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ABSTRACT 

 

PATHOGEN AND DISEASE PREVALENCE, AND DEMOGRAPHIC CHARACTERISTICS 

OF ONTARIO SMALL POULTRY FLOCKS 

 

Dr. Marie Diane Nancy Brochu     Advisors: 

University of Guelph, 2019      Dr. Leonardo Susta 

Dr. Michele T. Guerin 

 

Throughout Ontario, there has been an increase in the number of non-commercial poultry 

flocks (referred to as “small flock”), which is reflective of their raise in popularity throughout the 

country in the past few years. Despite this, information regarding the health and management of 

small flocks remains limited. Over a 2-year period, a prospective surveillance project of Ontario 

small poultry flocks was conducted by encouraging postmortem submissions to the Animal 

Health Laboratory, and by having participating owners fill a husbandry and biosecurity 

questionnaire. Postmortem examinations were performed on 245 birds from 160 submissions. 

Infectious causes of single-bird mortality accounted for 62% of deaths, with multifactorial 

respiratory disease (including Mycoplasma gallisepticum and synoviae, E. coli, Avibacterium 

spp., infectious laryngotracheitis, and infectious bronchitis) and Marek’s disease (11%) most 

common. Pre-set microbiology diagnostic tests, which were conducted on pooled samples from 

the 160 submissions, determined estimated prevalence for infectious bronchitis virus (39%), 

Brachyspira spp. (37%), Mycoplasma synoviae (36%), Campylobacter spp. (35%), fowl 

adenovirus (35%), Mycoplasma gallisepticum (23%), infectious laryngotracheitis virus (15%), 



avian reovirus (4%), Salmonella spp. (3%), and infectious bursal disease virus (1%). Low 

pathogenic H10N8 influenza A virus and non-virulent avian avulavirus 1 were respectively 

detected in 1 submission. Of 153 completed husbandry and biosecurity questionnaires 

(associated with submissions), owners most commonly kept small flocks composed of chickens 

(97%), waterfowl (22%), turkey (16%), and game birds (16%); birds were often kept as a source 

of food (69%). More than half of the flocks had indoor and outdoor access, and soft wood 

shavings were the most common bedding material provided (70%). Hand washing before (94%) 

and after (48%) contact were important biosecurity measures used by owners, while disinfecting 

of footwear was uncommon. The vaccination status of 21% of flocks was unknown while 42% 

were non-vaccinated. Medication had been administered to birds within the last 12-m by 61% of 

owners including various antibiotics (56 owners) and coccidiostats (32 owners). This work 

provides a baseline for the health status and selected viral and bacterial pathogen prevalence for 

Ontario small flocks while highlighting the need for increased biosecurity measures by their 

owners.
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 CHAPTER 1: LITERATURE REVIEW 

1.1. Definition of small poultry flocks 

Common terms used to describe non-commercial poultry production include “backyard 

flocks” and “backyard poultry”. The definition of these terms varies; however, they typically 

include chickens, turkeys, ducks, or game birds that are not raised in a commercial setting.123 For 

the purpose of this review, we will refer to these non-commercial flocks as “small flocks”, in an 

effort to encompass most of the reasons for keeping these birds, from pet ownership to personal 

food production. Published reports investigating disease status and biosecurity practices of small 

flocks have variable inclusion criteria, including different species composition and multiple flock 

sizes (as high as 2000 birds).12,85,90,121,143,154,168 In Ontario, there are four supply-management 

systems, or quota, which limit chicken and turkey production for non-commercial use to a 

maximum of 49 turkeys, 99 laying hens, and 299 broiler chickens per individual, per premise, in 

one year.24,137 Other domestic poultry species (e.g. ducks, pheasants, quails, etc.) are not 

regulated by quota, and as such there are no maximum limits for these birds.24,137 For the 

purposes of this study, a small flock is defined as a flock kept with no commercial aim, and 

having an upper limit of 49 turkeys, 99 laying chicken hens, 299 broiler chickens, and 300 ducks, 

pheasants, quails, peafowl or geese. 

In Ontario, there has been an increase within the past five years in the number of registered 

non-commercial chicken flocks, with over 16,000 flocks registered in 2016 (Chicken Farmers of 

Ontario [CFO], https://www.familyfoodgrower.ca/). Despite their current popularity, there is 

very limited published information regarding health status and disease prevalence among non-

commercial poultry flocks in Canada.12 With recent disease outbreaks in commercial poultry 

flocks in British Columbia,13 California,79 Italy,21 and the Netherlands3 being epidemiologically 

linked to non-commercial flocks, there is a growing need to assess the health status of these 

flocks in Ontario. 

1.2. Legislation of small poultry flocks 

In Canada, poultry production is regulated by all levels of government. Federally, the Farm 

Production Agencies Act allows poultry producers throughout the country to establish a series of 

https://www.familyfoodgrower.ca/
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supply-management systems, or quota, overseen by four national marketing agencies: Egg 

Farmers of Canada, Chicken Farmers of Canada, Turkey Farmers of Canada, and Canadian 

Hatching Egg Producers (the national representative for the broiler hatching egg industry).16,138 

The national marketing agencies establish licensing requirements, collect licensing fees, impose 

fines, develop on farm food safety plans, and negotiate prices.138 

In Ontario, the regulation of poultry farm products is defined by four provincial marketing 

boards: Egg Farmers of Ontario, CFO, Ontario Broiler Hatching Egg and Chick Commission, 

and Turkey Farmers of Ontario (Ontario Ministry of Agriculture, Food, and Rural Affairs 

[OMAFRA], 

http://www.omafra.gov.on.ca/english/farmproducts/factsheets/5guidelines_section12.htm). 

These boards manage the provincial quota, and establish a minimum price paid to the producer 

for their commodities. The supply-management systems do allow for individuals to raise small 

numbers of chickens and turkeys outside of the quota with production limited to 99 table egg 

laying chicken hens,137 299 broiler chickens,24 and 49 turkeys, per year and location.16 

Regionally, animal control and zoning by-laws regulate the presence of Galliformes and 

Anseriformes within a municipality. The general regulatory stance of Ontario’s 50 largest 

municipalities, as defined by the 2016 Canadian Census, is presented in Table 1.1 (Statistics 

Canada https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/pd-

pl/Table.cfm?Lang=Eng&T=308&SR=1&S=6&O=D&RPP=100). These municipalities range in 

population size from 7749 individuals in Dryden to 2,731,571 in Toronto.  There are 12 

municipalities (24%) which permit poultry within their boundaries (Table 

1.1);28,29,31,40,42,44,45,59,60,73,75 in these cases, fowl keeping is regulated by the general animal 

control by-laws, although Kitchener and Quinte West have specific by-laws on this matter.45,59 

Individual municipalities may outline the number and type of poultry permitted, require 

registration and inspection of properties, or set standards for the care of the birds. As an example, 

city of Guelph does not allow roosters within the city limits and domestic poultry must be kept in 

pens at least 15 meters from residences, churches or schools.40 Nearly half of Ontario’s 50 

largest municipalities (24 cities, 48%) restrict poultry as per their zoning by-laws (Table 

1.1).30,32-39,41,43,47,52,53,57,58,61,62,66,68,72,76–78,103 In such instances, birds are typically permitted only 

on land zoned as agricultural and occasionally on rural lots. For the remaining municipalities, 

domestic poultry are specifically listed as prohibited (Table 1.1).27,46,49-51,54-56,63-65,67,69–71,74,161  

http://www.omafra.gov.on.ca/english/farmproducts/factsheets/5guidelines_section12.htm
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/pd-pl/Table.cfm?Lang=Eng&T=308&SR=1&S=6&O=D&RPP=100
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/pd-pl/Table.cfm?Lang=Eng&T=308&SR=1&S=6&O=D&RPP=100
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Table 2.1 Classification of municipal regulations regarding poultry keeping within the 

boundaries of Ontario’s 50 largest municipalities, as listed in the 2016 Canadian census and 

defined by their most recent animal control by-laws. 

Prohibited Restricted Permitted 

Barrie27 

London46 

Markham161 

North Bay49 

Orillia50 

Oshawa51 

Pembroke54,55 

Peterborough56 

St. Catharines63 

St. Thomas64 

Stratford65 

Thorold67 

Timmins69 

Toronto70 

Vaughan71 

Windsor74 

Brant County76  

Brantford30 

Burlington32 

Cambridge33 

Clarence-Rockland34,35 

Cornwall36 

Dryden37 

Elliot Lake38 

Greater Sudbury39 

Haldimand County103 

Hamilton41 

Kenora43 

Mississauga47 

Norfolk Country77 

Ottawa52 

Owen Sound53 

Pickering57 

Port Colborne58 

Prince Edward County78 

Sault Ste. Marie61,62 

Temiskaming Shores66 

Thunder Bay68 

Waterloo72 

Belleville28 

Brampton29 

Brockville31 

Guelph40 

Kawartha Lakes42 

Kingston44 

Kitchener45 

Niagara Falls48 

Quinte West59 

Sarnia60 

Welland73 
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The guidelines do not allow for any poultry to be kept within their limits, regardless of zoning, 

and officials have the power to impound birds and fine the owners. Few exceptions are made for 

animal control centers, veterinary hospitals, facilities accredited by the Canadian Association of 

Zoos and Aquariums, registered research facilities, and licensed slaughterhouses. 

1.3. Biosecurity of small poultry flocks 

Biosecurity is defined as the set of measures taken to reduce the risk of introducing or 

spreading infections in populations of animals (World Organisation for Animal Health[OIE], 

http://www.oie.int/en/international-standard-setting/terrestrial-code). Protecting a flock from the 

introduction, establishment and/or spread of pathogens relies on basic principles regardless of the 

number of animals present on the premises.9 These basic principles include, among others, 

restricting access of visitors to the premises, limiting contact with wild birds, as well as 

handwashing, and having dedicated clothing and footwear before and after interacting with the 

birds (OMAFRA, http://www.omafra.gov.on.ca/english/livestock/poultry/facts/12-039.htm).  

In recent years, a growing number of studies have published the results of surveys aimed 

at investigating the biosecurity measures implemented by small flock owners in the United 

States,90,118,154 Canada (Ontario,12 Alberta,121 and British Columbia13), United Kingdom,113 and 

Finland.143 Results indicated a general laxity of biosecurity measures among small flocks. For 

instance, according to a survey conducted in Ontario in 2010-2011,12 less than 10% of flock 

owners (n = 248) had restriction notices posted at the entry to their properties. This same study, 

however, did not comment on visitor access to the birds.12 A 2016 biosecurity survey in Alberta, 

reported that 56% of flocks (n = 124) had contact with visitors and 33% of owners (n = 122) had 

frequent contacts with other poultry flocks.121 In a 2011 survey of 18 small flocks in 

southwestern British Columbia reported that 63% of owners allowed visitors to have direct 

contact with their birds, and that 54% of owners had visited a commercial poultry premise within 

the last year.13 Reports from the United States, Finland and Great Britain indicate visitors having 

access to small flocks in 48% to 94% of surveys.90,113,118,143,154 During a disease outbreak, such as 

for highly pathogenic avian influenza (HPAI), being able to track visitor movements is essential 

for epidemiological investigations and implementing disease control protocols (Canadian Food 

Inspection Agency [CFIA], http://www.inspection.gc.ca/animals/terrestrial-

animals/diseases/reportable/ai/hazard-specific-plan/eng/1374504359532/1374504482294).  

http://www.oie.int/en/international-standard-setting/terrestrial-code
http://www.omafra.gov.on.ca/english/livestock/poultry/facts/12-039.htm
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-plan/eng/1374504359532/1374504482294
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-plan/eng/1374504359532/1374504482294
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Habits regarding handwashing varied between studies focusing on small flocks. Some 

reported the presence of handwashing stations on 35% of premises (n = 178),143 while hand 

washing frequency ranged from 10% to 75% in other surveys.12,121 Handwashing prior to and 

after contact are equally important means of preventing the spread of pathogens among flocks 

and decreasing the zoonotic risk to members of the household. The Ontario survey only indicated 

that 14% of owners washed their hands prior to contact with the flock, yet did not address post 

contact handwashing.12 

Having dedicated footwear, cleaning and disinfecting footwear, or having a footbath are 

all means of limiting pathogen entry and exit from the flock; however, in all the reviewed 

surveys less than 40% of small flock owners reported using one or all of these 

techniques.12,90,118,121,154 Similarly, more than 90% of Alberta respondents reported that their 

small flocks had access to the outdoors (either penned or free range), and 50% reported that wild 

birds may have access to the flock.121 Contact between domestic and wild fowl can allow for the 

introduction of disease onto the property and the spread of pathogens to other facilities. 

Overall, based on this review of the literature, it appears that there is an increased risk for 

the introduction of pathogens to small flocks, either by their caretakers, human visitors and 

contact with wild birds. 

1.4. Diseases of small poultry flocks 

There are only a handful of publications, mainly from the United States and Europe, which 

investigated the presence of infectious diseases in small flocks, such as HPAI, infectious 

bronchitis, and infectious laryngotracheitis. Retrospective case studies, summarized in Table 1.2, 

typically report the causes of death based on postmortem findings of birds submitted to 

diagnostic laboratories.81,105,125,143 In the case of prospective studies, summarized in Table 1.3, 

researchers employed a combination of serology and pathogen isolation techniques to describe 

the presence of pathogens within small flocks.118,119,123,145 

Retrospective studies mainly focused on the primary cause of death or disease, as assessed 

at postmortem, with little information given about concurrent diseases, incidental findings, or 

results of ancillary tests.81,105,125,143 Infectious etiologies (i.e., viral, bacterial, parasitic, and 

fungal) accounted for 60% or more of mortalities in the birds (Table 1.2).81,105,125,143 The three 

most common infectious diseases included Marek’s disease (MD; range, 6.2% - 26.5%), 
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Table 2.2. Infectious causes of mortality reported in four retrospective small flock poultry 

studies. 

Cause of death Location Positive birds / Total 

tested birds 

Percentage 

(%) 

Marek’s Disease United States105 102 / 1628 6.2 

Northern California125 281 / 1112 25.2 

California81 244 / 1598 15.2 

Finland143 35 / 132 26.5 

Mycoplasmosis United States 252 / 1628 15.5 

Northern California 281 / 1112 25.3 

California 56 / 1598 3.5 

Finland 2/132 1.5 

Colibacillosis United States 120 / 1628 7.4 

Northern California 115 / 1112 10.3 

California 230 / 1598 14.4 

Finland 21 / 132 15.9 

Salmonellosis United States 61 / 1628 3.7 

Northern California 2 / 1112 0.2 

California 0 / 1598 0.0 

Finland 0 / 132 0.0 

Infectious 

laryngotracheitis 

United States 35 / 1628 2.1 

Northern California 16 / 1112 1.4 

California 14 / 1598 0.9 

Finland 0 / 132 0.0 

Infectious bronchitis United States 26 / 1628 1.6 

Northern California 4 / 1112 0.4 

California 17 / 1598 1.1 

Finland 0 / 132 0.0 
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Table 2.3. Seroprevalence to selected avian pathogens in prospective studies of small poultry 

flocks. 

Pathogen Study Seropositive 

flocks / total 

flocks tested 

Seropositive 

birds / total 

tested birds 

Diagnostic test 

Avian Influenza Pohjola et 

al., 2017145 

2 / 37 (5.4%) 2 / 298 (0.7%) ELISAa 

McBride et 

al., 1991123 

0 / 30 (0%) 0 / 0 (0%) Agar gel 

immunodiffusion 

Madsen et 

al., 2013119 

9 / 39 (23.1%) 11 / 262 (4.2%) ELISA b 

Newcastle disease 

virus 

Pohjola et 

al., 2017 

0 / 37 (0%) 0 / 298 (0%) Hemagglutination-

inhibition 

McBride et 

al., 1991 

11 / 32 (34.4%) 19 / 132 (14.4%) ELISA 

Madsen et 

al., 2013118 

9 / 39 (23.1%) 30 / 258 (11.6%) ELISAc 

Infectious 

laryngotracheitis 

virus 

Pohjola et 

al., 2017 

6 / 51 (11.8%) 19 / 457 (4.2%) ELISA 

Madsen et 

al., 2013118 

30 / 39 (77%) 112 / 227 (49%) ELISA 

Mycoplasma 

gallisepticum 

McBride et 

al., 1991 

13 / 32 (40.6%) 45 / 174 (25.9%) Plate agglutination  

Hemagglutination-

inhibition 

Madsen et 

al., 2013118 

5 / 39 (12.8%) 18 / 258 (7.0%) ELISA 

Infectious 

bronchitis virus 

Pohjola et 

al., 2017 

24 / 51 (47.1%) 96 / 457 (21.0%) ELISA 

McBride et 

al., 1991 

14 / 30 (4.7%) 80 / 203 (39.4%) ELISA 

Infectious bursal 

disease virus 

Pohjola et 

al., 2017 

6 / 51 (11.8%) 19 / 457 (4.2%) ELISA 

McBride et 

al., 1991 

17 / 23 (73.9%) 84 / 213 (39.4%) ELISA 

a All seropositive samples negative for H5 and H7 antibodies by hemagglutination-inhibition test 
b Further testing using RT-rtPCR and AI hemagglutinin subtypes H5, H7, and H9 all negative 
c Further testing using PCR was negative on all ELISA positive samples. 

ELISA: Enzyme-linked immunosorbent assay 
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mycoplasmosis (range, 1.5% - 25.3%), and colibacillosis (range, 7.4% - 15.9%). Other infectious 

diseases were reported at substantially lower prevalence, such as infectious laryngotracheitis 

(range, 0.0% to 2.1%), infectious bronchitis (range, 0.0% to 1.6%), salmonellosis (range, 0.0% to 

3.7%), and pasteurellosis (range, 0.0% to 2.0%). A 2013 study from Mete et. al. reported that 

79% (91 of 115) of cases of neoplasm were reproductive tract adenocarcinoma and associated 

carcinomatosis. Other causes of mortally, grouped as miscellaneous in Figure 1.1, include 

developmental, nutritional, toxic, and traumatic etiologies. One of the main limitations in 

comparing these studies is the variable sample sizes (132 to 1628 birds) and the sampling bias, as 

it remains uncommon for small flock owners to agree to a postmortem examination of their 

birds, in part due to cost.143 

Four prospective studies from California,123 Maryland,118,119 and Finland145 were devised 

to obtain serum and / or swabs from volunteer small flocks, and to test the samples for a pre-set 

list of pathogens, as listed in Table 1.3. The largest number of flocks sampled within any one 

study was 51, corresponding to 457 individual birds tested.145 Samples varied from only 

including chickens,145 to chickens and turkeys,123 to multiple species within the Galliformes and 

Anseriformes orders.118,119 In California, 74%, 41% and 34% of flocks were seropositive for 

infectious bursal disease virus (IBDV), Mycoplasma gallisepticum and Avian avulavirus 1 

(AAvV-1; family Paramyxoviridae, subfamily Avulavirinae, genus Orthoavulavirus, species 

Avian orthoavulavirus 1; previously Newcastle disease virus) respectively.123 In Maryland 

flocks, serum reactivity for infectious laryngotracheitis virus (ILTV, species Gallid 

alphaherpesvirus 1) was most common (77%);118 while 47% of the flocks in Finland were 

seropositive for infectious bronchitis virus (IBV).145 All of the flocks that tested positive for 

avian influenza virus (AIV; species Influenza A virus) by enzyme-linked immunosorbent assay 

(ELISA) in the Maryland119 and Finland145 studies were negative for notifiable sub-types H5 and 

H7 of avian influenza (AI), using the hemagglutination-inhibition test.119,145 

In Maryland,119 flocks exposed to waterfowl were three times more likely to be seropositive for 

AIV, suggesting a positive association between contact with waterfowl and infection. All the 

birds that were seropositive for AAvV-1 were negative for the same agent using reverse 

transcription, real time PCR (RT-rtPCR) on the oral and cloacal swabs.118 In these cases, none of 

the birds had a history of being vaccinated for AAvV-1 and it was not possible to distinguishing 

between field exposure and vaccination. It was suspected that birds came in 
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Figure 1.1. Distribution of causes of mortality sorted by etiology and as determined by 

postmortem for small flock birds in the United States and Finland (a = Mete et. al, 2013164; b = 

Helm, 2014105; c = Crespo and Senties-Cue, 201581; d = Pohjola et. al., 2015143). 
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contact with live lentogenic vaccine strains that are routinely used in the commercial industry. 

No additional tests were carried out on the 19 AAvV-1 seropositive birds from the California 

study.123 

The increased popularity of small poultry flocks in Ontario heightens the need to know the 

prevalence of various avian pathogens which could cause considerable morbidity or mortality to 

poultry throughout the province. 

1.5. Infectious diseases of interest in Ontario small poultry flocks 

In this section, follows a review of select poultry pathogens that were chosen based on 

importance for small flocks (as assessed by previous studies), as well as relevance for the 

commercially poultry production in Ontario (including federally reportable disease), and 

zoonotic pathogens 

1.5.1. Selected respiratory bacterial pathogens (Pasteurellaceae) 

In poultry medicine, a group of highly contagious respiratory bacterial agents in the 

Pasteurellaceae family include: Pasteurella multocida (fowl cholera), Ornithobacterium 

rhinotracheale, and Bordetella avium (bordetellosis).94 For these pathogens, transmission occurs 

horizontally through direct contact or environmental contamination with fluids from sick or 

carrier birds, while vertical transmission is not relevant, and their damage to the respiratory tract 

can predispose birds to opportunistic infections by other bacterial or fungal agents.25,94,108 

Preliminary diagnosis is based on the clinical signs and disease progression while definitive 

diagnosis requires additional testing, which include isolation, indirect immunofluorescence, 

PCR, rapid slide agglutination, microagglutination, and ELISA (AHL, 

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide). Pathogen control is conducted 

through implementation of strict biosecurity measures, and strain-specific vaccination.94 

Antibiotic treatment is controversial, due to concern for selection of antimicrobial resistance, and 

limited efficacy that can increase the rate of chronic carriers.94 

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide


11 

 

1.5.1.1. Pasteurella multocida 

The causative agent of fowl cholera, P. multocida, is a gram-negative, facultative 

anaerobic, non-motile, and rod-shaped bacterium that causes clinical disease in numerous wild 

and domestic bird species.26,94 In general, turkeys appear to be more susceptible to infections 

than chickens, while mature chickens are more susceptible than immature chickens.94,95 Once the 

bacteria enter the body, typically via the upper respiratory tract, subsequent bacteremia and 

septicemia rapidly ensue, causing sudden death in large numbers of birds.26 In acute cases, 

clinical signs are often not noticed as birds succumb within a few hours of onset.95 When 

observed, signs are non-specific and include increased respiratory effort, anorexia, watery to 

green mucoid diarrhea, fever, and ruffled feathers, with cyanosis occurring immediately before 

death.95 Gross lesions include diffuse visceral congestion, subepicardial and subserosal 

hemorrhages, and petechiation and ecchymosis in multiple organs.95 Histological lesions are 

consistent with disseminated intravascular coagulation and septicemia.95 When birds survive the 

acute disease, chronic caseous lesions can develop in the respiratory tract, peritoneal cavity, 

joints and skin of wattles.26 Chronically infected birds then become a source of infection within 

the flock.26,95  

1.5.1.2. Ornithobacterium rhinotracheale 

The gram-negative, non-motile, slow growing, pleomorphic bacterium O. rhinotracheale 

is responsible for major economic losses due to respiratory disease, increased mortality and 

carcass condemnation, as well as decreased egg production and growth, in both chickens and 

turkeys.102 Highly variable clinical signs typically occur within 24 to 48 hours after exposure 

including depression, coughing, sinusitis, and sudden death of up to 20% of birds.25,156 Lesions 

of necrotizing fibrinopurulent pneumonia, pleuritis, airsacculitis, sinusitis, and meningitis are 

typically observed.102  

1.5.1.3. Bordetella avium 

Present throughout the world in all commercial turkey producing regions, B. avium is 

responsible for bordetellosis or turkey coryza.163 This gram-negative, motile, encapsulated and 

strictly aerobic bacteria causes highly contagious upper respiratory infections in 2 to 6 week old 
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poults after a 4 to 10 day incubation period.163 Morbidity within a flock can reach 80-100% in 

the first 24 to 48 hours after infection; however, mortality is typically low (10%) but may 

increase significantly when co-infection by Escherichia coli is present.108 Within the first week 

of disease, young poults develop clear foamy conjunctivitis, moist tracheal coughs, while older 

turkeys usually only have a dry cough.163 As the exudate becomes thicker in the second week, 

dyspnea, open-mouth breathing, altered vocalization, and brown crusting of the nares occurs.108 

Postmortem lesions are restricted to the respiratory tract, including softening and collapse of 

tracheal rings and fibrinomucoid luminal exudate.108 On histological examination of the trachea, 

there is loss of epithelial cilia, dilated mucous glands, bacterial colonies attached to the epithelial 

surface, and lymphoplasmacytic tracheitis.163 Vaccination, used in commercial poultry 

production, has been shown to decrease the severity of clinical signs; antibiotic treatment does 

not lessen the severity of clinical signs.108 

1.5.2. Escherichia coli 

In the family Enterobacteriaceae, E. coli is a gram-negative, facultative anaerobic, non-

spore forming bacillus.132 Divided into serogroups based on the Kauffmann antigen 

classification, there are currently 180 O (endotoxin), 80 K (capsular), and 60 H (flagellar) 

recognized antigenic groups.158 Avian pathogenic E. coli, the causative agent of avian 

colibacillosis, is one of the most important pathogens of the poultry industry. Escherichia coli in 

birds may serve as a potential reservoir of genes or plasmids carrying information for virulence 

and antibiotic resistance.86 Of the 1,025 small flock birds from Ontario tested at the 

slaughterhouse, nearly half were positive for antimicrobial resistant E. coli.117 

1.5.2.1. Transmission and epidemiology 

The bacterium grows at temperatures between 18 to 44 oC and a pH of 4.5 to 9.0, can 

resist freezing for weeks, and survives in damp litter.131 Early infection can occur vertically or 

via fecal contamination of the eggshell leading to high early chick mortality and rapid horizontal 

spread among hatchlings.131 The bacteria can be introduced and spread in a flock by litter, fecal 

matter, dust, feed, rodent droppings, water, darkling beetles and adult houseflies.131,132 A recently 

published survey of Ontario small poultry flocks at five provincial abattoirs, from September 
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2014 to September 2015, determined a 99% prevalence of E.coli in the cecae of tested birds (n =  

1,025).117 However, isolation to specifically identify the presence of Enteropathogenic E. coli 

was not carried out in this study. 

