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Fig. S1. Significant dependences recovered between categorical-response questions in self-reported questionnaire using  test of independence. Where significant (p<0.05), the  Pearson residuals are calculated. The positive value is represented by the blue color, is a positive attraction between the corresponding row and column variables whilst negative values imply a repulsion (negative association; red) between the corresponding row and column variables.
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Fig. S2. Continuation of  test of independence results for significant dependence between questions in the self-reported questionnaire. See the legend of Supplementary Figure S1 for details. 
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Fig. S3. Continuation of  test of independence results for significant dependence between questions in the self-reported questionnaire. See the legend of Supplementary Figure S1 for details.
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Fig. S4. Continuation of  test of independence results for significant dependence between questions in the self-reported questionnaire. See the legend of Supplementary Figure S1 for details.


Table S1. Major risk predictors associated with Avian influenza outbreak at poultry farms by fitting different regression models represented by M numbers. The significant predictors that cause an increase in disease outbreak are shown with red background, whilst those that cause a decrease in outbreak are shown with a blue background as compared to reference (REF), with the prevalence ratio/risk ratio shown in bold.
	Predictor
 
	β- coefficients
 
	Count (n=140)

	Avian influenza outbreak, n=20 (14.29%)
	Prevalence Ratio
(95% CI)

	Significance


	M1
	Intercept
	NA
	
	0.28 (0.13 – 0.59)
	***

	
	Farmer’s Education
	Secondary
	18
	5 (27.78%)
	REF
	NA

	
	
	Higher secondary
	35
	9 (25.71%)
	0.93 (0.36 – 2.36)
	NS

	
	
	Graduation
	56
	4 (7.14%)
	0.26 (0.08 – 0.86)
	*

	
	
	Post-graduation
	31
	2 (6.45%)
	0.23 (0.05 – 1.08)
	NS

	M2
	Intercept
	NA
	
	0.03 (0.00– 0.23)
	***

	
	Farming Experience
	Less than 5 years
	30
	1 (3.33%)
	REF
	NA

	
	
	5 to 10 years
	65
	7 (10.77%)
	3.23 (0.42 – 25.10)
	NS

	
	
	More than 10 years
	45
	12 (26.67%)
	8.00 (1.10 – 58.35)
	*

	M3
	Intercept
	NA
	
	0.17 (0.10 – 0.29)
	***

	
	Epidemic Training Status
	Untrained
	66
	11 (16.67%)
	REF
	NA

	
	
	Self-research
	23
	1 (4.35%)
	0.26 (0.04 – 1.91)
	NS

	
	
	Trained
	51
	8 (15.69%)
	0.94 (0.41 – 2.17)
	NS

	M4
	Intercept
	 
	NA
	
	0.27 (0.15 – 0.48)
	***

	
	Farm Type
 
	Controlled
	30
	8 (26.67%)
	REF
	NA

	
	
	Semi controlled
	48
	9 (18.75%)
	0.70 (0.30 – 1.62)
	NS

	
	
	Open
	62
	3 (4.84%)
	0.18 (0.05 – 0.64)
	**

	M5
	Intercept
	 
	NA
	
	0.20 (0.12 – 0.32)
	***

	
	Breed Type
 
	Broiler
	66
	13 (19.70%)
	REF
	NA

	
	
	Layer
	36
	4 (11.11%)
	0.56 (0.20 – 1.60)
	NS

	
	
	Desi and crosses
	38
	3 (7.90%)
	0.40 (0.12 – 1.32)
	NS

	M6
	Intercept
	 
	NA
	
	0.11 (0.02 – 0.71)
	*

	
	Confinement Type
	No confinement
	9
	1 (11.11%)
	REF
	NA

	
	
	Open house with mesh
	58
	2 (3.45%)
	0.31 (0.03 – 3.08)
	NS

	
	
	Closed house with solid walls
	73
	17 (23.29%)
	2.10 (0.32 – 13.93)
	NS

	M7
	Intercept
	NA
	
	0.18 (0.11 – 0.29)
	***

	
	Flock Management
	All-in-all-out
	74
	13 (17.57%)
	REF
	NA

	
	
