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A B S T R A C T   

Purpose: To examine the impact of the national poultry housing order the UK government introduced on 7 
November 2022 on the spreading of the avian influenza virus among poultry premises. 
Methods: A longitudinal design with 15 weeks of infected poultry specialist incidence rates per 100 poultry 
specialists during the 2022/23 winter for 8 English regions. A multilevel regression model was used to analyse 
repeated measurements. Time was level-1 unit and regions level-2 unit resulting in 120 observations. Random 
intercept models included interactions between housing order and weekly infected wild birds, poultry density, or 
weekly average temperatures divided into terciles. In models where these variables were not included as an 
interaction term they were introduced as confounders. 
Results: After the introduction of the housing order, it took 3 weeks for a considerable reduction in poultry 
specialist incidence rates. Reduction in incidence rates was strongest in regions with highest poultry density, 
from 1.27 (95%CI 0.99 to 1.56) to 0.30 (95%CI 0.09 to 0.52). Considerable reductions were also seen in regions 
with most detected infected wild birds. 
Conclusion: The housing order was successful in reducing infected poultry specialist incidence rates three weeks 
after its introduction. Strongest impact in regions with highest poultry density.   

1. Introduction 

Worldwide there is a great concern about the spreading of avian 
influenza (AI) virus as it seems to spread more easily in wild birds than 
ever before. The spreading of AI already caused thousands of outbreaks 
in poultry premises in dozens of countries increasing the opportunity for 
spillover into people [1,2]. In the UK, an unprecedented outbreak of 
highly pathogenic avian influenza (HPAI) of the subtype H5N1 in wild 
birds has taken place since October 2021 [3]. In 2021 and 2022, this 
subtype of the AI virus infected dozens of poultry premises according to 
reports from Department for Environment, Food and Rural Affairs 
(DEFRA) [4]. Since all the poultry of infected premises are required to be 
killed, recently this had resulted in a serious shortage of eggs in the UK 
[5]. Furthermore, this virus was detected in twenty mammals and in one 
human [3,6]. Moreover, AI is spreading to places and in times not seen 
before [7]. Mandatory housing measures for all poultry and captive 
birds were introduced on 12 October 2022 in the hotspot areas Norfolk, 
Suffolk, and parts of Essex in the region East of England. On 7 November 

2022, the UK government announced the introduction of a poultry 
housing order across the whole of England to reduce the threat of the AI 
virus. This policy intervention included to keep poultry indoors and to 
follow stringent biosecurity measures such as restricted access to pre-
mises, changing clothes and footwear before entering bird enclosures, 
and regularly disinfecting vehicles to reduce the risk of spreading of AI 
virus.1 

The introduction of the national poultry housing order resulted in an 
overall decline in the number of infected premises over time, though 
there was huge regional variation according to the UK Health Security 
Agency (UKHSA) in their briefings on AI and the risk to human health 
[3,8]. This study focuses on a few environmental factors potentially 
driving regional spreading of the AI virus [9,10]. Migrating wild birds 
are a main driver infecting poultry premises [11,12]. Though the poultry 
housing order did not reduce much the number of infected wild birds 
according to the UKHSA briefings [3,8] − and the risk of AI infection 
from wild birds remained high, this order may have had a bigger impact 
in reducing the risk of infections among poultry premises in areas with 
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1 Avian influenza: Housing order to be introduced across England: https://www.gov.uk/government/news/avian-influenza-housing-order-to-be-introduced-across 
-england (accessed 25 March 2023). 
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higher numbers of infected wild birds. 
Furthermore, premises in regions with higher poultry density are at 

higher risk of being infected with the AI virus [13,14]. This could be a 
result of more transport, trading, and cross-premises visits in these areas 
which was limited by the poultry housing order. This order may have 
then resulted in a stronger drop in infected premises in regions with 
higher poultry density. 

