 

in order to identify risk factors for the 13 viruses and bacteria. However, most of the 

information collected is beyond the scope of this paper. The questionnaire was pre-tested 

on a small sample of farmers at the beginning of the project and a few questions were 

adjusted accordingly to enhance the validity of collected information. 

Data analysis. Laboratory reports for all the samples tested were received from the 

AHL in PDF format via e-mail. Laboratory results were entered manually into Microsoft 

Office Excel 2007 (Microsoft Corporation, Redmond, WA) and verified by a second 

member of the research team. Results were then imported into STATA IC 10 (Stata Corp, 

College Station, TX) for analysis. 

The flock-level period prevalence of exposure to AAAV, CAV, FAdV, and IBDV 

during grow-out was estimated using the PCR results (AAAV), PCR and ELISA results 

(CAV and IBDV), and PCR and AGID results (FAdV). For AAAV, a flock was 

classified as exposed if AAAV nucleic acids were detected on PCR in ≥ 1 samples. 

Criteria used to classify flocks as exposed or not exposed to CAV and IBDV are shown in 

Tables 2.1 and 2.2, respectively; for ELISA mean titres, the cut-points used were those 
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specified in the IDEXX reference guides. For IBDV, a flock was considered positive on 

PCR if cloacal swab and/ or cell culture sample tested positive in order to increase 

sensitivity of the flock test. For FAdV, a flock was considered exposed if ≥ 2 of 15 serum 

samples tested positive on AGID, and/or FAdV (FAdV types A&C, and/or D, and/or E) 

was detected in ≥ 1 of 6 cell culture supernatants tested on real-time reverse transcriptase 

PCR. A flock was considered not exposed if 0 or 1 of 15 samples tested positive on 

AGID and FAdV was not detected in any of the cell culture supernatants. The percentage 

of mortality per flock was estimated by subtracting the number of birds processed from 

the number of chicks placed for that flock, divided by the number of chicks placed, and 

multiplied by 100. This approach ensured that farmer mortality recording errors were 

avoided and flocks with missing mortality information were included in the estimation of 

mortality. Flock mortality was estimated for 200 of 231 flocks that had accurate data on 

number of chicks placed and the number of birds processed. Prevalence of exposure to 

viruses was approximated using STATA proportion estimation with 95% confidence 

intervals. Associations (α = 0.05, two-tailed) between flock-level exposure to FAdV and 

AAAV, CAV, and IBDV were estimated using a multivariable logistic regression model. 

Fowl adenovirus exposure status (exposed or not exposed) was the dependent variable, 

and exposure status for AAAV, CAV, and IBDV were the independent variables. Pearson 

χ
2
 goodness-of-fit test was used to assess the model’s fit. Outliers were assessed 

graphically using a scatter plot of standardized residuals with covariate pattern as the 

marker label. Covariate patterns with standardized residuals ≥ |2| SD’s were considered to 

be outliers. Influential observations were assessed graphically using a scatter plot of 
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delta-beta values with covariate pattern as the marker label. Covariate patterns with 

relatively large delta-beta values were investigated. 

RESULTS 

Farm, barn, and flock characteristics. Farm-level data were available for a total of 

227 flocks because four farmers were not available for an interview. The sizes of flocks 

at placement ranged from 7,242 to 104,040 birds with a median of 25,092 birds. The total 

number of barns in which a flock was raised ranged from 1 to 4 with a median of 1 barn. 

Of the 227 flocks, 168 (74.01%) were housed entirely in one barn, 46 (20.26%) in two 

barns, 8 (3.52%) in three barns, and 5 (2.20%) in four barns. Of the 227 flocks, 66 

(29.07%) and 161 (70.93%) flocks were vaccinated and non-vaccinated for IBDV during 

grow-out, respectively. The IBDV vaccine types administered, method of administration, 

and age of flocks at vaccination is shown in Table 2.3. At shipment, the lowest age of 

flocks was 31 days while the highest was 53 days; median flock age was 38 days. The 

average weight at slaughter ranged from 1.7 to 3.1 kg with a median of 2.2 kg. Two 

hundred and twenty-three flocks (98.24%) were raised using an all-in-all-out system of 

production at the flock level, which means that all birds within a flock were shipped for 

processing simultaneously and day-old chicks were placed simultaneously. On the other 

hand, four flocks (1.76%) were thinned-out, meaning that birds from one flock were 

slaughtered on separate days and at various weights. Flock mortality ranged from 0.33 to 

12.66% with a mean of 3.54%. 
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Flock prevalence of exposure to AAAV, CAV, FAdV, and IBDV. Laboratory data 

were available for 231 flocks. The number and percentage of flocks per exposure 

criterion for CAV and IBDV are shown in Tables 2.1 and 2.2, respectively. The overall 

flock prevalence of exposure to AAAV, CAV, FAdV, and IBDV were 88.76% (95% CI: 

84.08 – 93.45%; 158 of 178 flocks), 77.06% (95% CI: 71.59 – 82.52%; 178 of 231 

flocks), 96.54% (95% CI: 94.16 – 98.91%; 223 of 231 flocks), and 48.92% (95% CI: 

42.42 – 55.41%); 113 of 231), respectively. For the 227 flocks for which farmer 

interviews were conducted, the flock prevalence of exposure to IBDV among IBDV-non-

vaccinated and IBDV-vaccinated flocks were 44.10% (95% CI: 36.35 - 51.85%; 71 of 

161 flocks) and 60.61% (95% CI: 48.50 - 72.71%; 40 of 66 flocks), respectively. 

Associations between exposure to FAdV and exposure to AAAV, CAV, and IBDV. Of 

the 178 flocks that were tested for AAAV, 95.51% (170 flocks) were also exposed to 

FAdV (Table 2.4). The odds of exposure to FAdV in AAAV-exposed flocks were 18.57 

times (95% CI: 3.67 - 93.86, P = 0.0004) the odds of exposure to FAdV in AAAV-non-

exposed flocks, controlling for flock CAV and IBDV exposure status. There were no 

statistically significant associations between flock exposure to FAdV and exposure to 

CAV (P = 0.7752) or exposure to IBDV (P = 0.2273), controlling for AAAV exposure 

status. There was no evidence to suggest that the model did not fit the data (Pearson χ
2
 = 

7.74; P = 0.1018) and there were no outliers. Covariate pattern number 1 had a relatively 

large delta-beta value; however, we did not find a reason to remove any of its 

observations from the model. 

Genotypes of FAdV and IBDV. Table 2.5 shows the details of FAdV and IBDV 

genotypes identified. Of the 353 FAdV isolates that were genotyped, the most common 
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genotypes were FAdV-01 (52.41%) and FAdV-11 (19.55%). Pathogenic FAdV 

genotypes (FAdV-02, FAdV-08, and FAdV-11) constituted 39.38% of the isolates. Of the 

45 IBDV isolates that were genotyped, the most common genotypes were IBDV NC171 

(60%) and IBDV 05SA8 (28.89%); these genotypes were more frequently identified from 

non-vaccinated flocks compared to vaccinated flocks. Mixed IBDV and IBDV Del A 

were identified only from non-vaccinated flocks. Bursine and Ohio Sel1 2012 were 

identified only from vaccinated flocks. 

DISCUSSION 

This study aimed to determine the flock-level period prevalence of exposure to 

AAAV, CAV, FAdV, and IBDV among Ontario commercial broiler flocks during grow-

out, and the most common genotypes of FAdV and IBDV, and to determine if there was 

evidence for co-infection between exposure to FAdV and exposure to the other viruses. 

Due to limited availability of past studies on exposure of healthy flocks to these viruses, 

we have discussed some of our results in relation to past studies on the prevalence of 

diseases, viruses, and antibodies to viruses. 

All breeder flocks that supply hatching eggs for broilers in Ontario are vaccinated 

with live CAV vaccine to provide maternal immunity, and prevent vertical transmission 

of CAV and expression of anemia in the progeny. Broiler chicken flocks are not 

vaccinated against CAV. All broiler hatching eggs are supplied by breeder flocks that are 

either vaccinated with a killed bivalent (FAdV-08/FAdV-11) autogenous vaccine aimed 

at reducing the incidence of IBH in broiler progeny (Ontario breeder flocks) or naturally 
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exposed to FAdV (USA breeder flocks). All broiler breeder flocks that supply hatching 

eggs for broilers are vaccinated with both live and killed IBD vaccine. Vaccination of 

broiler flocks against IBDV is at the discretion of the farmer, and the vaccines are always 

administered during the early weeks of grow-out due to a mandatory 21 day withdrawal 

period. 

More than 75% of the flocks in our study were exposed to CAV. The high 

prevalence of exposure is not unusual considering the ubiquitous nature of CAV. Similar 

results were found in a study that investigated an IBH outbreak among 15 broiler flocks 

in New Zealand (7), in which broilers were sampled at 1, 42, and 49 days of age. In that 

study, CAV was detected only in 49-day old birds on fluorescent-antibody test (80%; 16 

of 20 birds). The prevalence estimates of exposure to CAV were comparable despite 

differences between studies with respect to the population sampled (random sampling in 

our study vs. an IBH outbreak in New Zealand), the number of flocks tested (which 

affects the statistical precision of estimates), the age at which samples were collected 

(average age of 38 days in our study vs. 49 days in New Zealand), geographical 

distribution of CAV, screening methods used, and interpretation of test results. Because a 

high proportion of flocks tested positive on both PCR and ELISA, the birds were likely 

naturally exposed to CAV during grow-out. 

Of the FAdV genotypes identified in our study, FAdV-01 was the most commonly 

isolated. Fowl adenovirus genotypes associated with IBH (FAdV-02, FAdV-08, and 

FAdV-11), were detected in approximately 40% of the flocks tested. Several of the FAdV 

species detected in our study have been reported in previous studies. For example, FAdV-

11 (11), FAdV-08 (11, 12, 20), FAdV-02 (20, 21), and FAdV-01 (20) have been 
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identified in different parts of Canada. An association between IBH and FAdV-08 has 

been reported in Canada (20), New Zealand (26), and Australia (9). Moreover, FAdV-08 

has been reported to be a leading serotype isolated in poultry growing areas of Canada 

(20). Although FAdV-02 has been isolated from a young broiler breeder flock with 

clinical signs of IBH in southwestern Ontario (21), in clinical submissions to the AHL 

from seven Canadian provinces (20), and among FAdV isolates collected from Ontario 

and Québec (20), it is a less frequent cause of IBH outbreaks (22). 

Approximately 50% of the flocks in our study were exposed to IBDV. In a study 

that investigated the presence of IBDV in broilers entering processing plants in the 

eastern USA, a lower prevalence of 25.5% was found (15). A lower prevalence of 40% 

was also found in past routine serological testing of market-age Ontario broiler flocks 

before processing (unpublished data in Ojkic et al., 2007). However, in our study, both 

virus and antibody detection were used in the prevalence of exposure estimate, whereas 

the USA study used only virus detection (RT-PCR to identify viral nucleic acids from 

bursal tissue samples) and the past Ontario study used only serology. Therefore, the 

prevalence of IBDV was likely under-estimated in the other studies because they used 

only PCR or serology, but not both. The larger sample size used in our study might have 

increased the precision of the prevalence of exposure estimate compared to the USA 

study, in which only 47 flocks were tested (8). 

All of the IBDV genotypes identified in our study are potentially pathogenic. 

However, tests to differentiate between genotypes of vaccine and field origin were not 

done. Three of the genotypes (NC171, 05SA8, and Del A) were also identified by Ojkic 

et al. (2007) in a retrospective study on 134 bursal samples obtained from “problem” 
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broiler flocks (flocks with production problems or conditions, such as airsacculitis, 

tracheitis, pneumonia, septicemia, IBH, and coccidiosis). The presence of very virulent 

IBDV genotypes has been reported from commercial brown pullets in Northern 

California (29). Similar to Ojkic et al. (2007), we did not identify very virulent IBDVs; 

however, we have confirmed that variant IBDV strains are widespread in Ontario. 

There was no significant association between flock exposure to FAdV and exposure 

to IBDV after controlling for exposure to AAAV and exposure to CAV. This finding is 

consistent with previous studies (11, 24), yet differs from other studies (10, 27). 

Infectious bursal disease virus causes immunosuppression in chickens through 

destruction of B cells or their precursors (4), development of suppressor cells (25), and 

altering antigen-presenting and helper T cell functions (28). Similarly, there was no 

significant association between flock exposure to FAdV and exposure to CAV after 

controlling for exposure to AAAV and exposure to IBDV. While in agreement with 

reports by Christensen and Saifuddin (1989), Gomis et al. (2006), and Sentíes-Cué et al. 

(2010), this is incongruent with the findings of Toro et al. (2000). The positive 

association between flock exposure to FAdV and exposure to AAAV is consistent with 

the findings of an experimental study on interactions between AAAV and FAdV in 

chicken cell cultures (5). Based on the growth kinetics of AAAV, the authors concluded 

that FAdV had helper activity for the production of infectious AAAV particles due to 

concurrent provision of biochemical functions required in the growth of both AAAV and 

FAdV. In our study, a very small number of flocks were classified as exposed to AAAV 

yet not exposed to FAdV. This might be due to laboratory error or how we classified 

flocks as exposed or not exposed to FAdV. 
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This study employed laboratory tests to establish evidence of exposure to these 

viruses in a representative sample of broilers. Our choice of tissue samples for analysis 

was appropriate based on logistical considerations and the large scale of the project. 

Different screening and diagnostic tests have varied performances that are affected by test 

sensitivity and specificity. The sensitivity of pooled tests can be affected by pool size, 

number of pooled tests, and the comparative performance of pooled and individual tests 

(6). Although pooled testing and parallel interpretation of results was done to maximize 

flock sensitivity of tests in our study, this might have resulted in an overestimation of the 

prevalence of exposure. We used test manufacture’s guidelines in the interpretation of 

IBDV ELISA results. Therefore, flocks with titres > 396 were considered exposed to 

IBDV. However, the combined use of PCR and ELISA results to determine a flock’s 

exposure status likely minimized potential misclassification. 

In conclusion, we found that Ontario broiler flocks were frequently exposed to 

AAAV, CAV, pathogenic FAdV species, and IBDV. This study also identified 

potentially pathogenic genotypes of FAdV and IBDV that can guide vaccine 

development and disease control efforts in Ontario. Flocks that were exposed to AAAV 

were more likely to be FAdV exposed than AAAV-non-exposed flocks. 
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Table 2.1. Criteria used to classify commercial broiler chicken flocks sampled at processing between July 2010 and 

January 2012 in Ontario, Canada, as exposed or not exposed to chicken anemia virus (CAV), and the 

number and percentage of flocks per criterion (n = 231 flocks). 

Criterion Description Flock CAV Exposure 

Status 

No. (%) 

1 PCR
A
 positive plus ELISA

B
 mean titre > 8,660

C
 Exposed 0 

2 PCR positive plus ELISA mean titre 5,051 – 8,660 Exposed 4 (1.73) 

3 PCR positive plus ELISA mean titre 2,461 - 5,050 Exposed 9 (3.90) 

4 PCR positive plus ELISA mean titre 1,000 – 2,460 Exposed 88 (38.10) 

5 PCR positive plus ELISA mean titre ≥ 1,000 with 1 of 15 samples 

categorized in profile group
D
1 and all other samples categorized 

in profile group 0 

Exposed  7 (3.03) 

6 PCR positive plus ELISA mean titre < 1,000 Exposed 19 (8.23) 

    

7 PCR negative plus ELISA mean titre > 8,660 Exposed 0 



 

68 

 

Criterion Description Flock CAV Exposure 

Status 

No. (%) 

8 PCR negative plus ELISA mean titre 5,051 – 8,660 Exposed 0 

9 PCR negative plus ELISA mean titre 2,461 - 5,050 Exposed 0 

10 PCR negative plus ELISA mean titre 1,000 – 2,460 Exposed 51 (22.08) 

11 PCR negative plus ELISA mean titre ≥ 1,000 with 1 of 15 

samples categorized in profile group 1 and all other samples 

categorized in profile group 0 

Not exposed (1 reactor) 14 (6.06) 

12 PCR negative plus ELISA mean titre < 1,000 Not exposed 39 (16.88) 

 
A
PCR = polymerase chain reaction; a flock was classified as PCR positive if CAV nucleic acids were detected in ≥ 1 of 3 cloacal swab pool(s). 

B
ELISA = enzyme-linked immunosorbent assay. 

C
The cut-points used for ELISA mean titres were those specified in the IDEXX (IDEXX Laboratories, Inc., Westbrook, ME) reference guide. 

D
Profile groups are based on titre levels, such that the group number increases with increasing levels of antibody titre detected in a sample. The profile 

groups for this test range from 0 to 4 (profile group 0 = titres of 0 to 999; profile group 1 = titres of 1,000 to 2,460; profile group 2 = titres of 2,461 to 

5,050; profile group 3 = titres of 5,051 to 8,660; profile group 4 = titres of 8,661).  
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Table 2.2. Criteria used to classify commercial broiler chicken flocks sampled at processing between July 2010 and 

January 2012 in Ontario, Canada, as exposed or not exposed to infectious bursal disease virus (IBDV), 

and the number and percentage of flocks per criterion (n = 231 flocks). 

Criterion Description Flock IBDV Exposure Status No. (%) 

1 PCR
A
 positive plus ELISA

B
 mean titre > 396

C
 Exposed 46 (19.91) 

2 PCR positive plus ELISA mean titre > 396 with 2 of 15 samples 

categorized in profile group
D
 1 and all other samples categorized in 

profile group 0 

Exposed 0 

3 PCR positive plus ELISA mean titre ≤ 396 Exposed 38 (16.45) 

    

4 PCR negative plus ELISA mean titre > 396 Exposed 29 (12.55) 

5 PCR negative plus ELISA mean titre > 396 with 2 of 15 samples 

categorized in profile group 1 and all other samples categorized in 

profile group 0 

Not exposed (2 reactors) 0 

6 PCR negative plus ELISA mean titre ≤ 396 Not exposed 118 (51.08) 
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A
PCR = polymerase chain reaction; a flock was classified as PCR positive if IBDV nucleic acids were detected in ≥ 1 of 3 cloacal swab pool(s) and/ or ≥ 

1 of 6 cell culture sample(s). 
B
ELISA = enzyme-linked immunosorbent assay. 

C
The cut-points used for ELISA mean titres were those specified in the IDEXX (IDEXX Laboratories, Inc., Westbrook, ME) reference guide. 

D
Profile groups are based on titre levels, such that the group number increases with increasing levels of antibody titre detected in a sample. The profile 

groups for this test range from 0 to 18 (profile group 0 = titres of 0 to 396; profile group 1 = titres of 397 to 999; profile group 2 = titres of 1,000 to 

1,999; profile group 3 = titres of 2,000 to 3,199; profile group 4 = titres of 3,200 to 4,599; profile group 5 = titres of 4,600 to 6,199; profile group 6 = 

titres of 6,200 to 7,999; profile group 7 = titres of 8,000 to 9,999; profile group 8 = titres of 10,000 to 12,199; profile group 9 = titres of 12,200 to 

14,699; profile group 10 = titres of 14,700 to 17,499; profile group 11 = titres of 17,500 to 20,599; profile group 12 = titres of 20,600 to 23,999; profile 

group 13 = titres of 24,000 to 27,699; profile group 14 = titres of 27,700 to 31,699; profile group 15 = titres of 31,700 to 36,099; profile group 16 = 

titres of 36,100 to 40,899; profile group 17 = titres of 40,900 to 46,099; profile group 18 = titres of 46,100).  
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Table 2.3. Infectious bursal disease virus vaccine types administered, method of administration, age of flocks at 

vaccination, and number of flocks vaccinated among commercial broiler chicken flocks in Ontario, 

Canada sampled at processing between July 2010 and January 2012 (n= 66 flocks). 

Vaccine type/ description Method of administration Age at vaccination (days) No. of flocks 

Bursal
A
 Spray (coarse or fine) 8 - 11 5 

Water 12 - 13 4 

Bursal Merial
B
 Spray (coarse) 11 1 

Bursimune
C
 Water 10 1 

Bursine 2
D
 Water 5 - 14 14 

Spray (coarse or fine) 7 - 10 3 

Newcastle/Bronchitis (M/A)/ 

Bursal – Merial
E
 

Spray (fine) 10 - 12 2 

Water 11 - 12 2 

SVS 510
F
 Water 1 - 11 7 

Spray (coarse or fine) 10 - 12 11 

Unspecified Unspecified 1 



 

72 

 

Vaccine type/ description Method of administration Age at vaccination (days) No. of flocks 

Univax plus
G
 Water 8 - 11 6 

Spray (fine) 10 - 12 2 

Unspecified Unspecified 1 

Unspecified Unspecified Unspecified 6 

 
A
Bursal vaccine refers to either Bursal Merial (S-706) or SVS 510. 

B
Bursal Merial vaccine contains live bursal disease virus (S-706) manufactured by Merial (Clark Graham Baie-d'Urfe, QC). 

C
Bursimune vaccine contains a live strain of bursal disease virus manufactured by CEVA (Lenexa, KS). 

D
Bursine 2 is a live bursal disease virus vaccine manufactured by Pfizer Animal Health Global Poultry (Kirkland, QC). 

E
Newcastle/Bronchitis (M/A)/ Bursal vaccine contains the S-706 strain of live bursal disease virus, the B1 strain of the Newcastle disease virus and 

selected strains of infectious bronchitis virus of the Massachusetts and Connecticut type manufactured by Merial (Clark Graham Baie-d'Urfe, QC). 
F
SVS 510 vaccine contains live bursal disease viruses manufactured by Merial (Clark Graham Baie-d'Urfe, QC). 

G
Univax plus contains two strains of live bursal disease virus manufactured by Merck Animal Health (Kirkland, QC).  
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Table 2.4. Prevalence of exposure to fowl adenovirus (FAdV) and corresponding prevalence of exposure to avian 

adeno-associated virus (AAAV) among commercial broiler chicken flocks in Ontario, Canada sampled at 

processing between July 2010 and January 2012 (n = 231 flocks). 

Flock FAdV exposure status No. (%; 95% CI) Flock AAAV exposure 

status 

No. (%; 95% CI) 

Exposed (≥ 2 of 15 serum samples tested positive on 

agar gel immunodiffusion (AGID), and/or FAdV 

(FAdV types A&C, and/or D, and/or E) was detected 

in ≥ 1 of 6 cell culture supernatants tested on real-

time reverse transcriptase PCR)
A
 

223 (96.54; 94.16 – 98.91)
B
 Exposed 155 (67.10; 61 – 73.20)

D
 

Not exposed 15 (6.49)
E
 

Not tested 53 (22.94)
F
 

Not exposed (0 or 1 of 15 samples tested positive on 

AGID and FAdV was not detected in any of the cell 

culture supernatants) 

8 (3.46; 1.09 – 5.84)
C
 Exposed 3 (1.30; -0.17 – 2.77)

G
 

Not exposed 5 (2.16)
H
 

Not tested 0
I
 

 
A
FAdV species E (e.g. FAdV-08), FAdV species D (e.g. FAdV-02 and FAdV-11), FAdV species A & C (e.g. FAdV-01 and FAdV-04). 

B
The number, and percentage and confidence interval of flocks exposed to FAdV. 

C
The number, and percentage and confidence interval of flocks not exposed to FAdV. 

D
The number, and percentage and confidence interval of flocks exposed to AAAV that were exposed to FAdV. 

E
The number and percentage of flocks not exposed to AAAV that were exposed to FAdV. 

F
The number and percentage of flocks not tested for AAAV that were exposed to FAdV. 

G
The number, and percentage and confidence interval of flocks exposed to AAAV that were not exposed to FAdV. 
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H
The number and percentage of flocks not exposed to AAAV that were not exposed to FAdV. 

I
The number and percentage of flocks not tested for AAAV that were not exposed to FAdV.  
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Table 2.5. Prevalence of infectious bursal disease virus (IBDV) and fowl adenovirus (FAdV) genotypes among 

commercial broiler chicken flocks in Ontario, Canada sampled at processing between July 2010 and 

January 2012. 

Number of 

isolates tested 

Genotype No. identified (%; 95% CI) No. identified from 

vaccinated flocks
A
 (%) 

No. identified from non-

vaccinated flocks
B
 (%) 

45 IBDV NC171 27 (60; 45.12 – 74.88) 10 (37.04) 17 (62.96) 

45 IBDV 05SA8 13 (28.89; 15.12 – 42.66) 2 (15.38) 11 (84.62) 

45 mixed 2 (4.44; -1.82 – 10.71) 0 (0) 2 (100) 

45 IBDV Del A 1 (2.22; -2.26 – 6.70) 0 (0) 1 (100) 

45 Bursine 1 (2.22; -2.26 – 6.70) 1 (100) 0 (0) 

45 Ohio Sel1 2012 1 (2.22; -2.26 – 6.70) 1 (100) 0 (0) 

     

353 FAdV-01 185 (52.41; 47.17 – 57.64) NA
C
 NA 

353 FAdV-11 69 (19.55; 15.39 – 23.70) NA NA 

353 FAdV-08 TR59 34 (9.63; 6.54 – 12.72) NA NA 

353 mixed 24 (6.80; 4.16 – 9.44) NA NA 

353 FAdV-08a Stanford 20 (5.67; 3.24 – 8.09) NA NA 

353 FAdV-02 685 16 (4.53; 2.35 – 6.71) NA NA 
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Number of 

isolates tested 

Genotype No. identified (%; 95% CI) No. identified from 

vaccinated flocks
A
 (%) 

No. identified from non-

vaccinated flocks
B
 (%) 

353 FAdV-03a 2 (0.57; -0.22 – 1.35) NA NA 

353 FAdV-03b 2 (0.57; -0.22 – 1.35) NA NA 

353 FAdV-04 1 (0.28; -0.27 – 0.84) NA NA 

 
A
Broiler flocks vaccinated against IBDV during grow-out. 

B
Broiler flocks not vaccinated against IBDV during grow-out. 

C
NA = not applicable because broiler flocks in Ontario are not vaccinated against FAdV during grow-out. 
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CHAPTER THREE 

Seasonal variation and geographical distribution of the prevalence of exposure to chicken 

anemia virus, infectious bursal disease virus, and fowl adenovirus among Ontario broiler 

chicken flocks 

 

To be submitted to: The Canadian Journal of Veterinary Research 

 

Abstract 

This study investigated the seasonal variation and geographical distribution of the 

flock-level period prevalence of exposure to chicken anemia virus (CAV), infectious 

bursal disease virus (IBDV), and fowl adenovirus (FAdV) among commercial broiler 

chicken flocks in Ontario during grow-out. Samples (15 blood, 15 caecal tonsils, and 15 

cloacal swabs per flock) obtained at slaughter from 231 randomly-selected flocks were 

analyzed at the Animal Health Laboratory using polymerase chain reaction (CAV, IBDV, 

and FAdV), and enzyme-linked immunosorbent assay (CAV and IBDV) or agar gel 

immunodiffusion (FAdV). Fowl adenovirus genotypes were identified from 353 FAdV 

isolates from a sub-sample of 130 flocks. Associations of CAV and IBDV with season of 

grow-out or broiler district (The Chicken Farmers of Ontario, a farmer-run, non-profit 

organization representing registered Ontario chicken farmers partitions Ontario into nine 

administrative / geographical areas referred to as broiler districts) were investigated using 
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univariable logistic regression models. Associations of each FAdV genotype and group of 

genotypes with season or district were investigated using univariable generalized 

estimating equations with flock as the group variable. The geographical distribution of 

the prevalence of exposure to viruses was visualized using choropleth maps. 

The odds of a flock being exposed to CAV had a trend toward being lower in the 

summer (OR = 0.39; P = 0.053) compared to the winter. For an average flock, the odds of 

an isolate being FAdV-01 (compared to all other genotypes) were lower in the fall (OR = 

0.17; P = 0.001), spring (OR = 0.17; P = 0.019), and summer (OR = 0.11; P < 0.001) 

compared to the winter. For an average flock, the odds of an isolate being FAdV-02, or -

08, or -11 (compared to all other genotypes) were lower in the winter compared to the 

spring (OR = 0.16; CI: 0.04 - 0.68; P = 0.013), summer (OR = 0.13; CI: 0.05 - 0.33; P < 

0.001), and fall (OR = 0.19; CI: 0.07 - 0.51; P = 0.001). Similary, for an average flock, 

the odds of an isolate being FAdV-08 or -11 (compared to all other genotypes) were 

lower in the winter compared to the spring (OR = 0.16; CI: 0.04 - 0.68; P = 0.013), 

summer (OR = 0.18; CI: 0.07 - 0.44; P < 0.001), and fall (OR = 0.21; CI: 0.08 - 0.57; P = 

0.002). 

Compared to district 1, the odds of a flock being exposed to CAV were lower in 

districts 2 (OR = 0.20; P = 0.048) and 9 (OR = 0.15; P = 0.027). Compared to district 5, 

the odds of a flock being exposed to IBDV were lower in districts 2 (OR = 0.16; P = 

0.027), 3 (OR = 0.06; P = 0.001), 4 (OR = 0.17; P = 0.047), 8 (OR = 0.15; P = 0.025), 

and 9 (OR = 0.04; P < 0.001). Compared to district 4, for an average flock, the odds of an 

isolate being FAdV-08 or -11 (compared to all other genotypes) were lower in district 9 



 

79 

 

(OR = 0.18; P = 0.044). Compared to district 3, for an average flock, the odds of an 

isolate being FAdV-08a Stanford or -08 TR59 (compared to all other genotypes) were 

lower in districts 5 (OR = 0.22; P = 0.023) and 9 (OR = 0.12; P = 0.008). This study 

identified seasons and broiler districts to target for further research and disease control 

programs. 

Introduction 

Chicken anemia virus (CAV), infectious bursal disease virus (IBDV), and fowl 

adenovirus (FAdV) cause significant economic losses to the poultry industry worldwide. 

Chicken anemia virus is a small DNA virus that causes anemia in young chickens and is 

associated with immunosuppression and reduced vaccine response (1-3). Infectious 

bursal disease virus is a medium-sized, double-stranded RNA virus that causes Gumboro 

disease in chickens. Gumboro causes losses in poultry production through intense 

immunosuppressive effects and diminished vaccine response (1). In Canada, an increased 

number of submissions to the Animal Health Laboratory (AHL) from broiler flocks with 

production problems—airsacculitis, tracheitis, pneumonia, septicaemia, inclusion body 

hepatitis (IBH), and coccidiosis—was suspected to be linked to immunosuppression due 

to IBDV (4). Fowl adenoviruses belonging to group I avian adenoviruses have been 

isolated from outbreaks of IBH and hydropericardium syndrome in chickens (5). In 

Canada, FAdV-02, FAdV-08, and FAdV-11 serotypes have been associated with IBH 

outbreaks (6). In Ontario, the gross value of finished live weight lost due to IBH from 
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January 2007 to June 2009 was estimated at a minimum of $300,000. This is a matter of 

concern in light of an increasing number of IBH outbreaks in Canada due to FAdVs (6). 

The development of geographic information system (GIS) technology has enabled 

the production of maps based on spatial frequencies of human and livestock diseases (7), 

and facilitated the assessment of spatial patterns and processes (8). Appropriate targeting 

of disease control initiatives requires information on the geographical distribution of 

pathogens or their associated diseases to identify areas that require attention. 

Furthermore, understanding spatial and temporal patterns of pathogen / disease 

prevalence might aid in generating hypotheses about potential risk factors for further 

research. 

The Chicken Farmers of Ontario (CFO), a farmer-run, non-profit organization 

representing registered Ontario chicken farmers, partitions Ontario into nine 

administrative / geographical areas referred to as broiler districts. Each broiler district is 

allocated an amount of quota, a regulated amount of chicken to be produced to ensure 

supply matches demand. Despite the economic burden associated with CAV, IBDV, and 

FAdV, no studies have been conducted on the seasonal variation and geographical 

distribution of these viruses in Ontario. The objectives of this study were to 1) describe 

the seasonal variation and geographical distribution of the flock-level period prevalence 

of exposure to CAV, IBDV, and FAdV among commercial broiler chicken flocks in 

Ontario during grow-out; 2) describe the seasonal variation and geographical distribution 

of individual FAdV genotypes and groups of FAdV genotypes; 3) determine the 

association of prevalence of exposure to each virus, FAdV genotype, and group of 
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genotypes with season of grow-out; and 4) determine the association of prevalence of 

exposure to each virus, FAdV genotype, and group of genotypes with broiler district. 

Materials and methods 

Flock selection and coding 

This study, which was carried out from July 2010 to January 2012, is part of a 

larger project aimed at determining the flock-level prevalence and risk factors of nine 

viruses and four bacteria of poultry health significance in the Ontario broiler industry. A 

total of 231 out of a targeted 240 flocks were enrolled from five federal processing plants 

and one provincial plant, which together process over two-thirds of Ontario broiler 

flocks. This sample size was considered adequate to identify risk factors for all 13 viruses 

and bacteria, at a 95% confidence level, power of 80%, and a priori estimate of a 

difference of 20% between the proportions of exposed and unexposed flocks. The flock 

enrollment process began with a proportional and random 4-week allocation of sampling 

days to the six processing plants based on their respective share of Ontario broiler 

processing. This ensured that plants that processed a larger share of broiler chickens were 

allocated a relatively higher number of sampling days. Following projected 4-week 

schedules, respective processing plants relayed a list of flocks that were planned for 

processing on their allocated days to the CFO. The CFO then sent the farmers’ contact 

information to the research team, who randomly selected one flock from the list for each 

day and requested the corresponding farmer to participate in the project by telephone. 
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Confidentiality agreements were signed by all participating organizations (University of 

Guelph Research Ethics Board number 10MY003). 

The seasons were defined as fall (September 21 to December 20), winter 

(December 21 to March 20), spring (March 21 to June 20), and summer (June 21 to 

September 20). The date on which a flock was at the mid-point of its grow-out period 

was used to assign the flock to a season. All broiler breeder flocks (domestic and US 

origin) that supply hatching eggs for broilers in Ontario are vaccinated with live CAV 

vaccine to prevent vertical transmission of CAV to the progeny, and provide maternal 

immunity to prevent expression of anemia in the progeny. Live and killed IBD vaccine is 

administered to all domestic and US-origin broiler breeder flocks to provide maternal 

immunity to progeny; however, Ontario broiler flocks are vaccinated against IBDV 

during grow-out at the discretion of the farmer. Ontario broiler breeder flocks are 

vaccinated with killed bivalent (FAdV-08/FAdV-11) autogenous vaccine (US origin 

broiler breeder flocks are exposed naturally) to reduce the incidence of IBH in their 

progeny, although this does not protect the progeny from field exposure to FAdV. 