	Multiple flocks and all-in-all-out
	55
	6 (10.91%)
	0.62 (0.25 – 1.53)
	NS

	
	
	Continuous topping
	11
	1 (9.10%)
	0.52 (0.07 – 3.58)
	NS

	M8
	Intercept
	NA
	
	0.08 (0.02 – 0.30)
	***

	
	Cleaning Frequency
	Every 5 days
	25
	2 (8.00%)
	REF
	NA

	
	
	Every 10 days
	48
	5 (10.42%)
	1.30 (0.27 – 6.24)
	NS

	
	
	Every 30 days
	67
	13 (19.40%)
	2.43 (0.59 – 9.99)
	*

	M9
	Intercept
	NA
	
	0.50 (0.22 – 1.11)
	NS

	
	Litter Disposal
	Open place
	6
	3 (50.00%)
	REF
	NA

	
	
	Drain
	36
	5 (13.89%)
	0.28 (0.09 – 0.87)
	*

	
	
	Pit
	98
	12 (12.24%)
	0.24 (0.09 – 0.64)
	**

	M10
	Intercept
	NA
	
	0.05 (0.02 – 0.14)
	***

	
	Major Feed Ingredient: Canola
	No
	73
	4 (5.48%)
	REF
	NA

	
	
	Yes
	67
	16 (23.88%)
	4.36 (1.53 – 12.28)
	**

	M11
	Intercept
	 
	NA
	
	0.26 (0.16 – 0.42)
	***

	
	Major Feed Ingredient: Wheat
	No
	46
	12 (26.09%)
	REF
	NA

	
	
	Yes
	94
	8 (8.51%)
	0.33 (0.14 – 0.74)
	**

	M12
	Intercept
	 
	NA
	
	0.75 (0.43 – 1.32)
	NS

	
	Major Feed Ingredient: Maize
	No
	4
	3 (75.00%)
	REF
	NA

	
	
	Yes
	136
	17 (12.50%)
	0.17 (0.08 – 0.34)
	***

	M13
	Intercept
	NA
	
	0.15 (0.08 – 0.29)
	***

	
	Veterinary Clinic Access
	No
	52
	8 (15.38%)
	REF
	NA

	
	
	Yes
	88
	12 (13.64%)
	0.89 (0.39 – 2.03)
	NS

	M14
	Intercept
	NA
	
	0.09 (0.05 – 0.17)
	***

	
	Health Issue Staff
	No
	109
	10 (9.17%)
	REF
	NA

	
	 
	Yes
	31
	10 (32.26%)
	3.52 (1.61 – 7.76)
	**


*NA refers to Not Applicable; NS refers to Non-significant 
	
*p<0.05 **p<0.01 ***p<0.001
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Table S2. Major risk predictors associated with Newcastle disease outbreak at poultry farms by fitting different regression models represented by M numbers. The significant predictors that cause an increase in disease outbreak are shown with red background, whilst those that cause a decrease in outbreak are shown with a blue background as compared to reference (REF), with the prevalence ratio/risk ratio shown in bold.
	Predictor
 
	β- coefficients
 
	Count (n=140)

	Newcastle disease outbreak, n=38 (27.14%)
	Prevalence Ratio
(95% CI)

	Significance


	M1
	Intercept
	 
	NA
	
	0.39 (0.22 – 0.69)
	**

	
	Farmer’s Education
	Secondary
	18
	7 (38.89%)
	REF
	NA

	
	
	Higher secondary
	35
	12 (34.29%)
	0.88 (0.42 – 1.85)
	NS

	
	
	Graduation
	56
	15 (26.79%)
	0.69 (0.33 – 1.42)
	NS

	
	
	Post-graduation
	31
	4 (12.90%)
	0.33 (0.11 – 0.98)
	*

	M2
	Intercept
	NA
	
	0.17 (0.07– 0.37)
	***

	
	Farming Experience
	Less than 5 years
	30
	5 (16.67%)
	REF
	NA

	
	