1.5.2.2. Pathogenesis 

Although E. coli is a normal inhabitant of the gastrointestinal tract, it has the potential of 

causing severe disease.  In conditions where there has been loss of anatomical integrity (mucosal 

ulceration or skin lesions), immunosuppression, co-infection with other pathogens (IBDV, IBV, 

hemorrhagic enteritis virus, Mycoplasma spp., AAvV-1), poor environmental conditions (high 

ammonia levels), or overwhelming exposure, E. coli can cause bacteremia and septicemia.131 

Affected birds typically show rapid decrease in feed consumption and feed conversion. Clinical 

signs, disease progression, gross and histological lesions are in part dependent on the local or 

systemic manifestation of the disease, the organ system affected, and the duration of infection.132 

1.5.2.3. Diagnosis 

Samples of liver, spleen, pericardial swabs, or tissues with gross lesions can be submitted 

for bacterial culture. Following positive culture results, PCR can be used to distinguish between 

commensal and pathogenic serogroups of avian pathogenic E. coli, and detection of virulence 

genes (AHL, https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide). 

1.5.2.4. Control 

Since the 1950s, antimicrobials have been used in water and feed to limit losses caused 

by colibacillosis; however, the growing public health concern over antimicrobial resistance has 

shifted the focus towards preventing disease with improvement of husbandry practices. 

Obtaining disease-free hatchlings, maintaining clean water and air while providing quality feed, 

strict biosecurity practices are all key to curtailing environmental exposure to E. coli, and 

limiting the extent of immune suppression and other predisposing factors.131,132 Vaccines against 

E. coli are commercially available yet have had limited proven efficacy mainly due to of the 

large number of serogroups.131 

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
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1.5.3. Salmonella enterica 

Most pathogenic salmonellae of veterinary importance are encompassed within the 

species Salmonella enterica subspecies enterica, in the Enterobacteriaceae family, and are 

further subdivided into more than 2,500 distinct serovars.7,93 These are non-spore forming, 

facultative anaerobe, gram-negative rods. In poultry medicine, salmonellae are typically divided 

into two groups: those that are highly host-adapted to avian species, and those that are not.7 Two 

avian adapted salmonellae are S. Pullorum (Salmonella enterica subspecies enterica, serovar 

Pullorum [SP]) and S. Gallinarum (Salmonella enterica subspecies enterica, serovar Gallinarum 

[SG]). These two serovars, primarily affecting chickens, are collectively called typhoid 

salmonellae and cause pullorum disease and fowl typhoid, respectively.4,7,93,141 The non-avian 

adapted serovars, collectively known as paratyphoid salmonellae (PT), are of public health 

concern as foodborne pathogens that can cause acute gastroenteritis in humans.4,7,93,141 

1.5.3.1. Transmission and epidemiology 

Transmission of Salmonella spp. can occur horizontally and vertically within poultry 

populations, including infection of the ovum at ovulation.4,7,141,152 Congenitally infected and 

convalescent birds often become persistently infected with variable rates of shedding.152 In the 

case of SP, it is believed that the bacterium remains within splenic macrophages and colonizes 

the ovary at sexual maturity, allowing for transovarian transmission.152 With various eradication 

programs in Canada and other nations, which specifically focus on breeder flocks to curtail 

vertical transmission, pullorum disease and fowl typhoid have become increasingly rare in 

commercial poultry4,93,152 and less common in small flocks.152 Similar control measures have 

also been helpful in reducing PT infections in humans associate to poultry products.4,7,141 The 

recent investigation of Ontario small poultry flocks at slaughter reported a bird-level Salmonella 

prevalence of 0.3%, with 3 out 1025 birds positive for the Kentucky serovar, significantly lower 

than the Salmonella prevalence of commercial flocks in Canada.117 One limitation of this study is 

that samples were only collected from 5 of the 18 provincially inspected abattoirs within a 3-

hour driving distance from Guelph, Ontario. 
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1.5.3.2. Pathogenesis 

The exact mechanism of establishing persistent infection within an organism remains 

unclear; however, it has been associated with the ability of the organism to replicate in 

macrophages.152 When typhoid salmonellae are ingested, the bacteria adhere to the surface 

epithelium, disrupt the mucosa and cause fluid dysregulation, exhibited as diarrhea.92,93 

Macrophages remove the bacteria from the gastrointestinal tract, carrying them to the liver or 

spleen. A combination of strain and host factors determine the bacteria ability to colonize other 

organ systems.92,93,152 Although SP and SG cause similar lesions and have been associated with 

significant losses of young birds, fowl typhoid also affects mature birds.141,152 In outbreaks 

caused by vertical transmission, an increased death rate occurs almost immediately after hatching 

with chicks and poults showing signs of weakness, anorexia, depression, and chalky white 

diarrhea resulting in up to 100% morbidity that increases during the first 2 to 3 weeks of 

life.92,93,152 Poults that survive may have variable synovitis, persistent infections, blindness and 

delayed growth.92,93,152 Lesions in young birds include hepatomegaly with multifocal hepatic 

necrosis and heterophil infiltration, splenomegaly with congestion and fibrin exudation, and 

renal congestion.92,93,152 Both immature and mature birds may develop lesions characterized by 

granulomas with a necrotic / caseous core in the lung, air sacs, pancreas, ovary and testes.141,152 

Salmonella Pullorum is also associated with nodular granuloma formation in the myocardium, 

which grossly resemble nodules of MD.152 

1.5.3.3. Diagnosis 

Clinical observations may suggest Salmonella infection within a flock; however, 

definitive diagnosis is obtained following bacterial culture. A variety of samples can be 

submitted for testing including yet not limited to fresh or frozen tissues, eggs, feces, fluff and 

environmental samples (AHL, https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide).93 

As most Salmonella infections involve the gastrointestinal tract in some form, tissue or swabs of 

the cecum are often used (AHL, https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide). 

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
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1.5.3.4. Control 

With the exception of isolated occurrences in small flocks in Vancouver, British 

Columbia, Canada has been pullorum disease and fowl typhoid free since 1982 (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/pullorum-

disease/fact-sheet/eng/1344181819473/1344194671356). Monitoring for Salmonella in Canadian 

commercial flocks includes testing the cecal contents from federal abattoir samples, serum from 

primary breeding flocks and fluff from hatcheries.115 Government mandated testing frameworks, 

such as the Ontario Hatchery and Supply Flock Policy in Ontario, and the National Improvement 

Plan in the US, have to goal to detect positive breeder flocks, curtail vertical transmission, and 

avoid placement of new chicks that are chronically infected.  Additionally, multiple national 

programs include testing also for other pathogens, not just Salmonella spp. (Canadian 

Broadcasting Corporation[CBC], https://www.cbc.ca/news/canada/british-columbia/salmonella-

infected-chicks-sold-to-small-scale-farmer-in-british-columbia-1.3090288).1,18 For instance, in 

Ontario active monitoring is done through mandatory testing of primary breeder flocks and 

hatcheries, and voluntary environmental testing of breeder flocks for Salmonella spp. and 

Mycoplasma spp. (OMAFRA, 

http://www.omafra.gov.on.ca/english/food/inspection/ahw/onthatch-index.htm.). Salmonella 

Pullorum and SP are federally reportable diseases, and positive flocks are depopulated. 

1.5.3.5. Public health importance 

Human salmonellosis cases are monitored and traced by the Public Health Agency of 

Canada.20 The serotyping of Salmonella positive poultry samples provides information that can 

be used in tracing human outbreaks. The 2015 human salmonellosis outbreaks in four Canadian 

provinces and one territory, was linked to live poultry sold to small flock poultry farmers that 

originated from a single hatchery (CBC, https://www.cbc.ca/news/canada/british-

columbia/salmonella-infected-chicks-sold-to-small-scale-farmer-in-british-columbia-

1.3090288).19 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/pullorum-disease/fact-sheet/eng/1344181819473/1344194671356
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/pullorum-disease/fact-sheet/eng/1344181819473/1344194671356
https://www.cbc.ca/news/canada/british-columbia/salmonella-infected-chicks-sold-to-small-scale-farmer-in-british-columbia-1.3090288
https://www.cbc.ca/news/canada/british-columbia/salmonella-infected-chicks-sold-to-small-scale-farmer-in-british-columbia-1.3090288
http://www.omafra.gov.on.ca/english/food/inspection/ahw/onthatch-index.htm
https://www.cbc.ca/news/canada/british-columbia/salmonella-infected-chicks-sold-to-small-scale-farmer-in-british-columbia-1.3090288
https://www.cbc.ca/news/canada/british-columbia/salmonella-infected-chicks-sold-to-small-scale-farmer-in-british-columbia-1.3090288
https://www.cbc.ca/news/canada/british-columbia/salmonella-infected-chicks-sold-to-small-scale-farmer-in-british-columbia-1.3090288
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1.5.4. Campylobacter spp. 

Campylobacter spp. infection in poultry is primarily a public health concern, causing an 

estimated 50 to 70% of human campylobacteriosis in human, as a consequence of foodborne 

disease caused by consuming undercooked poultry meat.23,82 Of these, 1 in 1000 cases progress 

to Guillain-Barre syndrome, a severe demyelinating disease of the central nervous tissue.23,82 

Infections in poultry are caused by the gram-negative, thermophilic, motile spiral rods C. jejuni 

and C. coli.23 

1.5.4.1. Transmission and epidemiology 

Often considered a commensal bacterium of poultry worldwide, transmission in poultry 

can occur through egg shell contamination, direct contact within a flock and environmental 

contamination.97 Once introduced into a flock, the bacteria spreads quickly, rarely causing 

clinical disease.23 In Canada, human campylobacteriosis is a notifiable disease, with a reported 

31.8 isolations per 100,000 people in Ontario in 2004.82 In 2010, only 1% of C. jejuni isolates 

from Ontario retail poultry products were susceptible to all antimicrobial agents tested, raising 

concern for antimicrobial resistance.82 

1.5.4.2. Pathogenesis 

Campylobacter very rarely causes disease in poultry, with the few cases having severe 

diarrhea with non-specific gross lesions.23 Histologically, there is typically mucosal congestion, 

ulceration and villous atrophy.23 

1.5.4.3. Diagnosis 

Bacterial isolation can be performed in thermophilic conditions from feces, cloacal 

swabs, intestinal contents, litter, etc. Intestinal scrapings examined microscopically may reveal 

small curved rods. Subsequently, isolates can be differentiated by serotyping and PCR (AHL, 

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide).23  

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
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1.5.4.4. Control 

Biosecurity measures and proper cleaning of coops, including appropriate waste 

management and down time between flocks can all be used to decrease the bacterial burden in 

poultry.23  

1.5.5. Mycoplasma spp. 

Classified in the Mollicutes class, Mycoplasmatales order, Mycoplasmataceae family, 

there are over 120 known species of Mycoplasma bacteria.89 Of the 25 species that have been 

identified within avian hosts, four Mycoplasma species are considered most pathogenic to 

turkeys and chickens: Mycoplasma gallisepticum, M. synoviae, M. meleagridis and M. iowae. 

Chronic respiratory disease occurs with co-infections of Mycoplasma and other pathogens such 

as infectious bronchitis virus, Newcastle disease virus (lentogenic strains), E. coli, Pasteurella 

spp., O. rhinotracheale, and Aspergillus spp.116,147 

1.5.5.1. Transmission and epidemiology 

Sub-clinically infected birds can vertically transmit Mycoplasma by hematogenous 

spread to the embryo, contact between the oviduct and air sac into the developing ovum, and by 

semen.147 With the ability to survive up to 60 days outside of the body and 5 days in 4 ˚C well 

water, there is a risk of horizontal transmission as well, from carrier birds, including wildlife.116 

1.5.5.2. Pathogenesis 

Following inhalation, the bacteria adheres to the ciliated and non-ciliated epithelium of 

the trachea causing nasal discharge, coughing and open mouth breathing, and leading to 

lymphoproliferative lesions within the lungs, air sacs, trachea, and sinuses among other 

locations, as detailed in Table 1.4.147 Additionally, decreased growth rates, decreased in egg 

production and embryo survival are common, due to infection of the reproductive tract.116  
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Table 2.4. Classification of Mycoplasma spp. associated diseases in chickens and turkeys. 

Species Diseases 

(Host) 

Clinical signs Lesions 

Mycoplasma 

gallisepticum  

Chronic 

respiratory 

disease 

(chicken) 

Sneezing, nasal discharge, 

coughing, tracheal rales, 

dyspnea, and open mouth 

breathing. 

Decreased growth rate 

Decreased egg production 

Poor body condition 

Pneumonia 

Keratoconjunctivitis 

Tenosynovitis 

Arthritis  

Salpingitis 

Fibrinous airsacculitis 

Peritonitis 

Hepatitis 

Infectious 

sinusitis 

(turkey) 

Infraorbital swelling 

Nasal exudate 

Infraorbital swelling  

Fibrinous pneumonia 

Airsacculitis 

Rhinitis 

Tracheitis  

Mycoplasma 

synoviae 

Infectious 

synovitis, 

Tenovaginitis 

(chicken, 

turkey) 

Pale comb 

Decreased growth rate 

Swollen joints 

Reluctant to move 

Similar respiratory signs as 

M. gallisepticum 

Synovial edema 

Caseous to fibrinopurulent 

exudate in turkey leg joints, 

skull and cervical vertebrae 

Breast blisters 

 

Mycoplasma 

meleagridis 

Mycoplasma 

meleagridis 

infection 

(turkey) 

Decreased hatch rate, late 

term embryo death 

Poor weight gain in 

hatching poults 

Respiratory distress 

Poor feathering 

Airsacculitis with yellow 

exudate in thoracic airsacs 

Osteomyelitis 

Deformed cervical vertebrae 

and/or tarsometatarsal bones 

Mycoplasma 

iowae 

Mycoplasma 

iowae infection 

(turkey) 

5 to 20% late embryonic 

mortality 

Dead embryos: 

- Swelling of head and neck 

- Urate deposits on body and 

ureters 

- Hepatitis  
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1.5.5.3. Diagnosis 

The gold standard of Mycoplasma diagnosis remains the isolation and identification of 

the bacterium from live birds through swabs of the trachea, cloaca, and semen, as well as 

postmortem samples of the respiratory tract.147 As a slow growing organism, culture results for 

Mycoplasma spp. may take up to three weeks, while molecular test can provide results within 

hours, making PCR a valuable diagnostic tool (AHL, https://www.uoguelph.ca/ahl/tests-users-

guide/ahl-users-guide).147 

1.5.5.4. Control 

Because Mycoplasma spp. can persistently colonize the host and be vertical 

transmissitted, causing long term effects on flock production, great efforts have been made to 

eradicate the organisms from commercial flocks (OMAFRA, 

http://www.omafra.gov.on.ca/english/food/inspection/ahw/onthatch-index.htm.).116 Obtaining 

birds from certified Mycoplasma spp. free flocks and good biosecurity practices, including 

quarantining and avoiding mixing different age groups, are the best means of protecting a 

flock.89,147 Eliminating the agent form an infected flock is nearly impossible, and control 

measures are limited to strict hygiene, vaccination and antimicrobial treatment in order to 

decrease secondary bacterial or viral challenges, which can help improving overall health and 

minimizing losses.116 

1.5.6. Infectious bronchitis virus 

Infectious bronchitis is caused by the enveloped virus avian coronavirus classified in the 

Nidovirales order, Coronaviridae family, Coronavirinae subfamily, Gammacoronavirus 

genus.107 This virus has a single-stranded, positive sense, RNA genome, which display a high 

rate of genetic mutation and recombination leading to ever increasing numbers of types, subtypes 

and variants.109 The nucleocapsid protein is highly stable and used in viral identification, while 

the spike glycoprotein is genetically variable and used for genotyping.99,109 

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
http://www.omafra.gov.on.ca/english/food/inspection/ahw/onthatch-index.htm
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1.5.6.1. Transmission and epidemiology 

Aerosolization of the virus in respiratory secretion is the most important mode of 

transmission as the virus is quickly inactivated outside of the host.109 A phylogenetic analysis of 

IBV detected from Canadian poultry between 2000 and 2013, showed that approximately one 

third of the isolates was classified as the Qu_mv strain, unique to Canada, and one third was 

classified as vaccine-related Connecticut and Massachusetts.122 More than 50% of clinical cases 

from 2012 and 2013 were from the non-Canadian and non-US strain 4/91, which was first 

detected within the province in 2011, and appeared to have quickly become established within 

the province.122 The remaining isolates identified include US variants CU_82792, California 99, 

California 1734/04, Pennsylvania 1220/98 and Pennsylvania Wolg/98.122 Since the Delmarva 

strain was first detected in Ontario in 2015, there has been an increased number of IBV positive 

cases in Ontario broilers, layers, and breeders.139,140 

1.5.6.2. Pathogenesis 

The pathogenicity of IBV is dependent on the viral strain and the immunological status of 

the host, among other parameters.157 Affecting chickens of all ages, IBV enters via the 

respiratory tract, with initial replication in epithelial cells. Viremia and subsequent infection of 

the epithelium of renal tubules and reproductive organs can ensue.109 All strains cause respiratory 

signs, often within 48 hours, including increased nasal secretions, coughing, and gasping.99 

Chicks less than 3-week-old have increased mortality while layers have decreased egg 

production and poor egg quality.157 Those affected by the nephrogenic strains often appear to 

recover from the respiratory signs only to develop depression, increased water intake, and 

increased mortality due to renal damage.109 Damage to the reproductive tract, specifically the 

developing oviduct, can lead to permanent decreased egg production despite apparent 

recovery.112 

Respiratory tract lesions include serous, catarrhal or fibrinous tracheitis, which can 

evolve to pneumonia and airsacculitis.109 When affected, the kidneys are pale, mottled, enlarged 

2 to 4 times the normal size, and often contain visible urate crystals.111 Cystic oviducts may be 

seen in birds infected at a young age, while yolk peritonitis can occur in laying hens.109 

Histopathology of the respiratory tract includes sloughing of the epithelial cells, loss of cilia in 
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the trachea, lymphoid infiltration of the lamina propria and fibrinous exudate.109 Lesions in the 

kidneys include multifocal tubular necrosis with heterophils, lymphocytes and urates; while the 

glomeruli are histologically unaffected.111 Within the oviduct, there is variable loss of cilia, gland 

ectasia, and accumulation of mixed inflammatory infiltrates with edema and fibrosis in the 

lamina propria.109 

1.5.6.3. Diagnosis 

Virus isolation has long been the preferred detection method; however, this has been 

largely replaced by reverse transcriptase real time PCR (RT-rtPCR) for the nucleocapsid protein  

conducted on fresh tissues or tracheal / oral swabs (AHL, https://www.uoguelph.ca/ahl/tests-

users-guide/ahl-users-guide). Following detection, further testing using the spike glycoprotein is 

needed for phylogeny and strain identification (AHL, https://www.uoguelph.ca/ahl/tests-users-

guide/ahl-users-guide).157 

1.5.6.4. Control 

Proper prevention measures should include strict biosecurity, proper cleaning and 

disinfection of the facility, and preventing mixing of birds. Vaccination typically decrease the 

severity and duration of infection.109 Commonly, attenuated live vaccines are used in broilers and 

as the first vaccination for breeders and layers, with inactivated vaccines also used prior to the 

onset of lay in breeders and layers.109 In Canada, the Connecticut and Massachusetts strains have 

licensed vaccines, and are widely applied.122 Vaccination protocols can include using one or both 

strains together or in series to induce a cross protection or using autogenous vaccines of local 

stains.98,109 

1.5.7. Infectious laryngotracheitis virus 

Infectious laryngotracheitis (ILT) is caused by ILTV, an icosahedral, enveloped, virus 

with linear double stranded DNA genome, which is classified in the Herpesvirales order, 

Herpesviridae family, Alphaherpesvirinae subfamily, Iltovirus genus, Gallid alphaherpesvirus 1 

species.91,107  

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
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1.5.7.1. Transmission and epidemiology 

Viral transmission occurs both with direct bird-to-bird contact and indirectly via fomites 

more commonly in birds 4 weeks of age or older.91 Although chickens are the most frequent 

host, the virus has also been reported in pheasants, peafowls, and ducks.91,133 Occasional 

outbreaks of ILT affecting commercial broilers and layer flocks have been reported in Southern 

Ontario in 1925, 1974, 1982, 1998, and 2004.96,133,167 Additionally, variable low numbers of 

cases are confirmed annually by the Animal Health Laboratory (AHL) throughout the 

province.133 The virus can survive up to 100 days at ambient temperatures, suggesting that farm-

to-farm contamination can be carried out through movement of objects, vehicles, people and 

even wind patterns.91 Latency is an important mechanism in the epidemiology of this virus: 

reactivation of latent virus in birds that have recovered from natural disease or that have been 

vaccinated can potentially expose naive birds and cause recrudescence in flocks where immunity 

to the virus decreased with time.91,133 

1.5.7.2. Pathogenesis 

Following natural exposure via the respiratory or ocular routes, ILTV replication is 

limited to the mucosal membranes of the conjunctiva and upper respiratory tract (less commonly 

lung and air sacs), where epithelial necrosis and mucosal inflammation. Acute respiratory 

clinical signs of ILTV appear 1-2 weeks post-infection.91 Mild cases present with tracheitis, 

conjunctivitis, nasal and/or ocular discharge, general unthriftiness, and decreased egg 

production.91,133,167 In severe cases, respiratory distress can include dyspnea and coughing of 

bloody mucous.133 Morbidity and mortality can range from as low as 5% and 0.1%, respectively, 

in mild cases to as high as 100% and 70%, respectively, with severe epizootic forms.91 Birds that 

recover from infection may remain latently infected and can serve as a source of infection in 

naïve chickens.91 

Lesions are typically seen in the trachea and eyelids, ranging from mild mucosal edema 

and congestion, to ulceration / necrosis and hemorrhage with sanguineous and caseous exudates 

in the lumen.96,133 The histological hallmark of the disease consists of eosinophilic intranuclear 

inclusion bodies (Cowdry A type) and formation of syncytia in the epithelial cells of the 

respiratory mucosa.96,133 
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1.5.7.3. Diagnosis 

Clinical signs and gross lesions are not sufficient for definitive diagnosis and the 

presence of intranuclear inclusions bodies in epithelial cells observed by histopathology or 

molecular methods of detection (e.g., PCR) should be used to confirm ILTV infection (AHL, 

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide).80,91 

1.5.7.4. Control 

In addition to proper biosecurity, commercial live attenuated vaccines have been 

approved for use in chickens. Chicken embryo-origin vaccines occasionally have increased 

virulence and have shown the ability to undergo latency and reactivation.91 The tissue culture-

origin vaccines are safer when compared to the embryo-origin vaccine; however, they have 

limited availability due to cost and laborious application (i.e., intraconjunctival).91,133 

1.5.8. Marek’s disease virus 

Marek’s disease virus (MDV) is a cell-associated virus classified in the genus 

Mardivirus, subfamily Alphaherpesvirinae, family Herpesviridae, and the order 

Herpesvirales.107 Previously divided into three serotypes, the genus is now divided into three 

species with the pathogenic virus responsible for MD, previously serotype 1, now classified as 

Gallid herpesvirus 2.149 Marek’s disease virus strains are further subdivided based on virulence 

(Table 1.5).127 

1.5.8.1. Transmission and epidemiology 

Identified in every country where poultry are raised, MDV is ubiquitous in the 

environment and preventing viral exposure is nearly impossible to prevent without the most 

stringent of biosecurity.149 Exposure typically occurs via the respiratory tract from inhalation of 

dust particles containing feather follicle epithelium that harbour infectious virus, in birds as 

young as one day old.127 

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
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Table 2.5. Classification of Gallid herpesvirus 2 strains according to virulence in chickens. 