Therefore, the chosen mid-point of grow-out represented a period when maternal 

immunity for CAV, IBDV, and FAdV declines making the flock most susceptible to 

these pathogens. 

Sample collection, sample processing, and laboratory analysis 

During processing of selected flocks at the plants, the research team collected 

samples from 15 birds per flock. In order to ensure that samples were representative of 

the flock, the research team collected them as evenly as possible from the total number of 
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trucks used in the delivery of each flock. For example, if the flock was delivered in three 

trucks, five samples were collected per truck. Sample collection was spread out within a 

truck. For example, if the duration of processing per truck was 50 minutes, and 5 samples 

were required, each sample was collected approximately 10 minutes apart. Fifteen 

samples each of blood, cloacal swabs, and intestinal tracts were considered to be 

sufficient to detect all pathogens with 90% confidence at a conservative expected average 

minimum within-flock prevalence of 15%. A sub-sample of 130 flocks was genotyped 

for FAdV. Initially, FAdV-positive samples from the first 80 flocks were targeted for 

genotyping based on an expected isolation rate of FAdV of at least 30% of the total 

flocks sampled. An additional 50 FAdV-positive flocks were later genotyped to generate 

adequate data to facilitate identification of risk factors for specific FAdV genotypes and 

groups of genotypes. The quality of samples was assured through prior training of the 

research team on sample collection protocols and handling. During collection, cloacal 

swabs were pooled into three tubes of five swabs per tube. Collected samples were 

delivered to the AHL in cooler boxes with ice packs, where one caecal tonsil was excised 

from each intestinal tract using sterile instruments, and pooled into three tubes of five 

tonsils per tube. All tubes were labeled and submitted for laboratory analysis. 

Prevalence data analysis 

The laboratory methods that were used to estimate the flock-level period 

prevalence of exposure to CAV, IBDV, and FAdV during grow-out for the study 

population have been described previously (9). Briefly, for CAV, a flock was considered 

exposed if it met any of the following criteria: 1) polymerase chain reaction (PCR) 
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positive, irrespective of mean enzyme-linked immunosorbent assay (ELISA) titre; or 2) 

PCR negative and mean ELISA titre ≥ 1,000 with ≥ 2 of 15 serum samples categorized in 

profile group 1 or higher. A flock was considered not exposed if it met any of the 

following criteria: 1) PCR negative and mean ELISA titre ≥ 1,000 with only 1 of 15 

samples categorized in profile group 1 and all other samples categorized in profile group 

0; or 2) PCR negative and mean ELISA titre < 1,000. 

For IBDV, a flock was considered exposed if it met any of the following criteria: 

1) PCR positive, irrespective of mean ELISA titre; or 2) PCR negative and mean ELISA 

titre > 396 with ≥ 3 of 15 serum samples categorized in profile group 1 or higher. A flock 

was considered not exposed if it met any of the following criteria: 1) PCR negative and 

mean ELISA titre > 396 with 1 or 2 of 15 samples categorized in profile group 1 and all 

other samples categorized in profile group 0; or 2) PCR negative and mean ELISA titre ≤ 

396. The sensitivity of the flock test was increased through parallel interpretation of 

cloacal swab and cell culture sample PCR test results. 

For FAdV, a flock was considered exposed if ≥ 2 of 15 serum samples tested 

positive on agar gel immunodiffusion (AGID), and/or FAdV (FAdV types A&C, and/or 

D, and/or E) was detected in ≥ 1 of 6 cell culture supernatants tested on real-time reverse 

transcriptase PCR. A flock was considered not exposed if 0 or 1 of 15 samples tested 

positive on AGID and FAdV was not detected in any of the cell culture supernatants. 

Fowl adenovirus genotypes were identified from 353 FAdV isolates from a sub-sample of 

130 flocks using PCR and LaserGene software (DNAStar Inc., Madison, WI) as 

described previously (9). 
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Laboratory results from the AHL were first entered into a Microsoft Office Excel 

2007 spreadsheet (Microsoft Corporation, Redmond, WA), then imported into STATA 

IC 11.2 (StataCorp, College Station, TX) for analysis. The proportion of flocks sampled 

per season was determined by dividing the number of flocks sampled in a season by the 

total number of flocks sampled in the study. The proportion of flocks sampled per district 

was determined by dividing the number of flocks sampled from a district by the total 

number of flocks sampled in the study. To ascertain if randomization resulted in a fair 

representation of the distribution of broiler production in the province, we divided the 

number of premises within each district by the total number of premises in the province 

(Table 3.1), and then compared that to the proportion we sampled from each district. The 

flock-level period prevalence of exposure to CAV, IBDV, and FAdV per season or 

broiler district was estimated by expressing the number of broiler flocks that were 

exposed to a specific virus, as a percentage of the total number of flocks tested for that 

virus, per season or district. The prevalence of each FAdV genotype and group of 

genotypes per season or broiler district was estimated by expressing the number of 

isolates in which the genotype and group of genotypes was identified, as a percentage of 

the total number of isolates genotyped, per season or district. The groups of FAdV 

genotypes that were analyzed included: 1) FAdV-02 or -08 or -11, which have been 

associated with IBH outbreaks in Canada; 2) FAdV-08 or -11, which are of greatest 

concern to the Ontario broiler breeder industry and form the basis for the use of killed 

bivalent (FAdV-08/FAdV-11) autogenous vaccine in their pullet vaccination program; 

and 3) FAdV-08a Stanford or -08 TR 59, which belong to the same FAdV species E. 
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To assess associations of each virus with season of grow-out or district, 

univariable logistic regression models were used (α = 0.05; two tailed). To assess 

associations of each FAdV genotype and group of genotypes with season of grow-out or 

district, univariable generalized estimating equation (GEE) fitted models with binomial 

distribution and exchangeable correlation structure to account for correlations among 

isolates from the same flock were used. The low prevalence of several FAdV genotypes 

necessitated the use of population-averaged models rather than subject-specific models; 

thus, the results are interpreted for an average flock rather than a specific flock. We used 

robust standard errors for all GEE fitted models. Models were not built for FAdV-03a, 

FAdV-03b, and FAdV-04 due to their very low prevalence (< 1%). For each virus, FAdV 

genotype, and group of genotypes, the season or district with the highest prevalence was 

chosen as the referent category to have reasonable precision. However, each season was 

also contrasted with all other seasons using the lincom command in STATA. 

The overall significance of univariable logistic regression and GEE fitted models 

were assessed using likelihood ratio (LR) and Wald chi-square tests, respectively. For 

univariable logistic regression, if the model, or at least one variable category in the 

model, was significant (P ≤ 0.05), a Hosmer-Lemeshow test was then used to assess the 

fit of the model, with P ≤ 0.05 indicating a lack of fit. A Hosmer-Lemeshow test was 

used because the Pearson chi-square test could not estimate the P-value for the test 

statistic, likely due to a low number of data points for some covariate patterns. Outliers 

were identified graphically using a scatter plot of standardized residuals with covariate 

pattern as the marker label. Covariate patterns with standardized residuals ≥ |2| SD’s were 
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considered to be outliers. Influential observations were identified graphically using a 

scatter plot of delta-beta values with covariate pattern as the marker label. Covariate 

patterns with relatively large delta-beta values were investigated. 

GIS methodology 

Choropleth maps depicting the geographical distribution of each virus, FAdV 

genotype (except FAdV-03a, -03b, and -04, which had very low prevalence), and group 

of FAdV genotypes were produced using ArcInfo
®
 10.0 (ESRI, Redlands, CA). A 

reference dataset of Ontario’s nine broiler districts provided by the CFO was added to a 

new map document in ArcMap
®
. Prevalence data in Microsoft Office Excel format were 

joined to the reference data by broiler district (polygon) number to generate a second 

layer of data on the data frame. For each virus, FAdV genotype, and group of genotypes, 

ArcMap’s default classification—the natural breaks method—was used to automatically 

create prevalence data classes. A colour scheme of shades of gray was applied to our 

classification to generate thematic maps. 

Results 

The overall flock-level period prevalence of exposure to CAV (77.1%), IBDV 

(48.9%), and FAdV (96.5%), and the prevalence of individual FAdV genotypes, have 

been presented previously (9). The overall prevalence of FAdV-02, or -08, or -11, FAdV-

08 or -11, and FAdV-08a Stanford or -08 TR59 were 39.4%, 34.8%, and 15.3%, 

respectively. The proportion of flocks sampled per season was highest in the fall (35.7%) 

and lowest in the spring (12.8%) (Table 3.2). The prevalence of exposure to CAV and 
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FAdV was highest in the winter, and the prevalence of exposure to IBDV was highest in 

the summer (Table 3.2). The prevalence of exposure to CAV, IBDV, and FAdV were 

lowest in the summer, fall, and spring, respectively. The prevalence of individual FAdV 

genotypes and groups of genotypes per season is presented in Table 3.3. 

The number of premises and quota allocation, proportion of flocks sampled, and 

prevalence of exposure to each virus per broiler district is shown in Table 3.1. 

Randomization resulted in good representation of the distribution of broiler production in 

the province as no districts were over- or under-sampled by > 5% (Table 3.1). The range 

of virus prevalence of exposure per district was 57.1 to 90.0% for CAV; 19.1 to 86.7% 

for IBDV; and 90.0 to 100% for FAdV (Table 3.1). The most prevalent FAdV genotypes 

across districts were FAdV-01 and FAdV-11 (Table 3.4). 

Although season alone did not significantly explain the overall variation in the 

prevalence of exposure to CAV (LR χ
2
 = 4.65; P = 0.200), there was a trend towards the 

exposure being lower in the summer (OR = 0.39; 95% CI = 0.15 - 1.01; P = 0.053) 

compared to the winter. The model of association of FAdV with season did not converge 

due to lack of variability in the data (flock-level prevalence of exposure to FAdV was > 

95%). 

For individual FAdV genotypes, season significantly explained the overall 

variation in the prevalence of FAdV-01 (Wald χ
2
 = 19.20; P < 0.001). For an average 

flock, the odds of an isolate being FAdV-01 (compared to all other genotypes) were 

lower in the fall (OR = 0.17; CI = 0.06 – 0.47; P = 0.001), spring (OR = 0.17; CI: 0.04 – 
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0.75; P = 0.019), and summer (OR = 0.11; CI: 0.04 – 0.30; P < 0.001) compared to the 

winter. Models did not converge for FAdV-02 685, FAdV-08a Stanford, and FAdV-08 

TR59 due to low prevalence. 

For the groups of genotypes, season significantly explained the overall variation 

in the prevalence of FAdV-02 or -08 or -11 (Wald χ
2
 = 18.59; P < 0.001), and FAdV-08 

or -11 (Wald χ
2
 = 14.51; P = 0.002). For an average flock, the odds of an isolate being 

FAdV-02, or -08, or -11 (compared to all other genotypes) were lower in the winter 

compared to the spring (OR = 0.16; CI: 0.04 - 0.68; P = 0.013), summer (OR = 0.13; CI: 

0.05 - 0.33; P < 0.001), and fall (OR = 0.19; CI: 0.07 - 0.51; P = 0.001). Similary, for an 

average flock, the odds of an isolate being FAdV-08 or -11 (compared to all other 

genotypes) were lower in the winter compared to the spring (OR = 0.16; CI: 0.04 - 0.68; 

P = 0.013), summer (OR = 0.18; CI: 0.07 - 0.44; P < 0.001), and fall (OR = 0.21; CI: 

0.08 - 0.57; P = 0.002). The model did not converge for FAdV-08a Stanford or -08 TR59 

due to low prevalence. 

The geographical distribution of CAV, IBDV, and FAdV are presented in Figures 

3.1, 3.2, and Appendix I - Figure 1, respectively. District significantly explained the 

overall variation in the prevalence of exposure to CAV (LR χ
2
 = 18.10; P = 0.021). The 

odds of a flock being exposed to CAV (versus not being exposed) were significantly 

lower in districts 2 (OR = 0.20; CI: 0.04 - 0.98; P = 0.048) and 9 (OR = 0.15; CI: 0.03 - 

0.81; P = 0.027) compared to district 1 (Table 3.1; Figure 3.1). District significantly 

explained the overall variation in the prevalence of exposure to IBDV (LR χ
2
 = 31.06; P 

< 0.001). The odds of a flock being exposed to IBDV (versus not being exposed) were 
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lower in districts 2 (OR = 0.16; CI: 0.03 - 0.81; P = 0.027), 3 (OR = 0.06; CI: 0.01 - 0.29; 

P = 0.001), 4 (OR = 0.17; CI: 0.03 - 0.97; P = 0.047), 8 (OR = 0.15; CI: 0.03 - 0.79; P = 

0.025), and 9 (OR = 0.04; CI: 0.01 - 0.23; P < 0.001) compared to district 5 (Table 3.1; 

Figure 3.2). The model of association of FAdV with district did not converge due to lack 

of variability in the data. 

For individual genotypes, models did not converge for mixed FAdV, FAdV-02 

685, FAdV-08a Stanford, and FAdV-08 TR59 due to low prevalence. For the groups of 

genotypes, although district alone did not significantly explain the overall variation in the 

prevalence of FAdV-08 or -11 (Wald χ
2
 = 4.99; P = 0.759), or FAdV-08a Stanford or -08 

TR59 (Wald χ
2
 = 12.98; P = 0.112), for an average flock, the odds of an isolate being 

FAdV-08 or -11 (compared to all other genotypes) were lower in district 9 (OR = 0.18; 

CI: 0.03 – 0.95; P = 0.044) compared to district 4 (Table 3.4; Figure 3.3); the odds of an 

isolate being FAdV-08a Stanford or -08 TR59 (compared to all other genotypes) were 

lower in districts 5 (OR = 0.22; CI: 0.06 – 0.81; P = 0.023) and 9 (OR = 0.12; CI: 0.03 – 

0.58; P = 0.008) compared to district 3 (Table 3.4; Figure 3.4). The geographic 

distribution of FAdV-01, mixed FAdV, FAdV-02 685, FAdV-08a Stanford, FAdV-08 

TR59, FAdV-11, and FAdV-02, or -08, or -11 are presented in Appendix I (Figures 2 – 8, 

respectively). 

For all of the univariable logistic regression models, there was no evidence to 

suggest lack of data fit (Hosmer-Lemeshow χ
2
 = 0.00; P = 1.000) and no outliers were 

identified. For the IBDV model with district as the independent variable, covariate 
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pattern 1 was influential; however, we did not find a reason to remove any of its 

observations from the model. 

Discussion 

This is the first large scale study to describe the seasonal and geographical 

variation in the prevalence of exposure to CAV, IBDV, and FAdV among broiler chicken 

flocks in Ontario. Given that the number of flocks enrolled per producer was limited to 

one to maximize variability in the data, randomization resulted in a representative sample 

of the Ontario broiler population. Our study estimated prevalence based on evidence of 

exposure to the viruses and not diseases because tissue samples tested were collected 

from broiler flocks at processing. However, due to the paucity of information on past 

prevalence of exposure to these viruses in healthy broiler flocks, some of our findings are 

discussed in relation to available studies based on disease prevalence/ incidence. 

Although not significant at the 5% level, we found a marginally lower prevalence 

of exposure to CAV in the summer compared to the winter. Our finding is similar to that 

of an investigation on seasonal variation in the occurrence of subclinical horizontally-

transmitted infection with CAV among Danish broilers and broiler breeders (10). The 

researchers established that the lowest incidence of the infection was in the summer. 

However, a Swedish study found that CAV outbreaks occurred in all seasons (11). 

Although our study showed seasonal variation in the prevalence of exposure to CAV, the 

study period (19 months) was relatively short and thus not long enough to demonstrate 
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true seasonality. Nonetheless, this study identified the winter season as a target for further 

research to identify risk factors for CAV and to implement CAV control programs. 

We found a lower prevalence of exposure to CAV in districts 2 (western) and 9 

(eastern) compared to district 1 (north-central), and a lower prevalence of exposure to 

IBDV in districts 2, 3, 4, 8, and 9 (western, south-western, and eastern), compared to 

district 5 (Niagara). Vertical transmission of CAV is unlikely in Ontario because all 

broiler breeder flocks are vaccinated with live CAV vaccine; we therefore presume that 

CAV was mainly transmitted among flocks by horizontal means (12). Although CAV is 

resistant to inactivation through physical and chemical means (12), a study conducted in 

Denmark showed that a lower incidence of subclinical CAV among broilers was 

associated with a high level of hygiene (13). Thus, the protective effects of good flock 

management and strict biosecurity practices (11) might explain the lower prevalence of 

exposure to CAV in districts 2 and 9. Additionally, the low density of broiler farms in 

district 9 might have also reduced the horizontal spread of CAV. The prevalence of 

exposure to both CAV and IBDV were significantly lower in district 9. Past research 

studies have indicated that the immunosuppressive effects of IBDV facilitate the 

transmission and infection of flocks with CAV (14, 15). It is therefore possible that the 

low prevalence of exposure to CAV in district 9 is linked to the corresponding low 

prevalence of exposure to IBDV in the same district. 

Infectious bursal disease virus is transmitted horizontally and the robust stability 

of the virus against environmental extremes increases chances for indirect transmission 

(16) and likely explains the lack of association of flock exposure to IBDV with season in 
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our study. However, local factors, such as vehicles, wild birds, and wind (17) might have 

facilitated the spread of IBDV in districts with higher prevalence of exposure. In a case-

control study that investigated the risk associated with the introduction of acute clinical 

infectious bursal disease (IBD) among Danish broiler chickens in 1998, a positive 

association between IBD and feed mills was found (18). The researchers concluded that 

IBDV might have been spread through the feed itself or by feed trucks or equipment that 

visited farms in the same area during a short time interval. In the Canadian poultry 

industry, technical staff associated with feed mills who visit several farms in a day do not 

always follow strict biosecurity measures (19). The researchers also found an association 

between hatcheries and IBD, which was attributed to immunosuppression and 

insufficiently vaccinated parent flocks; the status of parent flocks was thought to 

predispose their progeny to clinical IBD. Broiler processing plants that process birds 

from a particular area can be a potential source of IBDV infection (20). Infectious bursal 

disease virus can be spread through contaminated equipment and products coming from 

these processing plants. The geographical distribution of wild birds (21), rodents (17), 

dogs (22), and meal worm (23), which have also been suggested as possible sources of 

IBDV, might influence the presence of the virus. 

The prevalence of exposure to FAdV in our study population was high with no 

variation across districts (≥ 90%). This might be explained by the fact that once 

introduced into a particular area FAdV can establish itself through aerial spread between 

farms during clean-out of broiler barns at the end of the growing cycle (24). Also, being a 

very hardy virus, it is less likely that barn cleaning and disinfection will eradicate it. 
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Aerial spread of FAdV has been associated with a high concentration of broiler farms and 

closer location of the farm to others (25). However, this was not the case in our study 

because districts with a low density of broiler farms, such as district 9, had a similar 

FAdV prevalence of exposure to those that had a relatively higher density of broiler 

farms. 

Season significantly explained the overall variation in the prevalence of FAdV-

02, or -08, or -11, and FAdV-08 or -11, which comprised genotypes previously 

associated with IBH outbreaks in Canada (6). For an average flock, the odds of an isolate 

being FAdV-02, or -08, or -11, or FAdV-08 or -11 (compared to all other genotypes) 

were lower in the winter compared to the spring, summer, and fall. The high prevalence 

of these genotypes in the spring, summer, and fall suggests that future research to identify 

risk factors and efforts to control these genotypes could be focused in these seasons. 

Broiler district alone did not significantly explain the overall variation in the 

prevalence of individual FAdV genotypes and groups of genotypes. However, our study 

has shown that there were significant differences in the prevalence of FAdV-08 or -11, 

and FAdV-08a Stanford or -08 TR59, between some districts. Although this is the first 

time that the geographical distribution of FAdV and FAdV genotypes has been 

investigated in Ontario, our findings suggest that FAdV is widespread and a province-

wide approach might be required to control it. 

In order to ensure individual producer/ farm confidentiality, we aggregated and 

presented prevalence of exposure to virus, by broiler district. However, the use of 

administrative boundaries might mask potential underlying spatial patterns across 
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boundaries (26). We used parallel interpretation of results to maximize the flock 

sensitivity of tests. However, the resulting thematic maps should be interpreted with 

caution because the prevalence of exposure to the viruses might have been overestimated. 

In conclusion, we have presented the seasonal variation and geographical 

distribution of the flock-level period prevalence of exposure to CAV, IBDV, and FAdV, 

and the prevalence of individual FAdV genotypes and groups of genotypes, among 

presumably commercial broiler chicken flocks in Ontario during grow-out. Seasons and 

broiler districts in which to target further research and disease control programs have 

been identified. However, identification of risk factors for these viruses is essential for a 

better understanding of prevalence and potential relationships with season, district, and 

flock management and biosecurity practices. 
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Table 3.1. Counties, proportion of premises, proportion of commercial broiler chicken flocks sampled at processing, 

and the flock-level period prevalence of exposure to chicken anemia virus (CAV), infectious bursal 

disease virus (IBDV), and fowl adenovirus (FAdV) during grow-out per broiler district in Ontario, 

Canada between July 2010 and January 2012 (n = 231 flocks). 

Broiler 

district
a
 

Counties No. (%)
b
 of premises [and 

quota
c
 allocation] 

No. (%)
d
 of 

flocks sampled 

CAV (%)
e
 IBDV 

(%)
e
 

FAdV 

(%)
e
 

1 Bruce, Dufferin, Grey, Peel, Simcoe, 

Sudbury, York 

99 (8.8) [2,900,973] 20 (8.7) 90.0 60.0 100.0 

2 Huron 145 (13.0) [4,106,515] 39 (16.9) 64.1 51.3 97.4 

3 Elgin, Essex, Kent, Lambton, 

Middlesex, Oxford 

186 (16.6) [5,883,655] 44 (19.0) 88.6 27.3 97.7 

4 Haldimand-Norfolk, Niagara 

(Pelham-Wainfleet) 

99 (8.8) [2,992,640] 19 (8.2) 63.2 52.6 100.0 

5 Niagara 126 (11.3) [3,524,653] 15 (6.5) 86.7 86.7 100.0 

6 Brant, Halton, Hamilton-Wentworth 55 (4.9) [1,663,715] 9 (3.9) 66.7 66.7 100.0 

7 Wellington 157 (14.0) [4,606,343] 30 (13.0) 83.3 63.3 90.0 

8 Perth, Waterloo Durham 146 (13.0) [4,265,782] 34 (14.7) 82.4 50.0 97.1 

9 Glengarry, Lennox & Addington, 106 (9.5) [3,166,478] 21 (9.1) 57.1 19.1 90.5 
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Broiler 

district
a
 

Counties No. (%)
b
 of premises [and 

quota
c
 allocation] 

No. (%)
d
 of 

flocks sampled 

CAV (%)
e
 IBDV 

(%)
e
 

FAdV 

(%)
e
 

Northumberland, Ottawa-Carleton, 

Peterborough, Prescott, Prince 

Edward, Renfrew, Stormont, 

Victoria 

Total  1,119 231    

 
a
The Chicken Farmers of Ontario (CFO), a farmer-run, non-profit organization representing registered Ontario chicken farmers partitions Ontario into 

nine administrative / geographical areas referred to as broiler districts. 
b
Proportion of premises per district was determined by dividing the number of premises within each district by the total number of premises in the 

province. 
c
A regulated amount of chicken to be produced to ensure supply matches demand, which stabilizes prices paid to chicken farmers over time, hence fair 

returns. 
d
The proportion of flocks sampled per district was determined by dividing the number of flocks sampled from a district by the total number of flocks 

sampled in the study. 
e
The flock-level period prevalence of exposure to CAV, IBDV, and FAdV per broiler district was estimated by expressing the number of broiler flocks 

that were exposed to a specific virus, as a percentage of the total number of flocks tested for that virus, per district. A flock could be positive for more 

than one virus.  
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Table 3.2. Number (and percentage) of commercial broiler chicken flocks sampled at processing, and the flock-level 

period prevalence of exposure to chicken anemia virus (CAV), infectious bursal disease virus (IBDV), 

and fowl adenovirus (FAdV) during grow-out per season in Ontario, Canada between July 2010 and 

January 2012 (n = 227 flocks). 

Season No. (%)
a
 of flocks sampled CAV (%)

b
 IBDV (%)

b
 FAdV (%)

b
 

Fall
c
 81 (35.7) 79.0 40.7 97.5 

Winter
d
 48 (21.1) 85.4 47.9 100.0 

Spring
e
 29 (12.8) 72.4 55.2 93.1 

Summer
f
 69 (30.4) 69.6 56.5 94.2 

 
a
The proportion of flocks sampled per season was determined by dividing the number of flocks sampled in a season by the total number of flocks 

sampled in the study. 
b
The flock-level period prevalence of exposure to CAV, IBDV, and FAdV per season was estimated by expressing the number of broiler flocks that 

were exposed to a specific virus, as a percentage of the total number of flocks tested for that virus, per season. A flock could be positive for more than 

one virus. 
c
Period from September 21 - December 20. 

d
Period from December 21 to March 20. 

e
Period from March 21 to June 20. 

f
Period from June 21 to September 20.  
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Table 3.3. Number (and percentage) of isolates genotyped for fowl adenovirus (FAdV), and the prevalence 

(expressed as a percentage) of individual FAdV genotypes, and groups of genotypes per season in 

Ontario, Canada between July 2010 and January 2012 (n = 344 isolates). 

Season No. (%)
a
 

genotyped 

Individual genotype
b
  Group of genotypes 

(%)
b
 Non-outbreak associated (%)  Outbreak associated (%)  

01 03a 03b 04 Mixed  02 685 08a 

Stanford 

08 

TR59 

11  02 or 08 

or 11
c
 

08 or 

11
d
 

08
e
 

Fall
f
 90 (26.2) 51.1 1.1 2.2 0.0 5.6  2.2 1.1 16.7 20.0  40.0 37.8 17.8 

Winter
g
 52 (15.1) 82.7 0.0 0.0 0.0 3.9  0.0 0.0 0.0 13.5  13.5 13.5 0.0 

Spring
h
 23 (6.7) 43.5 0.0 0.0 0.0 8.7  0.0 13.0 4.4 30.4  47.8 47.8 17.4 

Summer
i
 179 (52.0) 44.1 0.6 0.0 0.6 8.4  7.8 8.9 10.1 19.6  46.4 38.6 19.0 

 
a
The proportion of isolates genotyped for FAdV per season was determined by dividing the number of isolates genotyped in a season by the total 

number of isolates genotyped in the study. 
b
The prevalence of each FAdV genotype and group of genotypes per season was estimated by expressing the number of isolates in which the genotype 

and group of genotypes was identified, as a percentage of the total number of isolates genotyped, per season. 
c
FAdV-02, -08, and -11 have been associated with IBH outbreaks in Canada. 

d
FAdV-08 and -11 are of greatest concern to the Ontario broiler breeder industry and form the basis for the use of killed bivalent (FAdV-08/FAdV-11) 

autogenous vaccine in their pullet vaccination program. 
e
FAdV-08 comprises of FAdV-08a Stanford or -08 TR 59, which belong to the same FAdV species E. 

f
Period from September 21 - December 20. 

g
Period from December 21 to March 20. 

h
Period from March 21 to June 20. 

i
Period from June 21 to September 20.  
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Table 3.4. Number (and percentage) of isolates genotyped for fowl adenovirus (FAdV), and the prevalence 

(expressed as a percentage) of individual FAdV genotypes, and groups of genotypes per broiler district in 

Ontario, Canada between July 2010 and January 2012 (n = 353 isolates). 

Broiler 

district
a
 

No. (%)
b
 

genotype

d 

Individual genotype
c
  Group of genotypes 

(%)
c
 Non-outbreak associated (%)  Outbreak associated (%)  

01 03a 03b 04 Mixed  02 685 08a 

Stanford 

08 

TR59 

11  02 or 

08 or 

11
d
 

08 or 

11
e
 

08
f
 

1 38 (10.8) 50.0 0.0 0.0 0.0 5.3  10.5 7.9 7.9 18.4  44.7 34.2 15.8 

2 37 (10.5) 54.1 2.7 0.0 0.0 8.1  0.0 8.1 0.0 27.0  35.1 35.1 8.1 

3 70 (19.8) 45.7 1.4 0.0 1.4 4.3  14.3 10.0 17.1 5.7  47.1 32.9 27.1 

4 26 (7.4) 46.2 0.0 0.0 0.0 0.0  0.0 7.7 19.2 26.9  53.8 53.8 26.9 

5 30 (8.5) 53.3 0.0 0.0 0.0 13.3  0.0 3.3 6.7 23.3  33.3 33.3 10.0 

6 22 (6.2) 45.5 0.0 0.0 0.0 4.5  0.0 0.0 9.1 40.9  50.0 50.0 9.1 

7 43 (12.2) 60.5 0.0 0.0 0.0 9.3  0.0 4.7 9.3 16.3  30.2 30.2 14.0 

8 41 (11.6) 58.5 0.0 4.9 0.0 2.4  0.0 0.0 12.2 22.0  34.2 34.2 12.2 

9 46 (13.0) 56.5 0.0 0.0 0.0 13.0  4.4 4.4 2.2 19.6  30.4 26.1 6.5 
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a
The Chicken Farmers of Ontario, a farmer-run, non-profit organization representing registered Ontario chicken farmers partitions Ontario into nine 

administrative / geographical areas referred to as broiler districts. 
b
The proportion of isolates genotyped for FAdV per district was determined by dividing the number of isolates genotyped from a district by the total 

number of isolates genotyped in the study. 
c
The prevalence of each FAdV genotype and group of genotypes per broiler district was estimated by expressing the number of isolates in which the 

genotype and group of genotypes was identified, as a percentage of the total number of isolates genotyped, per district. 
d
FAdV-02, -08, and -11 have been associated with IBH outbreaks in Canada. 

e
FAdV-08 and -11 are of greatest concern to the Ontario broiler breeder industry and form the basis for the use of killed bivalent (FAdV-08/FAdV-11) 

vaccine in their pullet vaccination program. 
f
FAdV-08 comprises of FAdV-08a Stanford or -08 TR 59, which belong to the same FAdV species E. 
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Figure 3.1. Flock-level period prevalence of exposure to chicken anemia virus 

(CAV) during grow-out in the nine broiler districts in Ontario, 

Canada sampled at processing between July 2010 and January 2012 

(n = 231 flocks). The map was produced using ArcInfo
®
 10.0 (ESRI, 

Redlands, CA).  
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Figure 3.2. Flock-level period prevalence of exposure to infectious bursal disease 

virus (IBDV) during grow-out in the nine broiler districts in Ontario, 

Canada sampled at processing between July 2010 and January 2012 

(n = 231 flocks). The map was produced using ArcInfo
®
 10.0 (ESRI, 

Redlands, CA).  
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Figure 3.3. Prevalence of fowl adenovirus 08 (FAdV-08) or FAdV-11 in the nine 

broiler districts in Ontario, Canada sampled at processing between 

July 2010 and January 2012 (n = 353 isolates). The map was produced 

using ArcInfo
®
 10.0 (ESRI, Redlands, CA).  
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Figure 3.4. Prevalence of fowl adenovirus 08a Stanford (FAdV-08a Stanford) or 

FAdV-08 TR59 in the nine broiler districts in Ontario, Canada 

sampled at processing between July 2010 and January 2012 (n = 353 

isolates). The map was produced using ArcInfo
®
 10.0 (ESRI, 

Redlands, CA).  
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CHAPTER FOUR 

Risk factors for chicken anemia virus among Ontario commercial broiler chicken flocks 

 

To be submitted to: Preventive Veterinary Medicine 

 

Abstract 

Chicken anemia virus (CAV) causes a disease of chickens that is transmitted 

through horizontal and vertical means and characterized by severe anemia, generalized 

lymphoid atrophy, immunosuppression, and increased mortality. Chicken infectious 

anemia causes economic losses to the broiler industry worldwide. The purpose of this 

study was to investigate risk factors associated with exposure of Ontario commercial 

broiler flocks to CAV. 

Blood samples and cloacal swabs from 15 birds were collected from 231 flocks. 

Samples were analyzed at the Animal Health Laboratory, Guelph using enzyme linked 

immunosorbent assay for the presence of antibodies against CAV and polymerase chain 

reaction to detect CAV nucleic acids. Data on management and biosecurity practices used 

in raising the selected broiler flocks were collected through face-to-face interviews with 

farmers. Linear and logistic regression models were used to assess the association of 

flock exposure to CAV with flock biosecurity and management practices. 
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The risk of exposure to CAV was significantly higher in the fall compared to the 

spring (OR = 6.91; CI: 1.37 - 34.89; P = 0.019) and summer (OR = 4.0; CI: 1.29 - 12.48; 

P = 0.017). Increased risk of exposure to CAV was associated with flock CAV mean titre 

(OR = 1.01; P < 0.001), wet, caked, or matted litter under the water lines (compared to 

dry litter) (OR = 3.29; P = 0.017), feed mills C (Coefficient = 231.2; P = 0.043) and G 

(Coefficient = 909.6; P < 0.001) that supplied feed to a total of 97 flocks (compared to 

feed mill A that supplied feed to 23 flocks), and the use of mixed feed containing fresh 

and leftover feed (compared to fresh feed delivered directly from the feed mill) 

(Coefficient = 293.6; P = 0.003). Decreased risk of exposure to CAV was associated with 

feed mills B (OR = 0.13; P = 0.015) and F (OR = 0.04; P = 0.006) that supplied feed to a 

total of 75 flocks (compared to feed mill A) and increase in the rest period (period 

between last day of cleaning/ disinfection and chick placement) (Coefficient = -21.2; P = 

0.008). This study identified management and biosecurity factors associated with 

exposure of commercial broiler flocks to CAV. 

Key words: Biosecurity; chicken anemia virus; chicken infectious anemia 

disease; flock management; Ontario  
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Introduction 

Chicken anemia virus (CAV) is the etiologic agent associated with chicken 

infectious anaemia (CIA); CIA is characterized by severe anemia, generalized lymphoid 

atrophy, and increased mortality (Hagood, et al., 2000). Chicken infectious anemia can 

cause considerable economic losses in broiler chicken production through clinical and 

subclinical infections (McIlroy, et al., 1992; Hagood, et al., 2000). A decrease in net 

income of approximately 17.3% from affected broiler chicken flocks compared to normal 

flocks has been reported (McIlroy, et al., 1992). 