Daily temperature could be an environmental driver as it may impact 
aggregation of (infected) wild bird assisting spreading of the AI virus. 
Besides, the AI virus may survive longer under certain temperatures 
increasing the likelihood of this virus to be spread. Therefore, variation 
in regional daily temperature could be related to differences in regional 
spreading of the AI virus among poultry premises [15,16]. The poultry 
housing order may have reduced the difference in risk between regions 
differing in temperature by limiting infections of poultry through 
transport and trade or wild birds. This study aims to examine the 
spreading of the AI virus among poultry specialists before and after the 
introduction of the poultry housing order in relation to the described 
environmental factors to better understand the impact of outbreak in-
terventions on reducing the spreading of the AI virus. 

2. Material and methods 

2.1. Weekly incidence rates of infected poultry specialists per 100 poultry 
specialists 

The underlying data in the two published UKHSA briefings [3,8] on 
AI includes the weekly number of infected poultry premises for each 
English region for the period end of September 2022 to mid-February 
2023, a substantial part of the 2022–23 AI season.2 The focus is on the 
nearly 2500 poultry specialists as they are big premises containing the 
vast majority of all poultry in England. Adding the number of poultry 
specialists in each region taken from published statistics by DEFRA3 

allowed us to calculate weekly incidence rates of infected poultry spe-
cialists per 100 poultry specialists, the outcome variable in this study. 
Weekly incidence rates were calculated till mid-January 2023 as 
thereafter there were a few consecutive weeks without infected poultry 
specialists. Incidence rates of infected poultry specialists were not 
calculated for London as there are no poultry specialists in that region. 

2.2. Weekly number of detected infected wild birds 

The weekly number of detected infected wild birds for each of the 
English regions are also published in UKHSA’s briefings [3,8], but were 
only available from 3 October 2022 onwards. These figures were divided 
into terciles: tercile 1 indicates less than two infected wild birds, tercile 2 
between two and four infected wild birds, and tercile 3 more than four 
infected wild birds. 

2.3. Poultry density 

To calculate regional poultry density, the total number of poultry in a 
region was divided by poultry specialists’ total hectares in a region in 
2021, both taken from published statistics by DEFRA.4 Poultry density 
was divided into terciles: tercile 1 indicates the least densely regions and 
tercile 3 the most densely regions. 

2.4. Weekly average temperatures 

Average daily temperature on the Celsius scale in each region for the 
period under study were provided by the Met Office.5 To account for 
difference in daily temperature between northern, central, and southern 
England, temperatures in regions North West, North East, and Yorkshire 
and the Humber were taken to determine weekly terciles for low, 
average, and high temperatures in northern England by month to ac-
count for seasonal changes. Temperatures in the regions East Midlands, 
West Midlands, and East of England were taken to determine these 
terciles for central England, and temperatures in the regions South West, 
South East, and London for southern England. 

2.5. Methods of analysis 

A multilevel regression model was used to analyse repeated mea-
surements [17] in 8 English regions (East Midlands, West Midlands, East 
of England, South West, South East, North West, North East, and York-
shire and the Humber) for 15 consecutive weeks starting in the week 
commencing 3 October 2022 up until the week commencing 9 January 
2023. Time was the level-1 unit and regions the level-2 unit resulting in 
120 observations. Three random intercept models with predictor vari-
ables were run with MLwiN in Stata [18]. The first model included an 
interaction between poultry housing order and weekly number of 
infected wild birds, the second model an interaction between poultry 
housing order and poultry density, and the third model an interaction 
between poultry housing order and weekly temperatures; weekly num-
ber of infected wild birds, poultry density, and weekly temperatures 
were all divided into terciles while poultry housing order was a binary 
variable. In the models where weekly number of infected wild birds, 
poultry density, or weekly temperatures were not included as an inter-
action term they were introduced as confounders and standardized 
around the mean. 

3. Results 

3.1. Trend in incidence rate of infected poultry specialists 

Table 1 shows for each week whether there was a national poultry 
housing order and provides for each week the mean, minimum and 
maximum incidence rates of infected poultry specialists. 