Strain group Group 

abbreviation 

Virulence Vaccination 

Mildly virulent 

strains 

mMDV Mild lesions in susceptible 

strains of chickens 

Not needed in most 

chickens 

Virulent strains vMDV Severe lesions Monovalent vaccines 

Very virulent 

strains 

vvMDV Significant lesions Bivalent vaccines 

Very virulent 

plus strains 

vv+MDV Most significant lesions Incomplete protection with 

bivalent vaccines 
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1.5.8.2. Pathogenesis 

Within 24-36 hours of exposure the virus can be detected in lymphoid organs such as the 

spleen, thymus and bursa of Fabricius, where it replicates to produce non-infectious virus within 

B-cells.127 This initial virus replication leads to B-cells lysis, secondary T-cell activation, and 

eventually establishment of latent infection in T cells within 6 to 7 days post-infection. During 

the latent phase, a low-grade infection continues preferentially within the nervous system and the 

feather follicle epithelium, the former leading to neurological signs and the latter to 

dissemination of infectious virus particles through feather dust and infection of other birds.127,149 

Viral induced lymphoma can occur as of three weeks post-infection, with clinical signs including 

asymmetrical progressive paresis and paralysis, blindness, and swollen feather follicles (Table 

1.6).127,149 Enlarged nerves trunks with associated muscle atrophy and pleomorphic lymphocytes 

with fewer plasma cells in birds less than 16 weeks of age is highly suggestive of MDV.127,149,151 

Multicentric lymphoproliferative masses throughout the nervous system, viscera, feather follicles 

are also common. 

1.5.8.3. Diagnosis 

Marek’s disease should be at the top of any differential diagnosis list for chickens with 

lymphoplasmacytic polyneuritis especially in young birds with nerve trunk involvement, as well 

as multicentric lymphomas that affect also the nervous tissue and commonly spare the bursa. 

Differential diagnoses include avian leukosis and reticuloendotheliosis virus-associated tumors. 

Diagnosis is performed with either rtPCR, immunohistochemistry (for cluster of differentiation 3 

or Marek’s disease EcoRI-Q gene), or viral isolation.2,127,129 

1.5.8.4. Control 

There is currently no treatment available for MDV, and prevention is based on vaccination either 

in ovo or within one day of hatch at the hatchery.127,149 Multiple commercial vaccines are 

currently available and all hatcheries in Canada vaccinate for MDV. For the most part, 

vaccination has been an effective means of limiting the financial impact of MDV within the 

Canadian commercial flock.127,149



27 

 

Table 2.6. Summary of common presentations of Marek’s disease in chickens. 

  Pattern of lesions 

 Early mortality 

syndrome 

Peripheral Nerves Eyes Skin Visceral organs 

Clinical signs Depressed, 

comatose, death 

within 48 hr of 

onset of clinical 

signs 

 

Asymmetric progressive 

paresis to paralysis, 

incoordination, 

abnormal gait. Often one 

leg stretched forward 

and the other stretched 

back 

Blindness (unilateral 

or bilateral) 

Swollen feather 

follicles 

Clinically normal to 

depressed, cachexic, 

pale, anorexic, 

paralysis 

Mortality High mortality 0-30% None  None 0-60% 

Prevalence in 

commercial 

flocks 

Acute death in 

unvaccinated 

flocks 

Occasional 

layer/breeder, rare 

broiler  

Rare layer/breeder 

and broiler 

Rare layer breeders 

Common broiler 

Rare layer/breeder 

and broiler 

Age 8-16 days PI Growing birds 4-8 week PI 4-8 week PI 4-90 week 

Gross lesions None Unilateral or bilateral 

enlargement and grey-

yellow discoloration of 

peripheral nerves 

Loss of pigmentation 

of the iris and 

irregular pupil 

Enlarged feather 

follicles with reddened 

skin 

Tumors in liver, 

heart, spleen, gonads, 

kidneys, mesentery, 

bursa, adrenal glands, 

pancreas, skeletal 

muscle, skin, iris, etc. 

Histological 

lesions 

None Type A: CD30+CD4+ T 

cells with few B cells 

Type B: diffuse 

infiltration by small 

lymphocytes and plasma 

cells  

+/- demyelination and 

Schwann cell 

proliferation 

Uveitis, keratitis, 

retinal necrosis, and 

infiltrations of T 

cells, macrophages, 

plasma cells and 

granulocytes 

Lymphoproliferative 

nodules around feather 

follicles 

Diffuse proliferation 

of small-to-medium T 

lymphocytes 
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1.5.9. Avian influenza virus 

Avian influenza virus, classified in the Influenza virus A genus of the Orthomyxoviridae, 

is an enveloped virus with a segmented, negative sense RNA genome.107,159,160 Hemagglutinin 

(H) and neuraminidase (N) genes encode for surface glycoproteins, which allow attachment and 

entry of the virus into cells.160 To date, 18 (1-18) H and 11 (1-11) N antigenic subtypes are 

reported, and avian species are susceptible to infection with H 1-16.160 Strains are classified into 

two categories based on virulence: those causing subclinical to mild disease in poultry, low 

pathogenicity avian influenza virus (LPAIV) strains; and those causing high mortalities, high 

pathogenicity avian influenza virus (HPAIV) strains. 

1.5.9.1. Transmission and epidemiology 

The reservoir of LPAIV strains are wild waterfowl, including ducks, gulls, and 

shorebirds.159,160 Through breach in biosecurity, LPAIV strains infect commercial flocks, leading 

to replication among thousands of birds present at high densities, increasing the probability of 

point mutations that allow mutation from LPAIV to HPAIV strains (antigenic drift).159,160 To 

date, all HPAIV strains are of the H5 and H7 antigenic subtypes as well as the mechanism of 

mutation from a LPAIV to a HPAIV strain has been described only for these subtypes (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/fact-

sheet/eng/1356193731667/1356193918453). Therefore, both LPAIV and HPAIV H5 and H7 

strains are considered to be notifiable, and are federally reportable to the CFIA (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-

animals/diseases/reportable/ai/eng/1323990856863/1323991018946). Outbreaks of H7N3 HPAI 

in 2004 and H5N2 HPAI in 2014, both in British Columbia, resulted in the depopulation of 

nearly 15 million chickens, turkeys, ducks, and geese from 422 commercial farms and 555 small 

flocks (CFIA, http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/fact-

sheet/eng/1356193731667/1356193918453).153 In 2015, two turkey farms and one broiler 

breeder farm were depopulated following the detections of H5N2 HPAI (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/disease-

incidents/h5n2-avian-influenza-in-ontario-2015/eng/1475014329370/1506004050988?chap=0). 

Most recently, low pathogenic H5 was detected in a single commercial duck farm in Ontario in 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/fact-sheet/eng/1356193731667/1356193918453
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/fact-sheet/eng/1356193731667/1356193918453
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/eng/1323990856863/1323991018946
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/eng/1323990856863/1323991018946
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/fact-sheet/eng/1356193731667/1356193918453
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/fact-sheet/eng/1356193731667/1356193918453
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/disease-incidents/h5n2-avian-influenza-in-ontario-2015/eng/1475014329370/1506004050988?chap=0
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/disease-incidents/h5n2-avian-influenza-in-ontario-2015/eng/1475014329370/1506004050988?chap=0
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2016 triggering swift action by government authorities (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/2016-

investigation-ontario/timeline-of-events/eng/1468249243632/1468249244411).  

1.5.9.2. Pathogenesis 

Viral entry occurs via the respiratory or intestinal tract where the virion attaches to the 

surface epithelium and initial replication occurs. The difference in virulence between LPAI and 

HPAIV strains mainly lies with the cleavage site of the H protein, which, once cleaved, allows 

virions to infect new cells.159,160 In the case of HPAIV strains, the HA protein can be cleaved by 

an ubiquitous range of proteases present throughout the body (i.e., furin-like proteases), which 

allow systemic spread of the virus throughout the host. For LPAIV strain, the cleavage site of the 

HA protein can be only activated by trypsin-like enzymes, which are found in the respiratory 

epithelium and the intestinal tract, leading to localized disease.159,160 

For LPAI, clinical syndromes range from lack of symptoms to catarrhal inflammation of 

the upper respiratory tract. Clinical signs, when present, include coughing, sneezing, rales, and 

excessive lacrimation, or may be limited to decreased feed and water intake, or drop in egg 

production (the latter especially in turkey breeders).160 With HPAI, clinical signs are 

characterized by severe prostration and high mortality rates, up to 100%.159 Typical gross lesions 

include cutaneous hemorrhages on the comb, wattles, legs, feet, and conjunctiva, as well 

multifocal petechiation and necrosis of internal organs.159 Associated necrohemorrhagic lesions 

can be observed throughout the visceral organs.159 

1.5.9.3. Diagnosis 

In Canada, a tentative diagnosis of AI can potentially be made based on the flock’s 

medical history, clinical signs and postmortem findings, and any suspicion of HPAI must be 

immediately reported to the CFIA for investigation (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-

plan/eng/1374504359532/1374504482294). Tissues or swabs can be submitted for RT-rtPCR for 

a presumptive diagnosis, which can deliver results within as little as three hours (AHL, 

https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide) (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/2016-investigation-ontario/timeline-of-events/eng/1468249243632/1468249244411
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/2016-investigation-ontario/timeline-of-events/eng/1468249243632/1468249244411
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-plan/eng/1374504359532/1374504482294
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-plan/eng/1374504359532/1374504482294
https://www.uoguelph.ca/ahl/tests-users-guide/ahl-users-guide
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http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-

plan/eng/1374504359532/1374504482294).  

1.5.9.4. Control 

Notifiable AI is a reportable disease to the CFIA, and federal regulations prohibit the 

vaccination or treatment of poultry for H5 and H7 subtypes, making strict biosecurity protocols 

essential in order to prevent introduction of the virus from wild birds (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-

plan/eng/1374504359532/1374504482294).  

1.5.10. Avian avulavirus 1 

Avian avulavirus 1 (formerly known as Newcastle disease virus) is classified in the avian 

avulavirus genus (formerly known as avian paramyxovirus), Paramyxoviridae family and 

Mononegavirales order.107 This virus has a single-stranded, negative sense RNA genome and an 

envelope spiked with hemagglutinin-neuraminidase and fusion proteins.126 The OIE lists five 

pathotypes based on their clinical signs in chickens: viscerotropic velogenic, neurotropic 

velogenic (often combined as velogenic), mesogenic, lentogenic, and asymptomatic enteric (OIE, 

http://www.oie.int/en/international-standard-setting/terrestrial-code).  

1.5.10.1. Transmission and epidemiology 

The virus is shed in oropharyngeal secretions and feces, which are either inhaled or 

ingested by other birds.128 Isolated in over 117 species from 17 out of 24 orders in the Aves 

class, the disease-inducing ability of different AAvV-1 strains is highly variable.126 Chickens are 

typically highly susceptible, with high morbidity and mortality, while turkeys develop moderate 

clinical signs.79,164 Wild birds and waterfowl are often asymptomatic carriers acting as a reservoir 

for infection, and game birds such as guinea fowl, pheasants, and quail have variable 

susceptibility.79,164 In North America, AAvV-1 is endemic in cormorants (Phalacrocorax spp.) 

(OIE, http://www.oie.int/en/international-standard-setting/terrestrial-code).164 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-plan/eng/1374504359532/1374504482294
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-plan/eng/1374504359532/1374504482294
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-plan/eng/1374504359532/1374504482294
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/hazard-specific-plan/eng/1374504359532/1374504482294
http://www.oie.int/en/international-standard-setting/terrestrial-code
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1.5.10.2. Pathogenesis 

Similar to AI, the variation in virulence between the different NDV strains is highly 

dependent on the cleavage site of the fusion protein, which determines tissue tropism and 

virulence.126 Lentogenic strains are limited to the respiratory epithelium, while velogenic strains 

can be activated (i.e., the fusion protein can be cleaved) in multiple tissues leading to systemic 

infection.128 The incubation period is highly variable, ranging from 2 to 21 days, and dependent 

on host, virulence and environmental factors.128 

There are no pathognomonic clinical signs or lesions for AAvV-1.128 Lentogenic strains 

are associated with decreased weight gain and mild respiratory signs of coughing, gasping, 

sneezing and rales with negligible mortality, unless secondary infections occurred.21,79,126,128 The 

mesogenic strains have increased morbidity with acute mild to severe respiratory and neurologic 

symptoms.126,128 Velogenic strains can cause up to 100% mortality: the neurotropic strains cause 

tremors, incoordination, torticollis, and wing paralysis, while viscerotropic strains cause severe 

conjunctivitis, respiratory distress, necro-hemorrhagic lesions in multiple visceral organs, and 

diarrhea.21,128 

1.5.10.3. Diagnosis 

Differential diagnoses include HPAI, ILT, mycoplasmosis, infectious bronchitis and 

aspergillosis (CFIA, http://www.inspection.gc.ca/animals/terrestrial-

animals/diseases/reportable/nd/fact-sheet/eng/1330202454619/1330202602677).126 In Canada, 

laboratory testing for AAvV-1 include virus isolation and RT-rtPCR to test active infection, and 

serology testing to determine past exposure either from past infection or vaccination (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/nd/fact-

sheet/eng/1330202454619/1330202602677).  

1.5.10.4. Control 

Domestic poultry in Canada are considered free of Newcastle disease, thus suspect or 

presumptive cases of infection with velogenic strains must be reported to CFIA. If disease is 

confirmed, the flocks is depopulated (CFIA, http://www.inspection.gc.ca/animals/terrestrial-

animals/diseases/reportable/nd/fact-sheet/eng/1330202454619/1330202602677; OIE, 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/nd/fact-sheet/eng/1330202454619/1330202602677
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/nd/fact-sheet/eng/1330202454619/1330202602677
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/nd/fact-sheet/eng/1330202454619/1330202602677
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/nd/fact-sheet/eng/1330202454619/1330202602677
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/nd/fact-sheet/eng/1330202454619/1330202602677
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/nd/fact-sheet/eng/1330202454619/1330202602677


32 

 

http://www.oie.int/en/international-standard-setting/terrestrial-code). There are currently no 

treatment options; however, vaccination with either a live or killed strain provides effective 

protection against all strains (CFIA, http://www.inspection.gc.ca/animals/terrestrial-

animals/diseases/reportable/nd/hazard-specific-plan/eng/1392670129624/1392670192661). 

Proper biosecurity is also essential to prevent introduction of virulent strains from wild birds.128 

A review of the 2000 AAvV-1 outbreak in Italy suggested that outbreaks in small flocks are 

generally self-limiting and that flock eradication may be sufficient for control.21 

1.6. Study plan 

1.6.1. Study rationale 

Small scale poultry production is on the rise throughout much of the developed world. 

Within the province of Ontario, there has been a substantial increase within the last five years of 

registered non-commercial chicken flocks, with over 16,000 flocks registered in 2016. Small 

poultry flocks are often under-serviced by veterinarians, may have poor biosecurity protocols, 

frequent contact with potential pathogen reservoirs in wild birds, and limited vaccination 

practices.12,90,118,119,121,154 These types of husbandry practices suggest that small flocks might be 

at higher risk of becoming potential reservoir of poultry diseases. There is currently very limited 

published information on common infectious and non-infectious diseases affecting small poultry 

flocks. There is also concerns that poor biosecurity measure and husbandry practices may pose 

an increase in the risk of zoonotic exposure for owners. Despite the increased popularity and the 

potential for transmission of zoonotic pathogens, there is very limited published information 

regarding small flocks in Ontario. Specifically, there is a scarcity of data available concerning 

the prevalence of infectious and non-infectious disease, and the biosecurity measures and 

husbandry practices commonly adopted by the flock owners. 

In the present work, we propose to carry out a prospective descriptive study of 

postmortem cases from small poultry flocks in Ontario, in order to assess the prevalence of 

infectious and non-infectious causes of morbidity and mortality; review management and 

biosecurity practices that could increase likelihood of diseases; assess the prevalence of zoonotic 

pathogens; and detect immediate threats to the Ontario poultry sector. 

http://www.oie.int/en/international-standard-setting/terrestrial-code
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/nd/hazard-specific-plan/eng/1392670129624/1392670192661
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/nd/hazard-specific-plan/eng/1392670129624/1392670192661
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1.6.2. Objectives 

As is the case in descriptive study, specific hypotheses will not be tested, but rather a 

number of objectives will guide the study design. These objectives include: 

1. Determine the prevalence of poultry pathogens in small poultry flocks in Ontario. 

2. Determine the causes of morbidity and mortality in small poultry flocks in Ontario. 

3. Describe the husbandry and biosecurity practices used by small flock owners in Ontario. 
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2. CHAPTER 2: A TWO-YEAR PROSPECTIVE STUDY OF SMALL 

POULTRY FLOCKS IN ONTARIO, CANADA, PART 1: 

PREVALENCE OF VIRAL AND BACTERIAL PATHOGENS 

(This chapter corresponds to the following manuscript: 

Nancy M. Brochu, Michele T. Guerin, Csaba Varga, Brandon N. Lillie, Marina L. Brash, Leonardo Susta. A 

two-year prospective study of small poultry flocks in Ontario, Canada, part 1: Prevalence of viral and bacterial 

pathogens. Journal of Veterinary Diagnostic Investigation 2019;31(3)327-335. DOI: 10.1177/104063871984357710) 

 

Abstract. In Ontario, within the past few years, there has been a marked increase in the number 

of non-commercial poultry flocks (referred to as “small flocks”). Small poultry flocks may act as 

a potential reservoir of avian and zoonotic pathogens given their limited access to veterinary 

services, inadequate biosecurity practices, and increased risk of contact with wild birds. Despite 

these potential risks, there is a scarcity of data concerning the prevalence of poultry and zoonotic 

pathogens among these flocks. To assess the baseline prevalence of bacterial and viral infectious 

pathogens, prospective surveillance of small flock postmortem submissions to the Animal Health 

Laboratory was conducted over a 2-year period. Upon the owner’s consent, a postmortem 

examination and pre-set tests for infectious agents were conducted. A total of 160 submissions, 

mainly chickens (84%), were received. Among bacterial pathogens, Brachyspira spp., 

Mycoplasma synoviae, Campylobacter spp., Mycoplasma gallisepticum, and Salmonella spp. 

were detected in 37, 36, 35, 23, and 3% of tested submissions, respectively. Among viral 

pathogens, infectious bronchitis virus, fowl adenovirus, infectious laryngotracheitis virus, avian 

reovirus, and infectious bursal disease virus were detected in 39, 35, 15, 4, and 1% of 

submissions, respectively. We detected non-virulent avian avulavirus-1 from 2 chickens in 1 

submission, and low-pathogenic H10N8 influenza A virus from 1 turkey submission. Our study 

provides the baseline prevalence of viral and bacterial pathogens currently circulating in Ontario 

small flocks and may help animal and human health professionals to educate small flock owners 

about disease prevention.
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2.1. Introduction 

In countries with an industrial poultry sector, such as Canada, there has been a substantial 

increase in the number of non-commercial poultry flocks (i.e., small flocks) raised in urban and 

peri-urban areas (Canadian Broadcasting Corporation, http://www.cbc.ca/news/the-backyard-

chicken-debate-1.916153). In Canada, poultry production (chicken and turkey industries) is 

regulated by a quota system. In the province of Ontario, non-commercial poultry operations may 

have up to 299 broilers, 99 layers, and 49 turkeys. Non-commercial poultry owners can register 

their flock with a provincial marketing board (such as the Chicken Farmers of Ontario [CFO]) at 

the time of purchase of birds from broker dealers or hatcheries; in 2016, more than 16,000 non-

commercial poultry growers registered their flocks (CFO, https://www.familyfoodgrower.ca/). 

However, a definitive number of non-commercial flocks within the province is not available and 

is likely higher than this, given that registration is voluntary and not done by owners who keep 

birds in urban areas where the practice is illegal (Yonge Street, 

www.yongestreetmedia.ca/features/backyardchickens05082013.aspx; Global News Radio 640 

Toronto, https://globalnews.ca/news/3782510/toronto-city-council-approves-pilot-project-

allowing-backyard-chickens). 

In Canada and the United States, surveys have shown that relaxed biosecurity practices, 

insufficient veterinary supervision, and lack of prophylactic measures (e.g., vaccination) are 

common in non-commercial poultry flocks.12,13,87,120,121,154 A survey directed to Ontario’s small 

flock owners registered with the CFO in 2010-2011, demonstrated that nearly half of evaluated 

flocks had an increased risk of contact with wild birds.12 Wild birds are considered potential 

reservoirs of avian pathogens, and increased likelihood of contact could facilitate spillover of 

several infectious agents, including avian influenza virus (AIV; species Influenza A virus) and 

avian avulavirus 1 (AAvV-1; species Avian orthoavulavirus 1; previously Newcastle disease 

virus). In Ontario, a spatial analysis12 estimated the average distance between commercial and 

non-commercial flocks to be 1.6 km, which is lower than the culling radius considered effective 

in containing the spread of AIV during an outbreak.8 This density can also increase the risk of 

transmission of other avian pathogens, such as infectious laryngotracheitis virus (ILTV; species 

Gallid alphaherpesvirus 1), for which wind-borne transmission has been demonstrated.110 

During the Newcastle disease (ND) outbreaks in California in 1999-2000 and 2018, exotic (or 

http://www.cbc.ca/news/the-backyard-chicken-debate-1.916153
http://www.cbc.ca/news/the-backyard-chicken-debate-1.916153
https://www.familyfoodgrower.ca/
http://www.yongestreetmedia.ca/features/backyardchickens05082013.aspx
https://globalnews.ca/news/3782510/toronto-city-council-approves-pilot-project-allowing-backyard-chickens/
https://globalnews.ca/news/3782510/toronto-city-council-approves-pilot-project-allowing-backyard-chickens/


36 

 

“virulent”) AAvV-1 was isolated in small chicken flocks,22,79 stressing the importance of strict 

biosecurity to avoid disease transmission between commercial and non-commercial flocks.79 

Despite these concerns, the contribution of small flocks to the spread of high-

consequence infectious agents, such as AIV and AAvV-1, has been small when compared to 

commercial flocks.3,155 For instance, during the H5N2 highly pathogenic AIV outbreak in 

Ontario in 2015, no small flocks tested positive for the virus (Canadian Food Inspection Agency 

[CFIA], http://www.inspection.gc.ca/animals/terrestrial-

animals/diseases/reportable/ai/eng/1323990856863/1323991018946), and during the H7N3 

highly pathogenic AIV outbreaks in British Columbia in 2004, only 2 small flocks tested 

positive, in contrast to 28 positive commercial premises.142 

Non-commercial flocks also represent a concern for public health by increasing the risk 

of human exposure to zoonotic and foodborne pathogens, such as Salmonella spp. and 

Campylobacter spp.100 In Ontario, poultry meat and eggs that are not sold to third parties can be 

consumed by the owner and their family without veterinary inspection, a practice that could 

increase the risk of foodborne diseases in households that keep poultry for domestic consumption 

(Ontario Ministry of Agriculture, Food and Rural Affairs, 

http://www.omafra.gov.on.ca/english/livestock/urbanagbib/sellingyourproducts.htm). In addition, 

keeping poultry as pets can increase the risk of pathogen transmission through direct contact with 

birds that might be actively shedding pathogens. A statement from the Centers for Disease 

Control and Prevention (CDC) was recently issued encouraging parents to avoid contact between 

poultry species (including ducklings) and children < 5-y-old because of possible exposure to 

salmonellae (CDC, https://www.cdc.gov/features/salmonellapoultry/index.html). 