Chicken anemia virus is transmitted through horizontal and vertical means (Yuasa 

and Yoshida, 1983; McNulty, 1991), and is associated with immunosuppression, 

increased susceptibility of affected chickens to infection with secondary pathogens, and 

reduced vaccine response (Adair, 2000; Hagood, et al., 2000; Todd, 2004). Infection of 

serologically-negative breeder flocks during or just before the start of production 

facilitates transovarian transmission of CAV (Rosenberger and Cloud, 1998). However, 

exposure of breeder flocks to CAV before commencement of production confers 

immunity against further infection and consequently prevents vertical transmission of the 

virus to their progeny. Horizontal transmission occurs through direct or indirect contact 

of chickens with contaminated faeces or feather follicle epithelium (Yuasa, et al., 1980; 

Davidson and Skoda, 2005). 

Co-infection with agents, such as infectious bursal disease virus (IBDV) (Imai, et 

al., 1999), Marek’s disease virus (Miles, et al., 1999), fowl adenoviruses (Toro, et al., 

2001), reoviruses (McNeilly, et al., 1995), and Newcastle disease virus (De Boer, et al., 
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1994) have been implicated in potentiating the immunosuppressive effects of CAV 

infection. The susceptibility of chickens to CAV is increased by coinfections. For 

example, infectious bursal disease virus inhibits production of neutralizing antibodies 

(Imai, et al., 1999); reoviruses weaken antibody response (Montgomery, et al., 1985; 

McNeilly, et al., 1995), and fowl adenoviruses cause immunosuppression through 

damage to lymphoid tissue (Deepak, 1998). Fortunately, infection of broiler chickens by 

CAV and other lymphocidal agents can be minimized through good management and 

biosecurity practices (Engström, 1999). In Denmark for instance, a lower incidence of 

subclinical CAV among broiler chickens was reported to be associated with a high level 

of hygiene (Jørgensen, et al., 1995). Environmental stressors, such as poor ventilation and 

cool temperatures, predispose birds to immunosuppressive diseases (Fussell, 1998). 

Identification and understanding of disease risk factors is critical for the 

improvement of health, welfare, and productivity of food-producing animals, and the 

quality and safety of foods derived from them (Dohoo, et al., 2009). To our knowledge, 

despite the negative economic effects of CAV, no comprehensive epidemiological studies 

have been conducted on the likely causal factors. The purpose of this study was to 

investigate risk factors associated with exposure of Ontario commercial broiler flocks to 

CAV. 
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Materials and methods 

Sample size 

The sampling frame comprised Ontario broiler flocks contracted for processing at 

five federal and one provincial processing plant in Ontario. Collectively, these plants 

represented approximately 70% of Ontario’s broiler production. The sample size to 

identify risk factors for CAV was determined based on a 95% confidence level, power of 

80%, and a priori estimate of a difference of 20% between the proportions of exposed 

and unexposed flocks with a baseline prevalence of 20%. Although the targeted study 

sample size was 240 flocks, 231 flocks were enrolled due to lack of farmer’s time to 

participate and changes in flocks’ slaughter schedules that resulted in missed samplings. 

MiniTab 14 statistical software (Minitab Inc., State College, PA) was used to 

generate four-week schedules, which randomly allocated specific sampling days to each 

plant. Based on the plant’s relative market share of Ontario’s broiler processing, the 

number of days allocated per plant were weighted, such that plants with the largest share 

of processing had the highest number of days scheduled for sample collection. Four-week 

schedules were sent to the participating plants, which compiled a list of flocks that were 

scheduled for processing on their allocated days, and sent the list to the Chicken Farmers 

of Ontario (CFO; a producer-run, non-profit organization representing registered Ontario 

chicken farmers). The CFO in turn sent the research team the contact information of 

farmers whose flocks were included on the list. For each sampling day, the team 

members randomly selected one flock from the list using numbered coins, contacted the 

corresponding farmer by telephone, and invited the farmer to participate. If the selected 
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farmer declined to participate or if the farmer had already participated in the project, this 

selection process was repeated. The number of flocks per farm was limited to one to 

ensure optimum variability in the data. Flocks originating from Québec were excluded. 

The research was approved by the University of Guelph Research Ethics Board (number 

10MY003). 

Chicken anemia virus flocks’ exposure status data 

The number of birds sampled per flock to assess exposure to CAV was estimated 

using the following formula: 

n = ln α / ln q (Dohoo, et al., 2009), 

where n = the required sample size; α = 1- 0.90 confidence level (0.10); p = expected 

average minimum flock prevalence of exposure to CAV (0.15); and q = 1 - p (0.85). 

During the processing of selected flocks, blood and cloacal swabs were collected 

from 15 birds per flock by trained members of the research team. Samples were collected 

as evenly as possible from the total number of trucks used in the delivery of each flock. 

For instance, five samples were collected per truck if the flock was delivered in three 

trucks. Sample collection was spread out within a truck. For example, if the duration of 

processing per truck was 50 minutes, and 5 samples were required, each sample was 

collected approximately 10 minutes apart. Five cloacal swabs were pooled into three 

tubes of transport medium (Multitrans System, Starplex Scientific Inc., Etobicoke, ON). 

The samples were immediately chilled in cooler boxes after collection, labeled, and 

submitted to the Animal Health Laboratory in Guelph, Ontario for analysis. Chicken 
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anemia virus antibody enzyme-linked immunosorbent assay (ELISA) (IDEXX, 

Westbrook, ME) and polymerase chain reaction (PCR), were used in the analysis of 

blood samples and cloacal swabs, respectively. A pooled cloacal sample was considered 

positive if CAV nucleic acids were detected on PCR. A positive pooled cloacal sample 

test on PCR and flock CAV mean ELISA titre were considered as indicators of flock 

exposure to CAV. Enzyme-linked immunosorbent assay and PCR results were used to 

classify flocks as exposed or not exposed to IBDV (Eregae, et al., 2014). 

Flock management and biosecurity data 

Data on biosecurity and management practices were available for 227 flocks 

because four farmers were not available for an interview. A questionnaire comprised of 

two parts, A & B was used to collect data on farm management and biosecurity practices 

used in raising the selected broiler flocks. Part A focused on the following areas: 1) farm 

characteristics - producer identification details and size of enterprise; 2) barn 

characteristics - construction design and materials of barn(s) in which the flock of interest 

was housed, and barn ventilation characteristics; 3) movement of personnel - use of 

entrance room, biosecurity protocol used by owner/ visitors/ service personnel during 

flock grow-out period; 4) pests, pets, and wildlife control - garbage disposal and other 

pest management practices such as feed spill cleaning and outside barn lighting, 

interaction between flock and other on-farm animals (dogs, cats, livestock, and poultry), 

and presence of wild animals; 5) cleaning and disinfection of the barn, workroom/ office, 

and equipment; 6) water - water source, type of drinkers used, water testing for quality 

and bacterial contamination, and water line cleaning practices; 7) bedding and litter 



 

115 

 

condition - type of bedding used, litter quality and storage conditions; 8) feed and feed 

bins - source of feed, feed-related problems, and feed bin(s) cleaning practices; 9) bird 

environment - flock lighting schedule, thermal conditions, humidity levels, ammonia 

levels, and feed and water availability; 10) manure management - manure disposal 

location and proximity to the study flock barn(s); and 11) bird supervision, mortality, and 

disease management - flock daily monitoring, and collection and disposal of dead birds. 

Part B of the questionnaire captured information contained in farm records, such 

as Form 3 (a flock Production and Marketing Form completed by Ontario producers prior 

to processing of chickens); Form 6 (a flock Information Reporting Form completed by 

Ontario producers for each load of chicken marketed); feed invoices (originals with 

medication information); invoices for non-feed medications; bacteriological analysis of 

drinking water report; hatchery report, which included information on chick vaccination 

and chick source; Chicken Farmers of Ontario ‘On-Farm Food Safety Assurance Program 

and Animal Care Program Flock Specific Records’ or ‘On-Farm Food Safety Program 

Requirements Prior to Chick Placement and during Grow-Out’; veterinary reports (if 

applicable and with permission); flock mortality sheets; and visitor’s log book. Data were 

collected in the following areas: 1) shipping details - number of birds shipped for 

slaughter; 2) cleaning and disinfection of the barn, work room/ office, equipment, and 

water lines - barn cleaning and disinfection products/ methods, temperature and pressure 

of water used in cleaning, and water line cleaning procedures; 3) pest control - pest 

control methods; 4) water - water treatment and availability; 5) bird environment - 

temperature, humidity, and ammonia levels of the barn; 6) flock characteristics and 
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vaccination history - breed, strain, gender, source of chicks and vaccination history, and 

age of breeder flock(s); 7) bird supervision, mortality, disease management, and 

medication history - disease, treatment, and medication during grow-out; and 8) 

bacteriological analysis of drinking water - total coliform and Escherichia coli count per 

100 ml. 

Prior to administration, the questionnaire was pretested with seven producers who 

were not included in the study and revised appropriately based on interviewees’ 

feedback. At least a day following flock slaughter, an on-farm face-to-face interview was 

conducted with producers to collect data. A face-to-face interview was preferred to phone 

or mail-in questionnaires in order to maximize farmers’ response rate (Dohoo, et al., 

2009). The researchers did not enter the barn for biosecurity reasons. 

Statistical analysis 

Several modeling approaches were used to assess the association of flock 

exposure to CAV with flock biosecurity and management practices. The models used in 

the analysis included 1) mixed logistic regression with sample CAV PCR status as the 

dependent variable and a random effect for flock (three samples per flock); 2) weighted 

linear regression with flock CAV mean ELISA titre as the dependent variable; and 3) 

mixed linear regression with flock CAV mean ELISA titre as the dependent variable and 

a random effect for broiler district (nine administrative / geographical areas defined by 

the CFO with an allocated amount of chicken to be produced to ensure supply matches 

the demand). Although the random effect for district was not significant (P > 0.05), the 
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mixed linear regression model was kept because it identified additional variables to those 

identified by weighted linear regression model. 

Flock IBDV exposure status was considered as a predictor variable in the 

analysis. We previously estimated the flock-level period prevalence of exposure to IBDV 

using flock mean ELISA titre and parallel interpretation of PCR results from 3 pooled 

cloacal swabs (direct PCR) and 6 cell culture samples (from 3 pooled cloacal swabs and 3 

pooled caecal tonsils) (Eregae, et al., 2014). However, for this analysis (i.e. to identify 

risk factors), only direct PCR results from pooled cloacal swabs were used to derive the 

IBDV exposure status of flocks. This approach was considered because some IBDVs do 

not "grow" well in cell culture as it may take many passages to adopt, or will not "grow" 

at all (Dr. Davor Ojkic, 2014, personal communication). Also, direct PCR on cloacal 

swabs is more sensitive and rapid. 

Means, variances, percentiles, and frequency of predictor variables were 

examined and those with little or no variability, or few observations were eliminated. 

Univariable models were built for each dependent variable to screen for unconditional 

associations and variables with P ≤ 0.3 were offered to the multivariable models. 

Pairwise correlation among predictor variables was assessed using Pearson correlation 

test. When variables had a correlation coefficient ≥ |0.7|, the one with the lowest P-value 

was offered to the full model. Linearity of continuous predictor variables with each 

dependent variable was assessed using Lowess curves. Continuous variables that had a 

non-linear relationship with the dependent variable were modeled with a quadratic term if 
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the quadratic term was significant (P > 0.05). If the quadratic term was not significant (P 

< 0.05), the variable was categorized into equal-sized groups based on quartiles. 

A backward stepwise selection method was used in building all of the 

multivariable models. Tests used to assess the significance of each categorical variable as 

a group were the partial F-test and likelihood ratio test for linear and logistic regression 

models, respectively. Non-significant covariates (P > 0.05) were eliminated from the 

model while assessing for a change in the coefficients of the significant variables by ≥ 

20% when a variable was removed i.e. confounding. For each main-effects model, two-

way interactions among pairs of variables suspected to interact were assessed using the 

partial F-test and likelihood ratio test for linear and logistic models, respectively. In the 

mixed logistic regression model, the risk of exposure to CAV was not significantly 

associated with fall or spring or summer compared to the winter; however, the risk of 

exposure to CAV was significantly associated with season as a group variable (LR χ
2
 = 

9.2; P = 0.027). Therefore, each season was contrasted with all other seasons using the 

lincom command in STATA to identify those that were significantly associated with 

flock risk of exposure to CAV. 

For the mixed logistic regression model, sample-level residuals were assessed 

graphically using a scatter plot of Pearson residuals with sample identification as the 

marker label. Pearson residuals ≥ |3| SD’s were considered to be outliers and examined 

for possible data entry errors. Best linear unbiased predictors (BLUPS) of the flock level 

residuals were graphically plotted to assess the fit of the model. A residual plot of an 

approximately straight line at 45
o
 to the horizontal indicated that the residuals were 
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normally distributed. Intra-class correlation coefficient was estimated using the latent 

variable method (Dohoo, et al., 2009). 

For the mixed linear regression model, flock-level residuals were assessed 

graphically using a scatter plot of Pearson residuals with flock identification as the 

marker label. Pearson residuals ≥ |3| SD’s were considered to be outliers and examined 

for possible data entry errors. Best linear unbiased predictors of the district level residuals 

could not be assessed graphically due to very few observations. Intra-class correlation 

coefficient was not estimated because the district effect was non-significant. 

For the ordinary linear regression model, the assumptions of homoscedasticity 

and normality of residuals were tested using Cook-Weisberg test and normal probability 

plot (quantile-quantile plot), respectively. A significant test (P < 0.05) for Cook-

Weisberg indicated lack of a constant variance of residuals. A residual plot of an 

approximately straight line at 45
o
 to the horizontal indicated that the residuals were 

normally distributed. A scatter plot of standardized residuals was used to assess outliers. 

Observations with standardized residuals ≥ |3|SD’s were considered as outliers. A scatter 

plot of Cook’s Distance statistic was used to assess influential observations. Observations 

with relatively large Cook’s Distance statistic were investigated. 
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Results 

Descriptive summary 

The period prevalence of exposure to CAV in our study population was 77.1% 

(Eregae, et al., 2014). Three pooled cloacal samples per flock were tested for the presence 

of CAV. Of the 231 flocks tested, 128 (55.4%) were positive by PCR; 29.4% had all 

three samples testing positive, 9.5% had two samples testing positive, 16.5% had 1 

sample testing positive, and 103 (44.6%) of the flocks tested negative. The median flock 

ELISA mean titre was 1,062 with lowest and highest mean titres being 999 and 8,117, 

respectively. The interquartile titre ranges for the 1
st
, 2

nd
, 3

rd
, and 4

th
 quartiles were 0, 63, 

246, and 750, respectively. Of the 227 flocks, 35.7% were grown in the fall season, 

30.4% in the summer season, 21.1% in the winter season, and 12.8% in the spring season 

(Chapter 3). 

Descriptive statistics of predictor variables used in building the three models are 

presented in tables 4.1 and 4.2. Additional descriptive statistics have been described 

previously (Eregae, et al., 2014). Briefly, the mean flock mortality was 3.5% with the 

highest and lowest mortality being 12.7 and 0.3%, respectively. The median flock size at 

placement was 25,092 birds with the highest and the lowest flock size being 104,040 and 

7,242 birds, respectively. The median flock age at processing was 38 days with the 

highest and lowest age being 53 and 31 days, respectively. The median flock average 

weight at slaughter was 2.2 kg with the highest and lowest weight being 3.1 and 1.7 kg, 

respectively. There was very little variation reported among flocks with respect to barn 

characteristics; biosecurity protocols used by owner/ visitors/ service personnel during 
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the flock grow-out period; pest, pet, and wildlife control practices; and water treatment 

and testing practices. 

Statistical models 

Tables 4.3 to 4.5 show the odds ratios, coefficients, and P- values for predictor 

variables in each model. The risk of exposure to CAV was higher in the fall compared to 

the spring (OR = 6.91; CI: 1.37 - 34.89; P = 0.019) and summer (OR = 4.0; CI: 1.29 - 

12.48; P = 0.017) (Table 4.3). Overall, increased risk of exposure to CAV was associated 

with flock CAV mean titre (OR = 1.01; P < 0.001) (Table 4.3), the number of CAV-PCR 

positive samples (Coefficient = 108.90; P < 0.001) (Table 4.4), wet, caked, or matted 

litter under the water lines (compared to dry litter) (OR = 3.29; P = 0.017) (Table 4.3), 

feed mills C (Coefficient = 231.2; P = 0.043) and G (Coefficient = 909.6; P < 0.001) that 

supplied feed to a total of 97 flocks (compared to feed mill A that supplied feed to 23 

flocks) (Table 4.4), and use of mixed feed containing fresh and leftover feed (compared 

to fresh feed delivered directly from the feed mill) (Coefficient = 293.6; P = 0.003) 

(Table 4.5). Graphically, the line of predicted probability of a sample testing positive for 

CAV on PCR rises sharply as flock CAV mean titre increases but levels off at mean titre 

> 2000 (Figure 4.1). 

Decreased risk of exposure to CAV was associated with two feed mills, B (OR = 

0.13; P = 0.015) and F (OR = 0.04; P = 0.006) that supplied feed to a total of 75 flocks 

(compared to feed mill A that supplied feed to 23 flocks) (Table 4.3) and increase in the 

rest period (period between last day of cleaning/ disinfection and chick placement) 
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(Coefficient = -21.2; P = 0.008) (Table 4.5). Graphically, the line of predicted flock CAV 

mean titre declines gradually as the rest period increases (Figure 4.2). 

There were no confounders and two-way interactions in the final models. In the 

mixed logistic regression model with flock as a random effect, we found 23 samples as 

outliers. The model did not converge when we excluded these outliers; however, we did 

not find a reason to exclude any of the samples from the model. A visual assessment of 

the fit of the model using BLUPS of the flock-level residuals showed normality except at 

the extreme ends of the normality line. Intra-class correlation coefficients for the null and 

the final mixed logistic regression models with flock as a random effect were 0.82 and 

0.62, respectively. The linear regression model did not meet the assumptions of 

homoscedasticity (χ
2
 = 222.6; P-value < 0.001) and normality (Z = 9.7; P-value ≤ 0.001). 

Logarithmic and square root transformations of the outcome did not correct violation of 

these assumptions. Therefore, a weighted linear regression model proportional to the feed 

mill was used. In the mixed linear regression model with district as a random effect, there 

were six flocks identified as outliers from the Pearson residual. Exclusion of these 

outliers from the model did not significantly change P-values except for flock 29, which 

changed the P-values of quadratic term of the rest period from significant (P = 0.025) to 

non-significant (P = 0.064). We did not find a valid reason to exclude these outliers from 

the model. 
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Discussion 

Based on number of flocks and samples tested and risk-factors evaluated this was 

the largest epidemiological study to investigate risk factors for CAV globally to date. 

Understanding management and biosecurity practices associated with risk of exposure to 

CAV is necessary in order to control the disease. The study was representative of 

Ontario’s commercial broiler chicken population, it was not without limitations. Firstly, 

because farmers’ participation in the study was voluntary, it is possible that only farmers 

that were more likely to followed strict biosecurity and farm management practices as 

outlined in On Farm Food Safety Assurance Program (OFFSAP) accepted to participate 

leading to selection bias. Secondly, most farmer interviews were conducted at least a day 

following flock processing. However, some farmers were available for interviews at a 

later time or not available at all due to lack of time. This was a source of bias in our study 

due to missing data and recall bias because some farmers did not remember certain 

specific management and biosecurity practices used in raising the study flocks. 

The outcomes used in building models included sample CAV PCR status and 

flock mean CAV ELISA titre. The two are related because viral infection is essential for 

antibody production to occur. Therefore, in order to control for the potential effects of 

this relationship on the associations between each outcome and risk factors, sample CAV 

PCR status was forced into flock mean CAV ELISA model, and flock mean CAV ELISA 

titre was forced into sample CAV PCR model. As expected, there was a very significant 

relationship between these two variables. With the exception of feed mill, risk factors that 

were associated with CAV PCR status differed with those associated with flock mean 
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CAV ELISA titre. The difference might be because the former outcome could be 

indicative of systemic infection, which usually occurs earlier while the latter could be 

indicative of recovery stage. However, due to limited availability of past studies on 

exposure of healthy flocks to CAV, we have discussed some of our results in relation to 

past studies on chicken infectious anaemia. 

Increased risk of flock exposure to CAV was significantly associated with wet, 

caked, or matted litter under the water lines compared to dry litter under the water lines. 

This litter condition is due to leaking drinkers and is likely exaggerated by inadequate 

ventilation. Relatively higher levels of ammonia (> 20 ppm) and/or increased humidity, 

which are a consequence of wet litter, have been associated with damage to the 

respiratory system leading to immunosuppresion (Klausz, 2010). 

The risk of flock exposure to CAV was significantly increased by use of mixed 

feed containing fresh and leftover feed compared to fresh feed delivered from the feed 

mill. Although the feed was not tested for the presence of micro-organisms, mycotoxins, 

which are normally produced by moulds growing on crops, or stored feeds and feed 

ingredients, can cause immunosuppression and predispose flocks to CAV (Klausz, 2010). 

Mycotoxins were also suspected as a possible cause of immunosuppression among 

Yugoslavian chickens from 1982 to 1991 (Ragland, et al., 1998). 

Some feed mills that supplied feed to the flocks during grow-out were associated 

with a decreased risk of exposure of flocks to CAV whereas others were associated with 

increased risk. However, the association of exposure to CAV and feed mill was 

influenced by the model’s dependent variable. When sample CAV-PCR status was used 
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as the model outcome, feed mills B and F were protective but became insignificant when 

the dependent variable was flock CAV mean ELISA titre. Similarly, Feed mill C and G 

that were not significant when the flock CAV-PCR status was used as the model outcome 

were associated with increased risk when flock CAV mean ELISA titre was used as the 

dependent variable. Being an extremely resistant virus, feed might have been 

contaminated with mycotoxins and/ or CAV from raw materials, during feed processing, 

storage, and in feed delivery trucks (Pattison, et al., 2008). The protective effect of some 

feed mills might be due to inactivation of CAV through heating during processing 

(Urlings, et al., 1993). 

Our previous analysis of the seasonal variation of CAV prevalence among 

Ontario broiler chicken flocks showed that there was a trend toward the odds of exposure 

to CAV being lower in the summer compared to the winter when a combination of 

ELISA mean titre and the PCR status of the flock were used as a dependent variable, and 

when litter quality under the water lines and feed mill were not accounted for in the 

analysis (Chapter 3). However, for the current analysis, the risk of exposure to CAV 

(based on the CAV PCR status of a pooled sample as the dependent variable and flock as 

a random effect) was significantly higher in the fall compared to the spring or summer. 

The high prevalence of exposure of flocks to CAV in the fall suggests that future research 

to identify risk factors responsible for seasonal variation, and efforts to control CAV 

could be focused in the fall season. 

Our findings differ from those of past studies. A study on seasonal variation in the 

occurrence of subclinical horizontally-transmitted infection with CAV among Danish 
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broilers and broiler breeders established that the lowest incidence of the infection was in 

the summer (Jørgensen, et al., 1995). In contrast, a Swedish study found that CAV 

outbreaks occur in all seasons of the year (Engström, et al., 1988). 

The risk of flock exposure to CAV decreased with an increase in rest period 

(period between last day of cleaning/ disinfection and chick placement). The rest period 

might be complementary to cleaning and disinfection in reducing the chances of CAV 

survival and consequent infection of the next flock (Bermudez and Stewart-Brown, 

2008). 

Feed mill that supplied feed to study flocks, the most frequent risk factor, was 

present in 2 of the 3 models. Each of the other risk factors was present only in 1 of the 3 

models. A risk factor’s frequency of presence in the models might be a sign of their true 

causal role (Guerin, et al., 2007). Interventions targeted at highly frequent risk factors, 

such as feed mill that supplied feed to flocks might influence the risk of flock exposure to 

CAV. 

Although flock IBDV exposure status was identified as being associated with 

sample CAV PCR status on univariable screening, the results of the final models showed 

that there was no significant association between flock exposure to CAV and flock 

exposure to IBDV. This finding is inconsistent with that of an experimental study aimed 

at investigating the role of IBDV and CAV in causing anemia in chicks (Yuasa, et al., 

1980). The researchers established that chickens infected with IBDV at one day of age 

died of anemia after they were challenged with CAV at ≥ 2 weeks of age. Infectious 

bursal disease virus infection has been reported to increase transmission of CAV as well 
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as the severity and duration of CIA due to reduced antibody response (Rosenberger and 

Cloud, 1989). Infectious bursal disease virus destroys B-cells or suppressor cells, and 

interferes with helper T cell functions (Saif, 1991; Sharma, et al., 2000; Balamurugan and 

Kataria, 2006). 

Conclusion 

This study has identified management and biosecurity factors associated with 

exposure of commercial broiler chicken flocks to CAV. In Ontario, the condition of litter 

under the water lines, the feed mill that supplies feed to flocks, use of mixed feed, and 

season of grow-out affect the risk of exposure of flocks to CAV. Given the economic 

burden associated with subclinical infection of broiler flocks with CAV, considering 

these factors in disease control efforts might be of potential benefit to the broiler industry. 
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Table 4.1. Descriptive characteristics of continuous variables considered for inclusion in multivariable models
a
 to 

identify risk factors associated with exposure to chicken anemia virus (CAV) in Ontario commercial 

broiler chicken flocks (P ≤ 0.30). 

Variable Frequency of presence 

in models (out of 3)
b
 

Mean Median Minimum  Maximum 

Age of parent breeder flock (weeks) (n= 159) 2 41.3 42 28 59 

Age of broiler flock at the time of shipping (days) (n= 

226) 

3 38.1 38 31 53 

Average duration of flock monitoring per visit (minutes) 

(n= 226) 

2 39.1 35 1 165 

Distance between study flock barn and manure disposal 

area (ft) (n= 182) 

1 479.2 50 0 26400 

Distance of terminal disposal location of manure from 

water source (ft) (n= 159) 

3 860.6 450 0 9842 

Distance of terminal disposal of manure location from feed 

bin (ft) (n= 166) 

3 676.4 300 3 9842 

Duration of rest period between flocks (days) (n= 223) 1 20.9 20 1 115 

Flock CAV mean ELISA titre (n= 231) 1 1379.3 1062 999 8117 

Frequency of banging down feed bins in last year (n= 224) 2 36.8 17 0 720 

Frequency of collecting mortalities in a day (n= 225) 1 1.8 2 1 6 
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Variable Frequency of presence 

in models (out of 3)
b
 

Mean Median Minimum  Maximum 

Frequency of washing the barn with high pressure within 

the last one year (n= 227) 

3 3.1 2 0 7 

Size of the controlled access zone around the study flock 

barn (ft) (n= 223) 

2 65.9 40 0 1500 

 
a
Multivariable models included 1) mixed logistic regression model with the outcome of sample CAV polymerase chain reaction (PCR) status and a 

random effect for flock (3 samples per flock); 2) weighted linear regression model with the outcome of flock CAV mean enzyme linked immunosorbent 

assay (ELISA) titre; 3) mixed linear regression model with the outcome of flock CAV mean ELISA titre and a random effect for broiler district (nine 

administrative / geographical areas defined by the Chicken Farmers of Ontario with an allocated amount of chicken to be produced to ensure supply 

matches the demand). 
b
The number of times a variable was present in the three models.  
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Table 4.2. Descriptive characteristics of categorical variables considered for inclusion in multivariable models
a
 to 

identify risk factors associated with exposure to chicken anemia virus (CAV) in Ontario commercial 

broiler chicken flocks (P ≤ 0.30). 

Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Bronchitis vaccine given at the hatchery (n= 226) Not given 1 22 (9.7) 

 Given  204 (90.3) 

Bronchitis vaccine given at the hatchery and method 

of administration (n= 129) 

Not given 2 6 (4.6) 

 Given in-ovo  14 (10.9) 

 Given-injection or given-spray  109 (84.5) 

Ceiling material for Barn one, upper floor 2 (n= 223) No upper floor 2 69 (30.9) 

 Wood  117 (52.5) 

 Other  37 (16.6) 
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Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Disinfection of the barn (n= 219) Not disinfected 3 88 (40.2) 

 Disinfected  131 (59.8) 

Feed mill where feed was sourced from (n= 222) A 3 23 (10.4) 

 B  55 (24.8) 

 C  20 (9.0) 

 D  17 (7.7) 

 E  11 (5.0) 

 F  20 (9.0) 

 G  42 (18.9) 

 H  22 (9.9) 

 I  12 (5.4) 
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Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Flock exposed to temperature extremes during grow-

out (n= 227) 

No 1 179 (78.9) 

 Yes  48 (21.2) 

Flock fowl adenovirus status (n= 231) Not exposed 3 8 (3.5) 

 Exposed  223 (96.5) 

Flock gender  (n= 226) Pullets 3 38 (16.8) 

 Cockerels  26 (11.5) 

 Mixed  162 (71.7) 

Flock infectious bursal disease virus status (n= 231) Not exposed 1 129 (55.8) 

 Exposed  102 (44.2) 

Flock litter quality condition under the water lines (n= 

227) 

No problem 1 87 (38.3) 

 With problems (wet or moldy or uneven 

thickness or caked or matted) 

 140 (61.7) 
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Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Flock reovirus status (n= 231) Not exposed 2 22 (9.5) 

 Exposed  209 (90.5) 

Frequency of cleaning of entrance rooms and work 

rooms (n= 222) 

Cleaned-twice or once daily 1 32 (14.4) 

 Cleaned-every other day  21 (9.5) 

 Cleaned-weekly  99 (44.6) 

 Cleaned-less frequently than once weekly  70 (31.5) 

Frequency of monitoring ammonia using smell and 

eye irritation (n= 226) 

Not monitored or eye irritation not used 1 8 (3.5) 

 Twice daily or daily or at least once per 

week or at least once per two weeks or at 

least once per month or at least once 

during grow-out or as needed 

 218 (96.5) 

Hatchery company that supplied the chicks (n= 221) A 3 93 (42.1) 

 B  75 (33.9) 

 C  53 (24.0) 
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Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Humidity outside normal range during grow-out when 

litter compaction and level of dust was used (n= 226) 

Not monitored or litter compaction not 

used 

2 170 (75.2) 

 Yes- too high or yes- too low or both  18 (8.0) 

 No  38 (16.8) 

Marek’s vaccine given at the hatchery (n= 226) Not given 3 23 (10.2) 

 Given  203 (89.8) 

Monitoring humidity with litter compaction and level 

of dust (n= 226) 

Not monitored or compaction not used 1 169 (74.8) 

 Compaction used  57 (25.2) 

Number of feed bins used in the barn (n= 226) One feed bin 2 70 (31.0) 

 Two or more feed bins  156 (69.0) 
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Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Ontario broiler district where the flock was grown in 

(n= 231) 

1 2 20 (8.7) 

 2  39 (16.9) 

 3  44 (19.0) 

 4  19 (8.2) 

 5  15 (6.5) 

 6  9 (3.9) 

 7  30 (13.0) 

 8  34 (14.7) 

 9  21 (9.1) 
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Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Plant where the flock was processed (n= 231) A 3 74 (32.0) 

 B  94 (40.7) 

 C  50 (21.6) 

 D  13 (5.6) 

Point where flock’s drinking water was tested in the 

system (n= 227) 

At the source 3 18 (7.9) 

 At the beginning of the water line in the 

barn 

 40 (17.6) 

 At the end of the water line in the barn  20 (8.8) 

 At the house  46 (20.3) 

 Entrance room  60 (26.4) 

 Other (more than one testing points or not 

tested) 

 43 (18.9) 
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Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Presence of feed malfunction monitoring and alarm 

system in the barn during grow-out (n= 226) 

Not present 1 142 (62.8) 

 Present  84 (37.2) 

Presence of indicators of thermal discomfort during 

grow-out (e.g. panting, huddling) (n= 226) 

Not present 1 174 (77.0) 

 Present  52 (23.0) 

Presence of stagnant water or potholes outside the 

barn (n= 164) 

Not present 2 35 (21.3) 

 Present  129 (78.7) 

Presence of ventilation shutdown monitoring and 

alarm system in the barn during grow-out (n= 226) 

Not present 1 172 (76.1) 

 Present  54 (23.9) 

Presence of water malfunction monitoring and alarm 

system in the barn during grow-out (n= 226) 

Not present 1 96 (42.5) 

 Present  130 (57.5) 
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Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Separation of medicated and non-medicated feed (n= 

227) 

Not separated - not more than one feed bin 3 45 (19.8) 

 Separated  105 (46.3) 

 Not separated  77 (33.9) 

Source of feed for the flock (n= 227) Fresh feed – delivered from feed mill 3 82 (36.1) 

 Mixed (fresh feed – delivered from feed 

mill and leftover feed – from previous 

flock) 

 119 (52.4) 

 Other (e.g mixed on farm or a mixture of 

several categories) 

 26 (11.5) 

Specific season flock was grown in (n= 227) Fall 3 81 (35.7) 

 Winter  48 (21.1) 

 Spring  29 (12.8) 

 Summer  69 (30.4) 
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Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Temperature of water used to clean barn prior to chick 

placement (n= 227) 

Barn not washed 2 112 (49.3) 

 Cold water  52 (22.9) 

 Hot water  63 (27.8) 

Terminal location of dead birds (n= 216) On-farm –incinerator 1 14 (6.5) 

 On-farm manure pile  72 (33.3) 

 On-farm – compost  96 (44.4) 

 Off-farm – transport to rendering plant or 

Off-farm – transport to another location 

 34 (15.7) 

Type of clothing used by owner when entering the 

barn restricted area (RA) (n= 226) 

No protective clothing used 2 140 (62.0) 

 Protective clothing used  86 (38.1) 
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Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Type of light used outside barn (n= 227) No light 1 15 (6.6) 

 Dawn-to-dusk activated lights  116 (51.1) 

 Other lights (flood, motion activated, on 

and off) 

 96 (42.3) 

Use of hand protocol by owner when entering the 

restricted area of the barn ( n= 225) 

Hands protocol not used 1 133 (59.1) 

 Hands protocol used (always or sometimes 

or producer uncertain) 

 92 (40.9) 

Use of masks by owner when entering the restricted 

area of the barn (n= 225) 

No mask 1 110 (48.9) 

 Mask used sometimes or mask used always 

or producer uncertain 

 115 (51.1) 

Use of headgear by owner when entering the restricted 

area of the barn (n= 226) 

Headgear not used 2 139 (61.5) 

 Headgear used  87 (38.5) 



 

 145 

Variable Description of variable or level Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Wall material for Barn one, upper floor (n= 223) No upper floor 2 69 (30.9) 

 Wood  134 (60.1) 

 Other (concrete or plastic)  20 (9.0) 

Washed exterior barn fans (n= 225) No 3 158 (70.2) 

 Yes  67 (29.8) 

 
a
Multivariable models included 1) mixed logistic regression model with the outcome of sample CAV polymerase chain reaction (PCR) status and a 

random effect for flock (3 samples per flock); 2) weighted linear regression model with the outcome of flock CAV mean enzyme linked immunosorbent 

assay (ELISA) titre; 3) mixed linear regression model with the outcome of flock CAV mean ELISA titre and a random effect for broiler district (nine 

administrative / geographical areas defined by the Chicken Farmers of Ontario with an allocated amount of chicken to be produced to ensure supply 

matches the demand). 
b
The number of times a variable was present in the three models.  
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Table 4.3. Mixed logistic regression model of variables significantly associated with the presence of chicken anemia 

virus (CAV) in Ontario commercial broiler chicken flocks (n = 665 samples from 222 flocks; level of 

significance for variables remaining in the model = P ≤ 0.05; random effect for flock). Polymerase chain 

reaction (PCR) was used to detect CAV in three pooled cloacal swab samples per flock. 