	5 to 10 years
	65
	14 (21.54%)
	1.29 (0.51 – 3.26)
	NS

	
	
	More than 10 years
	45
	19 (42.22%)
	2.53 (1.06 – 6.05)
	*

	M3
	Intercept
	 
	NA
	
	0.26 (0.17 – 0.39)
	***

	
	Epidemic Training Status
	Untrained
	66
	17 (25.76%)
	REF
	NA

	
	
	Self-research
	23
	9 (39.13%)
	1.52 (0.79 – 2.92 )
	NS

	
	
	Trained
	51
	12 (23.53%)
	0.91 (0.48 – 1.74)
	NS

	M4
	Intercept
	 
	NA
	
	0.50 (0.35 – 0.72)
	***

	
	Farm Type
 
	Controlled
	30
	15 (50.00%)
	REF
	NA

	
	
	Semi controlled
	48
	11 (22.92%)
	0.46 (0.24 – 0.86)
	*

	
	
	Open
	62
	12 (19.36%)
	0.39 (0.21 – 0.72)
	**

	M5
	Intercept
	 
	NA
	
	0.26 (0.16 – 0.42)
	***

	
	Labor Capacity
	Less than 3
	50
	13 (26.00%)
	REF
	NA

	
	
	3 to 5
	57
	10 (17.54%)
	0.67 (0.32 – 1.40)
	NS

	
	
	More than5
	33
	15 (45.45%)
	1.75 (0.96 – 3.18)
	NS

	M6
	Intercept
	 
	NA
	
	0.39 (0.29 – 0.53)
	***

	
	Breed Type
 
	Broiler
	66
	26 (39.39%)
	REF
	NA

	
	
	Layer
	36
	3 (8.33%)
	0.21 (0.07 – 0.65)
	**

	
	
	Desi and crosses
	38
	9 (23.68%)
	0.60 (0.32 – 1.15)
	NS

	M7
	Intercept
	NA
	
	0.11 (0.02 – 0.71)
	*

	
	Confinement Type
	No confinement
	9
	1 (11.11%)
	REF
	NA

	
	
	Open house with mesh
	58
	13 (22.41%)
	2.02 (0.30 – 13.61)
	NS

	
	
	Closed house with solid walls
	73
	24 (32.88%)
	2.96 (0.45 – 19.33)
	NS

	M8
	Intercept
	NA
	
	0.36 (0.27 – 0.49)
	***

	
	Flock Management
	All-in-all-out
	74
	27 (36.49%)
	REF
	NA

	
	
	Multiple flocks and all-in-all-out
	55
	8 (14.55%)
	0.40 (0.20 – 0.81)
	*

	
	
	Continuous topping
	11
	3 (3.00%)
	0.75 (0.27 – 2.05)
	NS

	M9
	Intercept
	NA
	
	0.20 (0.09 – 0.44)
	***

	
	Cleaning Frequency
	Every 5 days
	25
	5 (20.00%)
	REF
	NA

	
	
	Every 10 days
	48
	8 (16.67%)
	0.83 (0.30 – 2.28)
	NS

	
	
	Every 30 days
	67
	25 (37.31%)
	1.87 (0.80 – 4.34)
	NS

	M10
	Intercept
	NA
	
	0.16 (0.10 – 0.28)
	***

	
	Major Feed Ingredient: Canola
	No
	73
	12 (16.44%)
	REF
	NA

	
	
	Yes
	67
	26 (38.81%)
	2.36 (1.30 – 4.29)
	**

	M11
	Intercept
	NA
	
	0.30 (0.20 – 0.47)
	***

	
	Major Feed Ingredient: Wheat
	No
	46
	14 (30.43%)
	REF
	NA

	
	
	Yes
	94
	24 (25.53%)
	0.84 (0.48 – 1.46)
	NS

	M12
	Intercept
	NA
	
	0.25 (0.05 – 1.36)
	NS

	
	Major Feed Ingredient: Maize
	No
	4
	1 (25.00%)
	REF
	NA

	
	