Despite the ever-increasing popularity of small poultry flocks, to our knowledge, there is 

limited published data documenting the baseline prevalence of poultry and zoonotic pathogens 

among these flocks in Canada, and more specifically, Ontario.117 To establish the baseline 

prevalence of poultry pathogens and diseases among these flocks in Ontario, we conducted a 

prospective surveillance study of small flock postmortem submissions to the Animal Health 

Laboratory (AHL) over a 2-year period (October 2015 – September 2017). An extensive array of 

pre-set microbiology tests and postmortem exams were carried out for each submission. Results 

of this study are presented in 2 companion papers. The present work, the first paper in the series, 

describes the results derived from the pre-set microbiology tests (pathogen prevalence). The 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/eng/1323990856863/1323991018946
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/eng/1323990856863/1323991018946
http://www.omafra.gov.on.ca/english/livestock/urbanagbib/sellingyourproducts.htm
https://www.cdc.gov/features/salmonellapoultry/index.html
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second paper of the series reports detailed results of the postmortem investigation (disease 

prevalence).11 

2.2. Material and methods 

2.2.1. Advertisement and inclusion criteria 

From October 1, 2015, to September 29, 2017, Ontario small poultry flock owners were 

encouraged to submit their birds for postmortem examination through a licensed veterinarian to 

the Guelph or Kemptville AHL (University of Guelph) locations. Submissions could be dropped 

off directly or delivered to these laboratories through a prepaid courier service. Owners were 

charged a nominal fee to include all testing. 

The study was advertised through professional veterinary organizations (Ontario 

Association of Poultry Veterinarians, Ontario Veterinary Medical Association), industry groups 

(CFO, Poultry Industry Council, Ontario Broiler Hatching Egg and Chick Commission), poultry 

research networks (Poultry Health Research Network at the University of Guelph), blogs, social 

media, and periodicals specifically addressing poultry fanciers (The Exhibitor). The study was 

also advertised at co-ops, hatcheries, and poultry fairs because these are common sites for the 

purchase of new birds. 

To be included in our study, both the flock and flock owner had to reside within the 

province of Ontario, the owner was required to complete a husbandry and biosecurity 

questionnaire, and the flock had to be within the numerical limits imposed by the quota system 

and not have a primarily commercial aim (i.e., non-quota, non-commercial). In addition, each 

owner was required to sign a consent form as per University of Guelph requirements (Research 

Ethics Board REB-16-12-657). Included in the study were broilers, layers, and turkeys from non-

quota flocks (i.e., flocks composed of a maximum of 299 broiler chickens, 99 laying hens, or 49 

turkeys). For other poultry species not regulated by the quota system (game birds and waterfowl), 

a maximum flock size of 300 birds was adopted, because it was considered representative of 

flocks not raised for commercial purposes. Birds in the Columbiformes order were excluded from 

the study. A submission was defined as having a maximum of 5 sick and/or dead birds (fresh 

dead or frozen) of one species from the same flock (i.e., different species were divided into 
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different submissions, even if from the same owner). As per AHL policy, each submission was 

made by a referring veterinarian. 

2.2.2. Postmortem and pre-set microbiology tests 

Two sets of data were derived from each submission; one focusing on pathogen 

prevalence at the submission level and the other on diseases / lesions at the individual bird level 

(Figure 2.1). The pre-set array of microbiology tests for infectious agents was conducted on 

pooled samples from all of the birds in each submission, regardless of history or pathology 

findings (Table 2.1). Therefore, negative or positive test results for a pathogen are reported on a 

submission basis, rather than on a bird basis. This was done to detect flock infection and not 

single bird disease. A postmortem examination was also performed on every bird; the 

methodology and results for that part of the study are reported in the second paper of the series.11  

All tests were conducted in accordance with the standard operating procedures adopted by the 

AHL, an American Association of Veterinary Laboratory Diagnosticians-accredited diagnostic 

facility that functions as the provincial animal health laboratory for Ontario. 

All Salmonella spp. isolates were submitted for serotyping to the Laboratory for 

Foodborne Zoonoses, Public Health Agency of Canada (Guelph, ON). For infectious bronchitis 

virus (IBV; species Avian coronavirus)-positive samples, sequencing was attempted on a 621-bp 

fragment of the S gene, as described previously.122 Nucleotide identity was compared to IBV 

sequences present on a publicly available database (NCBI – GenBank, 

https://www.ncbi.nlm.nih.gov/pubmed/). Genetic sequencing of ILTV-positive samples was 

performed to differentiate vaccine and wild-type strains based on nucleotide polymorphism of the 

partial sequence of the UL47 and glycoprotein G genes, as described previously.133 For fowl 

adenovirus (FAdV), genotypes A/C, D, and E were differentiated based on multiplex assays 

designed to detect the FAdV genotypes found most commonly in Canadian chickens.88,134 All 

AAvV-1- and AIV-positive samples were submitted to the National Microbiology Laboratory 

(NML) in the Canadian Science Centre for Human and Animal Health (Winnipeg, MB) for virus 

isolation and serotyping.

https://www.ncbi.nlm.nih.gov/pubmed/
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Figure 2.1. Study design. Two sets of data were derived from each submission. Pre-set tests were 

conducted on pooled organs / swabs from each submission, in order to determine pathogen 

prevalence at the submission level, regardless of lesions or history. Full postmortem analysis was 

conducted on each bird in the submission, to evaluate the cause of death and secondary lesions. 

Data from the postmortem analysis are reported at the individual bird level (morbidity and 

mortality).
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Table 2.1. Pathogen prevalence at the submission level, and details of pre-set microbiology tests employed in a small poultry flock 

surveillance study in Ontario, over a 2-year period. 

Pathogen Type of test Pooled samples 

for each 

submission 

Species 

tested 

Submissions 

tested (N) 

Submissions 

positive (n) 

Prevalence 

(%) (95% CI) 

Avian bornavirus83 RT-rtPCR Brains All species 160 0 0 

Influenza A virus106 RT-rtPCR Tracheal and 

cloacal swabs 

All species 160 1 0.6 (0.02-3) 

Avian avulavirus 1166 RT-rtPCR Tracheal and 

cloacal swabs 

All species 160 1 0.6 (0.02-3) 

Fowl adenovirus 

(A/C, D, E)^ 

RT-rtPCR Cloacal swabs Chickens 134 47 35 (27-44) 

Infectious bronchitis 

virus14 

RT-rtPCR Tracheal and 

cloacal swabs 

Chickens 134 52 39 (31-48) 

Infectious 

laryngotracheitis 

virus15 

RT-rtPCR Tracheal swabs Chickens and 

game birds 

142 22 15 (10-23) 

Infectious bursal 

disease virus 

RT-rtPCR Cloacal swabs Chickens 134 2 1 (0.2-5) 

Avian reovirus RT-rtPCR Cloacal swabs Chickens and 

turkeys 

144 6 4 (2-9) 

Mycoplasma 

gallisepticum 

rtPCR Tracheal swabs All species 

except ducks 

151* 35 23 (17-31) 

Mycoplasma synoviae Standard PCR Tracheal swabs All species 

except ducks 

151* 54 36 (28-44) 

Mycoplasma 

meleagridis 

rtPCR Tracheal swabs Turkeys 10 0 0 

Mycoplasma iowae rtPCR Tracheal swabs Turkeys and 

game birds 

18 0 0 

Mycoplasma spp. Culture Airsac swabs Ducks 8 1 13 (0.32-52.7) 

Campylobacter total^ Enrichment Cecal tissue All species 158** 56 35 (28-43) 
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C. jejuni 

C. coli 

and isolation 29 

31 

18 (13-25) 

20 (14-27) 

Salmonella spp. Enrichment 

and isolation 

Cecal tissue All species 159* 5 3 (1-7) 

Brachyspira total 

Brachyspira spp. 

B. innocens 

B. intermedia 

B. murdochii 

B. pilosicoli 

rtPCR Cecal tissue All species 159* 59 

58 

26 

16 

9 

1 

37 (30-45) 

36 (29-44) 

16 (11-23) 

10.0 (5.9-16) 

6 (3-10) 

0.6 (0.02-3) 

Prevalence estimates were calculated by dividing the number of submissions that tested positive for the pathogen by the total number 

of submissions tested for the pathogen (n/N). Exact binomial 95% confidence intervals (CI) for the non-zero prevalence estimates 

were computed. 

Superscripts by the name of the pathogen indicate references. 

* = sample from 1 chicken submission not available. 

** = sample from 1 chicken and 1 peafowl submission not available. 

^Total = at least one submission positive for species- or genotype-specific test. 

RT-rtPCR = reverse-transcription real-time PCR. 

rtPCR = real-time PCR. 

All species = chickens, turkeys, ducks, pheasants, peafowl, and quail. 

Game birds = pheasants, peafowl, and quail.
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2.2.3. Database formatting and data analysis 

Data derived from the pre-set microbiology tests were entered into a spreadsheet (Excel 

2016, Microsoft, Redmond, WA) formatted by submissions, and results were entered as 0 

(negative) or 1 (positive). If a specific test was not performed on a submission (e.g., reverse-

transcription real-time PCR (RT-rtPCR) for IBV was not performed for waterfowl, game birds, 

or turkeys), results were entered as not applicable. Inconclusive RT-rtPCR results, as determined 

in the final report, were considered as negative. 

For each pathogen, prevalence estimates were calculated by dividing the number of 

submissions that tested positive for the pathogen by the total number of submissions tested for 

the pathogen (Excel 2016, Microsoft). Exact binomial 95% confidence intervals for the non-zero 

prevalence estimates were computed (v.14.1, Stata, College Station, TX). Venn diagrams (jvenn, 

http://jvenn.toulouse.inra.fr/app/index.html) were used to illustrate relations among sets (e.g., co-

detection of respiratory pathogens) and subsets (e.g., co-detection of different species of 

Brachyspira) of pathogens. A choropleth map (ArcGIS 10.2.1, Environmental Systems Research 

Institute, Redlands, CA) was used to illustrate the distribution and density of submissions by 

forward sortation area (first 3 characters of the postal code) across Ontario. 

2.3. Results 

2.3.1. Types of submissions received 

Over the 2-year study period, we received 160 submissions of 1-5 birds (median 1, mean 

1.3), for a total of 245 individual birds. Chickens accounted for 84% of submissions (134 

submissions), followed by turkeys (10 submissions), game birds (8 submissions [4 peafowl, 2 

quail, and 2 pheasant submissions]), and ducks (8 submissions). Submissions originated from 

flocks of 1-299 birds (median 25, mean 26), and mainly located in southwestern and eastern 

Ontario (Figure 2.2). 

http://jvenn.toulouse.inra.fr/app/index.html
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Figure 2.2. Choropleth map of Ontario, Canada, sub-divided by forward sortation areas (first 3 

characters of the postal code). The number of submissions from each area is represented using a 

heat map, with lighter colours denoting low numbers and darker colours denoting high numbers. 

The locations of the 2 Animal Health Laboratories are identified. 
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2.3.2. Pathogen detection by submissions 

2.3.2.1. Salmonella spp., Campylobacter spp., and Brachyspira spp. 

Salmonella spp. were isolated from 3% of 159 tested submissions (Tables 2.1, 2.2). 

Isolates were identified to be S. Anatum, S. Indiana, and S. Ouakam (3 chicken submissions), S. 

Uganda (1 turkey submission), and S. Montevideo (1 duck submission). 

Campylobacter spp. (C. jejuni and C. coli only) were isolated from 35% of 158 tested 

submissions (Tables 2.1, 2.2). Among chicken submissions, C. jejuni and C. coli were both 

common, whereas among turkey submissions, C. coli was the most common. 

Real-time PCR for Brachyspira was conducted on 159 submissions, of which 37% were 

positive for at least 1 set of primers, with multiple species of Brachyspira often detected from the 

same submission (Tables 2.1, 2.2). All submissions that tested positive for at least 1 of the 4 

species evaluated were also positive for the general Brachyspira spp. test, with the exception of 1 

chicken submission that tested positive for B. innocens and yet tested negative for Brachyspira 

spp. (Figure 2.3). 

2.3.2.2. Fowl adenovirus, avian reovirus, infectious bursal disease virus, and 

avian Bornavirus 

Fowl adenovirus was detected in 35% of 134 chicken submissions (Tables 2.1, 2.2). A 

total of 30, 29, and 27 submissions were positive for FAdV genotype E, D, and A/C, 

respectively; many were positive for more than 1 genotype (Figure 2.4). Avian reovirus was 

detected in 4% of 144 chicken and turkey submissions; all of the positives were chicken 

submissions. Infectious bursal disease virus (IBDV) was detected in 1% of 134 chicken 

submissions. Avian bornavirus was not detected in any submissions. 

2.3.2.3. Mycoplasma spp. 

Mycoplasma gallisepticum (MG) and Mycoplasma synoviae (MS) were detected in 23 

and 36% of 151 tested submissions, respectively (Tables 2.1, 2.2). Of 133 chicken submissions 

tested, both MG and MS were detected in 23; MG and MS alone were detected in 7 and 29 

submissions, respectively. Of the 3 positive turkey submissions, 2 were positive for MG alone; 
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Table 2.2. Number of positive submissions and total number of submissions tested (in parenthesis), by species, in a small poultry flock 

surveillance study in Ontario, over a 2-year period. 

 
AAvV-1 AIV IBV ILTV FAdV** FAdV-E FAdV-D 

FAdV-

A/C 
ABV 

Chicken 1 (134) 0 (134) 52 (134) 21 (134) 47 (134) 30 (134) 29 (134) 27 (134) 0 (134) 

Turkey 0 (10) 1 (10) na na na na na na 0 (10) 

Duck 0 (8) 0 (8) na na na na na na 0 (8) 

Pheasant 0 (2) 0 (2) na 0 (2) na na na na 0 (2) 

Peafowl 0 (4) 0 (4) na 1 (4) na na na na 0 (4) 

Quail 0 (2) 0 (2) na 0 (2) na na na na 0 (2) 

 
Avian 

reovirus 
IBDV 

Brachyspira 

total** 

Brachyspira 

spp. 
B. innocens 

B. 

 intermedia 

B. 

murdochii 

B.  

pilosicoli 
 

Chicken 6 (134) 2 (134) 49 (133*) 48 (133*) 25 (133*) 12 (133*) 9 (133*) 1 (133*)  

Turkey 0 (10) na 4 (10) 4 (10) 0 (10) 1 (10) 0 (10) 0 (10)  

Duck na na 5 (8) 5 (8) 0 (8) 2 (8) 0 (8) 0 (8)  

Pheasant na na 1 (2) 1 (2) 1 (2) 1 (2) 0 (2) 0 (2)  

Peafowl na na 0 (4) 0 (4) 0 (4) 0 (4) 0 (4) 0 (4)  

Quail na na 0 (2) 0 (2) 0 (2) 0 (2) 0 (2) 0 (2)  

 MG MS MM MI 
Mycoplasma 

culture 

Campylobacter 

total** 
C. jejuni C. coli 

Salmonella 

spp. 

Chicken 
30 

(133*) 

52 

(133*) 
na na na 44 (133*) 25 (133*) 

23 

(133*) 
3 (133*) 

Turkey 3 (10) 1 (10) 0 (10) 0 (10) na 7 (10) 1 (10) 6 (10) 1 (10) 

Duck na na na na 1 (8) 2 (8) 2 (8) 0 (8) 1 (8) 

Pheasant 1 (2) 0 (2) na 0 (2) na 1 (2) 0 (2) 1 (2) 0 (2) 

Peafowl 1 (4) 1 (4) na 0 (4) na 0 (3*) 0 (3*) 0 (3*) 0 (4) 

Quail 0 (2) 0 (2) na 0 (2) na 2 (2) 1 (2) 1 (2) 0 (2) 

* = sample from 1 submission not available. 

** = at least one submission positive for species- or genotype-specific test. 

AAvV-1 = avian avulavirus-1. 
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ABV = avian bornavirus. 

AIV = avian influenza virus. 

FAdV = fowl adenovirus. 

IBDV = infectious bursal disease virus. 

IBV = infectious bronchitis virus. 

ILTV = infectious laryngotracheitis virus. 

MG = Mycoplasma gallisepticum. 

MI = Mycoplasma iowae. 

MM = Mycoplasma meleagridis. 

MS = Mycoplasma synoviae. 

na = non-applicable.



47 

 

Figure 2.3. Venn diagram illustrating relations among species in Brachyspira-positive chicken 

submissions in a small poultry flock surveillance study in Ontario. The pathogen was detected 

using real-time PCR on pooled ceca. This PCR included a primer set for broad detection of the 

Brachyspira genus (B. spp.), and specific primer sets for detection of single species, including B. 

innocens (B.inn), B. intermedia (B.int), B. murdochii (B.mur), and B. pilosicoli (B.pil). 
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Figure 2.4. Venn diagram illustrating relations among genotypes in fowl adenovirus (FAdV)-

positive chicken submissions in a small poultry flock surveillance study in Ontario. The presence 

of FAdV was detected using real-time PCR on pooled cloacal swabs. Genotypes A/C, D, and E 

were differentiated based on multiplex assays designed to detect the FAdV genotypes found 

most commonly in Canadian chickens. 
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the other was positive for both MG and MS. Of the 2 positive peafowl submissions, 1 tested 

positive for MG and 1 for MS; MG was detected in the only positive pheasant submission. All 

submissions tested for Mycoplasma meleagridis (turkeys) and Mycoplasma iowae (turkeys and 

game birds) were negative. Of the 8 duck submissions, 1 was positive for Mycoplasma spp. on 

culture, further identified as M. verecundum. 

2.3.2.4. Infectious bronchitis virus 

Infectious bronchitis virus was detected in 39% of 134 chicken submissions (Tables 2.1, 

2.2). Specifically, in 26 submissions, IBV was detected in both tracheal and cloacal swabs, in 1 

submission it was detected in the tracheal swab only, and in 25 submissions it was detected in the 

cloacal swab only. 

Of the 52 positive submissions, partial sequencing of the S gene was successful in 46 

submissions, with 2 different partial sequences detected in one submission, for a total of 47 

unique partial sequences. Overall, 15 samples had the closest identity with strain CA/1737/04 

(GenBank EU925393), 8 with strain QU/mv (GenBank AF349621), 5 with strain GA (GenBank 

KJ538776), 4 with strain 4/91/ON (GenBank KJ196215), 4 with strain PA/Wolg/98 (GenBank 

AF305595), 3 with strain DMV (GenBank EU694402), 2 with strain 4/91/UK (GenBank 

JN192154), 2 with Mass/A vaccine strain (GenBank EU283073), 1 with strain SH1 (GenBank 

DQ075323), and 1 each of Mass/B, MassD/C, and 4/91 vaccine strains (GenBank EU283076, 

EU283085, and KF377577, respectively). 

2.3.2.5. Infectious laryngotracheitis virus 

Infectious laryngotracheitis virus was detected in 15% of 142 chicken and game bird 

submissions, of which 21 were from chickens and 1 from a peafowl (Tables 2.1, 2.2). Partial 

sequencing detected a vaccine strain in 12 of 22 positive submissions (including the peafowl 

submission) and a wild-type strain with high similarity to the Niagara strain reported in the 2004 

Ontario outbreak133 in 9 submissions. The ILTV strain of one submission differed from both the 

vaccine strain and the Niagara strain, and did not match strains in GenBank.  
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2.3.2.6. Avian avulavirus and avian influenza virus 

Non-virulent AAvV-1 was detected from a 2.5-week-old chicken submission (2 birds); 

AIV was detected from one 2-week-old turkey poult (Tables 2.1, 2.2). Both samples were sent to 

the NML for further characterization and were determined to be a lentogenic vaccine strain 

(AAvV-1) and a wild-bird origin low pathogenicity AIV (H10N8). 

2.3.2.7. Co-detection of respiratory pathogens 

The frequency of co-detection of MG, MS, IBV, and ILTV was evaluated for chicken 

submissions (Figure 2.5). A total of 44 (33%) of 133 tested chicken submissions were positive 

for more than one of these respiratory pathogens. The most common combinations included: 

MG, MS, and IBV (9%); MS and IBV (8%); and MG and MS (4%). For other species, 1 peafowl 

submission was positive for both MS and ILTV, and 1 turkey submission was positive for both 

MG and MS. 

2.3.2.8. Prevalence of pathogens by poultry species 

Among chicken submissions, the most commonly detected pathogens were MS and IBV 

(39% each), Brachyspira (37%), FAdV (35%), Campylobacter spp. (33%), MG (23%), and 

ILTV (16%). Among turkey and game bird submissions, the most commonly detected pathogen 

was Campylobacter spp., and among duck submissions, the most commonly detected pathogen 

was Brachyspira (Table 2.2). 

2.4. Discussion 

A 2014-2015 survey of healthy birds sampled at Ontario provincial abattoirs reported a 

significantly lower prevalence of Salmonella spp. in small flocks (1%) compared to commercial 

flocks (15%) processed during the same period.117 Similarly, we found a 3% overall prevalence 

of Salmonella spp., despite the inclusion of only sick or dead birds that might already have had a 

compromised immune system. The source of the isolated salmonellae for the positive flocks in 

our study is unclear. In the submission questionnaire, owners reported that they obtained birds 

from hatcheries, friends, or other (non-specified) sources (data not shown). Regardless of the  
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Figure 2.5. Venn diagram illustrating relations among four respiratory pathogens (MG = 

Mycoplasma gallisepticum; MS = Mycoplasma synoviae; IBV = infectious bronchitis virus; 

ILTV = infectious laryngotracheitis virus) in chicken submissions in a small poultry flock 

surveillance study in Ontario.
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origin, with only 3% of tested submissions positive for Salmonella spp., it appears that Ontario 

small poultry flocks pose a limited threat with regard to human salmonellosis. 

The 35% overall prevalence of Campylobacter spp. in our submissions is higher than the 

reported 20% prevalence in commercial broiler chickens submitted to federal slaughter plants in 

Ontario during the 2012-2013 national microbiologic baseline study in broiler chickens (CFIA, 

http://www.inspection.gc.ca/food/chemical-residues-microbiology/food-safety-testing-

bulletins/2016-08-17/december-2012-december-2013/eng/1471358115567/1471358175297). 

Fecal shedding can lead to the spread of the pathogen within the environment, leading to 

contamination of food, tools, and materials coming into contact with people, flies, and other 

flocks. Given that small flock poultry are often kept as pets, close contact (e.g., kissing, petting) 

could increase the risk of exposure further, especially for people at higher risk (e.g., children). 

These results underscore the importance of proper sanitation and hand hygiene measures for 

flock owners to protect both flocks and the public from these pathogens. 

Certain Brachyspira spp. are potential zoonotic agents, particularly in 

immunocompromised individuals.104 Although individual species tend to be host specific, B. 

pilosicoli has been associated with intestinal disease in numerous mammalian and avian species, 

including humans.104 In poultry, B. pilosicoli and B. intermedia have been associated with 

intermittent chronic diarrhea and decreased egg production.148 The detection of at least one 

Brachyspira species in 37% of our submissions further emphasizes the need for proper sanitation 

measures to avoid spread to humans and other flocks. 