Risk factor Odds ratio (OR) P-value (Wald test) P-value (Likelihood-ratio 

test) 

95% CI of OR 

Season   0.027
a
  

Winter
b
 Referent    

Fall
c
 1.52 0.507  0.44 - 5.18 

Spring
d
 0.22 0.078  0.04 - 1.19 

Summer
e
 0.38 0.134  0.11 - 1.35 

CAV mean titre     

Centred CAV mean titre 1.01 < 0.001  1.01 - 1.02 

Centred CAV mean titre 

squared 

1.00 0.004  0.999997 - 0.999999 

Litter quality under water lines     

Dry Referent    

Wet, caked, or matted 3.29 0.017  1.24 - 8.74 
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Risk factor Odds ratio (OR) P-value (Wald test) P-value (Likelihood-ratio 

test) 

95% CI of OR 

Feed mill
f
     

A Referent    

B 0.13 0.015  0.03 - 0.68 

C 6.21 0.066  0.89 - 43.47 

D 3.97 0.186  0.52 - 30.57 

E 0.11 0.093  0.01 - 1.44 

F 0.04 0.006  0.01 - 0.40 

G 2.82 0.243  0.49 - 16.08 

H 1.75 0.556  0.27 - 11.22 

I 1.01 0.996  0.11 - 9.25 

Random-effects Parameter Standard deviation (SD) Standard error  95% CI of SD 

Flock 2.3 0.3  1.8 - 3.2 

 

Overall P-value for the model: < 0.001. 

Coefficient (β) for the intercept = -7.1, P < 0.001, CI: -10.0 - -4.2. 

Intra-class correlation coefficients (ICC) = 0.62 was estimated using the latent variable method: ρ = σ
2
 / σ

2 
+ (π

2
/3) where σ

2
 (Variance of random effect 

at flock level) = 5.38 and (π
2
/3) (Variance of random effect at sample level) = 3.290. 

a
The risk of exposure to CAV was not significantly associated with fall or spring or summer compared to the winter, but significantly associated with 

season as a group variable. 
b
Period from December 21 to March 20. 

c
Period from September 21 - December 20. 

d
Period from March 21 - June 20. 

e
Period from June 21 - September 20. 

f
Feed mill where feed for the flock was sourced.  
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Table 4.4. Weighted linear regression proportional to the feed mill of variables significantly associated with mean 

enzyme linked immunosorbent assay (ELISA) antibody titre to chicken anemia virus (CAV) in Ontario 

commercial broiler chicken flocks (n = 222 flocks; level of significance for variables remaining in the 

model = P ≤ 0.05). ELISA (IDEXX, Westbrook, ME) was used in estimating antibody titre in blood 

samples. 

Risk factors Coefficient (β) P-value 95% CI of β 

Number of CAV-polymerase chain reaction (PCR) 

positive samples (0 to 3) 

   

PCR positive samples 108.90 < 0.001 65.04 - 152.76 

Feedmill
a
    

A Referent   

B 33.5 0.547 -75.8 - 142.8 

C 231.2 0.043 7.2 - 455.2 

D 289.3 0.069 -22.8 - 601.3 

E 213.3 0.377 -262.0 - 688.6 

F 37.2 0.863 -388.0 - 462.5 

G 909.6 < 0.001 563.0 - 1256.1 

H 219.2 0.421 -317.0 - 755.5 

I -39.5 0.924 -852.5 - 773.5 
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Risk factors Coefficient (β) P-value 95% CI of β 

Constant 1,000.2 < 0.001 919.6 – 1,080.9 

 

Overall P-value for the model: < 0.001. 
a
Feed mill where feed for the flock was sourced.  
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Table 4.5. Mixed linear regression model of variables significantly associated with mean enzyme linked 

immunosorbent assay (ELISA) antibody titre to chicken anemia virus (CAV) in Ontario commercial 

broiler chicken flocks (n = 223 flocks; level of significance for variables remaining in the model = P ≤ 

0.05; random effect for district). ELISA (IDEXX, Westbrook, ME) was used in estimating antibody titre 

in blood samples. 

Risk factors Coefficient (β) P-value 95% CI of β 

Source of feed for the flock    

Fresh feed
a
 Referent   

Mixed feed
b 
 293.6 0.003 99.6 - 487.7 

Others
c
 100.9 0.512 -200.9 - 402.8 

Duration of rest period between flocks
d
    

Rest period (days) -21.2 0.008 -36.9 -5.5 

Rest period squared 0.2 0.025 0.0 - 0.4 

Constant 1,488.0 < 0.001 1,202.1 – 1,773.9 

Random-effects Parameters Standard deviation (SD) P-value 95% CI of SD 

Broiler district
e
 69.0 0.336 4.7 – 1,008.8 

 

Overall P-value for the model = 0.003. 
a
Feed delivered from the feed mill. 

b
Mixture of fresh feed delivered from the feed mill and left-over feed from the previous flock. 

c
Feed prepared on-farm or fresh feed picked by farmer from the feed mill. 
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d
Period between last day of cleaning/ disinfection and chick placement. 

e
Administrative / geographical area defined by the Chicken Farmers of Ontario (CFO) with an allocated amount of chicken to be produced to ensure 

supply matches the demand.  
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.  

Figure 4.1.  Predicted probability of a sample testing positive for CAV on PCR by flock CAV mean enzyme linked 

immunosorbent assay (ELISA) titre.  
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.  

Figure 4.2.  Predicted flock chicken anemia virus (CAV) mean enzyme linked immunosorbent assay (ELISA) titre by 

rest period (period between last day of cleaning/ disinfection and chick placement). 
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CHAPTER FIVE 

Risk factors for infectious bursal disease virus among Ontario commercial broiler chicken 

flocks 

 

To be submitted to: Preventive Veterinary Medicine 

 

Abstract 

Infectious bursal disease of chickens caused by infectious bursal disease virus 

(IBDV) is a global cause of economic losses to the poultry industry. The control of 

infectious bursal disease is demanding because IBDV is robust and extensively 

distributed. Risk factors for exposure to IBDV of 227 randomly-selected commercial 

broiler chicken flocks in Ontario were identified using mixed logistic, ordinary logistic, 

and linear regression models. Enzyme-linked immunosorbent assay and polymerase chain 

reaction were used to test for the presence of antibodies against IBDV in blood samples 

and IBDV nucleic acids in pooled cloacal swabs, respectively. Data on management and 

biosecurity practices that were used in raising the study flocks were collected from 

farmers through face-to-face interviews. 

Variables associated with an increased risk of flock exposure to IBDV at a 95% 

confidence level included a flock mean ELISA titre of 163 – 13,099 (compared to titres 
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of 1 - 13); annual production of 360,001 - 576,500 kg (compared to 48,000 – 203,000 

kg); presence of grass around the barn (compared to absence); and exhibition of signs of 

thermal discomfort by the flock during grow-out (compared to non-exhibition of signs of 

thermal discomfort). Variables associated with a decreased risk of flock exposure to 

IBDV included: the geographic location of the farm; the fall season (compared to the 

spring, summer, and winter); the hatchery company that supplied chicks; barn walls made 

of concrete or concrete at the bottom and wood on top (compared to wood only); 

increasing frequency of washing the barns with high pressure in the past year; and 

flushing of water lines during grow-out (compared to not flushing). 

Key words: Broiler chickens; biosecurity; flock management; Gumboro disease; 

infectious bursal disease virus; infectious bursal disease; Ontario  
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Introduction 

Infectious bursal disease virus (IBDV), which causes infectious bursal disease 

(IBD) in young chickens, is a medium-sized, double-stranded RNA virus that belongs to 

the genus Avibirnavirus of the family Birnaviridae (Eterradossi and Saif, 2008). There 

are two known serotypes of IBDV, 1 and 2, which are considered pathogenic and non-

pathogenic, respectively (Ismail, et al., 1988). Based on clinical presentation, serotype 1 

IBDVs are described as classical, variant, and very virulent (van den Berg, et al., 2000). 

Infectious bursal disease virus is transmitted mainly through ingestion of contaminated 

faecal matter although aerosol transmission is also possible in highly infected areas (van 

den Berg, 2008). Infectious bursal disease causes economic loss to the poultry industry 

worldwide through morbidity, mortality, and immunosuppression of the affected birds 

(van den Berg, et al., 2000). 

Several studies have been conducted to further understand the epidemiology of 

IBDV infection. Experimental studies have shown dogs and mice to be potential carriers 

of IBDV (Pagès-Manté, et al., 2004; MinJoon, et al., 2010). Broiler processing plants 

have also been suspected to be a potential source of IBDV infection through 

contaminated equipment and products originating from the plants (Jackwood and 

Sommer-Wagner, 2010). In Denmark, the risk of introduction of acute clinical infectious 

bursal disease was associated with supplying hatcheries and feed mills, and with 

increasing age of the parent birds (Flensburg, et al., 2002). In Bangladesh, a case-control 

study identified visitors on the farm premises, purchase of live poultry from the open 

market, workers living outside the farm premises, and access of vendor vehicles on the 
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farm premises as risk factors for IBDV infection in commercial chickens (Rashid, et al., 

2013). In Ethiopia, a cross-sectional study identified crossbred chickens (compared to 

exotic or indigenous breeds) and chickens raised in intensive production systems 

(compared to a semi-intensive or extensive production systems) as having a significantly 

higher seroprevalence of IBDV (Jenbreie, et al., 2013). Studies examining the association 

of IBDV with age have reported differing results depending on the outcome under 

investigation. For example, IBDV was frequently detected on PCR in samples from older 

birds (mean age 36.3 days) compared to relatively younger birds (26.9 days) (Jackwood 

and Sommer-Wagner, 2010), whereas the seroprevalence of IBDV (serum sample 

positive control ratio ≥ 0.5) was significantly higher in younger birds (≤ 8 weeks) 

compared to older birds (> 8 weeks) (Jenbreie, et al., 2013). 

Infectious bursal disease can be controlled through vaccination of broiler breeder 

flocks and broiler chickens. The broiler progeny from vaccinated breeder flocks are 

protected by maternal immunity for the first 1 to 4 weeks of life (Al-Natour, et al., 2004). 

However, as maternal immunity wanes, the broiler chicks become susceptible to the 

virus, hence the need to vaccinate broilers during grow-out in endemic areas (Wyeth and 

Cullen, 1976). Additionally, IBDV is a robust virus that resists physical and chemical 

agents often used in cleaning and disinfection of poultry premises (Lukert and Saif, 

2003). Identification and understanding of risk factors for IBDV is necessary to facilitate 

effective control. This study investigated risk factors associated with exposure of Ontario 

commercial broiler flocks to IBDV.  
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Materials and methods 

Sampling of study flocks 

This study is part of a large surveillance project aimed at determining the 

prevalence of, and risk factors for, 13 pathogens in the Ontario broiler industry. The 

research was approved by the University of Guelph Research Ethics Board (number 

10MY003). The procedures and methods used in sampling of study flocks have been 

described elsewhere (Eregae, et al., 2014). Briefly, the formula used to determine the 

targeted sample size was as follows: 

n = Zα
2
 pq / L

2
 (Dohoo, et al., 2009) 

where n = the required sample size; Zα = the value of Zα required for a 95% confidence 

level (1.96); p = a priori estimate of a difference between the proportions of flocks 

exposed and unexposed to potential risk factors (20%) with an estimated baseline 

prevalence of 20% (which was deemed to be adequate for all 13 pathogens in the context 

of the larger project); q = 1-p (80%); and L = allowable error (5%). A total of 231 flocks 

out of a targeted 240 were randomly and proportionately selected from five federal and 

one provincial processing plant, which process approximately 70% of Ontario’s broiler 

production. The targeted number was not achieved due to lack of farmer’s time to 

participate (e.g. harvesting, planting) and changes in flocks’ slaughter schedules that 

resulted in missed samplings. 

MiniTab 14 statistical software (Minitab Inc., State College, PA) was used to 

generate four-week schedules, which randomly allocated specific sampling days to each 
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plant. Based on the plant’s relative market share of Ontario’s broiler processing, the 

number of days allocated per plant were weighted, such that plants with the largest share 

of processing had the highest number of days scheduled for sample collection. The 

researchers sent the four-week schedules to the participating plants, which compiled a list 

of flocks that were scheduled for processing on their allocated days, and sent the list to 

the Chicken Farmers of Ontario (a producer-run, non-profit organization representing 

registered Ontario chicken farmers). The Chicken Farmers of Ontario in turn sent the 

research team the contact information of farmers whose flocks were included on the list. 

For each sampling day, the team members randomly selected one flock from the list 

using numbered coins, contacted the corresponding farmer by telephone, and invited the 

farmer to participate. If the selected farmer declined to participate or if the farmer had 

already participated in the project, this selection process was repeated. The number of 

flocks per farm was limited to one to ensure optimum variability in the data. Flocks 

originating from Québec were excluded. 

Infectious bursal disease virus prevalence of exposure data 

The procedures used in the collection, processing, submission, and laboratory 

analysis of samples have been described elsewhere (Eregae, et al., 2014). Briefly, a total 

of fifteen birds were sampled per flock using the following formula: 

n = ln α/ ln q (Dohoo, et al., 2009) 

where n = the required sample size; α = 1- 0.90 confidence level (0.10); p = expected 

average minimum within-flock prevalence of the 13 pathogens (0.15); and q = 1-p (0.85). 
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The a priori within-flock prevalence estimate of 15% was deemed adequate to detect all 

pathogens of interest in the context of the larger project. 

Fifteen cloacal swabs pooled into 3 tubes of 5 swabs, and 15 blood samples were 

collected at processing per study flock. Samples were collected as evenly as possible 

from the total number of trucks used in the delivery of each flock. For instance, five 

samples were collected per truckload of birds if the flock was delivered in three trucks, 

and the collection was evenly timed for the duration of slaughter. The samples were 

immediately chilled in cooler boxes after collection, labeled, and submitted to the Animal 

Health Laboratory in Guelph, Ontario for analysis. 

Enzyme-linked immunosorbent assay (ELISA) (IDEXX, Westbrook, ME) was 

used to test serum samples for the presence of antibodies to IBDV as recommended by 

the manufacturer. Each flock’s mean ELISA titre (i.e. the mean of all 15 serum samples) 

was recorded from the laboratory report. Polymerase chain reaction (PCR) was used to 

detect the presence of IBDV nucleic acids in cloacal swab pools. A flock was considered 

to be PCR positive if IBDV nucleic acids were detected in ≥ 1 of 3 pooled cloacal 

samples. 

Enzyme-linked immunosorbent assay and PCR results were used to classify 

flocks as exposed or not exposed to IBDV; the flock IBDV exposure status was 

considered as a dependent variable in the analysis (described below). We previously 

estimated the flock-level period prevalence of exposure to IBDV using flock mean 

ELISA titre and parallel interpretation of PCR results from 3 pooled cloacal swabs (direct 

PCR) and 6 cell culture samples (3 from pooled cloacal swabs and 3 from pooled caecal 
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tonsils) (Eregae, et al., 2014). However, for the purpose of this paper (i.e. to identify risk 

factors), only direct PCR results from pooled cloacal swabs were used to derive the 

IBDV exposure status of flocks. This approach was considered because some IBDVs do 

not "grow" well in cell culture as it may take many passages to adopt, or will not "grow" 

at all (Dr. Davor Ojkic, 2014, personal communication). Also, direct PCR on cloacal 

swabs is more sensitive and rapid. Therefore, a flock was considered exposed if it was: 1) 

PCR positive, regardless of the mean ELISA titre; or 2) PCR negative and the mean 

ELISA titre was > 396 with ≥ 3 of 15 serum samples categorized in profile group 1 or 

higher. A flock was considered not exposed if it was: 1) PCR negative and the mean 

ELISA titre was > 396 with 1 or 2 of 15 samples categorized in profile group 1 and all 

other samples categorized in profile group 0; or 2) PCR negative and the mean ELISA 

titre was ≤ 396. Profile groups are based on titre levels, such that the group number 

increases with increasing levels of antibody titre detected in a sample. The profile groups 

for this test range from 0 to 18 (e.g. profile group 0 = titres of 0 to 396; profile group 1 = 

titres of 397 to 999; profile group 18 = titres ≥ 46,100). 

Risk factor data 

Details of the data collected on management and biosecurity practices that were 

used in raising the study flocks are described elsewhere (Chapter 4). Briefly, information 

collected through a face-to-face interview with the farmers included farm and barn 

characteristics, on-farm biosecurity protocols used by personnel during the flock grow-

out period, pest and wildlife control practices, barn cleaning and disinfection practices, 

water sourcing and sanitation, bedding type and litter condition, feed sourcing and 
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quality, bird environmental conditions, manure management, and flock mortality and 

disease management. Data transcribed from farm records included the flock 

characteristics, number of chicks placed, barn cleaning and disinfection procedures, pest 

control practices, water treatment, testing, and availability, environmental conditions, 

flock vaccination history, mortality and disease management, and number of birds 

shipped for processing. 

Prior to administration, the questionnaire was pretested with seven producers who 

were not included in the study and revised appropriately based on interviewees’ 

feedback. At least a day following flock slaughter, an on-farm face-to-face interview was 

conducted with producers to collect data. A face-to-face interview was preferred to phone 

or mail-in questionnaires in order to maximize farmers’ response rate (Dohoo, et al., 

2009). 

Statistical analysis 

All models were constructed with a significance level of P ≤ 0.05. Several 

modeling approaches were used to assess the association of flock exposure to IBDV with 

flock biosecurity and management practices. The models used in the analysis included 1) 

mixed logistic regression using PCR results of pooled cloacal samples as the dependent 

variable and flock as a random intercept; 2) ordinary logistic regression using flock 

IBDV exposure status (parallel interpretation of flock PCR status and flock ELISA 

results) as the dependent variable; and 3) ordinary linear regression using flock mean 

ELISA titre as the dependent variable. 
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Unconditional associations between the dependent and predictor variables were 

assessed using univariable models, and predictor variables with P ≤ 0.3 were included in 

the initial multivariable models. Pearson correlation was used to evaluate correlations 

among predictor variables. If variables had a correlation coefficient ≥ |0.7|, the one with 

the lowest P-value was included in the multivariable model. Lowess smoother curves 

were used to assess the assumption of linearity between continuous predictor variables 

and thedependent variables. When a continuous predictor variable was non-linear with 

the dependent variable, it was modeled as a quadratic term if the quadratic term was 

significant. If the quadratic term was not significant, the variable was categorized into 

equal sized groups based on quartiles. 

The multivariable models were developed using a manual backward elimination 

method. Flock IBDV vaccination status was forced into all models to control for the 

effect of vaccination on the risk of exposure to IBDV. A likelihood ratio test and a partial 

F-test were used to assess the significance of categorical variables as a group for logistic 

and linear regression models, respectively. Significant covariates were retained in the 

model and non-significant ones (P > 0.05) were eliminated. A variable was considered to 

be a confounder if there was a change of ≥ 20% in the coefficients of other variables 

following its removal. For each main-effects model, two-way interactions among pairs of 

variables suspected to interact were assessed using a likelihood ratio test and a partial F-

test for logistic and linear regression models, respectively. For the logistic regression 

model, each season was also contrasted with all other seasons using the lincom command 

in STATA. 
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For the mixed logistic regression model using PCR results of pooled cloacal 

samples as the dependent variable and flock as a random intercept, sample-level residuals 

were assessed graphically using a scatter plot of Pearson residuals with sample 

identification as the marker label. Pearson residuals ≥ |3| SD’s were considered to be 

outliers and examined for possible data entry errors. Best linear unbiased predictors 

(BLUPS) of the flock-level residuals were plotted to assess the fit of the model. A 

residual plot of an approximately straight line at 45
o
 to the horizontal indicated that the 

flock-level residuals were normally distributed. The intra-class correlation coefficient 

was estimated using the latent variable method (Dohoo, et al., 2009). 

For the ordinary logistic regression model, the fit of the model was evaluated 

using a Hosmer-Lemeshow test, with P ≥ 0.05 indicating adequate fit. A Hosmer-

Lemeshow test was used because the number of observations approximated the number 

of covariate patterns. A scatter plot of Pearson residuals with covariate pattern as the 

marker label was used to identify outliers. Covariate patterns with Pearson standardized 

residuals ≥ |3| SD’s were considered to be outliers. A scatter plot of delta-beta values with 

covariate pattern as the marker label was used to identify influential observations. 

Covariate patterns with relatively large delta-beta values were investigated. 

For the linear regression model, the assumptions of homoscedasticity and 

normality of residuals were tested using the Cook-Weisberg test and a normal probability 

plot (quantile-quantile plot), respectively. A significant test (P < 0.05) for Cook-

Weisberg indicated lack of a constant variance of residuals. A residual plot of an 

approximately straight line at 45
o
 to the horizontal indicated that the residuals were 
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normally distributed. A scatter plot of standardized residuals was used to identify outliers. 

Observations with standardized residuals ≥ |3| SD’s were considered to be outliers. A 

scatter plot of Cook’s Distance values was used to identify influential observations. 

Observations with relatively large Cook’s Distance values were investigated.  
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Results 

Descriptive summary 

Characteristics of the study population have been described previously (Eregae, et 

al., 2014). Briefly, the mean flock mortality was 3.5% with the highest and lowest 

mortality being 12.7 and 0.3%, respectively. The median flock size at placement was 

25,092 birds with the highest and the lowest flock size being 104,040 and 7,242 birds, 

respectively. The median flock age at processing was 38 days with the highest and lowest 

age being 53 and 31 days, respectively. The median flock average weight at slaughter 

was 2.2 kg with the highest and lowest weight being 3.1 and 1.7 kg, respectively. There 

was very little variation among flocks with respect to barn characteristics; biosecurity 

protocols used by owner/ visitors/ service personnel during the flock grow-out period; 

pest, pet, and wildlife control practices; and water treatment and testing practices. 

A total of 693 pooled cloacal samples were tested for the presence of IBDV using 

PCR. Of the 693 samples, 128 (18.5%) tested positive and 565 (81.5%) tested negative. 

At the flock level, 68 of 231 flocks (29.4%) tested positive (IBDV nucleic acids detected 

in ≥ 1 of 3 pooled cloacal samples) and 163 (70.6%) tested negative on PCR. The mean 

of the flocks’ IBDV ELISA mean titres was 1,829.9, with lowest and highest titres being 

1 and 13,099, respectively. The interquartile titre ranges for the 1
st
, 2

nd
, 3

rd
, and 4

th
 

quartiles were 62, 101, 2,275, and 10,661, respectively. Using parallel interpretation of 

flock PCR status and flock ELISA results, 102 of 231 flocks (44.2%) were classified as 
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exposed to IBDV and 129 (55.8%) were classified as not exposed. Tables 5.1 and 5.2 

show the descriptive statistics of predictor variables used in building all the models. 

Statistical models 

For the mixed logistic regression model using PCR results of pooled cloacal 

samples as the dependent variable and flock as a random intercept (Table 5.3), variables 

associated with an increased risk of a positive sample included a flock mean ELISA titre 

≥ 163 (compared to titres 1 - 13). Variables associated with a decreased risk of a positive 

sample included: broiler districts 2 and 9 (compared to district 5, which was the district 

with the highest prevalence of exposure); hatchery company C (compared to company 

A); barn walls made of concrete or concrete at the bottom and wood on top (compared to 

wood only); and flushing of water lines during grow-out (compared to not flushing). The 

IBDV vaccination status of the flock was not significantly associated with the risk of a 

positive cloacal sample. The intra-class correlation coefficients for the null and the final 

models were 0.75 and 0.60, respectively. 

For the ordinary logistic regression model using flock IBDV exposure status 

(parallel interpretation of flock PCR status and flock ELISA results) as the dependent 

variable (Table 5.4), variables associated with an increased risk of a positive exposure 

status included presence of grass around the barn (compared to absence). Variables 

associated with a decreased risk of a positive exposure status included: broiler districts 2, 

3, 4, 6, 8, and 9 (compared to compared to district 5); and the fall season compared to the 

spring (OR = 0.25; CI: 0.09 - 0.67; P = 0.006), summer (OR = 0.34; CI: 0.16 - 0.75; P = 
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0.007), and winter (OR = 0.27; CI: 0.10 - 0.77; P = 0.014). The IBDV vaccination status 

of the flock was significantly associated with the risk of a positive exposure status. 

For the linear regression model using flock mean ELISA titre as the dependent 

variable (Table 5.5), variables associated with an increasing titre included: annual 

production ≥ 360,001 kg (compared to 48,000 – 203,000 kg); positive flock IBDV PCR 

status (compared to negative status); and exhibition of signs of thermal discomfort by the 

flock during grow-out (compared to non-exhibition of signs of thermal discomfort). 

Variables associated with a decreasing titre included increasing frequency of washing of 

barns with high pressure in the past year. The IBDV vaccination status of the flock was 

not significantly associated with titre. Most models identified entirely different risk 

factors. Graphically, the line showing the relationship of predicted flock IBDV mean 

ELISA titre declines gradually as the frequency of washing barns with high pressure in 

the past year increases (Figure 5.1). 

There were no confounders or two-way interactions in any of the final models. 

For the final mixed logistic regression model, no samples were identified as outliers. A 

visual assessment of the BLUPS of the flock-level residuals showed lack of normality 

(Figure 5.2). For the ordinary logistic regression model using flock IBDV exposure status 

(parallel interpretation of flock PCR status and flock ELISA results) as the dependent 

variable, the model fit the data well (Hosmer-Lemeshow χ
2
 = 2.81; P = 0.945). Covariate 

patterns 12 and 20 were identified as outliers and influential observations, respectively. 

Exclusion of these covariate patterns from the model did not significantly change the P-

values of the variables. For the linear regression model using flock mean ELISA titre as 
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the dependent variable, the final model met the assumptions of homoscedasticity (χ
2
 = 

0.32; P = 0.574) and normality of residuals. There were no outliers identified and flocks 

034, 045, and 110 were identified as influential observations. Exclusion of these flocks 

from the model did not significantly change the P-values of the variables. We did not find 

a reason to exclude any of the outliers or influential observations from the models.  
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Discussion 

Control of IBDV is a challenge to the poultry industry globally. The challenge has 

been attributed to the emergence of variant strains of IBDV that are not well controlled 

by available vaccines (Eterradossi and Saif, 2008). Moreover, IBDV is resistant to many 

physical and chemical agents used in cleaning and disinfecting poultry houses, thereby 

increasing its chances of survival and transmission (Eterradossi and Saif, 2008). 

We used several modelling approaches and results from several laboratory tests or 

combination of laboratory results to increase chances for identification of risk factors for 

exposure of flocks to IBDV during the grow-out period. However, the outcome for some 

models was related to evidence for the presence of the virus (PCR), whereas the outcome 

for others was related to evidence for an antibody response to the virus (ELISA), or a 

combination of both. Therefore, the term ‘risk of exposure’ has been used in the 

discussion because all outcomes provide evidence of exposure of flocks to IBDV during 

the grow-out period. 

Although the study was representative of Ontario’s commercial broiler chicken 

population, it had some weaknesses. Firstly, because farmers’ participation in the study 

was voluntary, it is possible that only farmers who were likely to follow strict biosecurity 

measures accepted to participate leading to selection bias. Secondly, most farmer 

interviews were conducted at least a day following flock processing. However, some 

farmers were available for an interview at a later time or not available at all due to lack of 

time. This was a source of bias in our study due to missing data and recall bias because 
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some farmers could not remember certain specific management and biosecurity practices 

used in raising the study flocks. Thirdly, although flock-level residuals were not normally 

distributed in the mixed logistic regression model, we reported the results from this 

model because the flock effect was significant and the model identified important risk 

factors that were not identified by other models. 

Vaccination of broiler flocks against IBDV will result in antibody production, 

which might or might not protect flocks from field IBDV challenge. Therefore, 

vaccination of flocks in our study might have influenced ELISA and PCR results. Spray 

vaccination of day-old chicks for IBDV at the hatchery with no wild virus exposure 

during grow-out might produce relatively low positive titres ranging from 500 – 1,000 at 

the time of flock processing (slaughter) (Dr. Rachel Ouckama, 2013, personal 

communication). Water-based vaccination of flocks with classic IBDV strain at 7 to 12 

days of age given no wild virus exposure during grow-out might also produce relatively 

low positive titres ranging from 700 – 1,500 (Dr. Rachel Ouckama, 2013, personal 

communication). However, if exposed to an intermediate IBDV strain, much higher titres 

of 1,500 – 3,000 might be produced. If vaccinated flocks are exposed to wild virus, very 

high titres ranging from 2,500 to 7,000 might be produced (Dr. Rachel Ouckama, 2013, 

personal communication). Therefore, in order to control for the potential effect of 

vaccination on associations between each dependent variable (especially for models that 

included ELISA results as part or all of the dependent variable) and risk factors, flock 

IBDV vaccination status was forced into all of the models. 
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Frequent washing of barns with high pressure protected flocks from exposure to 

IBDV. Apart from reducing the load of infectious agents in barns, washing enhances the 

effectiveness of disinfectants through removal of organic matter from surfaces being 

cleaned prior to disinfection (Bermudez, 2008). However, the extent and effect of 

cleaning and disinfection is affected by the type of surface being cleaned (Lister, 2008; 

Bermudez, 2008). In our study, barn walls made of concrete, or concrete at the bottom 

and wood at the top, reduced the risk of flock exposure to IBDV compared to walls made 

of wood only. This might be because concrete walls prevent entry into the barn of vectors 

for IBDV, such as beetles and rodents (Dr. Rachel Ouckama, 2013, personal 

communication). 

The presence of grass around the barn increased the risk of flock exposure to 

IBDV. This might be due to potentially increased travel of rodents into the barn under the 

cover of grass (Bermudez, 2008). Presence of untidy grass around the barn has been 

reported to attract insects, such as mosquitoes (Aedes vexans), that might be vectors for 

the transmission of IBDV (Howie and Thorsen, 1981; Bermudez, 2008). 

The risk of exposure to IBDV was reduced in flocks that were supplied by one 

particular hatchery company. Although Ontario uses a standard broiler breeder 

vaccination program, we suspect this effect might be linked to the immunity of parent 

flocks against IBDV and their ability to confer passive immunity to their progeny. 

Passive antibodies from breeder flocks with boosted immunity using oil-adjuvanted 

vaccines have been reported to protect broiler flocks from IBDV infection for 1 to 4 

weeks (Al-Natour, et al., 2004). In the linear regression model that we developed, 
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vaccination of broiler flocks against IBDV during grow-out had a positive association 

with exposure to IBDV, although the effect was not significant at the 5% level (P = 

0.064). The observed effect of IBDV vaccination might be due to use of live vaccine in 

broiler flocks that were exposed to IBDV earlier during grow-out or at higher risk of 

exposure to IBDV. The vaccine enhances protective antibody production in flocks that 

are exposed to wild virus. Alternatively, the effect of hatchery on the risk of exposure to 

IBDV might be related to cleaning and disinfection protocols or biosecurity practices at 

the hatchery. 

Our previous analysis of the seasonal variation of IBDV prevalence of exposure 

among Ontario broiler chicken flocks showed that there were no significant differences 

between seasons when both mean ELISA titre and PCR results (from pooled cloacal 

swabs, and from cell culture supernatants from pooled cloacal swabs and pooled caecal 

tonsils) were used, and when exposure to other potential risk factors were not accounted 

for (Chapter 3). However, controlling for other variables (broiler district, presence of 

grass around the barn, flock IBDV vaccination status; Table 5.4), flocks that were raised 

in the fall season had a decreased risk of exposure to IBDV compared to flocks that were 

raised in the spring, summer, and winter seasons. The high risk of exposure to IBDV in 

the spring, summer, and winter suggests that future research to identify risk factors and 

efforts to control IBDV could be focused in these seasons. 

Our previous analysis of the geographic distribution of IBDV prevalence of 

exposure among Ontario broiler chicken flocks showed that the odds of a flock being 

exposed to IBDV were lower in districts 2, 3, 4, 8, and 9 compared to district 5 when 
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both mean ELISA titre and PCR results (from pooled cloacal swabs, and from cell culture 

samples from cloacal swabs and caecal tonsils) were used, and when exposure to other 

potential risk factors were not accounted for (Chapter 3). Similarly, the mean ELISA titre 

was significantly lower in flocks raised in broiler districts 2, 3, 4, 6, 8, and 9 compared to 

district 5, after controlling for season, presence of grass around the barn, and flock IBDV 

vaccination status (Table 5.4). Also, the odds of a positive PCR sample were lower in 

flocks raised in broiler districts 2 and 9 compared to district 5, after controlling for the 

hatchery company, flock IBDV ELISA mean titre, flock IBDV vaccination status, barn 

wall material, and flushing of water lines during grow-out (Table 5.3). Differences 

between districts might be due to several reasons, including: geographical distribution of 

wild birds (Ogawa, et al., 1998), rodents (Edgar and Cho, 1976), and dogs (Pagès-Manté, 

et al., 2004), which have been suggested as possible sources of IBDV; and local factors, 

such as high density of poultry premises in a region, vehicles, wild birds, and wind 

(Edgar and Cho, 1976), which might have facilitated the spread of IBDV in districts with 

higher prevalence of exposure.  
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Conclusion 

Our study identified risk factors that are associated with exposure of Ontario 

commercial broiler flocks to IBDV. In Ontario, the district where a flock was raised, the 

season of grow-out, the hatchery company that supplied chicks to the farm, the annual 

broiler production of the farm, the presence or absence of grass around the barn, the type 

of material used in the construction of barn wall, washing of the barn, flushing of water 

lines, temperatures in the barn, and flock IBDV vaccination status affected the risk of 

exposure of flocks to IBDV. This information is invaluable for control of IBDV in light 

of its resistant nature and extensive distribution. 
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Table 5.1. Descriptive characteristics of continuous variables considered for inclusion in multivariable models
a
 to 

identify risk factors associated with exposure to infectious bursal disease virus (IBDV) in Ontario 

commercial broiler chicken flocks (P ≤ 0.30). 