The descriptive statistics in Table 1 show that it took three weeks for 
the nation-wide average incidence rate of infected poultry specialists to 
drop considerably after the introduction of the poultry housing order on 
7 November; respectively from 0.46 in the week commencing 31 
October (a week before the poultry housing order was introduced) to 
0.11 in the week commencing 21 November. The week including 
Christmas Day (the week commencing 19 December) is the only week in 
our period under study without any infected poultry specialists. After 
the week commencing on 9 January no infected poultry specialists were 
reported for a few weeks in a row. 

The weekly incidence rates of infected poultry specialists for each 
region are plotted in Fig. 1. The region East of England was a big hotspot 
in October while the region North West peaked at the end of that month. 
Remarkably, the region East Midlands peaked mid-November, after the 
introduction of the national poultry housing order. 

3.2. National poultry housing order and environmental factors 

The multilevel regression analyses showed firstly that before the 
2 See: https://www.gov.uk/government/publications/avian-influenza-in 

fluenza-a-h5n1-technical-briefings (accessed 2 March 2023) and https 
://www.gov.uk/animal-disease-cases-england?disease_type%5B%5D=bird-flu 
(accessed 19 November 2023).  

3 See published statistics by DEFRA in data series ‘Region’: https://www.gov. 
uk/government/statistical-data-sets/structure-of-the-agricultural-industry-in-e 
ngland-and-the-uk-at-june (accessed 5 March 2023).  

4 See note 3 for data source. 

5 Historic monthly weather data can be found on https://www.metoffice.gov. 
uk/research/climate/maps-and-data/historic-station-data (accessed 14 March 
2023). After a request, the Met Office National Meteorological Archive pro-
vided us with daily weather information for each region on 16 March 2023. 
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introduction of the national poultry housing order, incidence rates of 
infected poultry specialists were highest in regions with the most weekly 
detected infected wild birds as displayed in Fig. 2, 1.00 (95% confidence 
interval (95%CI) 0.70 to 1.31). After the introduction of the national 
poultry housing order, this rate dropped considerably to 0.16 (95%CI 

-0.06 to 0.37). A sensitivity analysis with an interaction between poultry 
housing order and detected infected wild birds in the previous week 
showed a similar result (Fig. S1). Secondly, before the national poultry 
housing order, the incidence rate of infected poultry specialists was 
much higher in regions with highest poultry density (1.27, 95%CI 0.99 
to 1.56); thereafter the incidence rate dropped considerably (0.30, 95% 
CI 0.09 to 0.52). Thirdly, before the national poultry housing order the 
incidence rate of infected poultry specialists in regions with highest 
weekly temperature (0.53, 95%CI 0.26 to 0.79) was similar to that in 
regions with average or lowest weekly temperature. After the intro-
duction of the national poultry housing order the incidence rate in re-
gions with highest weekly temperature dropped to 0.11 (95%CI -0.08 to 
0.31); the incidence rate in regions with average or lowest weekly 
temperature dropped to a similar level. 

4. Discussion 

Evaluating the effectiveness of the national poultry housing inter-
vention to slow down the spreading of the AI virus among poultry spe-
cialists is crucial given the major implications for the agricultural and 
trade sectors, the high mortality among certain bird species, and the 
potential risk of transmission to humans [5]. This study combined 
(publicly) available longitudinal data from UKHSA and DEFRA allowing 
to calculate weekly incidence rates of infected poultry specialists during 
the winter of 2022/23. As far as we know, this has not been done in 
other publicly available reports or studies on spreading of AI among 
poultry premises in the UK. Other reports mentioned East of England 
region as a hotspot of infected poultry premises [3]. Calculating and 
plotting the incidence rates of infected poultry specialists over time 
showed the North West region as another but smaller hotspot. The re-
gion East Midlands peaked after the introduction of the national poultry 
housing order and might indicate the implementation of the housing 
order was delayed in this region. 