Estimated prevalence of FAdV, IBDV, and avian reovirus in Ontario’s commercial 

broiler flocks, based on slaughter samples, has been reported as 96, 49, and 91%, 

respectively.88,130 The prevalence of the same pathogens for chicken submissions in our survey 

was markedly lower, with only 35% positive for at least one genotype of FAdV, 1% positive for 

IBDV, and 4% positive for avian reovirus. However, it should be noted that both serology and 

pathogen detection methods were used in the estimation of prevalence in the studies involving 

commercial flocks. Further, the chickens in our study were primarily layers or dual-purpose 

birds. These methodologic and population differences may explain some of the discrepancy 

between studies. Overall, none of the tested enteric pathogens (Salmonella, Campylobacter, 

http://www.inspection.gc.ca/food/chemical-residues-microbiology/food-safety-testing-bulletins/2016-08-17/december-2012-december-2013/eng/1471358115567/1471358175297
http://www.inspection.gc.ca/food/chemical-residues-microbiology/food-safety-testing-bulletins/2016-08-17/december-2012-december-2013/eng/1471358115567/1471358175297
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Brachyspira, FAdV, IBDV, and reovirus) were associated with clinical signs or lesions in our 

submissions, suggesting that positive birds were subclinical carriers.11(Chapter 3) 

The strains of IBV that we detected in Ontario small flocks between 2015 and 2017 are 

similar to those reported within Canada between 2000 and 2013.122 Concurrent with the sampling 

period of our small flock study, the AHL detected an increase in both submissions and positive 

test results for IBV in all commercial chicken commodities in Ontario.139 During this time, the 

Delmarva (DMV) strain emerged as the predominant strain in commercial poultry, whereas only 

3 of the small flocks in our study tested positive for the DMV strain. These 3 positive flocks 

were sampled during October 2016 and July 2017, after the DMV strain was identified in the 

commercial industry in September 2016, suggesting spread from the commercial sector to small 

flocks. 

Strains of ILTV from our study included both wild-type and Niagara outbreak-like 

strains, both of which have been described in Ontario’s commercial poultry industries.133 The 

presence of a vaccine-like strain in 12 submissions suggests that vaccine strains might be 

circulating among small flocks, possibly as a direct consequence of ILTV vaccination of these 

flocks (likely a rare event), or routine vaccination in commercial layers and breeders.133 The 

detection of the Niagara-like strain in 9 submissions suggests that the strain from the 2004 

commercial outbreak has now become endemic in the province.133 

The seroprevalence of various avian pathogens have been reported in various studies of 

small poultry flocks from the United States, Belgium, and Finland conducted between 1988 and 

2016.84,101,118,119,123,145 In those studies, the prevalence of AAvV-1, AIV, IBV, IBDV, ILTV, MG, 

and MS was 0-78%, 0-23%, 47-91%, 20-74%, 12-77%, 13-73%, and 56-96%, respectively. One 

of the studies from California84 found that birds purchased from hatcheries certified under the 

National Poultry Improvement Plan, a United States program similar to the Ontario Hatchery and 

Supply Flock Policy to ensure pathogen-free replacement chicks, had a lower antibody 

prevalence for AAvV-1, MG, and MS compared to flocks with birds from other sources. The 

Belgian study101 also reported a 100% flock seroprevalence for Ornithobacterium rhinotracheale 

and 96% for avian metapneumovirus, which were not part of our testing protocol. Overall, 48% 

of the Belgian small flocks tested positive for 6 different respiratory pathogens. Although 

percentages are generally higher than those found in our study, the difference is likely a 

reflection of the inherent difference between pathogen detection and serologic reactivity, which 
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can also be affected by vaccination, and indicates simple contact, rather than infection. Overall, 

our study using PCR detection of pathogens and these previous reports using serology to detect 

immune stimulation agree that multiple respiratory pathogens can affect a flock at the same time, 

contributing to multifactorial respiratory infections. Indeed, lesions of variable severity (often 

associated with secondary gram-negative bacterial infection) were observed in birds that tested 

positive for mycoplasma, IBV, and ILTV in our cohort, as shown by the postmortem data.11 

The potential for pathogen exposure and spread from small flocks to commercial poultry 

flocks has long been a point of contention.84,101,121,123 An outbreak of any of the 4 federally 

reportable poultry diseases in Canada (Newcastle disease, notifiable avian influenza, pullorum 

disease, fowl typhoid) (CFIA, http://www.inspection.gc.ca/animals/terrestrial-

animals/diseases/reportable/eng/1303768471142/1303768544412) could have a dramatic impact 

on the commercial poultry industry. With only one positive test result for non-notifiable AIV and 

one for vaccine strain AAvV-1, and no Salmonella Pullorum or S. Gallinarum detected, the 

current survey shows no significant indication that small flocks are presently acting as reservoirs 

for these diseases in Ontario. 

Given that this was a passive surveillance project based on voluntary submissions, the 160 

flocks tested in this study may not be representative of all small flocks within the province. On 

the other hand, an active surveillance program was not logistically or financially feasible in a 

province with a population of > 13 million people spread over a million square kilometers 

(Statistics Canada, http://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-

pr-eng.cfm?Lang=Eng&GK=PR&GC=35&TOPIC=1), and where a complete registry of small 

flocks is not available. The majority of submissions originated from areas relatively close to the 

AHL laboratories, possibly indicating a higher population density in metropolitan areas near the 

AHL facilities, or a lower willingness of submitters to ship postmortem samples over long 

distances. The $25 processing fee required for each submission, albeit heavily subsidized, could 

have decreased the number of submissions depending on an individual owner’s perceived value 

of the bird(s). In addition, small flock owners who did not have a veterinarian-client-patient 

relationship already in place might not have been able to submit their birds. Finally, some small 

flock owners might have been reticent to submit birds, either because of the ambiguity of 

municipal regulations or from fear of investigation by government authorities if a reportable 

disease was detected. 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/eng/1303768471142/1303768544412
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/eng/1303768471142/1303768544412
http://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-pr-eng.cfm?Lang=Eng&GK=PR&GC=35&TOPIC=1
http://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-pr-eng.cfm?Lang=Eng&GK=PR&GC=35&TOPIC=1
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3. CHAPTER 3: A TWO-YEAR PROSPECTIVE STUDY OF SMALL 

POULTRY FLOCKS IN ONTARIO, CANADA, PART 2: CAUSES OF 

MORBIDITY AND MORTALITY 

 (This chapter corresponds to the following manuscript: 

Nancy M. Brochu, Michele T. Guerin, Csaba Varga, Brandon N. Lillie, Marina L. Brash, Leonardo Susta. A 

two-year prospective study of small poultry flocks in Ontario, Canada, part 2: Causes of morbidity and mortality. 

Journal of Veterinary Diagnostic Investigation 2019;31(3) 336-342. DOI: 10.1177/104063871984357511 

 

Abstract. Non-commercial poultry flocks (referred to as “small flocks”) have become 

increasingly popular in Canada. Despite this popularity, little is known about the main causes of 

morbidity and mortality (health status) in these flocks. In this study, the baseline prevalence of 

infectious and non-infectious diseases among Ontario’s small poultry flocks was assessed by 

conducting a prospective surveillance study over a 2-year period. With the owner’s consent, for 

each bird (n = 245) submitted to the Animal Health Laboratory we performed a full postmortem 

exam, including ancillary tests to reach a diagnosis. Infectious diseases were the most common 

primary cause of clinical signs or death (62%), with multifactorial respiratory diseases (21%) and 

Marek’s disease (11%) being most frequent. Multifactorial respiratory diseases were commonly 

caused by co-infection with bacteria (e.g., Mycoplasma gallisepticum and synoviae, E.coli, 

Avibacterium spp.) and viruses, such as infectious bronchitis and infectious laryngotracheitis 

virus. No federally reportable diseases were diagnosed. The health status of small flocks in 

Ontario had not been reported previously, and the data presented here will produce helpful 

baseline information for the development of technology transfer material directed to owners and 

veterinarians, which will ultimately aid in the control of diseases among these flocks. 
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3.1. Introduction 

The practice of growing poultry in peri-urban and urban areas (i.e., backyard poultry) has 

increased globally, thanks to the contribution of “organic farming” and “urban agriculture” 

movements.87,144 Despite their increased popularity, the health status of these flocks remains 

poorly documented. The few disease surveys regarding these flocks are mainly from the United 

States and Europe, and offer little information about the details of the postmortem findings, 

primarily focusing on pathogen prevalence. In these studies, infectious etiologies (viral, 

bacterial, parasitic, and fungal) have been reported to account for over 60% of mortalities in 

autopsied birds, with Marek’s disease (6-26% of small flock poultry), mycoplasmosis (2-25%), 

and colibacillosis (7-16%) accounting for the most common causes of disease and death.81,125,143 

With the goal of evaluating the health status of these flocks in Ontario, we conducted a 

prospective surveillance study of birds from small flocks that were submitted for postmortem 

examination to the Animal Health Laboratory (AHL) over a 2-year period (October 2015 – 

September 2017). Results of this study are reported in 2 companion papers. The present work, 

second paper of the series, illustrates the results derived from the postmortem analysis, focusing 

on the causes of morbidity and mortality (disease prevalence). The first paper of the series 

reports the results of the pre-set microbiology tests (pathogen prevalence).10 

3.2. Materials and methods 

Details concerning the study design are reported in part 1 of the series.10 Information on 

the bird species, age, sex, flock size, location, date of submission, and clinical history was 

collected as part of the postmortem submission paperwork. A routine postmortem examination 

was performed on all birds from each submission, including ancillary tests to determine the 

cause of morbidity or mortality. These tests could include histopathology, microbiology, 

virology, identification of internal and external parasites, and immunohistochemistry. The 

standard operating procedures routinely adopted by the AHL were used for all tests. 

For molecular confirmation of Marek’s disease virus (6 chickens) and duck plague (Anatid 

herpesvirus 1, one duck), samples were sent to the Service de diagnostic, Faculté de médécine 

vétérinaire, Université de Montréal (Saint-Hyacinthe, QC), and to the Texas A&M Veterinary 
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Medical Diagnostic Laboratory (College Station, TX), respectively, because these tests were not 

offered by the AHL. 

3.2.1. Interpretation and categorization of pathology data 

A finalized report for each submission was issued by the AHL, including final diagnoses 

and results of ancillary tests for each bird in the submission, as well as the results of the pre-set 

tests derived from pooled samples (see part 1 of the series).10 Findings of the finalized reports 

were entered into a spreadsheet (Excel 2016, Microsoft, Redmond, WA), formatted by individual 

bird and submission. All data entries were verified by a second member of the research team. 

For each bird, final diagnoses listed in the pathology report were categorized as primary (main 

cause of mortality or clinical signs of the bird) and non-primary (any lesion or diagnosis that did 

not primarily contribute to death or clinical signs, including incidental findings). Lesions that 

were considered to be part of the same process (e.g., necrotizing splenitis and hepatitis in a septic 

bird) were ranked together. Each bird could have only one primary final diagnosis, although it 

could have multiple non-primary final diagnoses. 

Final diagnoses were further classified by body system (where the lesion occurred) and 

etiology (Table 3.1). Etiologies were broadly divided into infectious, non-infectious, idiopathic 

inflammation, and unknown. The idiopathic inflammation category was assigned to cases in 

which inflammatory lesions were observed, yet a specific etiology could not be determined. The 

unknown category was assigned if a pathological process could not be clearly defined (lesions 

were not observed or could not explain death or illness). 

Classification of final diagnoses into etiologic categories was informed by the results of 

the ancillary and pre-set microbiology tests,10 when appropriate. Specifically, pathogens detected 

by the ancillary tests or pre-set tests were considered to be the causative agent of disease if 

lesions were consistent with infection, otherwise the pathogens were not considered to have 

caused disease. In submissions with multiple birds for which pooled samples were tested, for all 

birds with lesions consistent with infection, pathogens were considered to be the causative agent 

for that set of lesions.  
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Table 3.1. Number of primary and non-primary final diagnoses by body system, including the 

prevalence for each primary diagnosis, in small poultry flocks in Ontario, over a 2-year period. 

Body system Primary 

(N = 245) 

Prevalence (%) 

(95% CI)* 

Non-primary 

(N = 336) 

Respiratory 66 27 (21-33) 44 

Systemic** 38 16 (11-21) 41 

Gastrointestinal 33 13 (9.5-18) 125 

Urogenital 30 12 (8.4-17) 28 

Nervous 30 12 (8.4-17) 7 

Musculoskeletal 12 4.9 (2.6-8.4) 18 

Body cavity** 9 4 (2-7) 9 

Integumentary 6 2 (0.9-5) 34 

Cardiovascular 6 2 (0.9-5) 8 

Whole body** 5 2 (0.7-5) 0 

Special senses 4 2 (0.5-4) 3 

Lymphoid 1 0.4 (0.01-2) 16 

Endocrine 0 0 1 

Unknown** 5 2 (0.7-5) 2 

* Exact binomial 95% confidence interval (CI) of the prevalence for each primary final 

diagnosis. 

** Systemic = present throughout the body, such as emaciation or septicemia. 

Body cavity = within the coelomic cavity. 

Whole body = trauma or predation involving the majority of the body. 

Unknown = cause of death not identified. 
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Table 3.2. Number of primary and non-primary final diagnoses by etiologic category, including 

the prevalence for each primary diagnosis, in small poultry flocks in Ontario, over a 2-year 

period. 

Etiology Primary 

(N = 245) 

Prevalence (%) 

(95% CI)* 

Non-primary 

(N = 336) 

Infectious    

Mixed respiratory infection** 52 21 (16-27) 16 

Bacterial 42 17 (13-22) 38 

Viral 30 12 (8.4-17) 7 

Parasitic 23 9.4 (6.0-14) 129 

Fungal 6 2 (0.9-5) 5 

Non-infectious    

Metabolic or nutritional 28 11 (7.7-16) 57 

Disturbances of growth 27 11 (7.4-16) 6 

Physical 12 4.9 (2.6-8.4) 18 

Hemodynamic 6 2 (0.9-5) 5 

Toxic 4 2 (0.5-4) 0 

Degenerative 2 0.8 (0.1-3) 15 

Other    

Idiopathic inflammation 8 3 (1-6) 38 

Unknown 5 2 (0.7-5) 2 

* Exact binomial 95% confidence interval (CI) of the prevalence for each primary final 

diagnosis. 

 

** Mixed respiratory infection includes any combination of viral, bacterial, and / or fungal 

respiratory pathogens.
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3.3. Results 

One hundred and sixty submissions were received, for a total of 245 individual birds. Birds 

received for postmortem included chickens (201 birds, 82%), turkeys (19 birds, 8%), ducks (12 

birds, 5%), quail (6 birds, 2%), peafowl (4 birds, 2%), and pheasants (3 birds, 1%). The age of 

birds ranged from 6 d to 7 y (median 210 d, mean 180 d). A total of 155 birds (63%) were 

recorded as female and 49 (20%) as male; the sex was not reported in 41 birds (17%) and entered 

as unknown. 

3.3.1. Final diagnoses 

3.3.1.1. Primary final diagnoses 

Considering only the primary disease process for each bird, a total of 245 primary final 

diagnoses were produced, one for each bird in the study (Tables 3.1, 3.2, 3.3 and 3.3; Appendix 

1). The most common body systems affected were respiratory (27% of birds), systemic (16%), 

and gastrointestinal (13%). Overall, infectious causes of death represented 62% of cases (153 

birds). When considered separately, the most common causes of death or illness in this study 

included mixed respiratory infections (21% of birds), bacterial diseases (17%), and viral diseases 

(12%). 

3.3.1.2. Non-primary final diagnoses 

Overall, 336 non-primary final diagnoses were identified, with an average of 1.4 non-primary 

diagnoses per bird (Tables 3.1 and 3.2; Appendix 1). The most common body systems affected 

were gastrointestinal (37% of non-primary diagnoses), respiratory (13%), and systemic (12%). 

The most common non-primary diagnoses were classified as parasitic (38% of non-primary 

diagnoses), metabolic or nutritional (17%), bacterial (11%), and idiopathic inflammation (11%).
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Table 3.3. Number of primary final diagnoses by etiologic category, stratified by species, in small poultry flocks in Ontario, over a 2-

year period. 

Etiology Chickens 

(n = 201) 

Turkeys 

(n = 19) 

Ducks 

(n = 12) 

Quail 

(n = 6) 

Peafowl 

(n = 4) 

Pheasants 

(n = 3) 

Total 

(n = 245) 

Infectious        

Mixed respiratory infection 50 2 0 0 0 0 52 

Bacterial 30 6 2 3 1 0 42 

Viral 29 0 1 0 0 0 30 

Parasitic 14 7 2 0 0 0 23 

Fungal 2 0 2 0 1 1 6 

Non-infectious        

Metabolic or nutritional 19 3 3 3 0 0 28 

Disturbances of growth 24 1 1 0 1 0 27 

Physical 12 0 0 0 0 0 12 

Hemodynamic 5 0 0 0 1 0 6 

Toxic 4 0 0 0 0 0 4 

Degenerative 2 0 0 0 0 0 2 

Other        

Idiopathic inflammation 8 0 0 0 0 0 8 

Unknown 2 0 1 0 0 2 5 
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3.3.2. Bacterial diseases 

3.3.2.1. Primary bacterial diagnoses 

Primary bacterial diseases were associated with the death of 42 birds (17% of primary 

diagnoses), including 30 chickens, 6 turkeys, 2 ducks, 3 quail, and 1 peafowl. Escherichia coli  

was the most commonly diagnosed bacterial agent associated with primary disease (38% of 

primary bacterial diagnoses); it was identified in 13 chickens, 1 turkey, and 2 ducks. The most 

common lesions associated with colibacillosis were septicemia (63% of cases) and celomitis 

(25% of cases). Clostridium perfringens was the primary pathogen in 5 cases of necrotic enteritis 

(12% of primary bacterial diagnoses), affecting 2 chickens and 3 quail. Five turkeys (12% of 

primary bacterial diagnoses) from the same flock died from Erysipelothrix rhusiopathiae 

septicemia. Other bacterial agents were considered to be the sole primary cause of disease in an 

additional 16 birds (Table 3.2; Appendix 1). 

Pre-set tests for Mycoplasma gallisepticum (MG) and Mycoplasma synoviae (MS) were 

conducted on 151 submissions (232 birds). Of these, 35 and 54 submissions were positive for 

MG and MS, respectively,10 corresponding to the pooled tracheal swabs of 56 and 86 birds. M. 

gallisepticum and MS were considered to be the sole (i.e., not part of mixed respiratory 

infection) causative agents of primary respiratory lesions in 1 and 2 birds, respectively 

(Appendix 1). M. gallisepticum and MS were considered to be co-pathogens in mixed respiratory 

infections in 45 and 52 birds, respectively (see mixed respiratory section; Appendix 2). 

3.3.2.2. Non-primary bacterial diagnoses 

A total of 38 non-primary bacterial final diagnoses were determined in 32 birds (25 

chickens, 3 turkeys, 3 ducks, and 1 peafowl). The most common bacterial agent, E. coli, was 

associated with 15 nonprimary diagnoses (9 chickens, 2 turkeys, 2 ducks, and 2 peafowl) as part 

of secondary septicemia or respiratory disease (Appendix 1). No birds showed gross anatomic or 

histologic lesions consistent with infection by Campylobacter spp., Brachyspira spp., or 

Salmonella spp., which were detected as part of the pre-set tests.10 
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3.3.3. Viral diseases 

3.3.3.1. Primary viral diagnoses 

Viral diseases were considered the primary cause of mortality in 30 of 245 birds (12% of 

primary diagnoses), including 29 chickens and 1 duck. Marek’s disease (MD) was the most 

commonly diagnosed primary viral disease (87% of primary viral diagnoses); it was identified in 

26 chickens. A diagnosis of MD was based on the presence of lymphoid infiltrates within nerve 

trunks and visceral organs. Dubious cases (e.g., minimal lymphoid infiltrate of nerves) were 

tested by reverse-transcription real-time polymerase chain reaction (RT-rtPCR) to assess the 

level of MD viral replication within tissues. 

Based on the results of the pre-set tests,10 infectious laryngotracheitis virus (ILTV; 

species Gallid alphaherpesvirus 1) was detected by RT-rtPCR from the pooled tracheal swabs of 

22 submissions, corresponding to 33 chickens and 1 peafowl. Lesions consistent with infectious 

laryngotracheitis (i.e., presence of syncytia, intranuclear inclusion bodies, epithelial necrosis) 

were observed in 21 chickens. Of these, ILTV was considered the sole (i.e., not part of mixed 

respiratory infection) agent of primary respiratory disease in one chicken only, and was 

associated with primary mixed respiratory infections in 20 birds. The remaining 13 birds did not 

show histologic lesions consistent with infectious laryngotracheitis; however, in 8 of these, ILTV 

was detected in mixed respiratory infections where non-specific inflammation of the respiratory 

tract was seen (Appendix 2). 

As part of the pre-set tests, infectious bronchitis virus (IBV; species Avian coronavirus) 

was detected from 52 submissions,10 corresponding to the pooled tracheal swabs of 89 chickens. 

Lesions consistent with disease (e.g., presence of tracheitis) were observed in 55 chickens. 

Infectious bronchitis virus was the sole agent detected (i.e., not part of mixed respiratory 

infection) in the respiratory disease of 4 chickens (2 as primary, and 2 as non-primary process). 

The remainder of the clinical infectious bronchitis cases (51 chickens) showed co-infection with 

other pathogens (see mixed respiratory section below; Appendix 2). 

Duck viral enteritis was the primary disease diagnosed in a mature duck with esophagitis, 

enteritis, and hepatitis with intralesional intranuclear inclusion bodies and positive real-time 

polymerase chain reaction (rtPCR) results on the spleen and respiratory tissues (College Station, 

TX). 
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3.3.3.2. Non-primary viral diagnoses 

A total of 7 non-primary viral diagnoses were determined in 7 birds (Table 3.2; Appendix 

1). Avian avulavirus-1 (AAvV-1; species Avian orthoavulavirus 1), which showed 99.97% 

genetic identity to the vaccine strain B1, was detected as part of the pre-set microbiologic testing 

in the pooled tracheal and cloacal swabs of 1 submission10 composed of 2 chickens diagnosed 

with mixed respiratory infection (Appendix 2). Low pathogenic avian influenza virus H10N8 

(species Influenza A virus) was detected from the tracheal swab of one submission (one 2-week 

old poult);10 however, no lesions were associated with the virus. No birds showed gross or 

histologic lesions consistent with infection by fowl adenovirus, infectious bursal disease virus or 

avian reovirus, which were detected as part of the pre-set tests.10 

3.3.4. Mixed respiratory infection 

3.3.4.1. Primary mixed respiratory infection 

Mixed respiratory infection was considered the primary cause of mortality or illness in 52 

birds (21% of primary diagnoses), including 50 chickens and 2 turkeys. A diagnosis of mixed 

respiratory infection was assigned when more than one respiratory pathogen was diagnosed as 

part of the pre-set (MG, MS, IBV, ILTV, AAvV-1) or ancillary microbiology tests requested by 

the pathologist (e.g., bacterial or fungal culture), in association with lesions (Appendix 2). The 

two most common combinations of respiratory pathogens associated with primary lesions, as 

detected by pre-set tests, were MG, MS and IBV (16 chickens) and MG, MS, IBV, and ILTV (8 

chickens). Overall, bacteria most frequently isolated as part of primary mixed respiratory 

infections included Avibacterium spp. (n = 15), E. coli (n = 15), and Gallibacterium spp. (n = 

11). Of the 15 birds that tested positive for Avibacterium spp., 3 were further characterized as A. 

endocarditidis and 2 as A. paragallinarum (the etiologic agent of infectious coryza). In one bird, 

the respiratory infection consisted of 5 different bacterial and fungal agents (Appendix 2). 

3.3.4.2. Non-primary mixed respiratory infection 

Mixed respiratory infection was a non-primary diagnosis in 16 chickens, of which 2 were 

positive for IBV and AAvV-1 (Appendix 2). 
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3.3.5. Parasitic and fungal diseases 

Parasitic diseases were considered to be the primary cause of clinical signs or death in 23 

birds (9% of primary diagnoses), the most common being coccidiosis (8 chickens), histomoniasis 

(5 turkeys), and acariasis (northern fowl mite, 5 chickens). As part of non-primary diseases, 129 

parasitic infections (38% of non-primary diagnoses) were identified in 93 birds, including 48 

caused by nematodes, 44 by protozoa (of which 23 were coccidia), and 27 by ectoparasites (14 

with lice, 13 with mites). 

Fungal infections were uncommonly the primary cause of disease. Two ducks and 2 

game birds succumbed to respiratory aspergillosis, and in 2 chickens, crop candidiasis was 

considered the main cause of poor doing and emaciation. Crop mycosis caused by Candida spp. 

was a non-primary finding in 3 chickens and 1 turkey. One quail had rod-shaped organisms 

consistent with Macrorhabdus ornithogaster at the proventricular-ventricular junction 

histologically; however, this was not considered a primary process because death was attributed 

to systemic amyloidosis (Table 3.1 and 3.2; Appendix 1). 