Variable Frequency of presence 

in models (out of 3)
b
 

Mean Median Minimum Maximum 

Age of breeder flock from which the chicks originated 

(weeks) (n= 159) 

2 41.3 42.0 28.0 59.0 

Age of broiler flock at the time of shipping (days) (n= 

226) 

2 38.1 38.0 31.0 53.0 

Average duration of flock monitoring per visit 

(minutes) (n= 226) 

3 39.1 35.0 1.0 165.0 

Annual production (1000 kilograms/year) (n= 224) 3 562.0 360.0 48.0 10000.0 

Density of birds at placement (n= 225) 1 1.0 0.9 0.1 7.0 

Distance between study flock barn and manure disposal 

area (ft) (n= 182) 

1 479.2 50.0 0.0 26400.0 

Distance of terminal manure disposal location from the 

feed bin(s) (ft) (n= 166) 

3 676.4 300.0 3.0 9842.0 

Distance of terminal manure disposal location from 

water source (ft) (n= 159) 

3 860.6 450.0 0.0 9842.0 

Duration of rest period between flocks (days) (n= 223) 3 20.9 20.0 1.0 115.0 

Flock infectious bursal disease mean ELISA titre 1 1829.9 163.0 1.0 13099.0 
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Variable Frequency of presence 

in models (out of 3)
b
 

Mean Median Minimum Maximum 

Frequency of banging down feed bins in last year (n= 

224) 

3 36.8 17.0 0.0 720.0 

Frequency of disinfecting the barn with fog within the 

last one year (n= 227) 

1 1.8 0.0 0.0 7.0 

Frequency of disinfecting the barn with spray within 

the last one year (n= 227) 

1 2.5 2.0 0.0 7.0 

Frequency of disinfecting the equipment with spray 

within the last one year (n= 227) 

1 2.8 2.0 0.0 7.0 

Frequency of flushing water lines in the last year (n= 

226) 

2 12.7 6.0 0.0 360.0 

Frequency of washing equipment with high pressure 

within the last one year (n= 227) 

2 4.6 5.5 0.0 10.0 

Frequency of washing the barn with high pressure 

within the last year (n= 227) 

2 3.1 2.0 0.0 7.0 

Length of brooding period (days) (n= 227) 1 4.6 4.0 0.0 14.0 

Number of chicks placed (measured in 1,000s) (n= 

200) 

1 28.8 25.1 7.2 104.0 

Size of the controlled access zone around the study 

flock barn (ft) (n= 223) 

2 65.9 40.0 0.0 1500.0 

Target market age for the flock (days) (n= 225) 3 37.7 38.0 25.0 49.0 

Target market weight for the flock (kg) (n= 225) 2 2.2 2.2 1.2 3.1 
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a
Multivariable models included 1) mixed logistic regression using PCR results of pooled cloacal samples as the dependent variable and flock as a 

random intercept; 2) ordinary logistic regression using flock IBDV exposure status (parallel interpretation of flock PCR status and flock ELISA results) 

as the dependent variable; and 3) ordinary linear regression using flock mean ELISA titre as the dependent variable. 
b
The number of times a variable was present in the three models.  
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Table 5.2. Descriptive characteristics of categorical variables considered for inclusion in multivariable models
a
 to 

identify risk factors associated with exposure to infectious bursal disease virus (IBDV) in Ontario 

commercial broiler chicken flocks (P ≤ 0.30). 

Variable Variable description Frequency of presence 

in models (out of 3)
b
 

Number of 

flocks (%) 

Ammonia out of normal range using 

eye or nose (n= 226) 

Ammonia not monitored or eye/ smell monitoring not used 3 10 (4.4) 

 Ammonia levels high  26 (11.5) 

 Ammonia levels normal  190 (84.1) 

Breed and strain of flock (n= 179) Ross 308 1 53 (29.6) 

 Ross 708  115 (64.3) 

 Both 308& 708  11 (6.2) 

Ceiling material for Barn one, upper 

floor 1 (n= 223) 

Wood 2 178 (79.8) 

 Other (metal or concrete)  45 (20.2) 
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Ceiling material for Barn one, upper 

floor (n= 223) 

No upper floor 1 69 (30.9) 

 Wood  117 (52.5) 

 Other (metal or concrete)  37 (16.6) 

Barn disinfected before chick 

placement (n= 219) 

No 3 88 (40.2) 

 Yes  131 (59.8) 
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Feed mill where feed was sourced from 

(n= 222) 

A 3 23 (10.4) 

 B  55 (24.8) 

 C  20 (9.0) 

 D  17 (7.7) 

 E  11 (5.0) 

 F  20 (9.0) 

 G  42 (18.9) 

 H  22 (9.9) 

 I  12 (5.4) 

Flock avian reovirus status (n= 231) Not exposed 3 22 (9.5) 

 Exposed  209 (90.5) 
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Flock bedding type (n= 227) Shavings or wood chips 2 48 (21.2) 

 Long straw or chopped straw  171 (75.3) 

 Other  8 (3.5) 

Flock chicken anaemia virus status (n= 

231) 

Not exposed 3 53 (22.9) 

 Exposed  178 (77.1) 

Flock gender (n= 226) Pullets 3 38 (16.8) 

 Cockerels  26 (11.5) 

 Mixed  162 (71.7) 

Flock general litter quality condition 

(n= 227) 

No problem 2 171 (75.3) 

 Too wet or dusty or moldy or uneven thickness or caked or 

matted or other 

 56 (24.7) 

Flock housed in more than one barn (n= 

227) 

No 2 168 (74.0) 

 Yes  59 (26.0) 
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Flock litter quality condition under the 

water lines (n= 227) 

No problem 1 87 (38.3) 

 With problems (wet or moldy or uneven thickness or 

caked or matted or others) 

 140 (61.7) 

Flushing of water lines during grow-out 

(n= 227) 

Not flushed 1 165 (72.69) 

 Flushed  62 (27.31) 

Frequency of barrier use in barn one 

(n= 225) 

No entrance room or no separation  or < 75% or uncertain 3 73 (32.4) 

 > 75  152 (67.6) 

Frequency of cleaning of entrance 

rooms and work rooms (n= 222) 

Cleaned-twice or once daily 3 32 (14.4) 

 Cleaned-every other day  21 (9.5) 

 Cleaned-weekly  99 (44.6) 

 Cleaned-less frequently than once weekly  70 (31.5) 

Frequency of collecting mortalities (n= 

225) 

Collect mortalities once 2 73 (32.4) 

 Collect mortalities > 2  152 (67.6) 
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Frequency of monitoring ammonia with 

smell and eye irritation (n= 226) 

Not monitored or eye irritation not used 1 8 (3.5) 

 Twice daily or daily or at least once per week or at least 

once per two weeks or at least once per month or at least 

once during grow-out or as needed 

 218 (96.5) 

Frequency of testing water turbidity (n= 

227) 

Not tested or less frequently than once per month 1 82 (36.1) 

 Twice daily or once daily  86 (37.9) 

 Every other day or once per week or once per two weeks 

or once per month 

 59 (26.0) 

Hatchery company that supplied chicks 

(n= 221) 

A 2 93 (42.1) 

 B  75 (33.9) 

 C  53 (24.0) 

Headgear used by owner/ employees 

when entering the restricted area (n= 

226) 

No 2 131 (58.0) 

 Yes  95 (42.0) 

Headgear used by owner when entering 

the restricted area of the barn (n= 226) 

Headgear not used 2 139 (61.5) 

 Headgear used  87 (38.5) 
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Humidity monitored using hand-held 

device (n= 226) 

No - not monitored or hand held device not used 2 207 (91.6) 

 Yes  19 (8.4) 

Humidity monitored using meter (n= 

226) 

No - not monitored or meter not used 3 76 (33.6) 

 Yes  150 (66.4) 

Humidity monitoring device (n= 226) Not monitored 1 11 (4.9) 

 Hand-held device  18 (8.0) 

 Meter  138 (61.1) 

 Litter compaction  47 (20.8) 

 Mixed  12 (5.3) 

Humidity outside normal range during 

grow-out when hand-held device was 

used in monitoring (n= 226) 

Not monitored or hand-held device not used 2 197 (87.2) 

 Yes- too high or yes- too low  8 (3.5) 

 No  21 (9.3) 
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Humidity outside normal range during 

grow-out when meter was used in 

monitoring (n= 226) 

Not monitored or meter not used 1 76 (33.6) 

 High humidity or low humidity or both  57 (25.2) 

 No  93 (41.2) 

Humidity outside normal range during 

grow-out when litter compaction and 

levelof dust was used (n= 226) 

Not monitored or litter compaction not used 2 170 (75.2) 

 Yes- too high or yes- too low or both  18 (8.0) 

 No  38 (16.8) 

Indicators of thermal discomfort 

exhibited by the flock during grow-out 

(n= 226) 

No 3 174 (77.0) 

 Yes  52 (23.0) 

Infectious bursal disease virus 

vaccination status (n= 227) 

Non-vaccinated 2 161 (70.9) 

 Vaccinated  66 (29.1) 

Location of dead birds immediately 

after collection (n= 226) 

Removed immediately or immediate incineration or inside 

freezer 

2 163 (72.1) 

 Outside the restricted area and inside the controlled access 

zone or outside the controlled access zone 

 12 (5.3) 

 Inside the restricted area or inside entrance room or  

anteroom of barn 

 51 (22.6) 
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Manure disposal location (n= 227) On farm 1 105 (46.3) 

 Off farm  44 (19.4) 

 Both  78 (34.4) 

Manure disposed in the controlled 

access zone (n= 227) 

No 1 147 (64.8) 

 Yes  80 (35.2) 

Manure disposed in the fields (n= 227) No 3 168 (74.0) 

 Yes  59 (26.0) 

Manure disposed outside the controlled 

access zone (n= 227) 

No 1 124 (54.6) 

 Yes  103 (45.4) 

Marek’s vaccine given at the hatchery 

(n= 226) 

No 3 23 (10.2) 

 Yes  203 (89.8) 

Number of feed bins in barn one (n= 

226) 

One feed bin 1 70 (31.0) 

 Two or more feed bins  156 (69.0) 
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Plant where the flock was processed 

(n= 231) 

A 3 74 (32.0) 

 B  94 (40.7) 

 C  50 (21.6) 

 D  13 (5.6) 

Ontario broiler district where the flock 

was grown in (n= 231) 

1 2 20 (8.7) 

 2  39 (16.9) 

 3  44 (19.0) 

 4  19 (8.2) 

 5  15 (6.5) 

 6  9 (3.9) 

 7  30 (13.0) 

 8  34 (14.7) 

 9  21 (9.1) 
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Point of flock’s drinking water testing 

in the system (n= 227) 

At the source 3 18 (7.9) 

 At the beginning of the water line in the barn  40 (17.6) 

 At the end of the water line in the barn  20 (8.8) 

 At the house  46 (20.3) 

 Entrance room  60 (26.4) 

 Other (more than one point, including no test)  43 (18.9) 

Presence of a distinct clean or dirty area 

immediately outside the entrance to the 

restricted area of barn 1 (n= 225) 

No entrance room 3 9 (4.0) 

 No separation  54 ( 24.0) 

 Separation present  162 (72.0) 

Presence of feed malfunction 

monitoring and alarm system in the 

barn during grow-out (n= 226) 

Not present 2 142 (62.8) 

 Present  84 (37.2) 
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Presence of garbage bin in the barn and 

items in garbage bin (n= 227) 

No garbage in barn 2 54 (23.8) 

 Present with items that attract pests  37 (16.3) 

 Present with items that do not attract pests  136 (59.9) 

Presence of grass around the barn (n= 

226) 

Not present 1 101 (44.7) 

 Present  125 (55.3) 

Presence of ventilation shutdown 

monitoring and alarm system in the 

barn during grow-out (n= 226) 

Not present 3 172 (76.1) 

 Present  54 (23.9) 

Presence of water malfunction 

monitoring and alarm system in the 

barn during grow-out (n= 226) 

Not present 1 96 (42.5) 

 Present  130 (57.5) 

Pressure of water used to clean barn 

prior to chick placement (n= 177) 

Did not wash the barn 3 58 (32.8) 

 Used low pressure  2 (1.1) 

 Washed the barn with high pressure  117 (66.1) 
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Source of feed for the flock (n= 227) Fresh feed – delivered from feed mill 3 82 (36.1) 

 Mixed (Fresh feed – delivered from feed mill and leftover 

feed – from previous flock) 

 119 (52.4) 

 Other (e.g. mixed on farm)  26 (11.5) 

Specific season flock was grown in (n= 

227) 

Fall 3 81 (35.7) 

 Winter  48 (21.1) 

 Spring  29 (12.8) 

 Summer  69 (30.4) 

Temperature of water used to clean 

barn prior to chick placement (n= 227) 

Barn not washed 3 112 (49.3) 

 Cold water  52 (22.9) 

 Hot water  63 (27.8) 
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Terminal disposal location of dead 

birds (n= 216) 

On-farm – incinerator 3 14 (6.5) 

 On-farm manure pile  72 (33.3) 

 On-farm – compost  96 (44.4) 

 Off-farm – transport to rendering plant or off-farm – 

transport to another location 

 34 (15.7) 

Type of hand protocol used by owner 

when entering the restricted area (n= 

225) 

Hands protocol not used 2 133 (59.1) 

 Hands protocol used (always or sometimes or producer 

uncertain) 

 92 (40.9) 

Type of light outside barn (n= 227) No light 3 15 (6.6) 

 Dawn-to-dusk activated lights  116 (51.1) 

 Other lights (flood, motion activated, on and off)  96 (42.3) 

Type of ventilation for barn one (n= 

225) 

Cross 3 155 (68.9) 

 Others (Tunnel or Double or other)  70 (31.1) 

Use of insect foggers/sprays in the barn 

(n= 226) 

Barn not fogged/ sprayed 2 140 (62.0) 

 Barn fogged/ sprayed  86 (38.1) 
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Washed exterior barn fans (n= 225) No 3 158 (70.2) 

 Yes  67 (29.8) 

Where dogs were allowed on farm (n= 

226) 

No dogs on farm 2 83 (36.7) 

 Entirely outside the controlled access zone  34 (15.0) 

 Within the controlled access zone and never inside the 

barn or inside the entrance room or anteroom of the barn 

and not inside the restricted area 

 109 (48.2) 

Where cats were allowed on farm (n= 

226) 

No cats on farm 1 83 (36.7) 

 Entirely outside the controlled access zone  34 (15.0) 

 Within the controlled access zone and never inside the  

barn or inside the entrance room or anteroom of the barn 

but not inside the restricted area 

 109 (48.2) 

 
a
Multivariable models included 1) mixed logistic regression using PCR results of pooled cloacal samples as the dependent variable and flock as a 

random intercept; 2) ordinary logistic regression using flock IBDV exposure status (parallel interpretation of flock PCR status and flock ELISA results) 

as the dependent variable; and 3) ordinary linear regression using flock mean ELISA titre as the dependent variable. 
b
The number of times a variable was present in the three models.  
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Table 5.3. Mixed logistic regression model of variables significantly associated with the presence of infectious bursal 

disease virus (IBDV) in Ontario commercial broiler chicken flocks (n = 636 samples from 212 flocks; 

level of significance for variables remaining in the model = P ≤ 0.05; random intercept for flock). 

Polymerase chain reaction (PCR) was used to detect IBDV nucleic acids in pooled cloacal swab samples. 

Variable Odds ratio (OR) P-value (Wald test) P-value (Likelihood-

ratio test) 

95% CI of OR 

Broiler district
a
     

5 Referent    

1 0.1 0.077  0.0 - 1.3 

2 0.1 0.040  0.0 - 0.9 

3 0.5 0.535  0.1 - 4.7 

4 0.6 0.654  0.0 - 6.7 

6 4.3 0.330  0.2 - 80.7 

7 1.0 0.973  0.1 - 10.7 

8 0.2 0.133  0.0 - 1.7 

9 0.0 0.018  0.0 - 0.5 



 

197 

 

Variable Odds ratio (OR) P-value (Wald test) P-value (Likelihood-

ratio test) 

95% CI of OR 

Hatchery company
b
     

A Referent    

B 0.3 0.092  0.1 - 1.2 

C 0.3 0.044  0.1 - 1.0 

IBDV mean titre
c
   < 0.001  

1 - 13 Referent    

14 - 61 0.2 0.487  0.0 – 19.0 

62 - 162 29.1 0.053  1.0 – 881.0 

163 – 2,437 91.7 0.009  3.1 - 2706.3 

2438 – 13,099 278.6 0.001  8.7 - 8886.0 

Flock IBDV vaccination status
d
     

Not vaccinated Referent    

Vaccinated 1.2 0.762  0.4 - 3.9 
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Variable Odds ratio (OR) P-value (Wald test) P-value (Likelihood-

ratio test) 

95% CI of OR 

Wall material for Barn 1     

Wood Referent    

Concrete or concrete at the bottom 

& wood on top 

0.1 0.004  0.0 - 0.5 

Plastic or metal 0.1 0.095  0.0 - 1.5 

Flushing of water lines during grow-out     

Not flushed Referent    

Flushed 0.3 0.038  0.1 - 0.9 

Random-effects Parameters Standard deviation 

(SD) 

Standard error  95% CI of SD 

Flock 2.2 0.4  1.6 - 3.1 

 

Overall P-value for the model = 0.009. 

Coefficient (β) for the intercept = -2.7, P = 0.182, CI: -6.7 - 1.3. 

Intra-class correlation coefficients (ICC) = 0.60 was estimated using the latent variable method: ρ = σ
2
 / σ

2 
+ (π

2
/3) where σ

2
 (Variance of random effect 

at flock level) = 4.99 and (π
2
/3) (Variance of random effect at sample level) = 3.290. 

a
Broiler district: Administrative / geographical area defined by the Chicken Farmers of Ontario (CFO) with an allocated amount of chicken to be 

produced to ensure supply matches the demand. District 5, which had the highest prevalence of exposure to IBDV was used as the referent category. 
b
Hatchery company: The hatchery company, that supplied chicks to the farm. 

c
IBDV mean titre: The average flock IBDV ELISA mean titre. 

d
Flock

 
IBDV vaccination status: IBDV vaccination status of the flock from which the sample was obtained.  
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Table 5.4. Ordinary logistic regression model of variables significantly associated with flock infectious bursal 

disease virus (IBDV) exposure status [parallel interpretation of flock polymerase chain reaction (PCR) 

status and flock enzyme-linked immunosorbent assay (ELISA) status] in Ontario commercial broiler 

chicken flocks (n = 226 flocks; level of significance for variables remaining in the model = P ≤ 0.05). 

Variable Odds ratio (OR) P-value (Wald test) 95% CI of OR 

Broiler district
a
    

5 Referent   

1 0.3 0.144   0.0 - 1.6 

2 0.1 0.019 0.0 - 0.7 

3 0.0 0.001 0.0 - 0.3 

4 0.1 0.017 0.0 - 0.7 

6 0.1 0.026 0.0 - 0.8 

7 0.2 0.107 0.0 - 1.4 

8 0.1 0.020 0.0 - 0.7 

9 0.0 < 0.001 0.0 - 0.2 
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Variable Odds ratio (OR) P-value (Wald test) 95% CI of OR 

Season    

Spring
b
 Referent   

Fall
c
 0.3 0.006 0.1 - 0.7 

Winter
d
 0.9 0.887 0.3 - 2.8 

Summer
e
 0.7 0.540 0.3 - 2.0 

Grass present around the barn    

No Referent   

Yes 3.2 0.005 1.4 - 7.2 

Flock IBDV-vaccination status    

Not vaccinated Referent   

Vaccinated 2.2 < 0.001 1.1 - 4.3 

 

Overall P-value for the model: < 0.001. 

Coefficient (β) for the intercept = 1.6, P = 0.082, CI: -0.2 - 3.5. 
a
Broiler district: Administrative / geographical area defined by the Chicken Farmers of Ontario (CFO) with an allocated amount of chicken to be 

produced to ensure supply matches the demand. District 5, which had the highest prevalence of exposure to IBDV was used as the referent category. 
b
Spring: period from March 21 - June 20. Spring was chosen as the referent because it had the highest prevalence of exposure to IBDV. 

c
Fall: period from September 21 - December 20. 

d
Winter: period from December 21 to March 20. 

e
Summer: period from June 21 - September 20.  
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Table 5.5. Ordinary linear regression model of variables significantly associated with mean enzyme linked 

immunosorbent assay (ELISA) antibody titre to infectious bursal disease virus (IBDV) in Ontario 

commercial broiler chicken flocks (n = 201 flocks; level of significance for variables remaining in the 

model = P ≤ 0.05). 

Variable Coefficient P-value (Wald test) P-value (F-test) 95% CI of coefficient 

Annual production (kg/ year)     

48,000 - 203,000 Referent  0.033  

203,001 - 254,000 0.0 0.939  -0.8 - 0.9 

254,001 - 360,000 0.6 0.179  -0.3 - 1.4 

360,001 - 576,500 1.0 0.019  0.2 - 1.9 

Flock IBDV PCR status     

negative Referent    

Positive 1.8 < 0.001  1.2 - 2.4 

Frequency of washing barn in the past 

year (number) 

-0.252 < 0.001  -0.381 - -0.122 

Flock IBDV-vaccination status     

Not vaccinated Referent    

Vaccinated 0.6 0.064  -0.0 - 1.2 
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Variable Coefficient P-value (Wald test) P-value (F-test) 95% CI of coefficient 

Flock showed signs of thermal 

discomfort 

    

No Referent    

Yes 1.2 < 0.001  0.5 - 1.8 

Intercept 4.9 < 0.001  4.1 - 5.7 

 

Overall P-value for the model: < 0.001. 
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Figure 5.1.  Predicted flock infectious bursal disease virus (IBDV) mean enzyme linked immunosorbent assay 

(ELISA) titre by frequency of washing barn with high pressure hoses in the past year.  
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Figure 5.2.  A graph of normality of best linear unbiased predictions (BLUPS) of the flock level residuals in the mixed 

logistic regression model using PCR results of pooled cloacal swab samples as the dependent variable. 
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CHAPTER SIX 

Risk factors for fowl adenovirus among Ontario commercial broiler chicken flocks 

 

To be submitted to: Preventive Veterinary Medicine 

 

Abstract 

Fifteen blood samples collected at slaughter from 231 randomly-selected flocks 

were tested to determine the presence of antibodies against FAdV using an agar gel 

immunodiffusion test. Additionally, polymerase chain reaction was used to detect the 

presence of FAdV on 6 cell culture supernatants per flock derived from pooled cloacal 

swab samples and from pooled caecal tonsil samples. Three hundred and fifty-three 

FAdV isolates from 130 flocks were genotyped using polymerase chain reaction and 

LaserGene software. Face-to-face interviews were conducted with farmers to collect data 

on the management and biosecurity practices that were used in raising the study flocks. 

Multivariable logistic regression models were used to identify risk factors. 

Variables associated with a decreased risk of flock exposure to FAdV at a 95% 

confidence level included: the presence of grass around the barn (compared to absence); 

the presence of a ventilation shutdown monitoring and alarm system (compared to 

absence); barn ceiling material made of metal or plastic (compared to wood); and use of a 
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mask by personnel when accessing the restricted area of the barn (compared to not using 

a mask). 

We considered FAdV-02, -08, and -11 as potentially pathogenic genotypes. For 

the mixed logistic regression model using isolate pathogenic FAdV genotype status as the 

dependent variable, variables associated with an increased odds of an isolate being a 

pathogenic FAdV genotype included: the presence of grass around the barn (compared to 

absence of grass); tunnel or other types (axis, natural, or mixed) of ventilation in the barn 

(compared to cross ventilation); immediate disposal of dead birds in restricted area or in 

the controlled access zone or outside the controlled access zone (compared to immediate 

freezing or incineration); and exhibition of indicators of thermal discomfort by the birds 

during grow-out (for example, panting) (compared to non-exhibition). Variables 

associated with a decreased odd of an isolate being pathogenic FAdV genotype included 

the hatchery that supplied the chicks. For the ordinary logistic regression model using 

flock pathogenic FAdV genotypes exposure status as the dependent variable, variables 

associated with an increased risk of exposure of flocks to pathogenic FAdV genotypes 

included exhibition of indicators of thermal discomfort by the birds during grow-out 

(compared to non-exhibition of indicators). Variables associated with a decreased risk of 

exposure of flocks to pathogenic FAdV genotypes included an increasing duration of the 

brooding period. This study identified risk factors to consider in the control of FAdV 

among Ontario commercial broiler flocks. 

Key words: Biosecurity; flock management; risk factors; fowl adenovirus; 

pathogenic fowl adenovirus genotypes; broiler chicken flocks; Ontario  
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Introduction 

Fowl adenoviruses (FAdVs) that infect chickens are non-enveloped DNA viruses 

in the genus Aviadenovirus and family Adenoviridae (Benkő, 2005). Based on DNA 

sequencing and cross-neutralization tests (Calnek and Cowen, 1975; Cowen, et al., 1977; 

Grimes, et al., 1977a), these viruses are classified into 5 species and 12 serotypes or 

genotypes, namely, species A (serotype 1), B (serotype 5), C (includes serotypes 4 and 

10), D (which includes serotypes 2, 3, 9, and 11), and E (which includes serotypes 6, 7, 

8a, and 8b) (Benkő, 2005). Fowl adenovirus serotypes match with genotypes based on the 

good correlation between serotyping and genotyping results (Adair and Fitzgerald, 2008). 

Fowl adenovirus infections have been associated with inclusion body hepatitis (IBH), 

hydropericardium syndrome (HPS), respiratory disease, and tenosynovitis in chickens 

(Reece, et al., 1986; Christensen and Saifuddin, 1989; Gomis, et al., 2006; Sentíes-Cué, 

et al., 2010). Inclusion body hepatitis has been reported as a cause of economic losses to 

the poultry industry in Australia and New Zealand (Wells, et al., 1977; Grimes, et al., 

1977b; Christensen and Saifuddin, 1989), North America (Rosenberger, et al., 1974; El-

Attrache and Villegas, 2001; Philippe, et al., 2005; Gomis, et al., 2006; Alvarado, et al., 

2007), and Europe (Young, et al., 1972; Hoffmann, et al., 1975; McFerran and Connor, 

1977). In Asia and South America, IBH and HPS cause economic losses in poultry 

production (Nakamura, et al., 1999; Toro, et al., 1999; Chandra, et al., 2000). 

Fowl adenovirus is transmitted through vertical and horizontal means. Vertical 

transmission occurs through the embryonated egg (McFerran and Adair, 1977; Fadly, et 

al., 1980), with the virus usually being excreted in the faeces of infected chicks at two to 
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four weeks of age (McFerran and Smyth, 2000). Horizontal transmission of the virus is 

by excretion in the faeces and other body secretions or excretions (McFerran and Smyth, 

2000). Direct contact between birds or indirect contact through personnel, visitors, crates, 

egg trays, and trolleys facilitate lateral spread of the virus. The virus can also be spread 

aerially through contaminated poultry litter during routine depopulation of poultry houses 

(McFerran and Smyth, 2000). 

In Canada, outbreaks of IBH have been reported to be increasing, both in 

incidence and severity (Alvarado, et al., 2007; Ojkic, et al., 2008). The prevalence of IBH 

in Ontario from January 2007 to June 2009 was approximately 1.9% of all broiler chick 

placements. In addition, there was an increase of 3.1% in the mean mortality of the 

affected flocks (Dr. Rachel Ouckama, 2013, personal communication). Fowl adenovirus 

has been reported as the primary causative agent for IBH (Reece, et al., 1986; 

Christensen and Saifuddin, 1989; Gomis, et al., 2006; Sentíes-Cué, et al., 2010). In 

Canada, FAdV-02, FAdV-08, and FAdV-11 have been associated with IBH outbreaks 

(Ojkic, et al., 2008). However, the immunosuppressive effects of infectious bursal disease 

virus infection (Rosenberger, et al., 1975; Fadly, et al., 1976; Sentíes-Cué, et al., 2010), 

and chicken anemia virus and mycotoxins (Toro, et al., 2000; Toro, et al., 2002; 

Shivachandra, et al., 2003) have also been suggested to induce IBH in chickens. In 

Ontario, the occurrence of IBH outbreaks was found to vary with season (Pettit and 

Carlson, 1972). 

The control of FAdV is challenging because of its global presence (McFerran and 

Smyth, 2000). Horizontal transmission of FAdVs can be reduced by cleaning and 
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disinfection of poultry barns, adherence to strict biosecurity practices, and minimizing 

environmental stress to the birds during grow-out (Balamurugan and Kataria, 2004). 

Vertical transmission of FAdVs can be minimized through vaccination of grandparent 

and parent flocks with inactivated vaccines (McFerran, 1997; Eterradossi and Saif, 2008). 

In support of the latter control strategy, initiatives to identify the prevalent FAdV 

serotypes in Canada for the purpose of appropriate vaccine development have been 

recommended (Gomis, et al., 2006). Beginning in January 2010, all parent flocks in 

Ontario were vaccinated as pullets with a killed bivalent (FAdV-08/ -11) autogenous 

vaccine aimed at reducing the incidence of IBH in the broiler progeny. However, FAdV 

infection can be vertically transmitted if vaccination of parent flocks does not result in 

adequate antibody production (Adair and Fitzgerald, 2008). Knowledge of risk factors for 

FAdV is necessary for prevention of diseases caused by FAdVs. The aim of our study 

was to explore the associations of exposure to FAdV or pathogenic FAdV genotypes with 

farm management and biosecurity practices among Ontario commercial broiler chicken 

flocks.  
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Materials and methods 

Study design and selection of flocks 

This study is part of a large surveillance project aimed at determining the 

prevalence of, and risk factors for, 13 pathogens in the Ontario broiler industry. The 

sampling of broiler flocks for this study has been described elsewhere (Eregae, et al., 

2014). Briefly, the sampling frame comprised all Ontario broiler chicken flocks 

contracted for processing at five federal and one provincial processing plant, which 

process approximately 70% of Ontario’s broiler production. The following formula was 

used to estimate the sample size: 

n = Zα
2
 pq / L

2
 (Dohoo, et al., 2009) 

where n = the required sample size; Zα = the value of Zα required for 95% confidence 

(1.96); p = a priori estimate of a difference between the proportions of flocks exposed 

and not exposed to potential risk factors (20%); q = 1 - p (80%); and L = allowable error 

(5%). Consequently, a total of 240 flocks were targeted for the study; however, only 231 

flocks were enrolled due to a lack of farmer’s time to participate (e.g. harvesting, 

planting) and changes in flocks’ slaughter schedules that resulted in missed samplings. 

MiniTab 14 statistical software (Minitab Inc., State College, PA) was used to 

generate four-week schedules throughout the study period (July 2010 to January 2012), in 

which specific sampling days were randomly allocated to each plant. Based on the plant’s 

relative market share of Ontario’s broiler processing, the number of days allocated per 

plant were weighted, such that plants with a larger share of processing had a higher 
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number of days scheduled for sample collection. The researchers sent the four-week 

schedules to the participating plants. Each plant compiled a list of flocks that were 

scheduled for processing on their allocated days, and sent the list to the Chicken Farmers 

of Ontario (CFO; a farmer-run, non-profit organization representing registered Ontario 

chicken farmers). The CFO in turn sent the research team the contact information of 

farmers whose flocks were included on the list. For each sampling day, the team 

members randomly selected one flock from the list using numbered coins, contacted the 

corresponding farmer by telephone, and invited the farmer to participate. If the selected 

farmer declined to participate or if the farmer had already participated in the project, this 

selection process was repeated. The number of flocks per farm was limited to one to 

ensure optimum variability in the data. Flocks originating from Québec were excluded. 

The research was approved by the University of Guelph Research Ethics Board (number 

10MY003). 

Sample collection and laboratory analysis 

Fifteen blood samples, 15 cloacal swabs, and 15 caecal tonsils were collected 

conveniently per study flock at processing and analyzed for exposure to FAdV as 

described elsewhere (Eregae, et al., 2014). The number of birds tested per flock to 

determine flock FAdV exposure status was estimated using the following formula: 

n = ln α/ ln q (Dohoo, et al., 2009) 

where n = the required sample size; α = 1 - 0.90 confidence level (0.10); p = expected 

average minimum flock FAdV exposure (0.15); and q = 1 - p (0.85). 
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The researchers ensured that samples were representative of the flock by 

collecting them as evenly as possible from the total number of trucks used in the delivery 

of each flock. For instance, five samples were collected per truckload of birds if the flock 

was delivered in three trucks. Sample collection was spread out within a truck. For 

example, if the duration of processing per truck was 50 minutes, and 5 samples were 

required, each sample was collected approximately 10 minutes apart. The samples were 

immediately chilled in cooler boxes after collection, labeled, and submitted to the Animal 

Health Laboratory in Guelph, Ontario for analysis. An agar gel immunodiffusion (AGID) 

test was used to determine the presence of antibodies against FAdV in 15 serum samples 

per flock. Real-time reverse transcriptase polymerase chain reaction (rt-PCR) was used to 

detect the presence of FAdV on 6 cell culture supernatants per flock. A flock was 

considered exposed to FAdV if ≥ 2 of 15 serum samples tested positive on AGID, and/or 

FAdV (FAdV types A&C, and/or D, and/or E) was detected in ≥ 1 of 6 cell culture 

supernatants tested on rt-PCR (Figure 6.1). A flock was considered not exposed to FAdV 

if 0 or 1 of 15 samples tested positive on AGID and FAdV was not detected in any of the 

cell culture supernatants (Figure 6.1). 