The calculated incidence rates of infected poultry specialists allowed 
us to better indicate when infections among poultry specialists dropped. 
The calculated incidence rates of infected poultry specialists show that 
infections among poultry specialists strongly declined after the intro-
duction of the national poultry housing order suggesting that this 
intervention had a strong impact on this decline. The national poultry 
housing order, though, had no immediate but a delayed effect of about 
three weeks before incidence rates dropped considerably on average 
nation-wide. This might be longer than expected since the incubation 
period of AI is usually estimated to be around five days.6 It could be that 
it took some time before poultry farmers and traders implemented the 
biosecurity measures included in the housing order. An alternative 
explanation could be that poultry farmers and traders implemented 
some additional preventative measures a couple of weeks later. Surveys 
and interviews among poultry farmers and traders could shed more light 
on the implementation of mandatory biosecurity measures and addi-
tional protection measures. 

It might be noteworthy that the first week with no reported infected 
poultry specialists is the week including Christmas Day (the week 
commencing 19 December). As it seems unlikely that an infected poultry 
specialist was not reported or recorded, it may be the result of fewer 
visits and travel just before and during Christmas. 

This study linked regional data from different institutions such as 
UKHSA, DEFRA, and Met Office into one database. The created longi-
tudinal database allowed us to apply a multilevel approach to further 
evaluate the national poultry housing order on the spreading of the AI 
virus among poultry specialists. It examined incidence rates of infected 

Table 1 
Descriptive weekly statistics, 8 English regions.   

Incidence rate 
infected poultry 
specialists 
Mean (min, max) 

Number 
Infected 
birds 
Mean (min, 
max) 

Temperature 
Celsius 
Mean (min, 
max) 

Poultry 
density per 
ha2 

Mean (min, 
max) 

w/c 
26/ 
09/ 
2022 

0.17 (0.0–1.06) – 12.02 
(10.89–13.72) 

1689 
(983–2828) 

w/c 
03/ 
10/ 
2022 

0.16 (0.0–0.86) 1.5 (0–7) 13.35 
(12.34–14.53) 

1698 
(983–2828) 

w/c 
10/ 
10/ 
2022 

0.49 (0.0–3.24) 3.63 (0–9) 11.43 
(10.16–13.76) 

1698 
(983–2828) 

w/c 
17/ 
10/ 
2022 

0.67 (0.0–3.57) 3.88 (1–7) 13.33 
(11.62–15.85) 

1698 
(983–2828) 

w/c 
24/ 
10/ 
2022 

0.46 (0.0–1.65) 0.75 (0–2) 14.28 
(12.79–16.2) 

1698 
(983–2828) 

w/c 
31/ 
10/ 
2022 

0.46 (0.0–1.87) 3.63 (0–6) 10.35 
(9.10–12.31) 

1698 
(983–2828) 

w/c 
07/ 
11/ 
2022 

0.30 (0.0–0.72) 3.5 (1–6) 12.24 
(10.97–13.34) 

1698 
(983–2828) 

w/c 
14/ 
11/ 
2022 

0.34 (0.0–2.13) 6.5 (1–13) 9.00 
(8.01–10.89) 

1698 
(983–2828) 

w/c 
21/ 
11/ 
2022 

0.11 (0.0–0.33) 3.5 (1–9) 8.13 
(6.39–10.07) 

1698 
(983–2828) 

w/c 
28/ 
11/ 
2022 

0.06 (0.0–0.48) 2.38 (0–5) 4.89 
(3.58–6.74) 

1698 
(983–2828) 

w/c 
05/ 
12/ 
2022 

0.06 (0.0–0.49) 2.0 (0–6) 1.59 
(0.25–3.25) 

1698 
(983–2828) 

w/c12/ 
12/ 
2022 

0.15 (0.0–0.67) 3.12 (0–11) − 0.46 
(− 2.81–1.99) 

1698 
(983–2828) 

w/c 
19/ 
12/ 
2022 

0 (0.0–0.0) 2.5 (0–5) 7.53 
(6.31–9.37) 