3.3.6. Metabolic or nutritional diseases and toxicosis 

A total of 28 birds (11% of primary diagnoses) died as a result of metabolic and / or 

nutritional diseases. Lesions associated with calcium, phosphorus, and vitamin D imbalances 

were the most common metabolic or nutritional condition (11 birds, 39% of primary metabolic 

diseases). Of these, 6 chickens, 1 duck, and 1 quail had thickening of the proximal tibiotarsal 

growth plates and enlarged parathyroid glands, suggesting rickets. Three hens had osteomalacia 

with thin brittle bone, characteristic of cage layer fatigue. Fifty-seven non-primary metabolic or 

nutritional diagnoses were observed in 50 birds, with the most common being emaciation and 

dehydration (15 and 8 birds, respectively), renal urate deposits (11 chickens and 1 quail, 13 

diagnoses), and metabolic bone disease (9 chickens). 

Ammonia toxicosis was suspected in 4 chickens from 1 submission with lesions of 

ulcerative and heterophilic keratoconjunctivitis, and anterior uveitis (primary cause of clinical 

signs). No other toxicoses were identified in the submitted birds (Table 3.2; Appendix 1). 
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3.3.7. Disturbances of growth 

Disturbances of growth were considered to be the primary cause of clinical signs or death 

in 27 birds (11% of primary diagnoses); of these, 26 died as the result of non-viral neoplastic 

disease. There were 20 cases of neoplasia of the urogenital tract in chickens (18 females and 2 

males), including 16 cases of adenocarcinoma of the ovary and / or oviduct, 2 cases of 

nephroblastoma (both males), 1 case of ovarian sex cord-stromal tumor, and 1 oviduct 

leiomyoma. The remaining cases of neoplasia included pancreatic adenocarcinoma (2 hens), 

hematopoietic neoplasms not consistent with MD (1 male chicken, 1 male turkey, 1 male 

peafowl), and a peripheral nerve sheath tumor in the left shoulder of a male duck. In one 

euthanized hen, the left oviduct was obstructed by a large space-occupying cyst, which was the 

cause of respiratory distress and cessation of lay (non-neoplastic disturbance of growth). 

Six non-primary disturbances of growth were observed in 5 birds, including 2 chickens 

with leiomyomas (considered to be incidental; 1 hen, 1 sex unknown), 1 hen with cysts of the 

ovary and oviduct, 1 hen with a heart valve malformation, and a female pheasant with colloid 

goiter (Table 3.1 and 3.2; Appendix 1). 

3.3.8. Physical, hemodynamic, and degenerative 

Predation, cannibalism, fractures, and other trauma-related injuries caused death in 8 

chickens. An additional 3 chickens died as a result of being egg-bound and 1 died as a result of 

crop impaction. Eighteen non-primary physical diagnoses were observed in 16 birds, with the 

most common being aspiration (5 birds), trauma (4 birds, 5 diagnoses), and egg-bound (4 birds). 

Pulmonary hypertension was the primary cause of death in 3 chickens. Hemorrhagic liver 

syndrome was diagnosed in 2 chickens from the same submission. Intestinal hemorrhage, with 

no identifiable underlying cause, was the primary diagnosis in one peafowl. Non-primary 

diagnosis of portal vein thrombosis was present in one duck. Gastrointestinal hemorrhage and 

anemia were each present in 2 chickens that died of ovarian carcinomatosis, and mixed 

respiratory infection with marked intestinal parasitism, respectively. 

Only 2 chickens were diagnosed with primary degenerative disease; 1 had myocardial 

dilation and 1 had myocardial fibrosis. Twelve birds had a total of 15 non-primary degenerative 
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diagnoses, most of which (73%) consisted of lymphoid depletion in multiple lymphoid tissues, 

mainly bursa and spleen (Table 3.2; Appendix 1). 

3.3.9. Idiopathic and unknown 

When inflammation with no discernable cause was present, a diagnosis of idiopathic 

inflammation was assigned. A total of 8 birds (3% of primary diagnoses), all chickens, were 

considered to have died from idiopathic inflammation because the primary etiology could not be 

determined based on gross, histologic, and microbiologic testing. Non-primary inflammation of 

unknown cause was present in 38 different tissues, from 30 birds, most commonly affecting the 

urogenital tract (8 non-primary diagnoses) and respiratory system (7 non-primary diagnoses). 

A primary cause of death or morbidity was not determined in 5 cases, including 2 chickens 

(found dead), 2 pheasants (found dead), and 1 duck (euthanized, submitted for health check). 

3.4. Discussion 

Overall, gross and histologic examinations of the birds allowed the case pathologist to 

determine a cause of death for the majority (95%) of birds, with only 5 cases having no final 

diagnosis and 8 having non-specific inflammation as the primary cause of disease. 

Respiratory disease caused by infection with multiple pathogens (i.e., mixed respiratory 

infection) was the most common cause of death or illness, accounting for 21% of the primary 

diagnoses. The presence of both bacterial and viral pathogens (and in rare instances, fungi) made 

identification of the inciting cause (i.e., primary agent) often impossible. Infectious agents, such 

as MG, MS, IBV, and ILTV can each cause respiratory disease on their own and can predispose 

birds to other respiratory infections. This is consistent with the relatively frequent isolation of 

other bacteria, such as E. coli, Avibacterium spp., and Gallibacterium spp., in the mixed 

respiratory infections described in this study. Similar findings have been shown in mortality 

surveys of small flock poultry from California81,125 and Finland,143, although respiratory lesions 

were reported at much lower prevalence. The reports from California indicate that causes of 

death attributed to mycoplasmosis, IBV, and ILTV ranged from 15-25%, < 2%, and 1-2% of 

tested chickens, respectively. In a similar study from Finland, < 2% of tested birds were reported 

to have died from mycoplasmosis, and no birds were reported to have died from IBV or ILTV. 



68 

 

Thus, our finding that mixed respiratory infections can represent the leading cause of clinical 

signs or death among small flocks is unusual. Although regional differences might account for 

different prevalence, it is possible that in our study mixed respiratory infection could have been 

detected more easily, given the information offered by the pre-set tests combined with a full 

postmortem and histologic evaluation of carcasses. This might have increased the sensitivity of 

detecting mixed respiratory infections in our study. Interestingly, Avibacterium paragallinarum 

(the agent of infectious coryza) was identified only in two chickens from the same submission, 

suggesting that this disease is uncommon among small flocks in Ontario. 

Voluntary testing of breeder flocks and hatcheries in the Ontario commercial poultry 

industry has made MG and MS extremely uncommon in the province. This is in stark contrast to 

the results of our study, where 20 and 23% of birds had respiratory lesions associated with 

detection of MG and MS, respectively. Sourcing birds and fertilized eggs from flocks with an 

unknown mycoplasma status rather than commercial hatcheries could account for the high 

prevalence that we observed. Once mycoplasma is introduced into the farm, it can remain 

indefinitely, only causing clinical signs during times of stress, such as the beginning of lay or 

transportation to poultry fairs.165 

Lymphoproliferative lesions consistent with MD were the main cause of death or clinical 

signs in 11% of birds, which was the highest rate of mortality associated with a single etiologic 

agent. However, the prevalence of MD-associated lesions in our study was lower than reported in 

the studies from California and Finland, which was as high as 22 and 27%, respectively.125,143 

With MD as a common cause of mortality in small flocks, work is currently needed to increase 

awareness among small flock owners about the option of purchasing replacement birds that are 

vaccinated for this virus. 

The most common sole bacterial pathogen causing disease or death in our study was E. 

coli, which is similar to the prevalence reported in California (8%)125 and lower than that 

reported in Finland (17%).145 Culture of cecal contents for commensal (generic) E. coli from 

small flock chickens in abattoirs in southern Ontario showed a flock-level prevalence of 

100%,117 while in our study, only 33% of tissue samples submitted for culture were positive for 

E. coli. This lower prevalence in our study was expected, as tissue-associated isolates were likely 

avian pathogenic E. coli (APEC) detected in the context of lesions. Identification of APEC 
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isolates through genotyping was not conducted in this study, making direct comparison of the 

results impossible. 

Neoplasia was the most common non-infectious cause of mortality in Ontario small flock 

birds, accounting for 11% of the submitted birds. This is similar to the survey conducted in 

California6 yet higher than the study conducted in Finland,143 which reported non-viral 

neoplasms in 9 and 2% of small flock birds, respectively. Of the 1,301 neoplasms associated 

with mortalities in birds from small flocks in California, 29% were adenocarcinoma, of which 

73% and 17% derived from the ovary and oviduct, respectively.6 In the present study, 62% of the 

primary neoplastic processes were adenocarcinomas derived the ovary or oviduct. This high 

prevalence might be explained by the overrepresentation of female birds in our study. 

A relatively low percentage (< 5%) of birds had signs of nutritional imbalance, which were 

suspected to be related to the quality of the feed ration offered to the flock, or possibly caused by 

excess of supplemental feed (such as vegetable cuttings, scratch grains) that may limit the uptake 

of a balanced ration. Parasitic infection, both endoparasites and ectoparasites, were fairly 

common in the sampled birds; however, the submission of the parasites for formal identification 

was left to the discretion of the case pathologist, therefore some results had to be broadly 

classified. The wide variety of internal and external parasites is likely related to the practice of 

keeping small flocks in free-range settings and feeding rations that do not include anticoccidia, 

as shown by the questionnaires associated with our submissions (data not shown). 
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4. CHAPTER 4: DEMOGRAPHIC CHARACTERISTICS, HUSBANDRY, 

AND BIOECURITY PRACTICES OF SMALL POULTRY FLOCKS IN 

ONTARIO: A TWO-YEAR PROSPECTIVE STUDY 

(Nancy M. Brochu, Michele T. Guerin, Csaba Varga, Brandon N. Lillie, Marina L. Brash, Leonardo Susta. A. 

manuscript prepared for submission to the journal Avian Diseases) 

 

Abstract. As part of a larger 2-year prospective surveillance study of small poultry flocks, 

owners were encouraged to complete a 41-question questionnaire designed to characterize the 

flocks, housing, husbandry, biosecurity, medical practices, and general premises of birds 

submitted for postmortem examination to the Animal Health Laboratory. Of the 153 received 

questionnaires, it was reported that flocks most commonly counted less than 20 birds, and were 

composed most often of chickens (97%), waterfowl (22%), and turkeys or game birds (16%); 

personal consumption of meat or eggs was the most common reason for owning a small flock 

(69%). Only 6% of owners indicated having only poultry on their property, while all others had 

various combinations of pets and / or livestock. Housing was varied with 52% of flocks having 

both indoor and outdoor access while the most common bedding material provided were soft 

wood shavings (70%), straw (44%), and sand (12%). Kitchen waste or leftovers were offered to 

65% of flocks while well water was the most common source of drinking water (83%). The uses 

of dedicated clothing and footwear was reported by 34% and 48% respectively, and shoes were 

rarely disinfected before or after contact with the flock. One-fifth of owners did not know if their 

birds had been previously vaccinated and 65% had administered medication to their birds within 

the last year. Overall, answers describe a wide range of husbandry and biosecurity practices, 

often suboptimal, and points out for the need of educational material for small flocks owners. 
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4.1. Introduction 

Conforming to a trend seen nationwide and internationally, the practice of raising small 

poultry flocks has increased in Ontario during the past few years. Over 16,000 small flock 

poultry growers registered their flocks in 2016 with the Chicken Farmers of Ontario (CFO, 

https://www.familyfoodgrower.ca). Under the supply management system, quotas regulate 

annual production of chicken and turkey meat, and chicken eggs (CFO, 

https://www.familyfoodgrower.ca). Each small poultry flock owner in Ontario can raise a 

maximum of 299 broilers, 99 layers, and 49 turkeys per year per premise. Other domestic poultry 

species (e.g., waterfowl, game birds) are not regulated by a quota system, and as such there are 

no production limits set for these birds. 

With the increased popularity of “urban farming”, small flocks are being raised in urban 

and peri-urban areas, often entering into conflict with municipal bylaws for animal keeping. Of 

the 50 largest municipalities in Ontario (Statistics Canada, https://www12.statcan.gc.ca/census-

recensement/2016/dp-pd/hlt-fst/pd-

pl/Table.cfm?Lang=Eng&T=308&SR=1&S=6&O=D&RPP=100), only 11 (22%) allow keeping 

poultry within their boundaries, with certain municipalities further regulating the number and 

type of poultry permitted. Despite such regulations, small flocks are often kept in cities where 

this practice is illegal, for instance in Toronto (Global News, 

https://globalnews.ca/news/2054762/what-you-need-to-know-about-backyard-chickens/) and 

Ottawa (Ottawa Citizen, https://ottawacitizen.com/news/local-news/ottawas-urban-farmers-cross-

the-fowl-line-as-hobby-comes-home-to-roost). 

Small flocks are a highly variable segment of poultry production, given their seasonality, 

variable composition (type of birds raised), different types of husbandry practices, and overall 

variable scope / finality for raising birds (consumption of meat or eggs, farm gate sales, 

etc.).12,87,113,120,121 These flocks are often under-serviced by veterinarians due to low recognition 

of the value of veterinary care, limited financial resources, and lack of local access to 

veterinarians with poultry experience and / or poultry medications and vaccines.12,87,113,120,121 

Biosecurity, the set of steps taken to reduce the risk of infection or infestation within or 

between populations, is often suboptimal or absent in these flocks. For instance, it is uncommon 

for small flocks to be vaccinated,84,121,143,154 and owners often are unaware of the vaccination 

https://www.familyfoodgrower.ca/
https://www.familyfoodgrower.ca/
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/pd-pl/Table.cfm?Lang=Eng&T=308&SR=1&S=6&O=D&RPP=100
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/pd-pl/Table.cfm?Lang=Eng&T=308&SR=1&S=6&O=D&RPP=100
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/pd-pl/Table.cfm?Lang=Eng&T=308&SR=1&S=6&O=D&RPP=100
https://globalnews.ca/news/2054762/what-you-need-to-know-about-backyard-chickens/
https://ottawacitizen.com/news/local-news/ottawas-urban-farmers-cross-the-fowl-line-as-hobby-comes-home-to-roost
https://ottawacitizen.com/news/local-news/ottawas-urban-farmers-cross-the-fowl-line-as-hobby-comes-home-to-roost
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status of their birds.117 Similarly, the use of simple hygiene measures, such as washing hands 

after contact with poultry, is also inconsistently applied. In Alberta,121 less than 14% of small 

flock owners reported washing their hands after interacting with their birds. Public health 

concerns regarding small flocks often focus on the risk of transmission of zoonotic pathogens, 

such as Salmonella spp. and Campylobacter spp.144 In 2016 and 2017, 8 and 10 multistate 

outbreaks of human salmonellosis, respectively, were linked to contact with live, non-

commercial poultry in the United States (CDC, https://www.cdc.gov/salmonella/live-poultry-05-

16/). These data stress the importance of good biosecurity and hygiene measures for small flock 

owners. 

Despite the growing popularity of small flocks in Ontario and the associated public health 

concerns, very little is known about these flocks. Without a thorough understanding of the 

conditions in which the birds are kept, it is challenging for private practitioners and veterinary 

officials to provide small flock owners with adequate information. To understand the 

characteristics of Ontario small poultry flocks, a questionnaire was administered to owners as 

part of a two-year prospective disease surveillance project in order to collect information on 

flock composition, husbandry practices, and biosecurity measures. The overall goal of this study 

was to identify any critical deficiencies and assess the need for training directed to small flock 

owners. This will ultimately lead to better health and care of these flocks. 

4.2. Materials and methods 

4.2.1. Study design and general characteristics of the questionnaire 

Ontario small poultry flocks were recruited as part of a prospective study of birds 

submitted to the Animal Health Laboratory (AHL, University of Guelph, Ontario) for 

postmortem analysis, between October 2015 and September 2017. Details of the study and 

inclusion criteria are described elsewhere.10 Briefly, owners of small poultry flocks that resided 

in Ontario were encouraged to submit their sick or dead birds for postmortem evaluation at a 

subsidized cost. To participate, they had to complete a consent form and a husbandry and 

biosecurity questionnaire (Research Ethics Board # REB-16-12-657), which were completed 

before or at the time of bird submission. 

https://www.cdc.gov/salmonella/live-poultry-05-16/
https://www.cdc.gov/salmonella/live-poultry-05-16/
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The questionnaire (Appendix 3) was composed of 41 questions, of which 13 were 

multiple-choice, 27 binomial, and 1 open-ended. All but one multiple-choice question had 

multiple selectable options. Of the multiple-choice and binomial questions, 24 were semi-closed 

allowing owners to add additional information as needed. The first portion of the questionnaire 

focused on the flock from which submitted birds derived, and included questions regarding: 1) 

flock and housing characteristics; 2) general husbandry; 3) biosecurity; and 4) vaccinations and 

use of medications. The second portion of the questionnaire focused on the premises in general, 

and included questions regarding: 1) period of time that poultry had been raised on the property; 

2) presence of wild animals or other domestic species on property; 3) source and treatment of 

drinking water; and 4) involvement of a household member with the commercial poultry 

industry. 

4.2.2. Data management and analysis 

The responses to all questionnaires were entered into a database spreadsheet (Excel 2016, 

Microsoft, Redmond, WA). For multiple-choice questions, all checked answers for each 

questionnaire were entered. Answers to questions regarding bedding (question #12), cleaning 

and / or disinfection (questions #13, 14, 15, 16) or entering (questions #17, 18, 25) the birds coop 

(referred to as ‘barn / shed / coop’ in the questionnaire [Appendix 3]), were only tallied if the 

owner had responded that the flock was housed indoor at-least some of the time (question #7). 

As a result of the above adjustments and owing to the fact that some owners did not provide an 

answer to all questions, the number of valid answers varied. 

4.3. Results 

One hundred and sixty questionnaires were obtained from 160 submissions.10 A total of 153 

unique questionnaires were considered valid, of which 97 were completed in full. The remainder 

(n = 56) had variable numbers of incomplete and / or unanswered questions. The 7 non-valid 

questionnaires were duplicates, as were associated with temporally close submission (< 2 weeks) 

from the same flock. The number of valid answers for each question is reported in Tables 4.1, 

4.2 and Figures 4.1. None of the respondents reported a family member working in the 

commercial poultry industry.
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Table 4.1. General characteristics of small poultry flocks and owner premises, as reported by 

owners upon completion of a husbandry and biosecurity questionnaire, in a small poultry flock 

surveillance study in Ontario, over a 2-year period. 

Question 

Number of 

respondents 

(%) 

Question 

Number of 

respondents 

(%) 

Production type; chickens only 

(Q2a, n = 130b, no) 

Primary reason for raising birds 

(Q3, n = 153, noc) 

Broiler 10 (8) Personal consumption 106 (69) 

Breeder 9 (7) Farm gate sales 27 (18) 

Layer 92 (71) Breeding stock 17 (11) 

Dual purpose 17 (13) Exhibition 6 (4) 

Other/not specified** 26 (20) Club 2 (1) 

Multiple production types 

reported 
21 (16) 

Pet 58 (38) 

Other* 8 (5) 

Period flock was present on owner’s property 

(Q5, n = 151d) 

Source of birds 

(Q4, n = 152, no) 

≤ 1 month 19 (13) Hatchery 59 (39) 

> 1 month to ≤ 3 months 28 (18) Friends/Neighbours 47 (31) 

> 3 months to ≤ 6 months 22 (15) Feedstore 24 (16) 

> 6 months to ≤ 12 months 25 (17) Other+  

> 12 months to ≤ 24 

months 

26 (17) Private breeder 19 (13) 

> 24 months 31 (20) Home hatched 17 (11) 

Livestock auction or sale 12 (8) 

Online 10 (7) 

Other*** 15 (10) 

Type of pest control measures reported by 

owners 

(Q8, n = 83, no) 

Number of years owner has been raising 

poultry on current property 

(Q31, n= 152, yes) 

Rodent 35 (42) < 1 year 38 (25) 

Insect 25 (30) 1-2 years 29 (19) 

Physical 20 (24) 2-5 years 43 (28) 

Unspecified 30 (36) > 5 years 42 (28) 
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Presence of wild bird feeders on properties 

(Q32, n = 151, yes) 

Wild animals seen on property in the last 12 

months 

(Q33, n = 152, yes) 

Yes 78 (52) Yes 146 (96) 

No 73 (48) No 6 (4) 

Poultry feed and / or water accessible to 

rodents and / or wild animals 

(Q34, n = 152, yes) 

Body of water on property accessible to 

poultry 

(Q35, n = 152, yes) 

Yes 58 (38) Yes 29 (19) 

No 94 (62) No 123 (81) 

Pest control measures 

(Q8, n = 153, yes) 

 

Yes  83 (54) 

No 70 (46) 

 

a Indicates the question number as reported in Appendix 3. 

b Indicates the number of questionnaires that had a valid answer for the question. 

c Indicates ifwhether the answers were mutually exclusive (yes) or not mutually exclusive (no). If 

not mutually exclusive, it is possible for the total number of answers (sum of each category) to 

be greater than the number of valid questionnaires. 

d Indicates a continuous variable that has been categorized. 

* Answers included: Farmers market sales, artisanal license, commercial sales, composting to 

improve soil quality, hobby, egg sales to friends, rescue, education. 

** Answers included: Pet, hobby, 4-H project, companion, not specified. 

*** Answers included: Local farm, private sale, rescue, not specified, purchased from different 

people.  

+ As per the available answer in the questionnaire. 



76 

 

Table 4.2. Management and biosecurity practices of small poultry flocks, as reported by owners 

upon completion of a husbandry and biosecurity questionnaire, in a small poultry flock 

surveillance study in Ontario, over a 2-year period. 

Question 

Number of 

respondents 

(%) 

Question 

Number of 

respondents 

(%) 

Housing 

(Q7a, n = 153b, noc) d 

Frequency of cleaning and / or disinfecting 

barn / shed / coop 

(Q14, n = 119, no) e,f,g 

Inside only 46 (30) Fairly frequently 65 (55) 

Free-range only 28 (18) Infrequently 40 (34) 

Inside with range access 79 (52) Not applicable+  14 (12) 

Feed source 

(Q9, n = 152, no) 

Frequency of removing soiled litter from barn / 

shed / coop 

(Q13, n = 124, no) e.f 

Mixed their own 

exclusively 

1 (0.7) As needed 22 (18) 

Pick up exclusively 126 (83) Daily 23 (19) 

Delivered to property 

exclusively 

14 (9) Weekly 45 (36) 

At least two methods 

selected 

11 (7) Monthly 24 (19) 

  Yearly 9 (7.3) 

  Never 1 (0.8) 

Source of drinking water 

(Q36, n = 144, no) 

Isolation of new birds 

(Q26, n = 153, yes) 

Municipal 23 (16) Yes 98 (64) 

Well 119 (83) No 37 (24) 

Pond 5 (4) All-in/all-out+ 18 (12) 

Test drinking water for bacteria 

(Q38, n = 152, yes) 

Treat drinking water 

(Q37, n = 151, yes) 

Yes 90 (59) Yes 33 (22) 

No 62 (41) No  118 (78) 

Vaccinated at hatchery; only flocks sourced 

from hatchery 

(Q28, n = 57, yes) 

Administration of medication within the last 12 

months 

(Q30, n = 152, yes) 

Yes 21 (37) Yes 92 (61) 

No 24 (42) Antibiotics 56 (61) 

Unsure+ 12 (21) Coccidiostats 29 (32) 

  Dewormer 27 (29) 

  External parasites 27 (29) 

  Other++ 23 (25) 
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Bedding 

(Q12, n = 124, no) e 

Disposal method for dead birds 

(Q11, n = 152, no) 

Soft wood shavings 87 (70) Burial 59 (39) 

Hard wood shavings 14 (11) Incineration 33 (22) 

Straw 54 (44) Manure 20 (13) 

Sand 15 (12) Rendering 2 (1.3) 

Newspaper 3 (2.4) Composting 24 (16) 

Other* 9 (7.3) Other++  

No bedding 4 (3.2) Veterinarian 15 (9.9) 

  Municipal waste** 7 (4.6) 

  Scavengers 5 (3.3) 

  First dead bird(s) was 

submitted for postmortem 

as part of this study+ 

9 (5.9) 

  Other/not specified*** 3 (2.0) 

Feed kitchen waste or leftovers 

(Q10, n = 150, yes) 

Isolation of sick birds 

(Q27, n = 147, yes) 

Yes 98 (65) Yes 116 (79) 

No  52 (35) No 31 (21) 
a Indicates the question number as reported in Appendix 3. 

b Indicates the number of questionnaires with a valid answer for that question. 

c Indicates if the answers were mutually exclusive or not. 

d Flocks were considered ‘inside only’ if owners exclusively selected ‘inside barn/shed/coop’; 

flocks were considered ‘free-range only’ when ‘inside barn/shed/coop’ was not selected; and 

flocks were considered ‘inside with range access’ when owners selected ‘inside barn/shed/coop’ 

and any response with ‘free-range access’. 

e Answers only included flocks with ‘inside only’ or ‘inside with range access’ housing type. 

f The longest interval selected by the owner was represented when more than one response was 

selected. 

g Answers from original questionnaire were reclassified as follows: ‘fairly frequently’ (including 

responses of ‘after each flock’ and ‘other’ when the owner wrote in a frequency of more than 

once a year or as needed), ‘infrequently’ (including ‘once a year’ and ‘other’ when the owner 

wrote in a frequency of less than once a year’), and ‘not applicable’ (when the owner indicated 

either a new coop, the first flock and / or birds, or ‘not done yet’). 