A total of 353 FAdV isolates from 130 flocks were genotyped using PCR and 

LaserGene software (DNAStar Inc., Madison, WI). Initially, FAdV-positive samples 

from the first 80 flocks were targeted for genotyping based on an expected isolation rate 

of FAdV of at least 30% of the total flocks sampled. An additional 50 FAdV-positive 

flocks were later genotyped to generate adequate data to facilitate identification of risk 

factors for specific FAdV genotypes. An isolate was considered to be a pathogenic FAdV 
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genotype if it was identified as FAdV-02, or -08, or -11. An isolate was considered to be 

a non-pathogenic FAdV genotype if it was identified as FAdV-01, or -03, or -04, or 

mixed. A flock was considered exposed to pathogenic FAdV genotypes if FAdV-02, and/ 

or -08, and/ or -11 were identified in the flock isolates (1 to 9 isolates per flock). A flock 

was considered not exposed to pathogenic FAdV genotypes if FAdV-01, or -03, or -04, or 

mixed were identified in the flock isolates (Figure 6.1). 

Questionnaire 

A questionnaire was used to collect data on potential risk factors as described 

elsewhere (Chapter 4). Briefly, information on management and biosecurity practices that 

were used in raising the study flock was gathered through a face-to-face interview with 

the farmer. Data on the following key areas were collected: farm and barn characteristics, 

on-farm biosecurity practices, pest and wildlife control practices, barn cleaning and 

disinfection practices, water sourcing and sanitation, bedding type and litter condition, 

feed sourcing and quality, birds’ environmental conditions, manure management, and 

flock mortality and disease management. Additional data were accessed from farm 

records on flock characteristics, number of chicks placed, barn cleaning and disinfection 

procedures, pest control practices, water treatment, testing, and availability, birds’ 

environmental conditions, flock vaccination history, mortality and disease management, 

and number of birds shipped for processing. 

Prior to administration, the questionnaire was pre-tested with seven farmers who 

were not included in the study and revised appropriately based on interviewees’ 
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feedback. At least a day following flock slaughter, an interview was conducted with the 

farmer to collect the farm/ flock data. A face-to-face interview was preferred to phone or 

mail-in questionnaires in order to maximize farmers’ response rate (Dohoo, et al., 2009). 

Statistical analysis 

Data from the questionnaire and laboratory tests were coded, entered into 

Microsoft Office Excel 2007 (Microsoft Corporation, Redmond, WA), verified by a 

second member of the team, and imported into STATA IC 11 (StataCorp, College 

Station, TX). Several modeling approaches were used to assess the association of FAdV 

with flock biosecurity and management practices. The models used in the analysis 

included 1) ordinary logistic regression using flock FAdV exposure status (parallel 

interpretation of AGID and rt-PCR results) as the dependent variable; 2) mixed logistic 

regression using isolate pathogenic FAdV genotype status as the dependent variable with 

a random effect for flock; and 3) ordinary logistic regression using flock pathogenic 

FAdV genotypes exposure status as the dependent variable. 

In the current analysis, flock IBDV exposure status was considered as a predictor 

variable. Previously, flock-level period prevalence of exposure to IBDV was estimated 

using flock mean ELISA titre and parallel interpretation of PCR results from 3 pooled 

cloacal swabs (direct PCR) and 6 cell culture samples (3 pooled cloacal swabs and 3 

pooled caecal tonsils) (Eregae, et al., 2014). In order to identify risk factors for IBDV, 

only direct PCR results from pooled cloacal swabs were used to derive flock IBDV 

exposure status. This is because direct PCR on cloacal swabs is more sensitive and rapid, 
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and some IBDVs do not "grow" well in cell culture as it may take many passages to 

adopt, or will not "grow" at all (Dr. Davor Ojkic, 2014, personal communication). 

Univariable models were used to screen predictor variables; variables with a P-

value ≤ 0.30 were considered for inclusion in the multivariable model-building process. 

Collinearity between predictor variables was assessed using Pearson correlation, with 

coefficients > |0.7| indicating collinearity. If collinearity was identified, the variable with 

the lowest P-value was included in the model-building process. The assumption of 

linearity between the log odds of the dependent variable and each continuous predictor 

variable was assessed graphically. If the assumption was not met, we introduced a 

quadratic term. If the quadratic term was not significant (P > 0.05), the variable was 

categorized into equal-sized groups based on quartiles. 

Selection of variables in the multivariable models was done using backward 

elimination. Statistical significance of continuous or dichotomous variables was tested 

using a Wald test, and that of categorical variables was tested using a likelihood ratio test. 

Variables with P > 0.05 were eliminated from the model while assessing for confounding 

each time. A variable was considered to be a confounder if there was a change of ≥ 20% 

in the coefficients of significant variables following its removal. Confounders were 

retained in the model unless they were considered to be intervening variables. For each 

main-effects model, two-way interactions among pairs of variables suspected to interact 

were assessed using a likelihood ratio test. 

For the ordinary logistic regression models, Hosmer-Lemeshow (due to a low 

number of data points for some covariate patterns) and Pearson chi-square goodness-of-
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fit tests were used to assess the fit of the final models, with P > 0.05 indicating model fit. 

Using a scatter plot of standardized residuals with covariate pattern as the marker label, 

outliers (covariate patterns with standardized residuals ≥ |3| SD’s) were identified and 

investigated. Using a scatter plot of delta-beta values with covariate pattern as the marker 

label, influential observations (covariate patterns with relatively large delta-beta values) 

were identified and investigated. 

For the mixed logistic regression model, isolate-level residuals were assessed 

graphically using a scatter plot of Pearson residuals with isolate identification as the 

marker label. Observations with a Pearson residual ≥ |3| SD’s were considered to be 

outliers and examined for possible data entry errors. Best linear unbiased predictors 

(BLUPS) of the flock-level residuals were plotted to assess the fit of the model. A 

residual plot of an approximately straight line at 45
o
 to the horizontal indicated that the 

residuals were normally distributed. The intra-class correlation coefficient was estimated 

using the latent variable method (Dohoo, et al., 2009).  
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Results 

Descriptive summary 

The characteristics of the study population have been presented elsewhere 

(Eregae, et al., 2014). Briefly, the mean flock mortality was 3.5% with the highest and 

lowest flock mortality being 12.7 and 0.3%, respectively. The median flock size at 

placement was 25,092 birds with the highest and lowest flock size being 104,040 and 

7,242 birds, respectively. The median flock age at processing was 38 days with the 

highest and lowest flock age being 53 and 31 days, respectively. The median flock 

average weight at slaughter was 2.2 kg with the highest and lowest flock average weight 

being 3.1 and 1.7 kg, respectively. There was very little variation among flocks with 

respect to barn characteristics; biosecurity protocols used by the owner/ visitors/ service 

personnel during the flock grow-out period; pest, pet, and wildlife control practices; and 

water treatment and testing practices. 

Of the 231 flocks tested, 223 (96.5%) and 8 (3.5%) were exposed and not exposed 

to FAdV, respectively (Eregae, et al., 2014). Of the 130 FAdV-positive flocks that were 

genotyped, the number of isolates genotyped per flock was 1 (21 flocks), 2 (58 flocks), 3 

(22 flocks), 4 (13 flocks), 5 (6 flocks), 6 (5 flocks), 7 (3 flocks), 8 (1 flocks), and 9 (1 

flocks). Of the 353 isolates that were genotyped, 139 (39.4%) and 214 (60.6%) were 

identified as pathogenic and non-pathogenic FAdV genotypes, respectively (Eregae, et 

al., 2014). At the flock level, 68 of 130 FAdV-positive flocks (52.3%) were considered 
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exposed to pathogenic FAdV genotypes. Descriptive statistics of predictor variables used 

in building the three models are shown in Tables 6.1 and 6.2. 

Statistical models 

For the ordinary logistic regression model using flock FAdV exposure status 

(parallel interpretation of AGID and rt-PCR results) as the dependent variable, variables 

associated with a decreased risk of exposure of flocks to FAdV included: the presence of 

grass around the barn (compared to absence of grass); the presence of a ventilation 

shutdown monitoring and alarm system (compared to absence); barn ceiling material 

made of metal or plastic (compared to wood); and use of masks by personnel when 

accessing the restricted area of the barn (compared to non-use of masks) (Table 6.3). 

For the mixed logistic regression model using isolate pathogenic FAdV genotype 

status as the dependent variable, variables associated with an increased odds of an isolate 

being a pathogenic FAdV genotype included: the presence of grass around the barn 

(compared to absence of grass); tunnel or other types (axis, natural, or mixed) of 

ventilation in the barn (compared to cross ventilation); immediate disposal of dead birds 

in restricted area or in the controlled access zone (CAZ) or outside CAZ (compared to 

immediate refrigeration and incineration); and exhibition of indicators of thermal 

discomfort by the birds during grow-out (for example, huddling together, spreading of 

wings, and panting) (compared to non-exhibition of indicators of thermal discomfort) 

(Table 6.4). Variables associated with a decreased odds of an isolate being pathogenic 
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FAdV genotype included hatchery company B (compared to hatchery company A) (Table 

6.4). 

For the ordinary logistic regression model using flock pathogenic FAdV 

genotypes exposure status as the dependent variable, variables associated with an 

increased risk of exposure of flocks to pathogenic FAdV genotypes included exhibition 

of indicators of thermal discomfort by the birds during grow-out (compared to non-

exhibition of indicators of thermal discomfort) (Table 6.5). Variables associated with a 

decreased risk of exposure of flocks to pathogenic FAdV genotypes included an increase 

in the duration of the brooding period (Table 6.5). 

There were no confounders or two-way interactions in the final models. For the 

ordinary logistic regression model using flock FAdV exposure status (parallel 

interpretation of AGID and rt-PCR results) as the dependent variable, the model fit the 

data well (Hosmer-Lemeshow χ
2
 = 2.82; P = 0.831). Covariate pattern 13 was identified 

as an outlier. Covariate patterns 4 and 13 were identified as influential observations. The 

model did not converge when we ran it without observations from these covariate 

patterns. For the mixed logistic regression model using isolate pathogenic FAdV 

genotype status as the dependent variable, 28 isolates were identified as outliers with 

Pearson residuals ranging from 17.65 to 1.99e+07. When we ran the model without 

outliers, there was no significant change in the P-values of the variables. A graphical 

evaluation of the BLUPS of the flock-level residuals showed a lack of normality (Figure 

6.2). The intra-class correlation coefficients for the null and the final mixed logistic 

regression models were 0.73 and 0.66, respectively, indicating that most of the variation 
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in the exposure to pathogenic FAdV genotypes was between flocks. For the ordinary 

logistic regression model using flock pathogenic FAdV genotypes exposure status as the 

dependent variable, the model fit the data well (Pearson χ
2
 = 0.45; P = 0.798). No outliers 

were identified; however, covariate pattern 1 was influential. When we ran the model 

without this the influential covariate pattern the P-value of the length of the brooding 

period changed from significant to non-significant. However, we did not find a reason to 

exclude the outliers and influential observations from the models.  
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Discussion 

Fowl adenovirus infections cause substantial economic losses in many countries 

due to IBH- and HPS-related mortality in young chickens (McFerran and Smyth, 2000; 

Balamurugan and Kataria, 2004; Hafez, 2011). Vaccination of parent flocks is used to 

minimize vertical transmission of infection from broiler breeders to their progeny. An 

effective vaccination strategy requires knowledge of the prevalent FAdV serotypes/ 

genotypes in an area to guide the development of appropriate vaccines (Balamurugan and 

Kataria, 2004). However, low antibody levels and the presence of active vaccine virus in 

the parent flock can aid in the vertical transmission of FAdV to the progeny (Steer, et al., 

2011), hence the need for supplementary control measures. Our study investigated the 

association of exposure to FAdV or pathogenic FAdV genotypes with farm management 

and biosecurity practices among Ontario commercial broiler chicken flocks. 

A combination of laboratory results was used to identify risk factors for exposure 

of flocks to FAdV during the grow-out period. Genotyping results were used to identify 

risk factors for exposure of flocks to potentially pathogenic FAdV genotypes. All 

laboratory results were indicative of exposure of flocks to FAdV during grow-out, hence, 

the use of the term risk of exposure in the discussion. Being the first observational study 

to investigate risk factors for exposure of broiler chicken flocks to FAdV, several 

approaches were used in order to increase the probability of identification of risk factors. 

Weaknesses of our study included: potential selection bias, because farmers that 

voluntarily accepted to participate in the study might have been those who strictly 
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followed the CFO’s On-Farm Food Safety Assurance Program’s biosecurity and farm 

management practices; recall bias, because some farmers were unavailable to be 

interviewed until one or more weeks following processing of their flock and they could 

not remember certain specific management and biosecurity practices used in raising the 

study flock; missing data, because some farmers were not available for an interview after 

tissue samples were collected from their flocks; and subjective responses to our questions 

from farmers’ based on their understanding of the question and/ or management 

practices. Although the flock level residuals were not normally distributed in the mixed 

logistic regression model, we reported the results from this model because the flock effect 

was significant and the model identified some important risk factors that were not 

identified by other models. 

Hatchery Company B was associated with decreased odds of an isolate being a 

pathogenic FAdV genotype. Eradication of FAdV infection from broiler flocks is 

challenging due to the resistant nature of the virus and effective vertical transmission 

from parent flocks to their progeny. A previous study in Ontario confirmed the 

occurrence of vertical transmission of FAdVs from parent flocks to progeny (Grgić, et al., 

2006). Although vaccination at the primary breeder level can be used to control 

adenovirus infections, there is a chance of transmission of infection to the progeny if 

vaccination of parent flocks does not elicit a sufficient antibody titre (Adair and 

Fitzgerald, 2008). In a study in Ontario that investigated vertical transmission of FAdVs 

from an infected broiler breeder flock to one-day old progeny, the researchers did not 

find any evidence of infection among 50 chicks using PCR and virus isolation (Philippe, 
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et al., 2007). A high titre of neutralizing antibodies in the parent flock was suggested as 

one of the possible protective factors. In our study, it is likely that the breeder flocks 

supplying the one hatchery with eggs had sufficient antibody levels against pathogenic 

FAdV genotypes, hence the protective effect. 

Among the subset of FAdV-positive flocks that were genotyped, the risk of 

exposure of flocks to pathogenic FAdV genotypes (compared to non-pathogenic 

genotyped) decreased as the duration of the brooding period increased. A longer brooding 

period might have supported proper development and functioning of the immune system, 

and ensured optimal health and well-being of the chicks. 

Compared to immediate freezing or incineration, disposal of dead birds inside or 

outside the CAZ, or leaving the birds in the restricted area or anteroom of the barn, 

increased the odds of an isolate being a pathogenic FAdV genotype. We recognize that in 

Canada, freezers and incinerators are usually located within the CAZ. However, in our 

analysis, immediate freezing or incineration was considered as a distinctly different 

category because dead carcasses can be a source of infection to the flock and their 

immediate removal from the rest of the flock through immediate freezing or incineration, 

for instance, minimizes exposure of infectious agents to live birds (Bermudez and 

Stewart-Brown, 2008). In our study, it is possible that pathogenic FAdV genotypes were 

sustained within contaminated premises through re-introduction from dead infected birds. 

Compared to cross ventilation, tunnel or other (axis, natural) ventilation systems 

was associated with an increased odds of an isolate being a pathogenic FAdV genotype. 

A professionally and properly installed barn ventilation system should protect the birds 
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from the adverse effects of weather, high ammonia and dust levels, and wet litter 

(Bermudez and Stewart-Brown, 2008). We could not assess the effect of the volume of 

air flow (in cubic feet per minute) through the barn because the farmers did not record 

this information or lacked the knowledge. Also, we did not find interaction between 

season and ventilation type in our study. It is therefore possible that the observed effect of 

the ventilation system could be due to installation error or poor ventilation performance 

monitoring. Consequently, the resulting stressful conditions might have predisposed the 

birds to pathogenic FAdV genotypes infection. When the outcome of interest was flock 

exposure to FAdV, the presence of a ventilation shutdown monitoring and alarm system 

had a protective effect on flocks. This relationship might be linked to farmers’ corrective 

actions in response to feedback from the monitoring system. We also found that exposure 

of birds to thermal stress, which was exhibited as crowding, panting, or spreading of the 

wings among birds, increased the risk of exposure of flocks to pathogenic FAdV 

genotypes and the odds of an isolate being a pathogenic FAdV genotype. Thermal-related 

stress might have rendered the birds vulnerable to infection (Bermudez, 2008). 

Barn ceiling material made of metal or plastic protected flocks from exposure to 

FAdV compared to ceilings made of wood. Washing of barn surfaces minimizes the level 

of pathogens in the barn directly or indirectly through removal of organic matter, thereby 

enhancing the effectiveness of disinfectants (Bermudez, 2008). The amount of pathogen 

load removed from a surface through cleaning is partly determined by the type of surface 

being cleaned (Lister, 2008; Bermudez, 2008). In our study, it is possible that metallic or 
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plastic surfaces were easier to clean as opposed to rough and absorbent wood/ timber 

surfaces, hence the protective effect. 

Use of masks when accessing the restricted area of the barn protected flocks from 

exposure to FAdV. A mask is a physical barrier designed to protect a person from 

inhaling infectious agents or irritating gases, such as ammonia. Therefore, the observed 

protective effect of the mask might be indicative of greater compliance to strict 

biosecurity measures by farmers. 

Our previous analysis of the seasonal variation of the prevalence of exposure to 

potentially pathogenic FAdV genotypes showed that for an average flock, the odds of an 

isolate being potentially pathogenic (FAdV-02, or -08, or -11) (compared to all other 

genotypes) were lower in the winter compared to the spring, summer, and fall (Chapter 

3). Although season was identified as being associated with isolate pathogenic FAdV 

genotype status and flock pathogenic FAdV genotypes exposure status on univariable 

screening, the results of the final models showed that when other variables (hatchery 

company, presence of grass around the barn, type of barn ventilation, location of dead 

birds immediately after collection, thermal discomfort during grow-out, and length of the 

brooding period; tables 6.4 and 6.5) were controlled in the current analysis, there were no 

significant differences between seasons for potentially pathogenic FAdV genotypes. This 

might be indicative of a weaker influence of season on exposure of flocks to potentially 

pathogenic FAdV genotypes compared to other risk factors.  
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Conclusion 

Our study identified risk factors that are associated with exposure of Ontario 

commercial broiler flocks to FAdV or pathogenic FAdV genotypes. In Ontario, the 

presence or absence of a ventilation shutdown monitoring and alarm system and the type 

of material used in the construction of the barn ceiling affected the risk of exposure of 

flocks to FAdV. The hatchery company that supplied chicks to the farm, duration of the 

brooding period, the location of dead birds immediately after collection, the type of barn 

ventilation, exposure or non-exposure of birds to thermal stress, and the presence or 

absence of grass around the barn affected the risk of exposure of flocks to pathogenic 

FAdV genotypes. In addition to current vaccination of parent flocks against FAdV in 

Ontario, consideration of the identified risk factors might augment on-going FAdV 

infection control efforts. 
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Table 6.1. Descriptive characteristics of continuous variables considered for inclusion in multivariable models
a
 to 

identify risk factors associated with exposure to fowl adenovirus among Ontario commercial broiler 

chicken flocks (P ≤ 0.30). 

Variable Frequency of presence 

in models (out of 3)
b
 

Mean Median Minimum Maximum 

Average duration of flock monitoring per 

visit (minutes) (n= 226) 

1 39.1 35 1 165 

Duration of rest period between flocks 

(days) (n= 223) 

1 20.9 20 1 115 

Frequency of banging down feed bins in 

the last year (n= 224) 

2 36.8 17 0 720 

Frequency of disinfecting the barn with 

spray within the last year (n= 227) 

2 2.5 2 0 7 

Length of brooding period (days) (n= 227) 2 4.6 4 0 14 

Number of chicks placed (measured in 

1000s) (n= 200) 

1 28.8 25.1 7.2 104.0 

Size of the controlled access zone around 

the study flock barn (ft) (n= 223) 

2 65.9 40 0 1500 

 
a
Multivariable models included: 1) ordinary logistic regression using flock FAdV exposure status (parallel interpretation of AGID and rt-PCR results) as 

the dependent variable; 2) mixed logistic regression using isolate pathogenic FAdV genotype status as the dependent variable with a random effect for 

flock; and 3) ordinary logistic regression using flock pathogenic FAdV genotypes exposure status as the dependent variable. 
b
The number of times a variable was present in the three models.  
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Table 6.2. Descriptive characteristics of categorical variables considered for inclusion in multivariable models
a
 to 

identify risk factors associated with exposure to fowl adenovirus among Ontario commercial broiler 

chicken flocks (P ≤ 0.30). 

Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Ammonia out of normal range using eye/nose 

(n= 226) 

Ammonia not monitored or eye/ smell 

monitoring not used 

1 10 (4.4) 

 Ammonia levels high  26 (11.5) 

 Ammonia levels normal  190 (84.1) 

Breed and strain of flock (n= 179) Ross 308 2 53 (29.6) 

 Ross 708  115 (64.3) 

 Both 308 & 708  11 (6.2) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Ceiling material for Barn one, lower floor (n= 

223) 

Wood 1 178 (79.8) 

 Other (metal or plastic)  45 (20.2) 

Ceiling material for Barn one, upper floor (n= 

223) 

No upper floor 2 69 (30.9) 

 Wood  117 (52.5) 

 Other (e.g. metal, concrete)  37 (16.6) 

Disinfection of barn before chick placement (n= 

219) 

Not disinfected 1 88 (40.2) 

 Disinfected  131 (59.8) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Dog(s) present on-farm (n= 226) No dogs on farm 1 83 (36.7) 

 Dogs present  143 (63.3) 

Flock avian adeno-associated virus exposure 

status (n= 178) 

Not exposed 1 20 (11.2) 

 Exposed  158 (88.8) 

Flock avian reovirus exposure status (n= 231) Not exposed 2 22 (9.5) 

 Exposed  209 (90.5) 

Flock chicken anemia virus exposure status (n= 

231) 

Not exposed 3 53 (22.9) 

 Exposed  178 (77.1) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Flock housed in more than one barn (n= 227) No 2 168 (74.0) 

 Yes  59 (26.0) 

Flock infectious bursal disease vaccination status 

(n= 231) 

Not vaccinated 1 161 (70.9) 

 Vaccinated  66 (29.1) 

Flock infectious bursal disease virus exposure 

status (n= 231) 

Not exposed 2 129 (55.8) 

 Exposed  102 (44.2) 

Frequency of barrier use in barn one (n= 225) No entrance room, or no separation, or < 75% 

barrier use, or uncertain 

1 73 (32.4) 

 > 75% barrier use  152 (67.6) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Frequency of monitoring ammonia with smell 

and eye irritation (n= 226) 

Not monitored, or eye irritation not used 1 8 (3.5) 

 Twice daily, or daily, or at least once per week, 

or at least once per two weeks, or at least once 

per month, or at least once during grow-out, or as 

needed 

 218 (96.5) 

Humidity in the barn outside normal range 

during grow-out (n= 226) 

Not monitored, or meter not used 2 76 (33.6) 

 High humidity, or low humidity, or both  57 (25.2) 

 Normal  93 (41.2) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Humidity monitoring device (n= 226) Not monitored 1 11 (4.9) 

 Hand-held device  18 (8.0) 

 Meter  138 (61.1) 

 Litter compaction  47 (20.8) 

 Mixed methods  12 (5.3) 

Indicators of thermal discomfort during grow-out 

(e.g. panting, spreading of wings, huddling) (n= 

226) 

No thermal discomfort 2 174 (77.0) 

 Thermal discomfort  52 (23.0) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Location of dead birds immediately after 

collection (n= 226) 

Removed immediately or immediate 

incineration, or inside freezer 

2 163 (72.1) 

 Outside restricted area and inside controlled 

access zone, or outside controlled access zone ,or 

inside restricted area, or inside entrance room or 

anteroom of barn 

 63 (27.9) 

Manure disposal location (n= 227) On-farm 1 105 (46.3) 

 Off-farm  44 (19.4) 

 Both  78 (34.4) 

Manure disposed outside the controlled access 

zone (n= 227) 

No 1 124 (54.6) 

 Yes  103 (45.4) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Marek’s vaccine given at the hatchery (n= 226) No 1 23 (10.2) 

 Yes  203 (89.8) 

Monitoring humidity using litter compaction and 

level of dust (n= 226) 

Not monitored, or compaction not used 1 169 (74.8) 

 Compaction used alone, or in combination with 

another method 

 57 (25.2) 

Monitoring humidity with meter (n= 226) Not monitored, or meter not used 1 76 (33.6) 

 Meter used alone, or in combination with another 

method 

 150 (66.4) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Plant where the flock was processed (n= 231) A 2 74 (32.0) 

 B  94 (40.7) 

 C  50 (21.6) 

 D  13 (5.6) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Point of water testing in the system (n= 227) At the source 1 18 (7.9) 

 At the beginning of the water line in the barn  40 (17.6) 

 At the end of the water line in the barn  20 (8.8) 

 At the house  46 (20.3) 

 Entrance room  60 (26.4) 

 Other (several, including no test)  43 (18.9) 

Presence of a ventilation shutdown monitoring 

and alarm system (n= 226) 

No 3 172 (76.1) 

 Yes  54 (23.9) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Presence of grass around the barn (n= 226) No 2 101 (44.7) 

 Yes  125 (55.3) 

Season flock was raised in (n= 227) Fall 2 81 (35.7) 

 Winter  48 (21.1) 

 Spring  29 (12.8) 

 Summer  69 (30.4) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Separation of medicated and non-medicated feed 

(n= 227) 

Not applicable (only one bin) 1 45 (19.8) 

 Separated  105 (46.3) 

 Not separated  77 (33.9) 

Source of chicks (hatchery company) (n= 221) A 1 93 (42.1) 

 B  75 (33.9) 

 C  53 (24.0) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Temperature of water used to clean barn prior to 

chick placement (n= 227) 

Barn not washed 1 112 (49.3) 

 Cold water  52 (22.9) 

 Hot water  63 (27.8) 

Terminal disposal location of dead birds (n= 216) On-farm - incinerator 1 14 (6.5) 

 On-farm - manure pile  72 (33.3) 

 On-farm - compost  96 (44.4) 

 Off-farm - transport to rendering plant, or Off-

farm - transport to another location 

 34 (15.7) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Type of bedding used in the barn (n= 227) Shavings or wood chips 2 48 (21.2) 

 Long straw or chopped straw  171 (75.3) 

 Other  8 (3.5) 

Type of ventilation for Barn 1 (n= 225) Cross 3 155 (68.9) 

 Other (Tunnel or Double or other)  70 (31.1) 

Use of clothing by owner when entering the 

restricted area (n= 226) 

No protective clothing used 3 140 (61.9) 

 Protective clothing used  86 (38.1) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Use of headgear by owner when entering the 

restricted area (n= 226) 

Headgear not used 3 139 (61.5) 

 Headgear used  87 (38.5) 

Use of insect foggers or sprays (n= 226) No 1 140 (61.9) 

 Yes  86 (38.1) 

Use of masks by owner when entering the 

restricted area (n= 225) 

No mask 1 110 (48.9) 

 Mask used sometimes, or mask used always, or 

farmer uncertain 

 115 (51.1) 
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Variable Description of variable Frequency of presence 

in models (out of 3)
b
 

Number of flocks 

(%) 

Wall material for Barn one, upper floor (n= 223) No upper floor 1 69 (30.9) 

 Wood  134 (60.1) 

 Other (e.g. concrete, plastic)  20 (9.0) 

Washed exterior of the barn with hot water (n= 

227) 

No 2 177 (78.0) 

 Yes  50 (22.0) 

Water lines flushed and nipples cleaned during 

grow-out (n= 227) 

No 2 165 (72.7) 

 Yes  62 (27.3) 

 
a
Multivariable models included: 1) ordinary logistic regression using flock FAdV exposure status (parallel interpretation of AGID and rt-PCR results) as 

the dependent variable; 2) mixed logistic regression using isolate pathogenic FAdV genotype status as the dependent variable with a random effect for 

flock; and 3) ordinary logistic regression using flock pathogenic FAdV genotypes exposure status as the dependent variable. 
b
The number of times a variable was present in the three models.  
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Table 6.3. Ordinary logistic regression model of variables significantly associated with flock fowl adenovirus 

(FAdV) exposure status [parallel interpretation of flock agar gel immunodiffusion status and reverse 

transcriptase polymerase chain reaction status] among Ontario commercial broiler chicken flocks (n = 

218 flocks; level of significance for variables remaining in the model = P ≤ 0.05). 

Risk factor Odds ratio (OR) P-value (Wald test) 95% CI of OR 

Presence of grass around the barn    

No Referent   

Yes 0.1 0.045 0.02 - 0.96 

Presence of a ventilation shutdown monitoring and alarm 

system 

   

No Referent   

Yes 0.1 0.014 0.0 – 0.7 

Ceiling material for barn 1    

Wood Referent   

Other (metal, plastic) 0.1 0.014 0.0 – 0.6 

Use of masks when entering the restricted area of the barn    

No  Referent   

Yes 0.1 0.037 0.0 – 0.9 
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Overall P-value for the model = 0.001. 

Coefficient (β) for the intercept = 8.1, P < 0.001, CI: 4.4 - 11.7.  
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Table 6.4. Mixed logistic regression model of variables significantly associated with the odds of an isolate being a 

pathogenic fowl adenovirus (FAdV) genotype (FAdV-02, or -08, or -11) among FAdV-positive Ontario 

commercial broiler chicken flocks (n = 336 isolates from 123 flocks; level of significance for variables 

remaining in the model = P ≤ 0.05; random effect for flock). 

Risk factor Odds ratio (OR) P-value (Wald test) P-value (Likelihood-

ratio test) 

95% CI of OR 

Hatchery company
a
     

A Referent    

B 0.2 0.025  0.0 - 0.8 

C 0.4 0.309  0.1 - 2.3 

Presence of grass around the barn     

No Referent    

Yes 5.0 0.025  1.2 - 20.2 

Type of ventilation for barn 1   0.019  

Cross Referent    

Tunnel 5.0 0.042  1.1 - 23.9 

Other (axis, natural) 9.0 0.025  1.3 - 61.2 



 

252 

 

Risk factor Odds ratio (OR) P-value (Wald test) P-value (Likelihood-

ratio test) 

95% CI of OR 

Location of dead birds immediately after collection     

Immediate freezing or incineration Referent    

Immediate disposal of dead birds in restricted 

area or in the controlled access zone or outside 

the controlled access zone 

4.5 0.034  1.1 - 18.3 

Thermal discomfort during grow-out     

No thermal discomfort Referent    

Thermal discomfort 5.4 0.022  1.3 - 22.7 

Random-effects Parameter Standard deviation 

(SD) 

Standard error  95% CI of SD 

Flock 2.5 0.5  1.7 - 3.7 

 
a
Hatchery company: The hatchery company from which the chicks were sourced. 

Overall P-value for the model = 0.004. 

Coefficient (β) for the intercept = -2.5, P = 0.002, CI: -4.1 - -0.9.  
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Table 6.5. Ordinary logistic regression model of variables significantly associated with exposure of flocks to 

pathogenic fowl adenovirus genotypes (FAdV-02 and/ or -08 and/ or 11) among Ontario commercial 

broiler chicken flocks (n = 126 flocks; level of significance for variables remaining in the model = P ≤ 

0.05). 

Risk factor Odds ratio (OR) P-value (Wald test) P-value (Likelihood-

ratio test) 

95% CI of OR 

Length of the brooding period (days)   0.011  

0 - 2 Referent    

3 - 6 0.2 0.010  0.0 – 0.6 

7 - 10 0.2 0.012  0.0 – 0.7 

Thermal discomfort during grow-out     

No thermal discomfort Referent    

Thermal discomfort 5.6 < 0.001  2.2 – 14.6 

 

Overall P-value for the model: < 0.001. 

Coefficient (β) for the intercept = - 1.3, P = 0.053, CI: -.02 - 2.53.  
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Figure 6.1.  A flow chart showing laboratory analysis of samples to determine exposure of Ontario commercial 

broiler chicken flocks to fowl adenovirus (FAdV) and pathogenic FAdV genotypes (231 flocks; 353 FAdV 

isolates from 130 flocks). 

AGID: agar gel immunodiffusion; rt-PCR: real-time reverse transcriptase polymerase chain reaction; genotyping was done using PCR and LaserGene 

software (DNAStar Inc., Madison, WI).  
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Figure 6.2.  A graph of normality of best linear unbiased predictions (BLUPS) of the flock level residuals in the mixed 

logistic regression model using isolate pathogenic FAdV genotype status as the dependent variable. 
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CHAPTER SEVEN 

SUMMARY DISCUSSION AND CONCLUSIONS 

This study targeted Ontario commercial broiler chicken flocks to determine the 

prevalence of exposure to avian adeno-associated virus (AAAV), chicken anaemia virus 

(CAV), infectious bursal disease virus (IBDV), and fowl adenovirus (FAdV). 

Additionally, the study aimed at assessing the effect of on-going recommended 

biosecurity and management practices on the risk of infection of flocks. The findings of 

this study are expected to assist the broiler industry to prioritize pathogens for future 

research and guide plans to prevent and control targeted diseases. The specific objectives 

of the study were to 1) estimate the flock-level period prevalence of exposure to AAAV, 

CAV, IBDV, and FAdV among Ontario commercial broiler flocks; 2) determine 

prevalent genotypes of IBDV and FAdV; 3) determine the associations between flock-

level exposure to FAdV and flock-level exposure to AAAV, CAV, and IBDV; 4) 

describe the seasonal variation and geographical distribution of the prevalence of 

exposure to CAV, IBDV, FAdV, individual FAdV genotypes, and groups of FAdV 

genotypes; 5) determine the association of exposure to each virus, FAdV genotype, and 

group of genotypes with season of grow-out or broiler district; and 6) identify risk factors 

associated with the exposure of flocks to CAV, IBDV, and FAdV. 