1698 
(983–2828) 

w/c 
26/ 
12/ 
2022 

0.03 (0.0–0.24) 2.25 (0–6) 7.47 
(5.63–9.56) 

1698 
(983–2828) 

w/c 
02/ 
01/ 
2023 

0.03 (0.0–0.24) 4.5 (0–14) 8.07 
(6.77–9.57) 

1698 
(983–2828) 

w/c 
09/ 
01/ 
2023 

0.08 (0–0.43) 2 (0–4) 7.67 
(6.44–9.21) 

1698 
(983–2828) 

w/c = week commencing. 

6 European Centre for Disease Prevention and Control: https://www.ecdc. 
europa.eu/en/zoonotic-influenza/facts/faq-avian-influenza#:~:text=The%20 
introduction%20of%20avian%20influenza,to%20be%20around%20five%20 
days. 
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poultry specialists before and after the national poultry housing order 
related to key environmental factors such as infected wild birds, poultry 
density, and daily temperature. The data on daily temperature, poultry 
density, and infected wild birds at regional level did not allow us to 
exclude the hotspot areas in the East of England region where manda-
tory housing measures were introduced a few weeks before the national 
poultry housing order. 

Detecting AI infected wild birds is subject to dynamic surveillance 
policies and thresholds for collection [3]. Using other data such as 

information on local wetlands might be an alternative for the number of 
detected infected wild birds or could be an underlying factor to take into 
account. Wade, Ashton-Butt, Scott et al. suggest other measurements to 
detect and count infected wild birds such as utilisation and expansion of 
hunter harvested AI surveillance network [19]. Furthermore, some wild 
bird species may have developed antibodies overtime which could have 
influenced the observed and recorded numbers in some areas [20]. 

This study’s findings on the impact of the English poultry housing 
order may also be of interest to the international community given the 

Fig. 1. Weekly incidence rates of infected poultry specialists per 100 poultry specialists for 8 English regions, 26 September 2022 to 23 January 2023.  

Fig. 2. Adjusted estimates of B-coefficients (95% confidence interval) from multilevel regression models for the association between introduction of national poultry 
housing order and weekly incidence rates of avian influenza infected poultry specialists per 100 specialists, 3 October 2022 to 16 January 2023 (n = 120), split 
according to level of infected wild birds, poultry density, and daily temperature. 
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worldwide concern of the spread of the AI virus. As past influenza 
pandemics originated from animal reservoirs it is crucial to take actions 
to prevent the AI virus from becoming a future pandemic [21]. These 
further actions should be part of the so-called One Health approach to 
control AI benefitting animal health and public health as these are 
interrelated [1,22]. The most expedient way to address the One Health 
principle is to control poultry infections [23]. Evaluation of in-
terventions such as the national poultry housing order are therefore 
critical. It increases our understanding of the impact of such an inter-
vention and may enhance further interventions and actions to slow 
down the spreading of the AI virus among poultry premises and thereby 
reduce human exposure to this virus. 

5. Conclusion 

A longitudinal study design with weekly incidence rates of infected 
poultry specialists between October 2022 and mid-January 2023 for 
English regions was used to evaluate the national poultry housing order 
introduced on 7 November 2022. This housing order had no immediate 
but a delayed effect of about three weeks before the average nation-wide 
incidence rate of infected specialists considerably dropped. Results from 
multilevel regression models showed the strongest reduction in inci-
dence rates of infected poultry specialists in regions with highest poultry 
density. A considerable reduction was also seen in regions with weekly 
highest detected infected wild birds. This might indicate that the na-
tional poultry housing order protected against infections from wild 
birds. Regional daily temperature was weaker associated with differ-
ences in incidence rates and in reductions in these rates after the 
introduction of the national poultry housing order. This might indicate 
that temperature is a less important environmental factor in the UK in 
the spreading of the AI among poultry specialists. 
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