	Yes
	136
	37 (27.21%)
	1.09 (0.19 – 6.07)
	NS

	M13
	Intercept
	NA
	
	0.21 (0.13 – 0.36)
	***

	
	Veterinary Clinic Access
	No
	52
	11 (21.15%)
	REF
	NA

	
	
	Yes
	88
	27 (30.68%)
	1.45 (0.79 – 2.67)
	NS

	M14
	Intercept
	NA
	
	0.22 (0.15 – 0.31)
	***

	
	Health Issue Staff
	No
	109
	24 (22.02%)
	REF
	NA

	
	
	Yes
	31
	14 (45.16%)
	2.05 (1.21 – 3.47)
	**


*NA refers to Not Applicable; NS refers to Non-significant 
	
*p<0.05 **p<0.01 ***p<0.001
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Table S3. Major risk predictors associated with Fowl typhoid outbreak at poultry farms by fitting different regression models represented by M numbers. The significant predictors that cause an increase in disease outbreak are shown with red background, whilst those that cause a decrease in outbreak are shown with a blue background as compared to reference (REF), with the prevalence ratio/risk ratio shown in bold.
	Predictor
 
	β- coefficients
 
	Count (n=140)

	Fowl typhoid outbreak, n=18 (12.86%)
	Prevalence Ratio
(95% CI)

	Significance


	M1
	Intercept
	NA
	
	0.06 (0.01 – 0.37)
	**

	
	Farmer’s Education
	Secondary
	18
	1 (5.56%)
	REF
	NA

	
	
	Higher secondary
	35
	7 (20.00%)
	3.60 (0.48 – 27.05)
	NS

	
	
	Graduation
	56
	8 (14.29%)
	2.57 (0.34 – 19.19)
	NS

	
	
	Post-graduation
	31
	2 (6.45%)
	1.16 (0.11– 11.93)
	NS

	M2
	Intercept
	NA
	
	0.07 (0.02– 0.25)
	***

	
	Farming Experience
	Less than 5 years
	30
	2 (6.67%)
	REF
	NA

	
	
	5 to 10 years
	65
	6 (9.23%)
	1.38 (0.30 – 6.46)
	NS

	
	
	More than 10 years
	45
	10 (22.22%)
	3.33 (0.78 – 14.16)
	NS

	M3
	Intercept
	NA
	
	0.14 (0.07 – 0.25)
	***

	
	Epidemic Training Status
	Untrained
	66
	9 (13.63%)
	REF
	NA

	
	
	Self-research
	23
	3 (13.04%)
	0.96 (0.28 – 3.23)
	NS

	
	
	Trained
	51
	6 (11.76%)
	0.86 (0.33 – 2.27
	NS

	M4
	Intercept
	NA
	
	0.17 (0.07 – 0.37)
	***

	
	Farm Type
 
	Controlled
	30
	5 (16.67%)
	REF
	NA

	
	
	Semi controlled
	48
	5 (10.41%)
	0.63 (0.20 – 1.98)
	NS

	
	
	Open
	62
	8 (12.90%)
	0.77 (0.28 – 2.17)
	NS

	M5
	Intercept
	NA
	
	0.14 (0.07 – 0.25)
	***

	
	Breed Type
 
	Broiler
	66
	9 (13.64%)
	REF
	NA

	
	
	Layer
	36
	8 (22.22%)
	1.63 (0.69 – 3.86)
	NS

	
	
	Desi and crosses
	38
	1 (2.63%)
	0.19 (0.03 – 1.47)
	NS

	M6
	Intercept
	NA
	
	0.11 (0.02 – 0.71)
	*

	 
	Confinement Type
	No confinement
	9
	1 (11.11%)
	REF
	NA

	
	
	Open house with mesh
	58
	7 (12.07%)
	1.09 (0.15 – 7.82)
	NS

	
	