* Answers included: flax, hay, dried leaves. 

** Answers included: garbage, dump, green bag to city. 
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*** Answers included: freezer, not specified, etc. 

+ An additional response written by owners. 

++ As per the available answer in the questionnaire.
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Figure 4.1. Venn diagram representing the species composition of small flocks, as reported by 

153 flock owners upon completion of a husbandry and biosecurity questionnaire, in a small 

poultry flock surveillance study in Ontario, over a 2-year period. 
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4.3.1. General flock characteristics 

The species submitted for postmortem and associated with the 153 valid questionnaires 

were chicken (84%), turkey (5%), game bird (5%), waterfowl (4.6%), chicken and turkey 

(0.7%), and chicken and waterfowl (0.7%). Although the flock size was not declared in 21 

questionnaires, this information was reported in the AHL postmortem submission forms, in order 

to conform to the inclusion criteria of the study.10 Based on the submission forms (n = 160), 

more than half the flocks had 25 birds or less, with flock sizes ranging from 1 to 299 birds (mean 

26). 

Most owners indicated multiple reasons for raising birds, with personal consumption of 

meat or eggs (69%) being the most common, followed by keeping poultry as pets (38%), and 

farm gate sales (18%) (Table 4.1). Sixty owners (39%) reported two or more reasons for raising 

poultry. Of the 130 questionnaires associated with chicken submissions, laying hens were the 

most commonly reported production type (71%), although 16% of owners selected more than 

one production type (Table 4.1). Owners commonly reported obtaining their birds from 

hatcheries, friends or ‘other’ sources, which included breeders, hatching birds at home, and 

livestock auctions or sales (Table 4.1). When owners were asked how long the flock had been on 

their property, a range of time was often provided. If multiple selections were indicated, only the 

longest period was considered. The flock’s presence on the property ranged from 10 hours to 10 

years (median 9 months, mean 17 months) (Table 4.1). More than half the flocks (54%) 

consisted of birds that had been on the property for more than 6 months, whereas 20% had been 

on the premises for more than 2 years (Table 4.1). 

4.3.2. Property characteristics 

Regardless of the bird species submitted for postmortem (and associated with the 

questionnaire), 97% of owners reported having chickens on their property, 22% had waterfowl, 

16% turkeys, and 16% game birds, with the most common combination being chicken and 

waterfowl (Figure 4.1). Only nine owners, or 6% exclusively had poultry (chicken, turkey, 

waterfowl, and / or game bird) on their property, whereas many also raised other livestock (such 

as cattle, horses, sheep, goats, or pigs), or owned pets (dogs, cats, parrots, rabbits, turtles, 

tortoises, etc.) (Figure 4.2).
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Figure 4.2. Bar graph representing the percentage of various domestic species present on the 

same property , as reported by 153 flock owners, in a small poultry flock surveillance study in 

Ontario, over a 2-year period. 

* Other birds included: parrots, canaries, budgies, lovebirds, cockatiels, parakeets, and cranes. 

** Answers included: rabbit, turtle, chinchilla, hedgehog, tortoise, llama, alpacas, fish. 
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One quarter of owners (25%) reported raising poultry on their property for less than one 

year, whereas more than half of owners (56%) indicated having birds on their current property 

for at least two years (Table 4.1). Approximately half of owners (52%) answered having wild 

bird feeders on their property and nearly all owners (96%) indicated seeing some type of wild 

birds or animals on their property in the last 12 months. Poultry feed and / or water was 

considered accessible to rodents and / or wild animals (including wild birds) by 38% of owners 

(Table 4.1). Control measures for rodents, flies, beetles, and other pests were reported to be in 

place in 54% of questionnaires. Of those reporting control measures, rodent control measures 

(42%) included bait traps, cats, rodenticide, and other non-specified measures. Insect control 

measures (30%) included fly traps or strips, fly sprays, and diatomaceous earth. Physical control 

measures (24%) included fences and mesh, raised coops, and enclosing birds indoors at night. In 

36% of questionnaire responses in which the owners reported having control measures for pests 

in place, these were either not defined or the owner indicated using traps or bait without 

specifying their target and thus the response was classified as ‘unspecified’. Relatively few 

properties (19%) had bodies of water (such as ponds or river) that the birds could access (Table 

4.1). 

4.3.3. Housing and bedding materials 

Out of 153 questionnaires, 30% of flocks were classified as inside only and 52% had both 

indoor and free-range access (Table 4.2). The most common bedding material provided for 

flocks with indoor access was soft wood shavings (70%), and straw (44%) (Table 4.2). 

4.3.4. Coop cleaning and bird disposal 

For flocks with indoor access, soiled litter / fecal material was removed from the coop 

quite often by nearly three quarters of owners, either weekly (36%), daily (19%), or as needed 

(18%) (Table 4.2). Further, the coop was cleaned and / or disinfected ‘fairly frequently’ (i.e., 

after each flock, more than once a year, or as needed) by 55% of owners, whereas 12% of 

owners indicated that they had not yet needed to clean / disinfect the coop, either because it was 

a new enclosure or their first flock (Table 4.2). 



83 

 

The most common disposal method for dead birds was burial (39%), followed by ‘other’ 

(26%), and incineration (22%); 16% of owners selected more than one disposal method (Table 

4.2). Other methods included disposal through a veterinarian or submission to a diagnostic 

laboratory, municipal waste management or garbage, and leaving out on the property for 

scavengers. 

4.3.5. Feed and water 

Most owners (83%) picked up feed for their birds, 9.2% had feed delivered to their 

property, and 0.7% mixed their own feed; the remaining 7.2% obtained feed from a combination 

of these sources (Table 4.2). Additionally, 65% fed kitchen waste or leftovers to their birds 

(Table 4.2). 

The most common source of drinking water for the birds was well water (83%); 2.1% of 

owners selected more than one drinking water source, which included well water and pond water 

as possible sources (Table 4.2). Of 151 owners, only 22% treated the drinking water provided to 

the birds (Table 4.2); treatment methods included filtration, UV light, chlorination, and water  

4.3.6. Biosecurity practices 

The use of dedicated footwear and clothing by flock owners was highly variable. For 

flocks with indoor access, dedicated shoes and cloths were used when entering the coop by 39% 

of 122 and 24% of 111 owners, respectively. Dedicated shoes and clothes were worn when 

cleaning the coop by 48% of 121 and 35% of 116 owners, respectively. Visitors were allowed 

into the coop by 60% of 123 owners, and of those, only 8% required visitors to wear dedicated 

clothing. Most owners (94% of 146) washed their hands after contact with their birds, although 

less than half (48% of 143) washed their hands before contact. Shoes were rarely disinfected 

either before (3.9% of 152) or after (3.4% of 145) contact with the birds, and only 3.3% of 152 

owners reporter using a footbath. 

A small percentage of owners (12%) were either raising their first flock of birds or had 

all-in / all-out management and therefore reported that they did not isolate newly arrived birds 

(Table 4.2). Almost two-thirds of owners (64%) isolated new birds, with isolation times ranging 

from 1 day to 36 months (median 2 weeks, mean 4 weeks). New birds were isolated in different 
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types of enclosures, such as partitioning the existing coop or a different building. Most owners 

(79%) isolated birds that were suspected to be sick or were obviously sick (Table 4.2). 

4.3.7. Vaccination and medications 

Overall, vaccination was an uncommon practice. Of owners who sourced birds from a 

hatchery, only 37% indicated that the birds were vaccinated at the hatchery, 42% indicated that 

the birds were not vaccinated, and 21% were unsure (Table 4.2). Of those who indicated that the 

birds were vaccinated at the hatchery, approximately half (52%) knew what diseases their chicks 

were vaccinated against (Marek’s disease [MD], 8 flocks; coccidiosis, 2 flocks; MD and 

infectious bronchitis, 1 flock). Beyond the hatchery, vaccination was very rare; only 0.7% of 152 

owners indicated that their birds received additional vaccines on their premises and 3.3% were 

unsure. 

Of 152 owners, 60.5% indicated having administered medications to their flock within the 

past 12 months (Table 4.2). Fifty-six indicated giving antibiotics (60.9%), including tetracycline, 

penicillin, and tylosin. The two most commonly reported coccidiosis preventatives of the 29 

owners reporting their use were amprolium and toltrazuril. Dewormers were reported by 27 

owners, including ivermectin, fenbendazole, and piperazine. Twenty-seven owners reported 

using preventatives or treatments for external parasites including carbaryl, diatomaceous earth, 

and ivermectin. In the category of ‘other medications’, 23 owners reported using meloxicam, 

apple cider vinegar, vitamins and electrolytes, acetylsalicylic acid, and tramadol. 

4.4. Discussion 

Overall, there are numerous similarities between the characteristics of Ontario small 

poultry flocks and other small flock populations within Canada, the United States, and Europe. 

Direct comparisons with other studies, however, are limited by methodological and geographic 

differences. For instance, the definition of a small flock is highly variable, with flock size limits 

ranging from 5124 to 1000 birds.90,154 In our study, the size of chicken and turkey flocks was 

imposed by federal and provincial regulations, while the upper limit of non-quota species was 

capped at 300 birds in order to exclude commercial flocks. Species inclusion is also a source of 

variability between studies. Some studies were limited to chickens,12,113,117,124 whereas others 
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included turkeys, waterfowl, and / or game birds.13,90,120,121,143,154 Our inclusion criteria allowed 

for the submission of all poultry species except Columbiformes in order to provide a more 

representative picture of the small flock population within the province.10,11 The vast majority of 

owners that had turkeys, waterfowl, and / or game birds, also had chickens on the property. Only 

7.8% of owners had pigeons or doves, suggesting that keeping Columbiformes species is an 

uncommon practice among small flock owner in Ontario. 

It has often been reported that the main reason people raise small poultry flocks is for 

production of food (eggs and / or meat) for themselves and their families.12,13,120,121,124,143,154 This 

trend was evident in the present study, with nearly 70% of owners indicating personal 

consumption (mainly eggs) as their primary reason for raising poultry. Given the zoonotic risks 

associated with handling live poultry, small flock owners could be at an increased risk of 

disease.4,146 

In general, hand washing is considered to be an effective means of preventing disease 

transmission. We found that most owners (94%) washed their hands after flock contact, which 

similar to study conducted in Seattle, US (98%)114 and greater than studies conducted in other 

US states (58-66%),90,120 and Alberta (13%)121, although the latter did not specify whether hand 

washing was done prior to or after contact. In contrast; however, we found that less than half of 

the owners (48%) washed their hands prior to flock contact, although this is notably higher than 

a previous Ontario study,12 in which only 15% of owners washed their hands prior to contact 

with the birds. 

Another recommended measure of restricting pathogen dissemination is the use of 

dedicated clothing and footwear when interacting with the flock (Ontario Ministry of 

Agriculture, Food and Rural Affairs [OMAFRA], 

http://www.omafra.gov.on.ca/english/livestock/poultry/facts/12-039.htm). Less than one quarter 

(24%) of participants reported wearing dedicated clothing when entering the coop, with a slightly 

higher percentave (34%) wearing dedicated clothing for cleaning the coop. This is higher than 

that reported previously in Ontario12 and Colorado,154 and less than that reported in Alberta 

(52%).121 Given that all three of these studies were conducted via online or mail-in surveys, it is 

unlikely that the values for these or our own study are inflated due to a social desirability bias. 

Among our respondents, 39% and 48% indicated wearing dedicated footwear when entering and 

cleaning the coop, respectively. Reports of dedicated footwear use by small flock owners is 

http://www.omafra.gov.on.ca/english/livestock/poultry/facts/12-039.htm


86 

 

limited and, when available, highly variable. Reports range from from 5% in Colorado,154 13% in 

Finland,143 38% in Alberta,121 and up to 52% for game bird owners in the United States.90 

Pathogens present within feces, particularly Salmonella spp. could easily be carried on the 

bottom of shoe and boots and spread to nearby surfaces (OMAFRA, 

http://www.omafra.gov.on.ca/english/livestock/poultry/facts/12-039.htm).  

Ideally, the aforementioned biosecurity practices should also be applied to visitors who are 

allowed to have contact with the birds. Both the federal and provincial government discourage 

flock access by visitors, as visitors can serve as a source of pathogens, particularly if these 

individuals own poultry themselves (Canadian Food Inspection Agency [CFIA], 

http://www.inspection.gc.ca/animals/terrestrial-animals/biosecurity/standards-and-

principles/avian-biosecurity/2015-10-22/eng/1445366425322/1445366426041; OMAFRA, 

http://www.omafra.gov.on.ca/english/livestock/poultry/facts/12-039.htm). The flocks associated 

with our study were often (60%) accessible to visitors, who were rarely (8%) required to wear 

dedicated clothing. Our findings are consistent with small flock studies in Alberta121 and the 

United States,90 in which 57% and 46% of flocks, respectively, had contact with visitors; even 

higher frequencies have been reported in Finland (84%),143 London, UK (93%),113 and Colorado, 

US (94%).154 

Wild birds can also serve as a source of pathogens to poultry.5,162 Nearly 70% of the flocks 

in our study had some degree of outdoor access. This is consistent with the previous study in 

Ontario (69%),12 yet lower than studies in Alberta (94%)121 and Colorado (96%).154 Without 

details on individual outdoor structures (e.g., covered run, uncovered run, free-range), it is 

difficult to understand the degree of contact our study flocks might have had with wild birds. 

However, the general information about the premises showed a possible increased risk of contact 

with wild birds either by having outdoor access, the presence of a bird feeder on the property, the 

presence of an open body of water that could become contaminated by wild bird feces, or the use 

of untreated pond and / or well water. 

The Ontario Ministry of Agriculture, Food and Rural Affairs recommends that small flock 

owners clean the flocks environment daily (OMAFRA, 

http://www.omafra.gov.on.ca/english/livestock/poultry/facts/12-039.htm). Nearly three quarter 

of the small flock owners in our study removed feces or soiled litter material from the coop ‘as 

‘needed, ‘daily’ and / or ‘weekly’; however, the method and location of disposal was not 

http://www.omafra.gov.on.ca/english/livestock/poultry/facts/12-039.htm
http://www.inspection.gc.ca/animals/terrestrial-animals/biosecurity/standards-and-principles/avian-biosecurity/2015-10-22/eng/1445366425322/1445366426041
http://www.inspection.gc.ca/animals/terrestrial-animals/biosecurity/standards-and-principles/avian-biosecurity/2015-10-22/eng/1445366425322/1445366426041
http://www.omafra.gov.on.ca/english/livestock/poultry/facts/12-039.htm
http://www.omafra.gov.on.ca/english/livestock/poultry/facts/12-039.htm
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assessed. Similarly, the frequency of cleaning and / or disinfecting the coop was also variable, 

with just over half of owners indicating a ‘fairly frequent’ schedule. Of not, the possibility of 

answering ‘as needed’ in these questions brought some degree of uncertainty, as the time interval 

might have been interpreted differently by respondents. For instance, in Alberta, 93% of small 

flock owners indicated that removing bedding and manure was part of their cleaning regiment; 

however, at least a quarter of respondents indicated cleaning their coop only two to three times a 

year.121 In London, UK, 87% of owners indicated cleaning at least once every two weeks.113 

Some of the more commonly reported means of disposing of dead birds from small poultry 

flocks include garbage, compost, incineration, burial, and scavengers.13,113,120 In our study, 

although many different methods of carcass disposal were identified, burial was the most 

common (39%), similar to studies in Maryland120 and London.113 Disposal by allowing 

consumption by scavengers was more common in Alberta (16%)121 and London, UK (17%),113 

than in our study (3%). Nonetheless, given that infectious causes of death represented 62% of the 

birds submitted to the AHL in our study,10 scavenging, and burial if done incorrectly, is a 

biosecurity concern, as it could promote pathogen spread, not only to the scavenger itself (e.g. 

transmission to wild birds), movement of carcass fragments and fomite contamination could lead 

to pathogen spread. 

The vaccination practices of small flocks have not been thoroughly reported in the 

literature, and the little available information often documents poor vaccination 

practices.84,117,143,154 Despite the common practice of in ovo vaccination for MD at Ontario 

hatcheries, only one third of the owners who sourced birds from a hatchery indicated that their 

birds were vaccinated, whereas many owners did not know the vaccination status of their birds 

and chose to write an additional response other than ‘yes’ or ‘no’. Further, very few owners were 

aware of the different pathogens against which their birds had been vaccinated. Since available 

vaccines, directed to commercial poultry production, are sold at very large doses, this greatly 

exceed the needs of a single small flock owner. This leads to cost problems and technical issues 

regarding reconstituting small doses of vaccine that may be delivered to just a handful of birds 

(e.g., several fold dilutions are needed if the vaccine is dispensed through water). Additionally, 

even if doses are large enough to service more than one flock, the short shelf life of live 

attenuated vaccine prevents transport and use in multiple farms. Gathering in a single premise to 

vaccinate birds from multiple owners is known to occur; however, this is logistically impractical, 
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besides leading to a gross breaching of biosecurity principles. For these reasons, birds that are 

not purchased from hatcheries (e.g., those sourced from private breeders, friends, livestock 

auctions or home hatched) are highly unlikely to be vaccinated. 

The use of medications in food production animals, particularly antimicrobials, is an 

important One Health concern due to the development and spread of antimicrobial resistant 

enteric bacteria, which is underscored by the recent changes to the Canadian Food and Drug 

Act.17 At the time of the study, many of the antimicrobials that were administered to the study 

flocks would have been available over the counter; however, due tot the amended regulations 

that came into effect on December 1, 2018, a veterinary prescription will now be required, 

whereas only ionophores remain available over-the-counted. Canadian small flock owners will 

now require a valid veterinarian-client-patient relationship in order to access medication they 

have previously used. It remains to be seen how Canadian small flock owners will change their 

biosecurity, management, and treatment practices to adjust to this change. 

Despite the continued popularity of small flocks, implementation of proper biosecurity 

measures by their owners in Ontario remains inadequate. Given that many of these measures, 

such as hand washing, using dedicated clothing and footwear, and restricting visitors, are simple 

means of preventing the spread of disease, their application could easily be added to most small 

flock owners’ daily routines, provided they are aware that such measures could not only protect 

their birds’ health but also themselves and their families. With the updated regulations regarding 

the availability of antimicrobials, small flock owners and their birds will likely benefit greatly to 

increased application of simple and cost-effective biosecurity measures. This current research 

should help guide veterinarians and poultry extension officials to focus the nature of information 

and advices they provide to small flock owners in regards to the health of their flock.
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5. CHAPTER 5: CONCLUSIONS 

5.1. Summary of main results 

The overall objective of this research was to gain knowledge about Ontario’s small 

poultry flocks, specifically to document the prevalence of various pathogens, understand the 

causes of morbidity and mortality among these birds (i.e., health status), and describe the 

husbandry and biosecurity measures adopted by the owners of these flocks. The driving force 

behind this work was the increased popularity of small flocks in Ontario despite a lack of basic 

health information about these birds. Concerns about the zoonotic risk posed by keeping poultry 

in close proximity to families, often in urban centers has highlighted the need for this 

investigation. 

Public health concerns regarding keeping poultry in urban and suburban settings often 

focuses on the risk of transmission of zoonotic pathogens, such as Salmonella spp. and 

Campylobacter spp.144 Recently, 60 cases of human salmonellosis were linked to the purchase of 

young poultry from a single Alberta hatchery, either by mail-order or from feed supply stores 

(Public Health Agency of Canada, https://www.canada.ca/en/public-health/services/public-

health-notices/2015/public-health-notice-outbreak-salmonella-infections-related-contact-live-

baby-poultry.html). In our cohort, only 3% of submissions tested positive for Salmonella spp. 

However, a 35% and 37% prevalence of Campylobacter spp. and Brachyspira spp., respectively, 

in the submissions of this study underscores the need for proper management of small flocks in 

order to minimize transmission of zoonotic diseases. 

Other avian pathogens, such as infectious bronchitis virus (IBV), infectious 

laryngotracheitis virus (ILTV), and fowl adenovirus, which are currently circulating among the 

commercial flocks in Ontario, were also present in the submissions tested in this 

study.88,96,99,133,135,136,167 For instance, the Delmarva strain of IBV, initially detected in commercial 

flocks during the first stages of our study, was later diagnosed within the birds of our cohort 

(Canadian Poultry, https://www.canadianpoultrymag.com/health/broilers/infectious-bronchitis-

30452)10. Similarly, the ILTV strains detected in the submissions of our study were classified as 

the same genotypes commonly circulating among commercial poultry flocks in the province,10,133 

suggesting that introduction of new ILTV strains in Ontario commercial poultry flocks does not 

likely derive from small flocks. The detection of similar viral strains of IBV and ILTV in the non-

https://www.canada.ca/en/public-health/services/public-health-notices/2015/public-health-notice-outbreak-salmonella-infections-related-contact-live-baby-poultry.html
https://www.canada.ca/en/public-health/services/public-health-notices/2015/public-health-notice-outbreak-salmonella-infections-related-contact-live-baby-poultry.html
https://www.canada.ca/en/public-health/services/public-health-notices/2015/public-health-notice-outbreak-salmonella-infections-related-contact-live-baby-poultry.html
https://www.canadianpoultrymag.com/health/broilers/infectious-bronchitis-30452
https://www.canadianpoultrymag.com/health/broilers/infectious-bronchitis-30452
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commercial birds as those circulating among commercial flocks also indicates that these strains 

have become endemic to Ontario. 

 On the other hand, the prevalence of Mycoplasma spp. differed greatly between small 

and commercial poultry flocks. At the provincial level, commercial breeders and hatcheries have 

taken steps to decrease the prevalence of both Mycoplasma gallisepticum and Mycoplasma 

synoviae through the Ontario Hatchery and Supply flock policy,115 however this is not reflected 

among small flocks, as shown by the high prevalence of submissions positive for Mycoplasma 

spp.10 This stresses the importance of educating owners about purchasing chicks and pullets from 

mycoplasma-free flocks or from commercial hatcheries. This is impossible, however, for owners 

that raise heritage breeds, and establishment of mycoplasma-free flocks would rely on voluntary 

testing of replacement chicks and breeders, as well as elimination of infected flocks and very 

strict biosecurity measures. Alternatively, management of these birds would aim at vaccination 

for mycoplasma or optimizing husbandry practices in order to decrease the detrimental effects of 

other respiratory diseases compounding on mycoplasma infection. 