Outbreaks of inclusion body hepatitis in Canada have been associated with 

FAdV-02, -08, and -11 (Ojkic, et al., 2008) and identification of prevalent FAdV 

serotypes and genotypes for purposes of appropriate vaccine development has been 
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recommended (Gomis, et al., 2006). Although the prevalence of exposure of flocks to 

FAdV in Ontario was 97%, potentially pathogenic FAdV genotypes accounted for 40% 

of the identified FAdV genotypes. This is indicative of potential for future IBH 

outbreaks, hence the need to intensify FAdV control. 

There was no significant association between flock exposure to FAdV and CAV 

(controlling for exposure to IBDV and AAAV) or exposure to IBDV (controlling for 

exposure to CAV and AAAV). This finding suggests that FAdV can independently infect 

broilers and cause disease without the immunosuppressive function of either CAV or 

IBDV. The finding is in agreement with previous studies (Reece, et al., 1986; Gomis, et 

al., 2006) and contradicts other studies (Fadly, et al., 1976; Sentíes-Cué, et al., 2010). The 

positive association that was found between exposure to FAdV and exposure to AAAV 

underscores the fact that FAdV aids the production of infectious AAAV particles due to 

concurrent provision of biochemical functions required in the growth of both AAAV and 

FAdV (Bauer, et al., 1986). 

Vertical transmission of FAdV occurs through the embryonated egg (Fadly, et al., 

1980), with the virus usually being excreted in faeces of infected chicks at two to four 

weeks of age (McFerran and Smyth, 2000). A recent study in Ontario confirmed the 

occurrence of vertical transmission of FAdVs from parent flocks to progeny (Grgić, et al., 

2006). In this study, one of the hatcheries that supplied chicks was associated with 

decreased odds of an isolate being a pathogenic FAdV genotype, suggesting that chicks 

from this hatchery were less likely to be exposed to pathogenic FAdV genotypes. The 

breeder flocks supplying this hatchery with eggs might have had sufficient antibody 
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levels against pathogenic FAdV genotypes hence the protective effect. Therefore vertical 

transmission of FAdV could be minimized by ensuring that vaccination of broiler breeder 

flocks leads to adequate production of antibodies to prevent infection with the wild virus. 

In this study, the stress related factors that were significantly associated with 

exposure of flocks to pathogenic FAdV genotypes included the shorter duration of the 

brooding period (the period when chicks are provided with extra heat and food/ water ad 

libitum); presence of indicators of thermal stress such as crowding, panting, or spreading 

of wings among birds; and use of tunnel or other (axis, natural) types of ventilation 

systems compared to cross ventilation. Also, the presence of ventilation shutdown 

monitoring and alarm system was significantly associated with lower flock exposure to 

FAdV. Signs of thermal discomfort such as crowding, panting, or spreading of the wings 

among birds were also associated with increased risk of exposure to IBDV. Thermal 

related stress renders birds vulnerable to infection (Bermudez, 2008). 

The longer brooding period might have supported proper development and 

functioning of the immune system, and ensured optimal health and well-being of the 

chicks. The observed effect of the ventilation system might be due to installation error or 

poor ventilation monitoring leading to stressful environmental conditions, such as 

adverse effects of weather, high ammonia and dust levels, and wet litter that could 

predispose birds to pathogenic FAdV genotypes infection. The protective effects of the 

presence of monitoring and an alarm system might have been due to farmers’ corrective 

actions in response to feedback from the monitoring system. From this study, it emerged 

that stress causing conditions increased the risk of exposure of flocks to FAdV which also 
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differed by FAdV genotypes. Farmers could potentially protect flocks from FAdV 

infection by minimizing exposure of flocks to environmental stresses during grow-out. 

To minimize thermal stress to chicks at placement, an initial brooder temperature of 35°C 

with gradual reduction as birds grow, and continuous monitoring of birds for signs of 

thermal discomfort is recommended (Bermudez and Stewart-Brown, 2008b). Birds 

should be protected from the adverse effects of weather, high ammonia and dust levels, 

and wet litter by ensuring that barn ventilation is installed properly and professionally 

(Bermudez and Stewart-Brown, 2008b). 

Dead carcasses can be a source of infection to a flock (Bermudez and Stewart-

Brown, 2008a). The effect of various methods used to dispose dead birds on the risk of 

exposure of flocks to FAdV genotypes was investigated. Compared to immediate 

incineration or immediate refrigeration, disposal of dead birds in or outside the controlled 

access zone or leaving them in the restricted area of the barn, increased the odds of an 

isolate being a pathogenic FAdV genotype. In Canada, freezers and incinerators are 

usually located within the CAZ. However, in our analysis, immediate freezing or 

incineration was considered as a distinctly different category because it facilitates 

immediate removal of dead birds from the rest of the flock thereby minimizing exposure 

of infectious agents to live birds (Bermudez and Stewart-Brown, 2008). This finding 

suggests that exposure of flocks to pathogenic FAdV genotypes can be reduced through 

immediate incineration or immediate refrigeration. 

For an average flock, the odds of an isolate being FAdV-02, or -08, or -11, or 

FAdV-08 or -11 (compared to all other genotypes) were lower in the winter compared to 
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the spring, summer, and fall when other variables were not controlled in the analysis. 

However, when other variables (hatchery company, presence of grass around the barn, 

type of barn ventilation, location of dead birds immediately after collection, thermal 

discomfort during grow-out, and length of the brooding period; tables 6.4 and 6.5) were 

controlled in the analysis, there were no significant differences between seasons for 

potentially pathogenic FAdV genotypes. This might be indicative of a weaker influence 

of season on exposure of flocks to potentially pathogenic FAdV genotypes compared to 

other risk factors and suggests that efforts to control these genotypes could be focused on 

the identified factors. 

The study did not find significant variation in the geographical distribution of 

FAdV. However, there was significant variation in the prevalence of FAdV-08 or -11, 

and FAdV-08a Stanford or -08 TR59, for some districts. These findings suggest that 

FAdV is widespread and a province-wide approach might be required to control it. 

The prevalence of exposure of flocks to IBDV in Ontario was 49%. Considering a 

lower antibody prevalence of 40% that was found in a past routine serological testing of 

market-age Ontario broiler flocks before processing (unpublished data in Ojkic et al., 

2007), this might be evidence of increased exposure of flocks to IBDV in the province. 

However, it is possible that prevalence of exposure in this study was overestimated due to 

the use of both virus and antibody detection tests as opposed to the past Ontario study, 

which used only serology. Although the genotyping tests did not differentiate between 

genotypes of vaccine and field origin, potentially pathogenic IBDV genotypes in Ontario 

were identified. Vaccination of broiler breeder flocks and broilers has been used to 
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control IBDV in Ontario. However, the use of vaccination as a strategy in controlling 

IBD has been challenged by the emergence of variant strains of IBDV, which differ 

biologically from standard strains that are used to develop most vaccines (Eterradossi and 

Saif, 2008a). The findings on the prevalent IBDV genotypes can inform appropriate 

vaccine development efforts for use in the control of IBDV in Ontario. 

Passive antibodies from breeder flocks have been reported to protect broiler 

flocks from IBDV infection (Van den Berg., et al., 2000; Eterradossi and Saif, 2008a). As 

mentioned previously with FAdV, the risk of exposure to IBDV was reduced in flocks 

that were supplied by a particular hatchery company. It is likely that the breeder flocks 

that supplied this hatchery with eggs had sufficient immunity against IBDV hence the 

protective effect on the progeny. This observation confirms that IBDV infection can be 

minimized through vaccination of broiler breeder flocks with subsequent monitoring to 

ensure that vaccination leads to adequate antibody level production. 

In Ontario at the time of this study, broiler flocks were vaccinated during grow-

out at the discretion of the farmer, and the vaccines were always administered during the 

early weeks of grow-out due to a mandatory 21-day withdrawal period. In this study, 

vaccination of broiler flocks against IBDV during grow-out was associated with an 

increased flock IBDV mean ELISA titre. The observed effect of IBDV vaccination might 

be due to use of live vaccine in flocks that were previously exposed to IBDV or at higher 

risk of exposure to IBDV. The vaccine enhances antibody production in flocks that are 

exposed to the wild virus. 
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Seasonal variation of IBDV prevalence of exposure among Ontario broiler 

chicken flocks was not significantly different between seasons when both mean ELISA 

titre and PCR results (from pooled cloacal swabs, and from cell culture supernatants from 

pooled cloacal swabs and pooled caecal tonsils) were used to estimate flock IBDV 

prevalence of exposure, and when exposure to other potential risk factors were not 

accounted for in the analysis (Chapter 3). However, when controlling for other variables 

(broiler district, presence of grass around the barn, flock IBDV vaccination status; Table 

5.4), the risk of exposure of flocks to IBDV was significantly lower in the fall season 

compared to the spring, summer, and winter. The moderately high prevalence of 

exposure of flocks to IBDV in the spring (55.2%), summer (56.5%), and winter (47.9%) 

suggests that understanding the underlying factors contributing to seasonal differences in 

prevalence can be a target for future research, and that efforts to control IBDV could be 

focused in these seasons. 

Due to the resilience of IBDV, its eradication from poultry houses solely by 

cleaning and disinfection poses a challenge (Eterradossi and Saif, 2008a). However, this 

study found that frequent washing of barns with high pressure reduced the risk of 

exposure of flocks to IBDV. Washing of barns reduces pathogen load directly and 

removes organic matter from surfaces being cleaned thereby enhancing the effectiveness 

of disinfectants (Bermudez, 2008). The risk of exposure of flocks to IBDV was reduced if 

barn walls were made of concrete, or partly concrete at the bottom and wood on top. 

Cleaning organic matter from these surfaces prior to application of disinfectant should be 

easier and more effective than from rough or absorbent surfaces such as wood. While the 



 

263 

 

positive effects of washing and disinfecting the barn(s) might protect flocks from 

exposure to pathogens, the use of materials such as concrete in barn construction will 

enhance the effects of washing and disinfection, and prevent the entry of IBDV vectors, 

such as beetles and rodents, into the barn. 

The variation in geographical distribution of IBDV in Ontario might be due to 

local factors, such as high density of poultry premises in a region, vehicles, wild birds, 

and wind (Edgar and Cho, 1976), which might have facilitated the spread of IBDV in 

districts with higher prevalence of exposure. Geographical distribution of feral birds 

(Ogawa, et al., 1998), rodents (Edgar and Cho, 1976), and dogs (Pagès-Manté, et al., 

2004), which have been suggested as possible sources of IBDV might also explain the 

geographical variation of the prevalence of IBDV. 

Results of univariable analysis showed that the odds of exposure of flocks to 

CAV had a trend toward being lower in the summer compared to the winter when a 

combination of ELISA mean titre and the PCR status of the flock were used as a 

dependent variable and when other variables were not accounted for in the analysis 

(Chapter 3). Conversely, the risk of exposure to CAV (based on the CAV PCR status of a 

pooled sample as the dependent variable and flock as a random effect) was significantly 

higher in the fall compared to the spring or summer when litter quality under the water 

lines and feed mill were accounted for in the analysis (Chapter 4). Our finding of a higher 

risk of CAV in the fall season might be linked to high ammonia levels associated with 

poultry houses during the colder times of the year when ventilation fans are turned off in 

an effort to conserve heat (Davis and Morishita, 2005). This finding underscores the need 
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to minimize the effects of environmental stress on flocks through provision of adequate 

ventilation and proper temperatures during grow-out. A study on seasonal variation in the 

occurrence of subclinical horizontally-transmitted infection of CAV among Danish 

broilers and broiler breeders found that the lowest incidence of the infection was in the 

summer (Jørgensen, et al., 1995). Conversely, results of a Swedish study did not show 

any significant differences in the occurrence of CAV across seasons (Engström, et al., 

1988). Collectively, the results of previous studies and the current study indicate that the 

seasonal effect on the risk of CAV is unclear. Nonetheless, in Ontario, control efforts for 

CAV might have the biggest impact if focused in the fall season. 

Mycotoxins, which are produced by moulds growing on crops or in stored feeds 

and feed ingredients, can cause immunosuppression thereby predisposing flocks to 

infection (Klausz, 2010). In a study conducted on chickens in Yugoslavia from 1982 to 

1991, mycotoxins were suspected as a possible cause of immunosuppression (Ragland, et 

al., 1998). In this study, mixed feed consisting of fresh feed and left-over feed from the 

previous flock increased the risk of exposure of flocks to CAV. This effect might be due 

to the presence of mycotoxins in left over feed. Farmers can possibly minimize exposure 

of flocks to CAV by reducing the use of left-over feed. Some feed mills that supplied 

feed to flocks during grow-out increased the risk of exposure of flocks to CAV. Although 

mycotoxins might be responsible for this observation, CAV could be transmitted between 

farms by feed delivery trucks and personnel. This risk can be reduced by disinfection of 

feed delivery trucks between farms and ensuring that feed delivery personnel adhere to 

strict biosecurity protocols. Other feed mills protected flocks from exposure to CAV. The 
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protective effect of some feed mills might be due to inactivation of CAV through heating 

during processing (Urlings, et al., 1993) or the mills’ biosecurity protocols. 

At least two weeks of downtime is recommended as a rest period between two 

consecutive flocks in order to minimize carrying over infection between flocks 

(Bermudez and Stewart-Brown, 2008a). This study found that the risk of flock exposure 

to CAV decreased with an increase in the rest period (period form last day of cleaning/ 

disinfection and chick placement). This finding suggests that farmers could reduce 

transmission of CAV between successive flocks by observing adequate duration of rest 

period. 

Relatively higher levels of ammonia (≥ 20 ppm) and/ or increased humidity, 

which might be a consequence of wet litter, have been associated with damage to the 

respiratory system in birds leading to immunosuppression (Klausz, 2010). Compared to 

dry litter, wet, caked, or matted litter under the water lines was associated with increased 

risk of flock exposure to CAV. In this study, the observed effects of wet litter can be 

minimized by ensuring that drinkers are not leaking and ventilation in the barn is 

adequate. 

The causes of variation in geographical distribution of CAV in Ontario observed 

in this study are unknown; however, the variation might be linked to differences in 

farmers’ approaches to flock management and bio-security practices and varied bird 

density of broiler farms. Farmers in specific geographic locations might practice better 

flock management and strict bio-security. Also, spread of infections might be slower in 
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geographic areas, such as broiler district 9, with a lower density of farms compared to 

those with high density. 

Grass in the vicinity of the barn can facilitate travelling and re-entry of potential 

pathogen vectors, such as rodents and insects into the barn (Howie and Thorsen, 1981; 

Bermudez, 2008). In this study, presence of grass increased the risk of exposure of flocks 

to pathogenic FAdV genotypes and IBDV. The observed effect might be due to increased 

rodent populations in the barn coming from under the cover of grass, and attraction of 

insects (Howie and Thorsen, 1981; Bermudez, 2008). 

STRENGTHS AND LIMITATIONS 

Processing plants from which commercial broiler chicken flocks were selected for 

the study processed approximately 70% of Ontario’s broiler chicken. Each plant was 

randomly allocated specific sampling days that corresponded with the relative market 

share of Ontario broiler chicken it processed. Study flocks were randomly selected from 

the list of flocks that were scheduled to be processed on a particular day, and the owner 

(farmer) was invited to participate in the project. This process was repeated until a flock 

was recruited. To maximize variability, the number of flocks per farm was limited to one. 

Tissue samples were collected as evenly as possible from the total number of trucks used 

delivery to ensure that samples were representative of the flock. Therefore, the study was 

a large, representative, and relatively unbiased sample of Ontario’s commercial broiler 

chicken population. Some possible sources of bias are discussed below. 
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One of the objectives of this study was to determine the baseline prevalence of 

exposure to AAAV, CAV, IBDV, and FAdV among Ontario commercial broiler chicken 

flocks. Parallel interpretation of results from multiple diagnostic tests to determine the 

exposure status of flocks to CAV, IBDV, and FAdV was used. In addition, cloacal swab 

and caecal tonsil samples tested were pooled during collection and processing, 

respectively. The pooling of tissue samples and parallel interpretation of tests results 

maximized flock sensitivity of tests and minimized the probability of underestimating 

prevalence of exposure of these viruses. Also, the tissues were sampled from a total of 

231 flocks thereby increasing statistical power to increase the precision of the prevalence 

estimates. 

Because recruitment of farmers was voluntary, it is likely that those farmers who 

accepted to participate in the project were those with a relatively higher compliance rate 

to strict biosecurity and farm management practices as outlined in the CFO’s On Farm 

Food Safety Assurance Program (OFFSAP). This likely introduced selection bias in the 

study. 

A couple of days prior to processing of a selected flock, processing plants shared 

the details of the number of birds to be slaughtered, number of delivery trucks, slaughter 

starting time, and estimated duration of slaughter. In several occasions, members of the 

research team missed collection of tissue samples from selected flocks because the 

slaughter schedules were changed and the enrolled flocks were slaughtered prematurely 

without notice to the research team. However, attempts were made to recruit the affected 

farmer’s next flock. 
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The team managed to conduct face to face interviews with participating farmers at 

least one day following flock slaughter. Some farmers were not available to participate in 

the interviews during holidays or planting and harvesting seasons. Missing data because 

of unavailability of some farmers for the interview was also a potential source of bias in 

this study. However, interviews for most farmers were re-scheduled and conducted at a 

later time. This was a potential source of recall bias because some farmers could not 

remember some specific management and biosecurity practices that were used in raising 

their flocks. 

The use of the questionnaire to collect information on biosecurity and flock 

management practices that were used in raising the selected flocks relied on farmers’ 

knowledge and memory. Therefore, the assessment of some key variables, such as 

humidity, and ammonia levels of the barn could not be adequately measured using the 

questionnaire and was subjective. 

RECOMMENDATIONS FOR FUTURE RESEARCH 

This study identified the specific IBDV and FAdV genotypes circulating in 

Ontario between July 2010 and February 2012. Although this information can guide 

vaccine development efforts in the province, future research to investigate the 

pathogenicity of the prevalent genotypes identified is essential in order to prioritize the 

genotypes for use in vaccine development. 

Knowledge of seasonal variation and geographic distribution of pathogens is 

crucial in disease control. This study showed that viruses were significantly associated 
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with broiler districts. Potential factors that could influence this relationship have been 

suggested. Targeted research to identify factors that influence variation in the 

geographical distribution of these viruses is necessary. This cross sectional study showed 

variation in the prevalence of exposure to CAV, IBDV, and potentially pathogenic FAdV 

genotypes across seasons. However the period of study (19 months) was relatively short 

to generate adequate data to demonstrate seasonality of the viruses of interest. A 

longitudinal study is more likely to show an accurate relationship between seasons and 

viruses. 

Mycotoxins in mixed feed consisting of fresh feed delivered from the feed mill 

and left over feed from the previous flock might have caused immunosuppression that 

predisposed flocks to CAV infection. The protective effect of some feed mills might be 

due to inactivation of CAV through heating during processing or the mills’ biosecurity 

protocols. However, it can be a subject for future research to analyze the feed for the 

presence of mycotoxins and CAV, and investigate associations with infection in flocks. 

Presumed healthy flocks were selected for this study, therefore the prevalence of 

exposure estimates could be indicative of potential for disease and not necessarily 

presence of disease. Future studies might be done to specifically identify risk factors for 

clinical disease in flocks for prioritization in disease control. 
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APPENDICES 

APPENDIX I 

Maps of the flock-level period prevalence of exposure to fowl adenovirus (FAdV) during grow-out, 

and the prevalence of FAdV-01, mixed FAdV, FAdV-02 685, FAdV-08a Stanford, FAdV-08 TR59, 

FAdV-11, and FAdV-02, or -08, or -11 in Ontario, Canada sampled at processing between July 2010 

and January 2012. 

 

Appendix I - Figure 1. Flock-level period prevalence of exposure to fowl adenovirus (FAdV) 

during grow-out in the nine broiler districts in Ontario, Canada sampled 

at processing between July 2010 and January 2012 (n = 231 flocks). The 

map was produced using ArcInfo
®
 10.0 (ESRI, Redlands, CA). 
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Appendix I - Figure 2. Prevalence of fowl adenovirus 01 (FAdV-01) in the nine broiler districts 

in Ontario, Canada sampled at processing between July 2010 and 

January 2012 (n = 353 isolates). The map was produced using ArcInfo
®
 

10.0 (ESRI, Redlands, CA). 
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Appendix I - Figure 3. Prevalence of mixed fowl adenovirus genotypes (mixed FAdV) in the nine 

broiler districts in Ontario, Canada sampled at processing between July 

2010 and January 2012 (n = 353 isolates). The map was produced using 

ArcInfo
®
 10.0 (ESRI, Redlands, CA). 
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Appendix I - Figure 4. Prevalence of fowl adenovirus 02 685 (FAdV-02 685) in the nine broiler 

districts in Ontario, Canada sampled at processing between July 2010 

and January 2012 (n = 353 isolates). The map was produced using 

ArcInfo
®
 10.0 (ESRI, Redlands, CA). 
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Appendix I - Figure 5. Prevalence of fowl adenovirus 08a Stanford (FAdV-08a Stanford) in the 

nine broiler districts in Ontario, Canada sampled at processing between 

July 2010 and January 2012 (n = 353 isolates). The map was produced 

using ArcInfo
®
 10.0 (ESRI, Redlands, CA). 
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Appendix I - Figure 6. Prevalence of fowl adenovirus 08 TR59 (FAdV-08 TR59) in the nine 

broiler districts in Ontario, Canada sampled at processing between July 

2010 and January 2012 (n = 353 isolates). The map was produced using 

ArcInfo
®
 10.0 (ESRI, Redlands, CA). 
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Appendix I - Figure 7. Prevalence of fowl adenovirus 11 (FAdV-11) in the nine broiler districts 

in Ontario, Canada sampled at processing between July 2010 and 

January 2012 (n = 353 isolates). The map was produced using ArcInfo
®
 

10.0 (ESRI, Redlands, CA). 
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Appendix I - Figure 8. Prevalence of fowl adenovirus 02 (FAdV-02) or FAdV-08 or FAdV-11 in 

the nine broiler districts in Ontario, Canada sampled at processing 

between July 2010 and January 2012 (n = 353 isolates). The map was 

produced using ArcInfo
®
 10.0 (ESRI, Redlands, CA). 
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APPENDIX II 

Questionnaire:  Enhanced Surveillance for viral and bacterial pathogens in Ontario broilers 

 

Abbreviations: FS = Flock-specific management GM = General Management  N/A = Not Applicable 

 

PART A 

 

NAME OF PERSON INTERVIEWED: _________________________  POSITION: 

_______________________________ 

 

FS: Quota Period: ____________________ (e.g. A-98) 

 

GENERAL INFORMATION 

 

Briefly describe your operation in terms of the number of farms (F), number of barns (B), and number of employees, including 

owner or manager (E), including all-in-all-out practices (AIAO)? 

 

______________________________________________________________________________________________________

______ 

 

______________________________________________________________________________________________________

______ 

 

What is your current crop quota cycle? _____ 8-week (6 to 7 flocks/year) 

      _____ 9-week (5 to 6 flocks/year) 

      _____10-week (5 to 6 flocks/year) 

      _____ 12-week (4 to 5 flocks/year) 
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What is your annual production? _________________________ birds/year or _________________________ 

kg/year 

 

 

BARN CHARACTERISTICS 

 

FS: For the flock that was slaughtered on _______________, did the flock consist of birds from more than one barn? 

 _____ Yes (go to Part C) 

 _____ No 

 

If yes, how many other barns?__________ 

 

If yes, were the barns adjoining (e.g. shared entrance) _____ Yes 

        _____ No 

 

FS: Barn construction where flock was housed (BARN 1) (Check all that apply): 

 
Barn 
Level 

Floor Area 
(m

2
 or ft

2
) 

Floor Material Wall Material (inside barn) Ceiling Material 

Lower  
__________ 

_____ Wood 1 – solid or plywood 
_____ Wood 2 – particle or pressed 
board 
_____ Concrete 
_____ Other 
 

_____ Wood 1 – solid or plywood 
_____ Wood 2 – particle or pressed 
board 
_____ Concrete only 
_____ Concrete at bottom (height 
______) 
           & wood 1 at top 
_____ Concrete at bottom (height 
______) 
           & wood 2 at top 
 _____ Plastic only 
_____ Metal only 
_____ Other 
 

_____ Wood 1 – solid or plywood 
_____ Wood 2 – particle or pressed 
board 
_____ Concrete 
_____ Plastic 
_____ Metal 
_____ Other 
 



 

282 

 

Barn 
Level 

Floor Area 
(m

2
 or ft

2
) 

Floor Material Wall Material (inside barn) Ceiling Material 

Middle  
_________ 
 
       or 
 
_____ N/A 
 

_____ Wood 1 – solid or plywood 
_____ Wood 2 – particle or pressed 
board 
_____ Concrete 
_____ Other 
 

_____ Wood 1 – solid or plywood 
_____ Wood 2 – particle or pressed 
board 
_____ Concrete only 
_____ Concrete at bottom (height 
______) 
           & wood 1 at top 
_____ Concrete at bottom (height 
______) 
           & wood 2 at top 
_____ Plastic only 
_____ Metal only 
_____ Other 
 

_____ Wood 1 – solid or plywood 
_____ Wood 2 – particle or pressed 
board 
_____ Concrete 
_____ Plastic 
_____ Metal 
_____ Other 
 

Upper  
_________ 
 
       or 
 
_____ N/A 
 

_____ Wood 1 – solid or plywood 
_____ Wood 2 – particle or pressed 
board 
_____ Concrete 
_____ Other 
 

_____ Wood 1 – solid or plywood 
_____ Wood 2 – particle or pressed 
board 
_____ Concrete only 
_____ Concrete at bottom (height 
______) 
           & wood 1 at top 
_____ Concrete at bottom (height 
______) 
           & wood 2 at top 
_____ Plastic only 
_____ Metal only 
_____ Other 
 

_____ Wood 1 – solid or plywood 
_____ Wood 2 – particle or pressed 
board 
_____ Concrete 
_____ Plastic 
_____ Metal 
_____ Other 
 

 

FS: What type of ventilation does Barn 1 have? _____ Cross ventilation 

       _____ Tunnel ventilation 

       _____ Double-sided ventilation 
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       _____ Other 

(______________________________________________________) 

 

FS: How wide is barn 1? __________ m or __________ ft 

 

FS: How long is barn 1? __________ m or __________ ft 

 

FS: Describe the air inlets on barn 1 in terms of size and distribution around the barn (e.g. 16 inch baffle board with a 12 inch 

opening along the entire length of one wall of the barn)? 

 

______________________________________________________________________________________________________

______ 

 

______________________________________________________________________________________________________

______ 

 

FS: Describe the exhaust fans on barn 1 in terms of the number of fans of each diameter, and their location around the barn 

(e.g. five 36 inch diameter fans, ten 24 inch diameter fans, and three 14 inch diameter farms, located along one wall of the 

barn)? 

 

______________________________________________________________________________________________________

______ 

 

______________________________________________________________________________________________________

______ 

 

FS: Are there any circulating fans in barn 1? 

 _____ Yes (number, fan size and location in 

barn_____________________________________________________________) 

 _____ No 

 

FS: For flock _____, did you use misters, foggers or sprinklers in the barn? _____ Yes – Misters/foggers 
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           _____ Yes - Sprinklers 

           _____ No 

 

FS: How many feed bins does barn 1 have? __________ 

 

 

BIOSECURITY 

 

FS: What is the size of the CAZ around the study flock barn (e.g. 30 m, 100 ft)? _______________ 

 

FS: For flock _____, was there an entrance room or anteroom in the barn? _____ Yes 

          _____ No 

 

If no, describe the barn entrance area (e.g. direct access from outside) 

___________________________________________________ 

 

______________________________________________________________________________________________________

______ 

 

FS: For flock _____, was there a distinct clean area and dirty area immediately outside the entrance to the RA? _____ Yes 

               _____ No 

 

If yes, describe the barrier used to distinguish the clean side from the dirty side, and how often you used it? 

 ______ Painted line / marker    _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 

 

 ______ Step-over (e.g. rope, wooden board)  _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 
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 ______ Bench (e.g. wooden/plastic bench)  _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 

 

 ______ Straw bale     _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 

 

 ______ Door      _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 

 

 ______ Other (_____________________________) _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 

 

If no, what measures did you use to prevent bringing infectious agents into the RA? 

 

______________________________________________________________________________________________________

______ 

 

______________________________________________________________________________________________________

______ 

 

If the flock was from more than one barn, is the description of the entrance room and clean/dirty areas the same for the other 

barns? 

 _____ Yes 
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 _____ No (go to Part C) 

 

If the flock consisted of birds from more than 1 barn, were employees specific to each barn? _____ Yes 

             _____ No 

             _____ N/A – only 1 

employee 

 

GM: Do you manage or work on another poultry farm? _____ Yes 

        _____ No (Check N/A in table for farm-specific clothing/footwear, 

page 9) 

 

If yes, do you access the RA on the other farm? _____ Yes 

       _____ No 

 

FS: When flock _____ was in the barn, were there any visitors in the barn? 

 _____ Yes 

 _____ No (Check No visitors in table, page 7 AND cross out Visitors column) 

 

FS: Were there any service personnel in the barn other than chick delivery and catching crews (e.g. repair person, electrician, 

veterinarian, feed delivery guy)? 

 _____ Yes 

 _____ No (Check No service personnel in table, page 7 AND cross out Service personnel column) 

 

FS: For flock _____, describe the biosecurity protocols that were used when entering the RA during grow-out for the following 

categories (Check all that apply): 

 

Protocol Owner / Employees Visitors Service personnel 
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Protocol Owner / Employees Visitors Service personnel 

Sign visitor’s log book 
 
 
_____ No visitors or service personnel 
(Refer to above question regarding 
visitors) 
 

 _____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

Accompany visitors/service personnel 
when they accessed the RA 
 
 
_____ No visitors (Refer to above 
question regarding visitors) 
 
_____ No service personnel other than  
chick delivery or catching crew (refer to 
 above question regarding service 
personnel or chick delivery) 
 

 _____ Always 
_____ Sometimes 
_____ No 
_____ N/A 
(visitor had knowledge of 
farm’s biosecurity protocol) 
_____ Uncertain 
 

_____ Always 
_____ Sometimes 
_____ No 
_____ N/A 
(visitor had knowledge of 
farm’s biosecurity protocol) 
_____ Uncertain 
 

Footwear and/or boot dips 
(e.g. dedicated boots or shoes 
 
disposable or plastic boots 
 
basin or tray with solution or powder, 
foam system, sprays, granular/crunch 
products) 
 
_____ N/A 
 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain (for 
employees only) 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 
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Protocol Owner / Employees Visitors Service personnel 

Clothing 
(e.g. dedicated coveralls or clothing 
 
disposable suits 
 
clean clothing) 
 
_____ N/A 
 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain (for 
employees only) 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

Hats, caps, hair nets, or hoods on 
disposable suits 
 
 
_____ Nothing worn on head 
 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain (for 
employees only) 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

Masks 
 
 
 
_____ No masks used 
 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain (for 
employees only) 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 



 

289 

 

Protocol Owner / Employees Visitors Service personnel 

Hands 
 
(e.g. hand washing, 
 
hand sanitizing, 
 
disposable gloves, 
 
barn specific gloves) 
 
_____ N/A 
 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain (for 
employees only) 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

Other protocols 
 
 
 
_____ No other protocols 
 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

Farm (premise)-specific boots 
 
 
_____ N/A (only 1 farm) 
 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

  

Farm (premise)-specific clothing 
 
 
_____ N/A (only 1 farm) 
 

_____ Always 
_____ Sometimes 
_____ No 
_____ Uncertain 

  

 

If boot dips were used, how often was the dip changed? _____ Daily 

        _____ Every other day, on average 

        _____ Twice per week 
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        _____ Once per week 

        _____ Less frequent than once per week 

 

If boot dips were used, describe dip, specify product(s) and describe how the products were used (e.g. rotate products every 

month) 

 

______________________________________________________________________________________________________

______ 

 

FS: Was flock _____ thinned? _____ Yes 

     _____ No 

 

If yes, did the catchers wear premise-specific boots/clothing? _____ Yes 

         _____ No 

         _____ Uncertain 

 

If yes, was the barn the first on the catching schedule? _____ Yes 

        _____ No 

        _____ Uncertain 

 

FS: For flock _____, were there any dogs, cats or other pets (e.g. rabbits, pet birds) on the farm?  _____ Yes 

             _____ No 

 

If yes, where were they allowed on the farm? (For each column, check only one row) 

 

Area where domestic animals were allowed Dogs Cats Other 
(_____________) 

Entirely outside the CAZ    

Within the CAZ but never inside the barn    

Inside the entrance room or anteroom of the barn but not inside the RA    

Inside the RA    
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FS: For flock _____, did you raise any other livestock? _____ Yes 

        _____ No 

 

If yes, provide specific details of where the other livestock were kept? (Check all that apply) 

 

Livestock At another location 
(specify distance) 

On the same farm but in a 
separate barn 

On the same farm and in 
the same barn 

If in the same barn, are they 
raised in the same RA? 

Cattle     

Sheep, goats     

Pigs     

Horses, donkeys     

Deer, llamas     

Rabbits     

Mink     

Other     

 

FS: For flock _____, did you raise any other types of poultry? _____ Yes 

         _____ No 

 

If yes, provide specific details of where the other poultry were kept? (Check all that apply) 

 

Poultry At another location 
(specify distance) (see 
below) 

On the same farm but in 
a separate barn (see 
below) 

On the same farm and in 
the same barn 

If in the same barn, are 
they raised in the same 
RA? 

Broiler breeders     

Layers, including pullets and 
parent stock 

    

Turkeys, including parent stock     

Ducks, geese     

Pigeons     

Emu, ostrich, rheas     

Quail, pheasants     
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Poultry At another location 
(specify distance) (see 
below) 

On the same farm but in 
a separate barn (see 
below) 

On the same farm and in 
the same barn 

If in the same barn, are 
they raised in the same 
RA? 

Other     

 

If you raised other types of poultry at another location, did you have premise-specific employees? 

 _____ Yes 

 _____ No 

 _____ N/A – no other employees 

 

If you raised other types of poultry on the same farm but in a separate barn, did you have barn-specific employees? 

 _____ Yes 

 _____ No 

 _____ N/A – no other employees 

 

 

PEST CONTROL 

 

FS: For flock _____, did you have a garbage bin (e.g. pail, bucket, can) in the barn? _____ Yes 

            _____ No 

 

If yes, what items were in the garbage bin that might attract pests (e.g. food scraps, drink containers, floor sweepings, feed)? 