	Closed house with solid walls
	73
	10 (13.70%)
	1.23 (0.18 – 8.54)
	NS

	M7
	Intercept
	 
	NA
	
	0.14 (0.08 – 0.24)
	***

	
	Flock Management
	All-in-all-out
	74
	10 (13.51%)
	REF
	NA

	
	
	Multiple flocks and all-in-all-out
	55
	7 (12.73%)
	0.94 (0.38 – 2.32)
	NS

	
	
	Continuous topping
	11
	1 (9.09%)
	0.67 (0.10 – 4.76)
	NS

	M8
	Intercept
	 
	NA
	
	0.08 (0.02 – 0.30)
	***

	
	Cleaning Frequency
	Every 5 days
	25
	2 (8.00%)
	REF
	NA

	
	
	Every 10 days
	48
	7 (14.59)
	1.82 (0.41 – 8.13)
	NS

	
	
	Every 30 days
	67
	9 (13.43%)
	1.68 (0.39 – 7.24)
	NS

	M9
	Intercept
	 
	NA
	
	0.17 (0.03 – 1.00)
	*

	
	Litter Disposal
	Open place
	6
	1 (16.67%)
	REF
	NA

	
	
	Drain
	36
	5 (13.89%)
	0.83 (0.12 – 5.95)
	NS

	
	
	Pit
	98
	12 (12.24%)
	0.73 (0.11 – 4.75)
	NS

	M10
	Intercept
	 
	NA
	
	0.21 (0.13 – 0.33)
	***

	
	Stocking Density
	Less than 2 ft2/bird
	72
	15 (20.83%)
	REF
	NA

	
	
	2 to 4 ft2/bird
	66
	2 (3.03%)
	0.15 (0.03 – 0.61)
	**

	
	
	More than 4 ft2/bird
	2
	1 (50.00%)
	2.40 (0.56 – 10.31)
	NS

	M11
	Intercept
	NA
	
	0.12 (0.07 – 0.23)
	***

	
	Major Feed Ingredient: Canola
	No
	73
	9 (12.33%)
	REF
	NA

	
	
	Yes
	67
	9 (13.43%)
	1.09 (0.46 – 2.58)
	NS

	M12
	Intercept
	 
	NA
	
	0.11 (0.05 – 0.25)
	***

	
	Major Feed Ingredient: Wheat
	No
	46
	5 (10.87%)
	REF
	NA

	
	
	Yes
	94
	13 (13.83%)
	1.27 (0.48 – 3.35)
	NS

	M13
	Intercept
	NA
	
	0.17 (0.10 – 0.31)
	***

	
	 Veterinary Clinic Access
	No
	52
	9 (17.31%)
	REF
	NA

	
	
	Yes
	88
	9 (10.23%)
	0.59 (0.25 – 1.39)
	NS

	M14
	Intercept
	 
	NA
	
	0.11 (0.06 – 0.19)
	***

	
	Health Issue Staff
	No
	109
	12 (11.01%)
	REF
	NA

	
	
	Yes
	31
	6 (19.36%)
	1.76 (0.72 – 4.30)
	NS


*NA refers to Not Applicable; NS refers to Non-significant 
	
*p<0.05 **p<0.01 ***p<0.00
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Fig. S5. Sample questionnaire used in the survey.
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Fig. S6. UpSet plot indicating frequency-based sorted intersecting patterns of (A) Disease knowledge of the farmer and the breed raised (B) Biosecurity practices, disease outbreak, and antibiotic usage. The data is Boolean (Yes/No) with lines connecting those categories where the answers were given as “Yes”. 
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Fig. S7. UpSet plot indicating frequency-based sorted intersecting patterns of of (A) Farm setup and selective antibiotic usage (B) Farming experience and disease outbreak. The data is Boolean (Yes/No) with lines connecting those categories where the answers were given as “Yes”.  
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Questionnaire for Poultry Farmers

Name of Farm Holder

Gender Male Female Age

Address

Area of farm Education
In Yards/Marlas

Are you a |

Farm Manager

Animal Keeper |

Farm Owner

Experience in Poultry Farming |

Less than 5 years

5to 10 Years |

More than 10 Years

Labor Capacity at your farm(s) |

Less than 3

3to5 |

More than 5

Farm Size |

Small (500-1500 Birds)

