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Introduction

The objective of the Highly Pathogenic Avian Influenza (HPAI) Case Control Study (CCS) was to
examine farm characteristics, biosecurity measures, and management practices linked to HPAI
infection in commercial poultry flocks within the Fraser Valley. The CCS was a collaboration
among the BC Ministry of Agriculture and Food Office of the Chief Veterinarian (OCV), the BC
Poultry Marketing Boards, the BC Poultry Association, and BC duck producers.

Case Control studies work by looking backward in time at differences in risk factors between
those who suffered a disease (cases) and those that did not (controls). Benefits of case-control
studies include that they are cost-effective and quick. An important downside is that they rely on
participants’ memories, so there can be recall bias, meaning that those who suffered the disease
(cases) may remember or report risk factors differently than those who did not suffer the disease
(controls). Recall bias tends to increase as the time from the exposure increases, so collecting
data as soon as possible after an outbreak is preferred.

Data collection and analysis

Farms that experienced HPAI infections in the fall of 2024 were classified as cases, while those
with no reported HPAI infections in the past three years were designated as controls. Where
feasible, control farms were selected to match the commodity type of case farms and were
located in close geographic proximity to enhance comparability.

Our goal was to recruit a total of 186 commercial poultry farms in the Fraser Valley (75 cases and
111 controls) in order to provide enough data for robust statistical analysis. Ultimately, 146 farms
(46 cases and 100 controls) participated in the study. Data was gathered from participating
farms via an online questionnaire with 95 questions that asked about producer observations,
biosecurity, and management practices during autumn 2024, as well as about more permanent
farm features such as construction of barns and characteristics of land surrounding poultry
barns.



Results and Discussion

Distance to nearest neighbour
In general, farms were located in close proximity to other farms, with 57% of the farms located
within 500m of another poultry farm.

Figure 1. Distance to nearest neighbouring commercial poultry farm
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Overview of biosecurity and management practices used on Fraser Valley poultry farms
Data from all 146 questionnaires was used to generate an overview of farm characteristics,
biosecurity measures, and management practices for factors that may impact the risk of HPAI
infection. Detailed data is presented as nine separate but similar figures (Figures 2 through 10)
that align with sections of the CCS questionnaire: Moving birds, Mortality management, Feed,
Water, People, Other animals, Vehicles, Farm equipment and, Other risk factors.

For most factors related to biosecurity, estimated use of gold standard’ level practice ranged
from 50 - 85%. Figures 2 to 10 illustrate the distribution of farms along this continuum of
implementation. These data are intended to provide a benchmark for understanding current
industry practices. The information can assist producers in evaluating their own biosecurity
programs relative to peers and identifying areas where alignment with best-practice standards
could be strengthened.

How to read Figure 2 through 10

if you have multiple RAZs, do
people redo the biosecunity
protocol before entenng each
RAZ? (“always”)

Question of interest

Do people spray disinfectant
on the floor or decontaminate
footwear when entering the
RAZ? ("always")

Is a period of no contact
with birds on other premises
(downtime) before people are

allowed to enter an RAZ? ("always")

Do you keep a footbath in the
transition zone? ("always”)

Do people shower as part of oo
entering the RAZ ("sometimes”)

50
Percentage of producers Percemage (%}

answering “always”

Take away message: For farms with more than one Restricted Access Zone (RAZ), biosecurity protocols are repeated 42% to 58% of
the time when people are moving between RAZs.

1 Gold standard biosecurity is defined as comprehensive implementation of preventive measures designed to minimize
disease introduction and spread on poultry farms. This includes controlled farm entry, use of dedicated or sanitized
clothing, equipment, and vehicles, adherence to line-of-separation principles, and effective disinfection and pest control
protocols. These measures align with those outlined in on-farm biosecurity audit tools used in the poultry industry



Figure 2. Management practices related to moving birds

Do you add live birds to RAZs
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Do you move live birds out
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Are the transport crates
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Figure 3: Mortality management practices

For mortalities, are the
carcasses left outside near
the bam entrance door until

employees visit all barns
before being brought to the
final site? ("never”)

Is the mortality sterage
space(s) closed to prevent
vermin, dogs, or cats from

having access to carcasses? ("always")

0 25 50 75
Percentage (%)

100

Questions? Chief.Veterinarian@gov.bc.ca




Figure 4: Management practices related to poultry feed

Are the feed silos or the

feed storage rooms completely -
sealed against water, birds,
and vermin? ("always")

Can the feeding company fill
up the silos/deliver feed L
without entering any RAZ ? ("always")
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Figure 5: Management practices related to poultry drinking water

Is the water delivery system *—e
covered? ("always")

Do you use any technologies
in the drinking water system
to prevent introduction of
pathogens? ("always")
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Figure 6: Management practices related to people moving around farms

Do people don RAZ-specific

transition zone ("always")

Do people have to pass through
an anteroom to enter the RAZ? ("always")