 

______________________________________________________________________________________________________

______ 

 

If yes, how often did you dispose of the garbage? _____ Twice daily 

       _____ Daily 

       _____ Every other day, on average 

       _____ Weekly 

       _____ Less frequent than once weekly 
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FS: For flock _____, did you have a feed spill outside the barn? _____ Yes 

(___________________________________________) 

         _____ No 

 

If yes, was it cleaned up immediately? _____ Yes 

      _____ No (How 

long______________________________________________________) 

 

FS: For flock _____, were there any lights outside the barn? _____ Yes 

         _____ No 

 

If yes, what type of lights did you have? _____ Flood lights 

      _____ Motion-activated lights 

      _____ Dawn-to-dusk-activated lights 

 

FS: For flock _____, did you observe any wild animals other than wild birds (e.g. skunks, raccoons, possums, muskrats) in or 

near the barn? _____ Yes 

 _____ No 

 

FS: For flock _____, were there any areas outside the barn that had stagnant water (including potholes)? _____ Yes 

              _____ No 

              _____ N/A – winter 

 

GM: Do you have a bedding storage area on the farm? _____ Yes 

        _____ No 

 

 

CLEANING AND DISINFECTION OF BARN, WORK ROOM / OFFICE, AND EQUIPMENT 

 

FS: For flock _____, describe how you cleaned and disinfected the barn and equipment prior to chick placement? 
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______________________________________________________________________________________________________

______ 

 

______________________________________________________________________________________________________

______ 

 

______________________________________________________________________________________________________

______ 

 

Keywords for C&D: hand sweep; scraping; removal of manure and organic matter; blow down; clean with water only; clean 

with detergent; disinfect with spray, foam or fog/fumigant; steam; contracted C&D company; squeegee 

 

Keywords for surface types: feed pans; drinker lines; air inlets; exhaust fans; mortality buckets; barn-specific boots; catching 

equipment; small tractor/Bobcat 

 

GM: Within the last year, how many times did you perform the following procedures? (Check each column once) 

 

Number of 
times for each 
procedure 

Wash barn with high 
pressure 

Wash equipment with high 
pressure 

Disinfect barn (spray, 
foam, fog, steam) 

Disinfect equipment 
(spray, foam, fog, steam) 

0     

1     

2     

3     

4     

5     

6     

≥ 7     

 

If you disinfected the barn or equipment more than once, did you change products? _____ Yes 

(_________________________) 

            _____ No 
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GM: Within the last year, did you clean/wash the exterior surfaces of the barn? _____ Yes (Number of times 

_________________) 

           _____ No 

 

If yes, describe the cleaning process, including what surfaces were cleaned: 

______________________________________________________________________________________________________

______ 

 

______________________________________________________________________________________________________

______ 

 

 

WATER 

 

FS: What was the water source for flock _____? _____ Surface water (e.g. reservoir, pond, lake, river, rainwater collection) 

       _____ Well 

       _____ Municipal water supply 

       _____ Other (_______________________________________________) 

 

FS: Describe the drinkers used for flock _____: _____ Open - bell 

       _____ Open - trough 

       _____ Open - nipple with cup catcher (e.g. Ziggity) 

       _____ Closed – nipple without cup catcher 

       _____ Other 

(______________________________________________________) 

 

If open drinkers were used, were any of the following problems noted? (Check all that apply) _____ Slime 

             _____ Mold 

             _____ Scale 

             _____ Other 

(__________________) 
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FS: For flock _____, did you place extra drinking water on the barn floor for the chicks at placement? 

 _____ Yes 

(___________________________________________________________________________________________) 

 _____ No 

 

GM: In general, do you test the drinking water for bacterial contamination? _____ Yes 

           _____ No 

 

If yes, how often do you test? 

 _____ Once per year 

 _____ Twice per year 

 _____ More frequent than twice per year but not before every flock 

 _____ Before each flock 

 

GM: Where in the system do you test the flock’s drinking water? _____ At the source 

         _____ At the beginning of the water line in the barn 

         _____ At the end of the water line in the barn 

         _____ At the house 

         _____ Other 

(__________________________________________) 

 

 

GM: Within the last year, how many times did you flush the water lines for routine cleaning? __________ 

 

GM: Describe your general procedure for flushing water lines for routine cleaning purposes, including water pressure, 

detergents, disinfectants, acids, descalers, or any other products 

 

______________________________________________________________________________________________________

______ 
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______________________________________________________________________________________________________

______ 

 

FS: For flock _____, did you flush the water lines or clean the nipples/drinkers during grow-out? _____ Yes 

             _____ No 

 

If yes, describe how you flushed the lines and what products you used, including 

descalers___________________________________ 

 

______________________________________________________________________________________________________

______ 

 

FS: For flock _____, did you perform any on-farm water quality tests or visual inspections? _____ Yes 

             _____ No 

(____________________) 

 

If yes, describe the type of tests or inspections and frequency (Check each column once) 

 

Frequency of testing/checking pH Chlorine 
(total, free) 

Turbidity Cloudiness Rust Odour Other 
(________) 

Twice daily        

Once daily        

Every other day        

Once per week        

Once per two weeks        

Once per month        

Less frequent than once per 
month 

       

Not inspected or tested        

 

FS: For flock _____, were there any water quality problems (e.g. see table above)? _____ Yes 

            _____ No 
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If yes, what did you find and how did you solve the problem? 

__________________________________________________________ 

 

______________________________________________________________________________________________________

______ 

 

FS: For flock _____, were there any water availability problems (e.g. pump failure, clogged nipples, dry well)? _____ Yes 

               _____ No 

 

If yes, what was the cause and how did you solve the problem? 

_________________________________________________________ 

 

______________________________________________________________________________________________________

______ 

 

 

BEDDING AND LITTER CONDITION 

 

FS: For flock _____, what type of bedding was used? _____ Shavings 

        _____ Wood chips 

        _____ Chopped straw 

        _____ Long straw 

        _____ Other 

(________________________________________________) 

 

FS: For flock _____, were the following general litter quality conditions observed at any time? (Check all that apply) 

 _____ No problem 

 _____ Too wet 

 _____ Dusty 

 _____ Moldy 

 _____ Uneven thickness 
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 _____ Caked 

 _____ Matted 

 _____ Other 

(__________________________________________________________________________________________) 

 

FS: For flock _____, were the following litter quality conditions observed under the water lines at any time? (Check all that 

apply) 

 _____ No problems 

 _____ Wet 

 _____ Moldy 

 _____ Uneven thickness 

 _____ Caked 

 _____ Matted 

 _____ Other 

(__________________________________________________________________________________________) 

 

 

FEED AND FEED BINS 

 

FS: For flock _____, what was the source of feed? _____ Fresh feed – delivered from feed mill 

(Check all that apply)     _____ Fresh feed – picked up from feed mill 

       _____ Fresh feed - mixed on-farm or added ingredient on-farm 

       _____ Fresh feed - transfer from other farm(s) 

 

       _____ Leftover feed – from previous flock 

       _____ Leftover feed – transfer from another farm 

 

If mixed on-farm, which of the following control programs were in place? _____ Programs to monitor for bacterial 

contamination 

(Check all that apply)        _____ Programs to ensure proper nutritional 

balance 

          _____ No control program 
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If transferred from other farms, did the farms have a control program? _____ Yes 

          _____ No 

          _____ Uncertain 

 

FS: For flock _____, at any time during grow-out, were there any of the following feed-related problems? (Check all that 

apply) 

_____ No problems 

_____ Mold 

_____ Caking 

_____ Insufficient feed in feeders 

_____ Unsuitable form of feed (e.g. crumb, pellet) for age of flock 

_____ Other (__________________________________________________________________________________________) 

 

If more than one feed bin for any of the barns, did you use separate bins for medicated and non-medicated feed? 

 ______ Yes 

 ______ No 

 

FS: Between flock _____ and flock _____, did you wash the feed bins/boot/auger? _____ Yes 

            _____ No 

 

FS: Between flock _____ and flock _____, did you bang down the feed bins? _____ Yes 

           _____ No 

 

GM: Within the last year, how many times did you wash the feed bins/boot/auger? __________ 

 

GM: Within the last year, how many times did you bang down the feed bins? (NB: related to eliminating medicated feed with a 

withdrawal period) 

___________________________________________________________________________________________ 

 

______________________________________________________________________________________________________

______ 
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GM: Within the last year, did you encounter any of the following problems with your feed bins? _____ No problems 

(Check all that apply)           _____ Leaks 

             _____ Mold growth 

             _____ Other 

(__________________) 

 

 

BIRD ENVIRONMENT: TEMPERATURE, AIR QUALITY, AND LIGHTING 

 

FS: For flock _____, did you place extra feed on the barn floor for the chicks at placement? 

 _____ Yes 

(___________________________________________________________________________________________) 

 _____ No 

 

FS: For flock _____, how long was the brooding period? __________ days 

 

FS: For flock _____, how old where the birds at shipping? __________ days 

 

FS: For flock _____, describe the lighting schedule for each of the major periods outlined in the table: (Check each column 

once) 

 

Maximum duration of light during each 24 
hour period (full or at least 50% intensity) 

During brooding During grow-out Within 1 week of shipping 

24 hours    

23 hours      (or 1 hour darkness)    

22 hours      (or 2 hours darkness)    

21 hours      (or 3 hours darkness)    

20 hours      (or 4 hours darkness)    

19 hours      (or 5 hours darkness)    

18 hours      (or 6 hours darkness)    

17 hours      (or 7 hours darkness)    
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Maximum duration of light during each 24 
hour period (full or at least 50% intensity) 

During brooding During grow-out Within 1 week of shipping 

16 hours      (or 8 hours darkness)    

<16 hours    (or > 8 hours darkness)    

 

FS: For flock _____, did you observe any indicators of thermal discomfort during brooding? (Check all that apply) 

 _____ Yes - huddling 

 _____ Yes - avoiding heat sources 

 _____ Yes - staying near heat sources 

 _____ Yes - other 

(_____________________________________________________________________________________) 

 _____ No 

 

If yes, when (_______ age of birds in days) and for how long? _________ days 

 

FS: For flock _____, did you observe any indicators of thermal discomfort during the remainder of grow-out? (Check all that 

apply) 

  _____ Yes - huddling 

 _____ Yes - avoiding heat sources 

 _____ Yes - staying near heat sources 

 _____ Yes - other 

(_____________________________________________________________________________________) 

 _____ No 

 

If yes, when (_______ age of birds in days) and for how long? _________ days 

 

FS: For flock _____, which of the following monitoring and alarm systems were in place? (Check all that apply) 

 _____ Temperature outside of a pre-specified or set range 

 _____ Power failure 

 _____ Ventilation shutdown 

 _____ Water malfunction  
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 _____ Feed malfunction 

(________________________________________________________________________________) 

 _____ High ammonia levels 

 _____ Other 

(__________________________________________________________________________________________) 

 

FS: During grow-out, was the flock exposed to any of the following? _____Temperature extremes 

(Check all that apply)        _____ Power failure without immediate generator 

back-up 

          _____ Ventilation shutdown 

          _____ Water deprivation  

          _____ Feed deprivation 

 

If any of the above are checked, describe when (_______ age of birds in days) and for how long _________ days 

 

If any of the above are checked, describe when (_______ age of birds in days) and for how long _________ days 

 

If any of the above are checked, describe when (_______ age of birds in days) and for how long _________ days 

 

 

MANURE MANAGEMENT 

 

GM: Do you dispose of manure on farm, off farm, or both? ____________________ 

 

GM:  Specify where you dispose of the manure (Check all that apply) _____ On-farm - manure pile within CAZ 

          _____ On-farm - manure pile outside CAZ 

          _____ On-farm - compost barn within CAZ 

_____ On-farm - compost barn outside CAZ 

          _____ On-farm - immediately spread on fields 

 

          _____ Off-farm – transported away from premises 
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          _____ Other (specify 

_____________________________) 

 

If on-farm, what is the shortest distance between the study flock barn and the manure disposal area (e.g. 30 m, 100 ft)?

 ____________ 

 

 

BIRD SUPERVISION, MORTALITY AND DISEASE MANAGEMENT 

 

FS: For flock _____, on average, how many times per day did you monitor the flock and how long were you in the barn each 

time? 

_____ 0 

 _____ 1 (Duration per visit _________________minutes) 

 _____ 2 (Duration per visit__________________ minutes) 

 _____ ≥ 3 (Duration per visit_________________ minutes) 

 

FS: For flock _____, on average, how many times per day did you collect mortalities? _____ 

 

FS: For flock _____, describe where and how you disposed of dead birds, including where the birds were placed immediately 

after collection, and their terminal location (For each column, check all that apply): 

 

Location immediately after collection Terminal location 

_____ Inside RA _____ On-farm - manure pile (see below) 

_____ Inside entrance room or anteroom of barn _____ On-farm - compost (see below) 

_____ Inside freezer within entrance room, workroom, or anteroom _____ On-farm - incinerator 

_____ Outside RA but inside CAZ _____ Off-farm - transport to rendering plant 

_____ Outside CAZ _____ Off-farm – transport to another location 

_____ Immediate incineration  

_____ Other (___________________________________________) _____ Other (______________________________________) 

 

If the terminal disposal location was a manure pile or compost on-farm, how far was the terminal disposal location from the 

following items? 
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 _____ Distance from feed sources (__________ m or __________ ft) 

 _____ Distance from water source (__________ m or __________ ft) or _____ N/A 
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APPENDIX III 

Questionnaire:  Enhanced Surveillance for viral and bacterial pathogens in Ontario broilers 

 

PART B: FORMS 

 

PRODUCER INFORMATION 

 

Registered Farm Name: 

________________________________________________________________________________________ 

 

Farm Number: 

_______________________________________________________________________________________________ 

 

Producer Name: 

______________________________________________________________________________________________ 

 

Producer Address: 

____________________________________________________________________________________________ 

 

Farm Location: Lot: _________________________________ Township: 

______________________________________ 

 

   Concession: __________________________ County: 

_________________________________________ 

 

Farm Contact: __________________________________________ Manager: 

_______________________________________ 
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FORM 6 

 

Producer number (P #) ____________________ 

 

SHIPPING DETAILS 

(Complete one row for each truckload.  If fewer than 6 truckloads, enter N/A for each row that is not applicable): 

 

Shipment number Form number Date of shipment Number of birds 

1    

2    

3    

4    

5    

6    

7    

8    

9    

 

 

Flock shipped at _________ days 
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New forms: CFC OFFSAP AND ACP FLOCK-SPECIFIC RECORDS (2009) FROM PREVIOUS QUOTA PERIOD 

Old forms: OFFSAP REQUIREMENTS PRIOR TO FLOCK PLACEMENT FOR CURRENT QUOTA PERIOD 

 

CLEANING AND DISINFECTION OF BARN, WORK ROOM/OFFICE, EQUIPMENT AND WATER LINES 

FS: For flock _____, which of the following procedures did you carry out prior to chick placement? 

Water temperature used during barn cleaning _____ Cold 

_____ Hot 

Water pressure used during barn cleaning _____ Low 

_____ High (i.e. power washer) 

Barn Cleaning products (soaps, detergents, sanitizers, NOT 

disinfectants) 

_____ Yes (product/date______________________________) 

_____ No 

Barn Presoaking _____ Yes (________________________________________) 

_____ No 

Barn Fumigation _____ Yes (product/date______________________________) 

_____ No 

Barn Disinfection (other than fumigation) _____ Yes (product/date/method of administration 

__________________________________________________) 

_____ No 

 

FS: Between flock _____ and flock _____, did you flush the water lines? _____ Yes (product/date ___________________________) 

          _____ No 

 

If yes, did you flush the water lines more than once? _____ Yes 

       _____ No 

 

If yes, describe the flushing procedure, including how many times, how many days prior to chick placement, and the products used for 

each flushing? 

____________________________________________________________________________________________________________ 
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FS: Between flock _____ and flock _____, how long was the rest period (i.e. period between last day of cleaning/disinfection and 

chick placement)? (New forms only) __________ days 

 

PEST CONTROL 

 For flock _____, did you use rodent traps?  _____ Yes 

        _____ No 

 

 If yes, where were the traps located? ________________________________________________________________________ 

 

 

For flock _____, did you use rodenticides (bait stations)? _____ Yes 

         _____ No 

 

 If yes, where were the bait stations located? __________________________________________________________________ 

 

 

Fly traps (Fly control)      _____ Yes – new 

        _____ Yes – from previous flock 

         _____ No 

 

Fly screens (Fly control)     _____ Yes 

         _____ No 

 

Insect foggers/sprays      _____ Yes 

 (products/dates ________________________________) _____ No 

 

Insecticide powder along wall-floor junction   _____ Yes 

 (products/dates ________________________________) _____ No 

 

Insect zapper (UV light)     _____ Yes 
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         _____ No 

 

Fly fungus       _____ Yes 

         _____ No 

 

Holes in barn walls, roof and doors repaired   _____ Yes 

         _____ No 

         _____ N/A – holes were not present 

 

Cracks in floors repaired     _____ Yes 

         _____ No 

         _____ N/A – cracks were not present 

 

Grass cut around barn      _____ Yes 

         _____ No 

         _____ N/A – winter 

         _____ N/A – concrete or gravel or crushed rock
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New forms: CFC OFFSAP AND ACP FLOCK-SPECIFIC RECORDS (2009) FROM CURRENT QUOTA PERIOD 

Old forms: OFFSAP REQUIREMENTS DURING GROW-OUT FOR CURRENT QUOTA PERIOD 

 

WATER 

 

FS: For flock _____, did you treat the drinking water during grow-out? _____ Yes 

          _____ No 

          _____ N/A - water is treated by municipality 

 

If yes, what type of treatment was used and how often: 

 

Type of water treatment Continuous treatment Intermittent treatment (specify how 

often) 

Reverse osmosis   

Ultraviolet light   

Chlorine (_______ ppm)   

Hydrogen peroxide 

(_________________) 

  

Ozone   

Acid 

(_____________________________) 

  

Ultra-filtration   

Other 

(____________________________) 

  

 

FS:  If using open drinkers, how often were the drinkers disinfected during the life of the flock? 

 _____ Routinely 

(dates__________________________________________________________________________________) 

 _____ As needed 

(dates__________________________________________________________________________________) 
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 _____ Not disinfected 

 

FS: During grow-out, did you check for water availability (e.g. dry well, adequate pressure, patency of nipples)?  _____ 

Yes 

                _____ 

No 

 

If yes, how often? _____ Continuously 

_____ Twice daily 

   _____ Once daily 

   _____ Every other day 

   _____ Once per week 

   _____Less frequent than once per week 

 

FS: During grow-out, did you carry out daily feed checks? _____ Always 

        _____ Sometimes 

        _____ No 

 

BIRD ENVIRONMENT: TEMPERATURE, AIR QUALITY, AND LIGHTING 

 

FS: Describe how you monitored barn temperature (complete table below) 

 

Location of monitoring Frequency of monitoring 

_____ Bird level 

_____ Other 

_____ Continuous 

_____ Twice daily 

_____ Once daily 

_____ At least once per week 

_____ At least once per two weeks 

_____ At least once per month 

_____ At least once during grow-out 
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FS: During grow-out, did you monitor humidity levels with a device or by monitoring compaction of the litter and dust level? 

 _____ Yes (complete table below) 

 _____ No 

 

FS: Describe how you monitored humidity: (Complete all rows that apply) 

Method of 

monitoring 

Frequency of checking humidity 

levels 

Humidity outside of normal range (50-70%), or notable 

compaction of the litter or high dust, at any time during 

grow-out 

Hand-held device _____ Twice daily 

_____ Daily 

_____ At least once per week 

_____ At least once per two 

weeks 

_____ At least once per month 

_____ At least once during grow-

out 

_____ Yes – too high (age - _____ days; duration - _____ days) 

_____ Yes – too low (age - _____ days; duration - _____ days) 

_____ No 

Permanently-

installed humidity 

meter 

_____ Twice daily 

_____ Daily 

_____ At least once per week 

_____ At least once per two 

weeks 

_____ At least once per month 

_____ At least once during grow-

out 

_____ Yes – too high (age - _____ days; duration - _____ days) 

_____ Yes – too low (age - _____ days; duration - _____ days) 

_____ No 

Compaction of the 

litter and level of 

dust 

_____ Twice daily 

_____ Daily 

_____ At least once per week 

_____ At least once per two 

weeks 

_____ At least once per month 

_____ At least once during grow-

out 

_____ Yes – too high (age - _____ days; duration - _____ days) 

_____ Yes – too low (age - _____ days; duration - _____ days) 

_____ No 
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FS: During grow-out, did you monitor ammonia levels with a device or by smell or eye irritation? _____ Yes (complete 

table) 

              _____ No 

 

FS: Describe how you monitored ammonia levels: (Complete all rows that apply) 

 

Method of 

monitoring 

Location of 

monitoring 

Frequency of monitoring Ammonia level > 25 ppm, or notable nose/eye 

irritation, at any time during grow-out 

Hand-held 

device 

_____ Bird level 

_____ Other 

_____ Twice daily 

_____ Daily 

_____ At least once per week 

_____ At least once per two weeks 

_____ At least once per month 

_____ At least once during grow-

out 

_____ Yes (age - _____ days; duration - _____ 

days) 

_____ No 

Permanently-

installed 

ammonia meter 

_____ Bird level 

_____ Other 

_____ Twice daily 

_____ Daily 

_____ At least once per week 

_____ At least once per two weeks 

_____ At least once per month 

_____ At least once during grow-

out 

_____ Yes (age - _____ days; duration - _____ 

days) 

_____ No 

Smell/eye 

irritation 

_____ Bird level 

_____ Other 

_____ Twice daily 

_____ Daily 

_____ At least once per week 

_____ At least once per two weeks 

_____ At least once per month 

_____ At least once during grow-

out 

_____ Yes (age - _____ days; duration - _____ 

days) 

_____ No 
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BARN ENVIRONMENT 

 

FS: Entrance rooms and work rooms cleaned and free of debris/dust _____ Twice daily 

          _____ Daily 

          _____ Every other day, on average 

          _____ Weekly 

          _____ Less frequent than once weekly
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FORM 3 

HATCHERY RECORD 

FEED INVOICES 

 

FLOCK CHARACTERISTICS 

 

FS: Breed and strain of flock ____________________________________ 

 

FS: Gender: _____ Pullets _____ Cockerels _____ Mixed 

 

FS: Source of chicks ((Name of hatchery): ____________________________ 

 

FS: Date of chick placement: _____________________ FS: Number of chicks placed: ____________________ 

 

FS: Age of Breeder Flock: _____________ 

 

FS: Target market weight: (Average weight __________ at __________ days) 

 

 

VACCINATION HISTORY 

 

Vaccinations given at the hatchery 

 

Name of vaccine and dosage Method of administration Date of administration 

1 _____ In-ovo 

_____ Injection 

_____ Spray 
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Name of vaccine and dosage Method of administration Date of administration 

2 _____ In-ovo 

_____ Injection 

_____ Spray 

 

3 _____ In-ovo 

_____ Injection 

_____ Spray 

 

4 _____ In-ovo 

_____ Injection 

_____ Spray 

 

 

Vaccinations given during grow-out 

 

Name of 

vaccine and 

dosage 

Reason for 

administration 

Method of administration Date of 

administration 

Person who administered 

1 _____ 

Prevention 

_____ Outbreak 

_____ Puck 

_____ Water 

_____ Spray – coarse 

_____ Spray – fine 

_____ Ocular 

_____ Wing web 

_____ Other 

(________________) 

 _____ Producer 

_____ Employee 

_____ Veterinarian 

_____ Drug representative 

_____ Other 

(_________________) 

2 _____ 

Prevention 

_____ Outbreak 

_____ Puck 

_____ Water 

_____ Spray – coarse 

_____ Spray – fine 

_____ Ocular 

_____ Wing web 

_____ Other 

(________________) 

 _____ Producer 

_____ Employee 

_____ Veterinarian 

_____ Drug representative 

_____ Other 

(_________________) 
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Name of 

vaccine and 

dosage 

Reason for 

administration 

Method of administration Date of 

administration 

Person who administered 

3 _____ 

Prevention 

_____ Outbreak 

_____ Puck 

_____ Water 

_____ Spray – coarse 

_____ Spray – fine 

_____ Ocular 

_____ Wing web 

_____ Other 

(________________) 

 _____ Producer 

_____ Employee 

_____ Veterinarian 

_____ Drug representative 

_____ Other 

(_________________) 

4 _____ 

Prevention 

_____ Outbreak 

_____ Puck 

_____ Water 

_____ Spray – coarse 

_____ Spray – fine 

_____ Ocular 

_____ Wing web 

_____ Other 

(________________) 

 _____ Producer 

_____ Employee 

_____ Veterinarian 

_____ Drug representative 

_____ Other 

(_________________) 
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BIRD SUPERVISION, MORTALITY, DISEASE MANAGEMENT AND MEDICATION HISTORY 

 

Disease and treatments during the grow-out period (Form 3) 

 
Name of 

disease or 

syndrome 

Name of 

medications 

(trade or 

brand name) 

Dosage Method of 

administration 

(water/feed) 

Safe marketing 

date as per 

recommended 

withdrawal 

period 

Date of 

first 

treatment 

Date of 

last 

treatment 

Flock 

recovered 

(Y/N) 

Veterinary 

diagnosis or 

confirmed 

(Y/N)? 

Percent 

mortality 

due to 

disease 

(ask) 

 1         

 2         

 3         

 4         

 

Water Medication Management (Medication number must match Table above) 

 
Medication 

# 

Person who administered Medicator checked for proper 

functioning before use 

Water lines flushed before 

treatment 

Water lines flushed after 

treatment 

1 _____ Producer 

_____ Employee 

_____ Vet 

_____ Drug rep 

_____ Other 

(_____________________) 

_____ Yes (see below) 

_____ No 

_____ Yes 

_____ No 

_____ Yes 

_____ No 

2 _____ Producer 

_____ Employee 

_____ Vet 

_____ Drug rep 

_____ Other 

(_____________________) 

_____ Yes 

_____ No 

_____ Yes 

_____ No 

_____ Yes 

_____ No 
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Medication 

# 

Person who administered Medicator checked for proper 

functioning before use 

Water lines flushed before 

treatment 

Water lines flushed after 

treatment 

3 _____ Producer 

_____ Employee 

_____ Vet 

_____ Drug rep 

_____ Other 

(_____________________) 

_____ Yes 

_____ No 

_____ Yes 

_____ No 

_____ Yes 

_____ No 

4 _____ Producer 

_____ Employee 

_____ Vet 

_____ Drug rep 

_____ Other 

(_____________________) 

_____ Yes 

_____ No 

_____ Yes 

_____ No 

_____ Yes 

_____ No 
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If a medicator was used, how did you calibrate it? 

___________________________________________________________________ 

 

______________________________________________________________________________________________________

______ 

 

Name of feed mill ______________________________ 

 

Feed Medication Table 

 
Feed 

 

Names of medication (trade or 

brand name) 

Dosages Withdrawal periods (days) 

1 

 

___________________________ Start date 

 

___________________________ End date 

 

   

2 

 

___________________________ Start date 

 

___________________________ End date 

 

   

3 

 

___________________________ Start date 

 

___________________________ End date 
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Feed 

 

Names of medication (trade or 

brand name) 

Dosages Withdrawal periods (days) 

4 

 

___________________________ Start date 

 

___________________________ End date 

 

   

5 

 

___________________________ Start date 

 

___________________________ End date 

 

   

6 

 

___________________________ Start date 

 

___________________________ End date 

 

   

7 

 

___________________________ Start date 

 

___________________________ End date 
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Feed 

 

Names of medication (trade or 

brand name) 

Dosages Withdrawal periods (days) 

8 

 

___________________________ Start date 

 

___________________________ End date 

 

   

9 

 

___________________________ Start date 

 

___________________________ End date 

 

   

10 

 

___________________________ Start date 

 

___________________________ End date 

 

   

11 

 

___________________________ Start date 

 

___________________________ End date 

 

   

12 

 

___________________________ Start date 

 

___________________________ End date 

 

   

 

FS: For flock _____, describe the methods used to prevent cross-contamination from medicated feed with a withdrawal period to the 

next type of feed (Check all that apply) 
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Single bins Double bins 

_____ Feeding lines run empty before next feed 

 

_____ Rubber mallet to knock the sides of the feed bin before each 

new load of feed 

 

_____ Other 

(______________________________________________) 

 

_____ No method used 

 

_____ Feeding lines run empty before next feed 

 

_____ Rubber mallet to knock the sides of the feed bin before each 

new load of feed 

 

_____ Complete emptying of feed bin and auger before switching 

to the next type of feed 

 

_____ Other 

(______________________________________________) 

 

_____ No method used 

 

For the methods described above, how often did you use the methods? 

 _____ After every feed regardless of whether it was medicated or not 

 _____Only after feeds containing medication 

 _____ Only after medicated feeds containing drugs with a withdrawal period 

 _____ Other 

(___________________________________________________________________________________________________) 

 

 

Bacteriological Analysis of drinking water for Private Citizen 

Total Coliform Count per 100 ml ___________    Date tested _______________ 

E. coli per 100 ml ___________  
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APPENDIX IV 

PART C - ADDITIONAL BARN INFORMATION SHEET (BARN CONSTRUCTION AND BIOSECURITY) 

 

Producer Name: 

______________________________________________________________________________________________ 

 

FS: Flock ID __________ 

 

FS: Barn number __________ 

 

 

BARN CONSTRUCTION 

 

FS: Barn construction where flock was housed (Check all that apply): 

 
Barn 

Level 

Floor Area 

(m
2
 or ft

2
) 

Floor Material Wall Material (inside barn) Ceiling Material 

Lower  

__________ 

_____ Wood 1 – solid or plywood 

_____ Wood 2 – particle or pressed 

board 

_____ Concrete 

_____ Other 

 

_____ Wood 1 – solid or plywood 

_____ Wood 2 – particle or pressed 

board 

_____ Concrete only 

_____ Concrete at bottom (height 

______) 

           & wood 1 at top 

_____ Concrete at bottom (height 

______) 

           & wood 2 at top 

_____ Plastic only 

_____ Metal only 

_____ Other 

 

_____ Wood 1 – solid or plywood 

_____ Wood 2 – particle or pressed 

board 

_____ Concrete 

_____ Plastic 

_____ Metal 

_____ Other 
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Barn 

Level 

Floor Area 

(m
2
 or ft

2
) 

Floor Material Wall Material (inside barn) Ceiling Material 

Middle  

_________ 

 

       or 

 

_____ N/A 

 

_____ Wood 1 – solid or plywood 

_____ Wood 2 – particle or pressed 

board 

_____ Concrete 

_____ Other 

 

_____ Wood 1 – solid or plywood 

_____ Wood 2 – particle or pressed 

board 

_____ Concrete only 

_____ Concrete at bottom (height 

______) 

           & wood 1 at top 

_____ Concrete at bottom (height 

______) 

           & wood 2 at top 

_____ Plastic only 

_____ Metal only 

_____ Other 

 

_____ Wood 1 – solid or plywood 

_____ Wood 2 – particle or pressed 

board 

_____ Concrete 

_____ Plastic 

_____ Metal 

_____ Other 

 

Upper  

_________ 

 

       or 

 

_____ N/A 

 

_____ Wood 1 – solid or plywood 

_____ Wood 2 – particle or pressed 

board 

_____ Concrete 

_____ Other 

 

_____ Wood 1 – solid or plywood 

_____ Wood 2 – particle or pressed 

board 

_____ Concrete only 

_____ Concrete at bottom (height 

______) 

           & wood 1 at top 

_____ Concrete at bottom (height 

______) 

           & wood 2 at top 

_____ Plastic only 

_____ Metal only 

_____ Other 

 

_____ Wood 1 – solid or plywood 

_____ Wood 2 – particle or pressed 

board 

_____ Concrete 

_____ Plastic 

_____ Metal 

_____ Other 

 

 

FS: What type of ventilation does the barn have? _____ Cross ventilation 

       _____ Tunnel ventilation 

       _____ Double-sided ventilation 

       _____ Other 

(______________________________________________________) 
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FS: How wide is the barn? __________ m or __________ ft 

 

FS: How long is the barn? __________ m or __________ ft 

 

FS: Describe the air inlets on the barn in terms of size and distribution around the barn (e.g. 16 inch baffle board with a 12 inch 

opening along the entire length of one wall of the barn)? 

 

______________________________________________________________________________________________________

______ 

 

______________________________________________________________________________________________________

______ 

 

FS: Describe the exhaust fans on the barn in terms of the number of fans of each diameter and their location around the barn 

(e.g. five 36 inch diameter fans, ten 24 inch diameter fans, and three 14 inch diameter farms, located along one wall of the 

barn)? 

 

______________________________________________________________________________________________________

______ 

 

______________________________________________________________________________________________________

______ 

 

FS: Are there any circulating fans in barn 1? 

 _____ Yes (number, fan size and location in 

barn_____________________________________________________________) 

 _____ No 

 

FS: For flock _____, did you use misters, foggers or sprinklers in the barn? _____ Yes – Misters/foggers 

           _____ Yes - Sprinklers 

           _____ No 
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FS: How many feed bins are there for the barn? _____ 

 

 

BIOSECURITY 

 

Complete this section ONLY if the entrance room and clean/dirty areas were different from barn 1 

 

FS: For flock _____, was there an entrance room or anteroom in the barn? _____ Yes 

          _____ No 

 

If no, describe the barn entrance area (e.g. direct access from outside) 

___________________________________________________ 

 

______________________________________________________________________________________________________

______ 

 

FS: For flock _____, was there a distinct clean area and dirty area immediately outside the entrance to the RA? _____ Yes 

               _____ No 

 

If yes, describe the barrier used to distinguish the clean side from the dirty side, and how often you used it? 

 ______ Painted line / marker    _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 

 

 ______ Step-over (e.g. rope, wooden board)  _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 

 

 ______ Bench (e.g. wooden/plastic bench)  _____ < 25% of the time 

        _____ 25-50% of the time 
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        _____ 51-75% of the time 

        _____ > 75% of the time 

 

 ______ Straw bale     _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 

 

 ______ Door      _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 

 

 ______ Other (_____________________________) _____ < 25% of the time 

        _____ 25-50% of the time 

        _____ 51-75% of the time 

        _____ > 75% of the time 

 

If no, what measures did you use to prevent bringing infectious agents into the RA? 

 

______________________________________________________________________________________________________

______ 