Medium (1501-3000 birds) |

Large (More than 3000)

Most commonly raised poultry bird in your farm |

Chicken

Duck |

Turkey/Ostrich

Most commonly raised breed of chicken |

Broiler

Layer |

Desi or their crosses

Annual production capacity of your farm |

8000-10,000 Kg

10,000-20,000 Kg |

More than 20,000 Kg

Farm Type |

Controlled Shed

Semi Cotrolled |

Open

Do Birds have access to the other areas of |

Shed

Outside Shed |

No access

Type of confinement of birds

Closed house with Solid Walls

Open house with mesh

No Confinement

How you manage your birds in farms

All-in All-out farm birds

Multiple flocks and All-in All-
out for each flock

Flock continuously topped
and farm never emptied

How many times do you clean the farm? |

Every 5 days

Every 10 days |

Once in a month

Is there any veterinary station near your farm? |

Did you get any government training for epidemic
prevention?

Feed you use mostly comprised of |

Type of bedding material |

Storage site of used litter |

YES NO | | NOT SURE |
YES NO Partially/Self Research
Maize Canola | | Wheat |
Rice husk Wood shaving | | Sand |
Open place Pit | | Road side/drain |

Flock density in summers

(number of birds per unit area)
Stocking/Flock density in winters

Knowledge about poultry diseases (name few you know)

Did you face any outbreak at your farm in past? If yes
what was the outcome

What sort of veterinary drugs you use?

Do you put the records of infected and dead birds? If
yes please elaborate.

Did you/farm worker face any health issue while
handling birds? If yes please elaborate.

Are you using antibiotic growth promoters or their
alternatives?

What kind of tricks you use to increase the yield/trade?










Name of Farm Holder

Gender Age

Address

Area of farm

1 Are you a 

2 Experience in Poultry Farming

3 Labor Capacity at your farm(s)

4 Farm Size

5 Most commonly raised poultry bird in your farm

6 Most commonly raised breed of chicken

7 Annual production capacity of your farm

8 Farm Type

9 Do Birds have access to the other areas of 

10 Type of confinement of birds

11 How you manage your birds in farms

12 How many times do you clean the farm?

13 Is there any veterinary station near your farm?

14

15 Feed you use mostly comprised of 

16 Type of bedding material

17 Storage site of used litter

18 Flock density in summers 

(number of birds per unit area)

19 Stocking/Flock density in winters

20

21

22 What sort of veterinary drugs you use?

24

25

26

Maize

Shed

Controlled Shed

8000-10,000 Kg

Broiler

YES

Every 5 days

Open place

Rice husk

Did you get any government training for epidemic 

prevention?

In Yards/Marlas

Semi Cotrolled

Medium (1501-3000 birds)

Farm Manager Animal Keeper

Less than 5 years 5 to 10 Years

Less than 3

YES

All-in All-out farm birds

Multiple flocks and All-in All-

out for each flock

Outside Shed No access

NO NOT SURE

Education

Flock continuously topped 

and farm never emptied 

Questionnaire for Poultry Farmers

Male Female

Closed house with Solid Walls Open house with mesh No Confinement

Small (500-1500 Birds)

 3 to 5 More than 5

Farm Owner

More than 10 Years

Large (More than 3000)

Chicken Duck Turkey/Ostrich

10,000-20,000 Kg More than 20,000 Kg

Layer Desi or their crosses

Did you/farm worker face any health issue while 

handling birds? If yes please elaborate.

Are you using antibiotic growth promoters or their 

alternatives?

What kind of tricks you use to increase the yield/trade?

23

Knowledge about poultry diseases (name few you know)

Did you face any outbreak at your farm in past? If yes 

what was the outcome

Do you put the records of infected and dead birds? If 

yes please elaborate.

Partially/Self Research

Canola Wheat

Road side/drain

Wood shaving Sand 

Pit 

NO

Every 10 days Once in a month

Open
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