Another common pathogen among small poultry flocks, both within our study population 

and as shown in other reports, is Marek’s disease virus (MDV).6,11,81,125,143 Because MDV is 

ubiquitous and highly resistant in the environment, poultry are inevitably exposed to the virus, as 

early as the time of hatching, regardless of how stringent the biosecurity practices might be 

maintained.150 The 30 birds diagnosed with Marek’s disease in our study ranged from 17 days to 

4 years of age at the time of postmortem (mean 5 months, median 4 months). Commercial flocks 

have been effectively controlling the clinical disease through vaccination with live-attenuated 

cell-associated vaccines (stored in liquid nitrogen) administered either in ovo or at hatch.150 In 

small flocks where replacement birds are either produced on-site or obtained from other small 

flock owners, vaccination for MDV is currently not an option given the special storing and 

handling requirements for liquid nitrogen, thus increasing the occurrence of clinical 

manifestations of MDV in these flocks.125 Even the most well-intentioned owners will not be able 

to adequately protect hatchling obtained from their own birds against MDV. Obtaining birds with 

a known vaccination history, remains the only means for small flock owners to limit the 

debilitating effects of this virus among their birds. This further highlights the importance of 

reliable sources for the purchase of small flock poultry. 
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It should be noted that none of the submissions in this study tested positive for any of the 

four federally reportable poultry diseases (Newcastle disease, notifiable avian influenza, pullorum 

disease, and fowl typhoid), as defined by the Canadian Food Inspection Agency (CFIA) (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-

animals/diseases/reportable/eng/1303768471142/1303768544412). Of the five small flock 

submissions, which were positive for Salmonella spp., none tested positive for the causative 

agents of pullorum disease (Salmonella enterica subspecies enterica, serovar Pullorum) or fowl 

typhoid (Salmonella enterica subspecies enterica, serovar Gallinarum). In one flock, the tracheal 

and cloacal swabs from two chickens diagnosed with mixed respiratory infections, tested positive 

for avian avulavirus 1; however, the virus was nearly genetically identical (99.97%) to a vaccine 

strain. Birds from a turkey flock tested positive for low pathogenic avian influenza virus H10N8, 

with no associated clinical signs. The notifiable low pathogenic H5N2 avian influenza, which 

was detected on a commercial duck farm near St. Catharine’s during our sampling period, was 

not detected in any of the small flock submissions during our study (CFIA, 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/2016-investigation-

ontario/timeline-of-events/eng/1468249243632/1468249244411).  

The prevalence of viral and bacterial pathogens from our study were obtained based on 

pooled samples from submissions of the same species (of up to 5 birds) form the same flock.10 As 

such, it is important to remember that the estimated prevalence is reported at a flock level, when 

comparing our results to those of other studies. The diagnostic tests were performed in 

accordance to the Animal Health Laboratory (AHL) standard operating procedures, an American 

Association of Veterinary Laboratory Diagnosticians-accredited diagnostic facility. In accordance 

with the AHL standard operating procedures, reverse-transcription real-time PCR is used for both 

DNA and RNA viruses. This allows standardization of the laboratory procedures, and for DNA 

viruses, it detects mainly transcribed RNA.  Although postmortem examinations were performed 

by six pathologists, and ancillary diagnostic testing in order to obtain a final cause of death was 

performed at the discretion of the case pathologists, they all followed the same protocols in place 

through the AHL and had access to the same diagnostic tests, limiting to some extent the 

interobserver variations in our study. A review of all postmortem, histological, and ancillary 

testing reports by two members of the project team further provided a level of standardisation of 

the morbidity and mortality results we have reported.11 

http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/eng/1303768471142/1303768544412
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/eng/1303768471142/1303768544412
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/2016-investigation-ontario/timeline-of-events/eng/1468249243632/1468249244411
http://www.inspection.gc.ca/animals/terrestrial-animals/diseases/reportable/ai/2016-investigation-ontario/timeline-of-events/eng/1468249243632/1468249244411
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The results of our questionnaire, designed to characterize the husbandry and biosecurity 

measures used by small flock owners within the province, can be used to target potential outreach 

programs to help small flock owners understand and implement simple yet effective husbandry 

practices that could help better manage these birds. Housing different species of birds together 

from multiple sources and with various ages makes managing a flock’s health more difficult. 

Given that owners often obtained birds without knowing their vaccination status, introducing new 

birds into an established flock increases the risk of pathogen transmission between the two age 

groups. Properly guiding small flock owners about simple measures such as the washing of hands 

before and after contact with the flock, restricting access to the birds, limiting exposure to 

wildlife, and sourcing their flock from vaccinated birds with known health status are all feasible 

learning outcomes that veterinarian and poultry outreach programs can focus on, in order to keep 

their birds healthy and limit transmission of zoonotic diseases. 

5.2. Limitations of the study design 

Given the geography of the province, its large human population size, and the absence of a 

provincial registry of small poultry flocks, it is difficult to have an accurate estimate of the 

number of small poultry flocks in Ontario. Through the Chicken Farmers of Ontario (CFO) 

Family Food Program, we have an estimated 16,000 registered small broiler flock within the 

province (CFO, https://www.ontariochicken.ca/Programs/FamilyFoodProgram); however, 

without knowing exactly how many small flocks are in the province, we could not determine the 

size of our target population. The costs of testing and the ability of the Animal Health Laboratory 

(AHL) to process the submissions, limited the sample size for our research. Given these 

limitations, a passive surveillance program was established and efforts were made to recruit 

voluntary submissions over a two-year period. 

Selection bias was decreased by subsidizing the cost of testing and providing prepaid 

courier services for submissions. However, since case submissions to the AHL must be done 

through a veterinarian, it is possible that some flock owners might not have been able to 

participate, either because the veterinarian was not a client of the AHL, or lack of a patient-

owner-practitioner relationship. It is also possible that some owners may have not submitted their 

birds due to concerns about the consequences of diagnosing a reportable disease or of the 

https://www.ontariochicken.ca/Programs/FamilyFoodProgram
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ambiguous jurisdictions within certain municipalities regarding keeping poultry within city 

limits.  

Comparisons between our work and that of previously published studies is also limited by 

various factors. These include the geographic variations in the populations of both owners and 

the source of flocks, as geographic location can influence the distribution of pathogens within 

populations. Additionally, the samples obtained for testing, and the tests used in multiple papers 

vary greatly, spanning between serologic surveillance from healthy birds to pathogen isolation / 

detection from postmortem samples of clinically sick birds. Previous mortality surveys, such as 

those from California81, 125 and Finland143, only reported the cause of death of the birds but did 

not report any ancillary tests performed. Given that our work included a series of diagnostic tests 

that were conducted regardless of the postmortem findings, we were able to report high numbers 

of cases of mixed respiratory infections, which otherwise could have gone undiagnosed or would 

have been ascribed to just a single agent.  

As is the case of most questionnaire-based studies, response or social desirability biases 

are a common concern. We hoped to have limited both of these by allowing owners to complete 

the questionnaire themselves and assuring anonymity to the participants. However, as the 

questionnaire was not beta tested prior to the study and the research staff did not directly 

administer it, it is impossible to rule out that some questions might have been misinterpreted by 

the participant. To adjust for these pitfalls, great care was taken when entering the questionnaire 

data into the database, to allow for the additional information some owners provided in the hand-

written submissions. For instance, the original questionnaire included a question with a binary 

answer (‘yes’ or ‘no’) about “vaccination at the hatchery”. In going through the responses, it 

became evident that another option should have been provided to reflect the fact that many 

owners wrote-in that they didn’t know the vaccination status of their birds. As such, the results 

presented in chapter 4 included three options for the answer to hatchery vaccination, ‘yes’, ‘no’, 

and ‘unsure’ (Table 4.2). The variations between the administered questionnaire (Appendix 3) 

and the presented results in chapter 4 are the direct result of the additional information 

respondents provided to our questions. 
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5.3. Research implications and significance 

Understanding the diseases present within Ontario’s small poultry flocks will help guide 

the education measures provided to veterinarians and small flock poultry producers. It is 

important for both these groups to know the common pathogens present within small poultry 

flocks in the province. Sourcing birds from reputable Mycoplasma spp. and Salmonella spp. free 

flocks can help prevent respiratory disease to the flocks and zoonotic enteric disease to flock 

owners, respectively. Pathogens such as ILTV, IBV and MDV can be managed through 

vaccination. Given the number of owners that didn’t know the vaccination status of their flock a 

relatively simple outreach measure could be focused on informing owners of some questions they 

should be asking when purchasing poultry for their small flocks. Knowing the vaccination status 

will also in turn help practitioners provide better guidance to flock owners in regards to keeping 

their birds healthy. Continued surveillance of diseases within small flock is important in 

providing up-to-date information to all sectors of the poultry industry. 

Basic husbandry and biosecurity information is also needed to help small flock owners 

understand the importance of keeping themselves and their birds safe. Although none of our 

study birds were diagnosed with a federally reportable disease, the presence of ILTV, a 

provincially notifiable pathogen, further highlights the need for proper biosecurity, hygiene, and 

vaccination measures for both small flock and commercial poultry operations. Using our results 

as a starting point, further work could be performed to obtain additional information on the 

husbandry and biosecurity measures of Ontario’s small flock owners. An online survey without 

the need to submit sick and / or dead birds, would have the potential to obtain increased number 

of respondents. This in turn could allow ongoing targeting of specific information to the public 

through outreach by veterinarians and poultry extension officers, while promoting input from and 

communication with small flock owners. Controlling the spread of disease during a disease 

outbreak would be made significantly easier if small flock owners had better knowledge in 

regards to their flocks and the measures they can take to protect their birds. 
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APPENDICES 

Appendix 1. Number of primary and non-primary final diagnoses by etiologic category, stratified 

by specific etiology, in a small poultry flock surveillance study in Ontario, over a 2-year period. 

Etiology Primary (N = 245) Non-primary (N = 336) 

Infectious 153A 195 

 Mixed respiratory infection^ 52 16 

 Mixed bacterial 6 2 

 Bacterial and fungal 1 0 

 Mixed viral 0 2 

 Viral and bacterial 45 11 

 Viral, bacterial, and fungal 0 1 

Bacterial 42 38 

 Escherichia coli 16 15 

Clostridium perfringens 5 6 

Erysipelothrix rhusiopathiae 5 0 

Avibacterium spp.¶ 1 1 

Enterococcus cecorum 1 1 

Enterococcus faecalis 1 1 

Listeria monocytogenes 1 0 

Pseudomonas aeruginosa 0 3 

Mycoplasma gallisepticum 1 2 

Mycoplasma synoviae 2 3 

Mixed** 3 2 

Unidentified 6 4 

 Viral  30 7 

 Marek’s disease virus 26 4 

Infectious laryngotracheitis virus 1 0 

Infectious bronchitis virus 2 3B 

Duck enteritis virus 1 0 

Parasitic 23 129 

 Eimeria spp. 8 23 

Histomonas meleagridis 5 1 

Intestinal flagellated protozoa 0 14 

Trichomonas gallinae 2 1 

Leucocytozoon spp. 2 1 

Entamoeba spp. 0 1 

Cecal protozoa not otherwise specified 0 3 

Baylisascaris procyonis 

(suspected based on lesions) 

1 0 

Heterakis spp. 0 17 

Ascaridia spp. 0 7 

Capillaria spp. 0 4 

Roundworms / nematodes not otherwise specified 0 20 

Tapeworms not otherwise specified 0 10 

Ornithonyssus sylviarum 5 5 

Knemidocoptes spp. 0 8 

Lice 0 14 

Fungal 6 5 

 Aspergillus spp. 4 0 

Candida spp. 2 4 

Macrorhabdus spp. 0 1 
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Non-infectious 79 101 

 Metabolic or nutritional 28 57 

  Metabolic bone disease 11 9 

  Dyschondroplasia 0 1 

  Amyloidosis 2 1 

  Dehydration 3 8 

  Emaciation 6 15 

  Urate 5 13 

  Atherosclerosis 0 1 

  Cataract 0 1 

  Internal lay 0 1 

  Lipidosis 0 1 

  Yolk peritonitis 1 6 

 Disturbances of growth 27 6 

  Neoplasia 26 2 

  Cyst 1 2 

  Goiter 0 1 

  Heart valve malformation 0 1 

 Physical 12 18 

  Cannibalism 1 0 

  Egg-bound 3 4 

  Fracture 1 1 

  Impaction 1 2 

  Predation 1 0 

  Trauma 5 5 

  Anthracosis 0 1 

  Aspiration pneumonia 0 5 

 Hemodynamic 6 5 

  Anemia 0 1 

  Congestion and edema 0 2 

  Hemorrhage 1 1 

  Thrombosis 0 1 

  Pulmonary hypertension syndrome 3 0 

  Hemorrhagic liver syndrome 2 0 

 Toxic (ammonia) 4 0 

 Degenerative 2 15 

Other 13 40 

Idiopathic inflammation 8 38 

Unknown*** 5 2 
 

A Subtotals (in bold) are indicated in the shaded areas. 
B One of 3 birds was only positive by serology, but not RT-rtPCR.  

^ Mixed respiratory infection indicates final diagnoses that were caused by 2 or more infectious 

agents in the respiratory system, associated with compatible lesions. 

** Mixed indicates final diagnoses that were caused by 2 or more infectious agents, associated 

with lesions, in any body system except the respiratory system. 

*** Unknown indicates that a final diagnosis was not reached. 

No Avibacterium paragallinarum was isolated as the only pathogen associated with disease (see 

mixed respiratory infection).
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Appendix 2. Pathogens isolated in mixed respiratory infections for individual chickens and turkeys, stratified by primary and non-

primary final diagnoses, in a small poultry flock surveillance study in Ontario, over a 2-year period. For each category, etiological 

agents are listed in order of frequency in the primary mixed respiratory infections. 

Primary (n = 52 birds) 

 Viral Bacterial Fungal 

Case 

# 

IB

V 

ILT

V 

AAvV

-1 

M

S 

M

G 

Aviba

ct 

E. 

coli 

Gal

li 

Ente

ro 

Stap

h 

OR

T 

Pseu

do 

Bact

er 

Bor

d 

Stre

p 

Asper

gil 

Candi

da 

Viral and bacterial 

98 X X^  X X X X X    X      

99 X X^  X X X X X          

100 X X^  X X X X X    X      

101 X X^  X X             

174 X X  X X X    X        

175 X X  X X    X X        

199 X X  X X      X       

200 X X  X X      X       

4  X^  X X         
 

 
 

 

21  X^  X X X X   X    
 

 
 

 

146  X  X X X  X          

189  X  X X             

27 X X^   X         
 

 
 

 

28 X X^   X X        
 

 
 

 

29 X X^   X  X       
 

 
 

 

142 X X^   X  X           

171 X X^   X  X           

69 X   X X X X X  X        

106 X   X X X  X          

114 X   X X X X           

115 X   X X             

116 X   X X             
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153 X   X X             

162 X   X X             

163 X   X X             

164 X   X X   X          

165 X   X X  X X          

166 X   X X  X           

167 X   X X X            

168 X   X X             

172 X   X X  X X          

198 X   X X             

237 X   X X  X           

119 X X^  X              

120 X X^  X              

121 X X^  X              

186 X X^  X     X    X     

187 X X^  X              

188 X X  X              

244 X X^  X              

191  X^  X              

92 X    X             

226 X    X             

64  X^      X      
 

 
 

 

157  X^    X         X   

Mixed Bacteria 

102a    X X       X  X    

104    X X      X       

68a     X  X           

126*    X  X   X         

128*    X  X            

127    X   X           

Bacterial and fungal 

183     X X  X X       X  
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 38 27 0 41 39 15 15 11 4 4 3 3 1 1 1 1 0 

                  

Non-primary (n = 16 birds) 

 Viral Bacterial Fungal 

Case 

# 

IB

V 

ILT

V 

AAvV

-1 

M

S 

M

G 

Aviba

ct 

E. 

coli 

Gal

li 

Ente

ro 

Stap

h 

OR

T 

Pseu

do 

Bact

er 

Bor

d 

Stre

p 

Asper

gil 

Candi

da 

Viral and bacteria 

145  X  X X X  X          

6 X   X X  X     X      

70 X   X X             

91 X    X             

132 X   X              

133 X   X              

134 X   X              

135 X   X              

190 X   X              

51 X        X X        

180 X      X           

Mixed viral 

45 X  X               

46 X  X               

Mixed bacterial 

76    X X             

158    X X             

Viral, bacterial, and fungal 

131 X   X   X          X 

 13 1 2 11 6 1 3 1 1 1 0 1 0 0 0 0 1 

                  

Total 51 28 2 52 45 16 18 12 5 5 3 4 1 1 1 1 1 
 

a Cases 68 and 102 are turkeys; all other cases are chickens. 



110 

 

^ Indicates cases with syncytia and inclusions bodies for ILTV infection. 

* Avibacterium paragallinarum was isolated from cases 126 and 128.  

AAvV-1 = avian avulavirus 1. 

Aspergil = Aspergillus spp. 

Avibact = Avibacterium sp. (A. endocarditis, A. gallinarum, A. paragallinarum, A. spp.). 

Bacter = Bacteroides ovatus. 

Bord = Bordetella avium. 

Candida = Candida spp. 

E. coli = Escherichia coli. 

Entero = Enterococcus sp. (including E. faecalis, E. cecorum). 

Galli = Gallibacterium anatis. 

IBV = infectious bronchitis virus. 

ILTV = infectious laryngotracheitis virus. 

MG = Mycoplasma gallisepticum. 

MS = Mycoplasma synoviae. 

ORT = Ornithobacterium rhinotracheale. 

Pseudo = Pseudomonas aeruginosa. 

Staph = Staphylococcus spp. (including S. aureus, S. chromogens, S. chromogens, S. hyicus). 

Strep = Streptococcus pluranimalium. 
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Appendix 3. Husbandry and biosecurity small poultry flock questionnaire 

A Questions pertaining to the birds that you are submitting 

 

All the questions in this section pertain to the birds that are submitted for postmortem 

today, including the specific group from which these birds are derived. 

 

1) What species of bird are you submitting? 

a) Chicken 

b) Turkey 

c) Game bird 

i) Please specify type: (i.e., pheasant) 

d) Waterfowl 

i) Please specify type: (i.e., ducks) 

 

2) Type of production:  How many birds in the same group? 

a) Broiler (meat)  

b) Breeder 

c) Layer 

d) Dual-purpose 

e) Other 

i) If other; describe 

 

3) What is your primary reason for raising these birds? 

a) Self-Consumption (meat or eggs for family) 

b) Farm Gate Sales 

c) Breeding Stock 

d) Exhibition 

e) Club 

f) Pet 

g) Other 

i) If other; describe 

 

4) What is the source of these birds? 

a) Feed store 

b) Hatchery 

c) Friends/Neighbours 

d) Other 

i) If other; describe 

 

5) How long has this group of birds been on your property? 

 

6) Are these birds from a mixed group with different species/types of birds (i.e., turkeys and 

chickens or broilers and layers in the same barn/shed/coop)? 

a) Yes  

i) If yes; describe 

b) No  
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7) Where is this group of birds kept? Check all that apply 

a) Inside barn/shed/coop 

b) Free-range access during daytime, confined to property 

c) Free-range access during daytime, able to leave property 

d) Free-range 24h access, confined to property 

e) Free-range 24h access, able to leave property 

f) Other 

i) If other, describe 

 

8) Do you have control measures in place for rodents, flies, beetles and other pests? 

a) Yes 

i) If yes; describe 

b) No 

 

9) Do you: 

a) Mix your own poultry feed 

b) Pick up feed 

c) Feed delivered to your premises 

 

10) Do you feed any kitchen waste or leftovers to your birds? 

a) Yes 

b) No 

 

11) How do you deal with your dead birds? 

a) Incineration 

b) Burial 

c) Manure pit 

d) Rendering (deadstock removal) 

e) Composting 

f) Other 

i) If Other, describe 

 

12) What bedding do you use for your birds? 

a) Soft wood shavings 

b) Hard wood shavings 

c) Straw 

d) Sand 

e) Newspaper 

f) Other 

i) If Other, describe
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13) How often do you remove soiled litter and or fecal material from the barn / shed / coop? 

a) Daily 

b) Weekly 

c) Monthly 

d) Once a year 

e) When needed 

f) Never 

 

14) How often do you clean and / or disinfect the barn / shed / coop? 

a) After each flock 

b) Once a year 

c) Other 

i) If Other, describe 

 

15) Do you wear dedicated shoes when cleaning the barn /shed / coop? 

a) Yes 

b) No 

 

16) Do you wear dedicated clothes when cleaning the barn / shed / coop? 

a) Yes 

b) No 

 

17) Do you use dedicated shoes when entering the barn / shed / coop? 

a) Yes 

b) No 

 

18) Do you use dedicated clothes when entering the barn / shed / coop? 

a) Yes 

b) No 

 

19) Do you wash your hands before flock contact? 

a) Yes 

b) No 

 

20) Do you wash your hands after flock contact? 

a) Yes 

b) No 

 

21) Do you disinfect your shoes before flock contact? 

a) Yes 

b) No 

 

22) Do you disinfect your shoes flock contact? 

a) Yes 

b) No 
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23) Do you use a foot bath before flock contact? 

a) Yes 

If yes 

(1) How often is the foot bath changes? 

(2) What disinfectant is used in the foot bath? 

b) No 

 

24) Do you use a foot bath after flock contact? 

a) Yes 

If yes 

(1) How often is the foot bath changes? 

(2) What disinfectant is used in the foot bath? 

b) No 

 

25) Do you allow guests/visitors into barn/shed/coop? 

a) Yes 

i) If yes 

(1) Are guests required to wear dedicated clothing? 

(a) Yes 

(b) No 

b) No 

 

26) Do you isolate newly arrived birds? 

a) Yes 

i) If yes 

(1) For how long do you isolate newly arrived birds? 

(2) Where do you isolate newly arrived birds? 

b) No 

 

27) Do you isolate birds that are suspected to be sick or are obviously sick? 

a) Yes 

b) No 

 

28) Were these birds vaccinated at the hatchery? 

a) Yes 

i) If yes; for what disease(s)? 

b) No 

 

29) Did your birds receive additional vaccines? 

a) Yes 

i) If yes; for what disease(s)? 

b) No
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30) Have you used any type of medication within the past 12 months? 

a) Yes 

b) No 

 

i) If Yes, please provide more details below: 

(a) Coccidiosis preventive 

(i) Yes 

1. If yes; product name? 

(ii) No 

(b) Antibiotics 

(i)  Yes 

1. If yes; product name? 

(ii) No 

(c) Dewormer 

(i)  Yes 

1. If yes; product name? 

(ii) No 

(d) d) Medication for external parasites 

(i) Yes 

1. If yes; product name? 

(ii) No 

(e) Other 

(i) Yes 

1. If yes; product name? 

(ii) No 

 

ii) Additional information on medication: 

(1) If you have this information, for each medication used, please specify the route of 

administration (feed, water, injection), the dosage, the duration of application. 

 

 

B General premises questions 

 

31) How long have you raised poultry on this property? 

a) < 1 year 

b) 1-2 years 

c) 2-5 years 

d) > 5 years 

 

32) Do you have a wild bird feeder on your property? 

a) Yes 

b) No
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33) Have you noticed wild birds or animals on your property within the past 12 months? 

a) Yes 

i) If Yes, what birds or animals (i.e., waterfowl, gulls, songbirds, raptors, starlings, 

raccoons, deer, others) 

b) No 

 

34) Do rodents and/or wild animals (including wild birds) have access to your poultry feed and 

water? 

a) Yes 

b) No 

 

35) Do you have bodies of water (i.e., ponds, rivers) on your premises that can be accessed by 

your birds? 

a) Yes 

b) No 

 

36) Where do you source the drinking water for your birds? 

a) Well 

b) Municipal system 

c) Pond 

 

37) Do you treat the water used by your birds (i.e. filtration, ozonation, chlorination)? 

a) Yes 

i) If yes; please describe 

b) No 

 

38) Do you have your water tested for bacteria? 

a) Yes 

i) If yes, how often? 

b) No 

 

39)  Do you have any additional domestic animals present on your property? 

a) Chickens 

i) Yes 

ii) No 

b) Turkeys 

i) Yes 

ii) No 

c) Waterfowl 

i) Yes 

ii) No 

d) Game birds 

i) Yes 

ii) No
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e) Pigeons 

i) Yes 

ii) No 

f) Other domestic birds (e.g., emus, parrots) 

i) Yes 

ii) No 

g) Cattle 

i) Yes 

ii) No  

h) Horses or other equids 

i) Yes 

ii) No 

i) Sheep or goats 

i) Yes 

ii) No 

j) Pigs 

i) Yes  

ii) No 

k) Cats 

i) Yes 

ii) No 

l) Dogs 

i) Yes 

ii) No 

m) Other 

i) Yes 

ii) No 

 

40) Are any of your birds housed in the same barn with other animals? 

a) Yes 

i) If you answered Yes to previous question, which species are housed together? 

b) No 

 

41) Do you or someone in your household work in the commercial poultry industry? 

a) Yes 

i) If yes, describe 

b) No 