Are all employees required

to receive training or
instruction on your farm's *—u

biosecurity and barn entry

protocols before accessing the

CAZ or RAZ? ("allFormal”)

Do people don RAZ-specific
clothes in the transition L »
zone? ("always")

Are any farm workers working
on or visiting other poultry L *
farms? ("never")

If you have multiple RAZs, do

people redo the biosecurity * *
protocol before entering each
RAZ? ("always")

Do people spray disinfectant
on the floor or decontaminate
footwear when entering the
RAZ? ("always")

Is a period of no contact

with birds on other premises -
(downtime) befare people are
allowed to enter an RAZ? ("always")

Do you keep a footbath in the

transition zone? ("always") .
Do people shower as part of
entering the RAZ ("sometimes")
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Figure 7: Management practices related to other domestic animals on farms

Do dogs or cats have access to -
the RAZ during production? ("never"”)

Woere wild bird deterrents used
on the farm? ("daily™)

Is a rodent control program -
used on the farm? ("proCompany”)

0 25 50 75 100
Percentage (%)

*proCompany means the rodent control program is implemented by a professional pest control company.

Figure 8: Management practices related to vehicles

Do you have a designated
parking area to reduce risk —e

of vehicle-related disease

introduction? ("yes")

Are wheels of vehicles always
disinfected before entering L &
the CAZ ("always")

Do you have a designated
clean/dirty vehicle route or
parking area to reduce risk "
of vehicle-related disease
introduction? ("yes")
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Is farm equipment that enters
the RAZ or CAZ used on other
farms. ("never”)

Is farm equipment moved
between RAZs in the same CAZ
while birds are in barns? ("never")

Are specific measures
biosecurity measures taken
when moving equipment between
farms? ("always")

Are specific measures
biosecurity measures taken
when moving equipment between
RAZs? ("always")

Is farm equipment used outside
of the CAZ stored, driven
through, or used in the CAZ? ("never")

Are specific
biosecurity measures taken
when moving equipment into the
CAZ? ("always")

25 50
Percentage (%)

Figure 9: Management practices related to farm equipment

75

100

Are anti-bird and anti-vermin
grids in place on the air
inlets? ("always")

Were there areas of water that
persisted for more than 12
hours within 25 m of the bam? ("no")

At what distance is the
nearest neighboring commercial
poultry facility? ("moreThan1km”)

Were air filtering or pathogen
remaoving technologies used on F#
air inlets? ("always")

Figure 10: Other risk factors
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Rodents have been speculated to be a possible source of HPAI transmission into poultry barns.
While this is still an area of active scientific investigation, rodent control is an important part of
overall poultry biosecurity, so the CCS study did collect data about rodent levels and rodent
control practices (Figure 11).

Figure 11: Type of rodent control programs
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Comparing cases and controls with regard to farm characteristics, biosecurity, and

management practices.

A total of 99 farms (31 cases and 68 controls) were included in this analysis. Remaining farms
were excluded because of missing data (i.e., the questionnaire was not completed in its entirety)
or, in the case of duck farms, because no control farms participated in the study.

Unfortunately, this means only 68% of the 186 farms we aimed to recruit could be included in the
statistical analysis. This created a number of data challenges associated with having an
insufficient volume of data:

e some factors that may actually impact HPAI risk in UNDERSTANDING 0DDS RATIDS AND THER CONFIDENCE
INTERVALS
the real world may not have appea red as Ann adds ratio (OF) tells you haw much more likely something is
feti f N Aif ; ; to happen in one group compared to ancther.
StatIStlcaHy S|gn|f|cant In the a_naIySIS‘ o If the OR is 1, it means no difference between the groups.
e some factors that were statistically significant, but + IFit's more than 1, the event is mare fikely in the first
. . . . group.
the large rangein their confidence intervals means o Ifit's less than I, the event is less likely in the first group.
we can't be certain how strong that effect really is ) ,
A confidence interval helps determine how sure we are of the
e There was not enough data to complete a separate actual odds ratio. I the whole confidence intorval is above 1 it

suggests a real effect. Confidence intervals are wider when
there are smaller numbers of participants in studies.

statistical analysis for individual commodities.




DEFINITIONS

Overall, five factors were FRestricted Access Zme (RAZ)
significantly different between Highest biosecurity region for bird housing. Restricted access, i.e., this is the area
. . where only animals from the farm, persons after they have applied the hygienic
cases and controls in the final measures in anteroom, and farm-specific materials and vehicles are allowed.
statistical model. The relevant
. Iransitian Zone
survey questions, results, and Tone at interface of CAZ and RAZ

comments on applicability for real-
Lontrolled Access Zone (CAZ)

world disease control for each of Area outside of the transition zone, where access is restricted to authorized
the five significant factors are personnel only. Parts of the farm where visitors, external vehicles, have access to.
presented below. The CAZ also includes in the mortality storage.

If your farm produces eggs, how do you dispose of eggs that are not saleable to hatchery
or grader?

Response options:

e On farm- with mortalities (48 farms)

e On farm- not with mortalities but within CAZ (8 farms)

e Onfarm- outside of CAZ (3 farms)

e Other (5 farms)

e Do not produce eggs (63 farms)
Comments: Disposal of non-saleable eggs was reported on layer and broiler breeder farms.
Some farms reported more than one disposal method. Disposal of these eggs within the CAZ
but not with mortalities was only reported on layer farms and was associated with being a case
(OR 25.71, p = .02). Although this association was statistically significant, the estimated range of
the effect is quite wide (95% confidence interval of OR: 1.56 to 422.84) because only a few
farms reported this type of disposal. This tells us that while disposal of non-saleable eggs in
this fashion may be an important risk factor, it needs to be further investigated to confirm its
importance, and if so, the degree of risk this method of disposal entails.

Do you add live birds to RAZs after initial flock placement into the RAZ?
Response options:

e Never (94 farms)

e Sometimes or always (5 farms)
Comments: Adding live birds to the RAZ was only reported for broiler breeder farms. It was
associated with being a case (OR 16.46, p = .02). Similar to the egg disposal question above,
adding live birds to the RAZ was only reported on a small number of farms. The resulting wide
effect size estimate (95% confidence interval of OR: 1.15 to 234.63) also implies that this risk
factor needs to be studied in another manner to confirm its importance and better resolve the
degree to which it increases the risk of being a case.

Questions? Chief.Veterinarian@gov.bc.ca



During the period from Oct 15 to Dec 15, 2024, were there areas with vegetation more
than 1 meter in height, such as hedging or trees, within 25 meters of the poultry barn
exterior walls?
Response options:

e No (54 farms)

e Yes (45 farms)
Comments: Having hedges around barns was distributed across commodities. This was a
statistically significant difference that was associated with lower odds of being a case (OR 0.14,
p <.01). The 95% confidence interval for the OR was 0.03 to 0.58, indicating there is still some
uncertainty in the exact degree to which having hedges is protective.

During the period from Oct 15 to Dec 15, 2024, were any wild birds observed in any RAZ?
Response options:

e Never (77 farms)

e Now and then, Weekly or Daily (22 farms)
Comments: More controls than cases reported seeing wild birds in the RAZ. This was a
statistically significant difference (OR 8.10 p =.02). The 95% confidence interval for the OR was
1.35 to 48.76.

During the period from Oct 15 to Dec 15, 2024, were specific biosecurity measures taken

when moving equipment between RAZs within the same CAZ?
Response options:

e Always (58 farms)

e Not always (41 farms)
Comments: More cases than controls reported they always used biosecurity protocols when
moving equipment between RAZ's. This was a statistically significant difference (OR 4.82, p =
.02). The 95% confidence interval for the OR was 1.24 to 18.73.

The final two significant factors, ‘Birds in barn’ and ‘not using biosecurity procedures when moving
equipment between RAZ's' reducing the risk of HPAI are difficult to align with what we know
about HPAI infection risk in poultry, and are considered biologically implausible. There are a
couple possible causes for this seeming mismatch:

e Recall bias - those who suffered the disease (cases) may remember or report risk factors

differently than those who did not suffer the disease (controls).

e The factor was a proxy for some other risk factor that we did not ask a question about.
The next step to further investigate the implausible results would be to brainstorm possible
reasons for unexpected findings with poultry producers and poultry industry professionals.
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Conclusion
It was possible to complete the CCS of the 2024/25 HPAI high risk period quickly and efficiently
due to strong leadership from the poultry industry in summer 2025.

Data from 146 Fraser Valley poultry farms provided a reliable benchmark of industry practices
that may impact disease risk.

After statistical analysis of case and control data, five of 95 risk factors evaluated were
determined to be significantly different between cases and controls. There was still a large
amount of variation in risk of being a case (vs. control) in the final model that did not relate to the
included risk factors. This is not unexpected as there are many interacting factors that can lead to
infection with avian influenza, but may also relate to the number of farms responding, difficulty
in remembering events from last season, or risk factors that were not included in the
guestionnaire.

Further conversations will be required to consider what biological mechanisms may be
influencing each significant risk factor, and how the poultry industry could use these results to
reduce the risk of farms being infected with HPAIL. Because response rate was lower than hoped
for both cases and controls, other risk factors with biological significance may not have been
detected by the statistical analysis. Higher levels of producer participation would have allowed for
more robust statistical analysis. Because the time from the outbreak to the CCS was more than
six months, recall bias may have been a problem. Collecting data sooner after the outbreak may
have reduced this concern.

If HPAI outbreaks continue to affect BC's poultry sector this fall, collecting additional data from
both affected and unaffected farms shortly after the 2025/26 high-risk season would build on the
results from this study. This follow-up could use the same questionnaire or adopt alternative
approaches—like on farm walkthroughs and one on one discussions—that may help reduce
recall bias.

Questions? Chief.Veterinarian@gov.bc.ca
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