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Table 1. Description of the laying hen houses monitored: floor-raised (FR)1 
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Table 2. Description of the laying hen houses monitored: manure-belt (MB)1 
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Table 3. Description of the laying hen houses monitored: high-rise (HR)1 
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Figure 1. Photograph of the monitoring configuration in the floor-raised house. PMU = portable monitoring unit [34] 
3 2 analysis of air samples. The circles indicate the locations of sample ports.

Figure 2. Photographic views of the bird-level sampling port in a caged house (sampling port placed inside an 
adjacent empty cage; temperature/RH loggers placed inside the cage and in the aisle, with a distance of approxi-
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Table 4. Winter conditions: 24-h mean, maximum, and minimum values for each laying-hen house and resulting overall mean and SE for each type of housing system1 

2 FR 1 FR 2 FR 3 SE SE HR 1 HR 2 HR 3 SE

NH3

20 a 9 8 7 7b 0 8 10 20 17 b 3
30 89 72 9 10 10 9 9 0 11 18
3 20 28 10 0 7 9 8 10 2

CO2

2,108 2,021 199 3,122 2,987 3,037 3,072a b

2,713 3,073 2,729
2,091 919 281 2,713 2,091 93

27.1 23.8 a 1.0 22.8 18.8 20.2 b 0.8
17.8 20.7 18.2 1.3 28.3 23.8 1.0 19.3 21.1 21.3 1.1

8.2 2.2 23.1 22.3 21.7 23.0 0.7 18.3 18.8 19.8 19.3

a 1 37 2 b 3
72 79 72 73 2 3

2 29 33 37 2 37 3

11.9 8.0 11.2 1.1 2.2
10.7 1.2 21.3

10.2 12.3 7.1 8.9

71 70 1 92 89
83 71 77 2 100 93

1 82
3.7 b 22.9 a 1.0 22.9 18.8 20.2 a 0.8

P
1

2
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Temperature Gradient Between Cages and Aisles

Figure 3. 3 2
(FR), high-rise (HR), and manure-belt (MB) laying hen houses monitored.



Table 5. Summer conditions: 24 h mean, maximum, and minimum values for each house and resulting overall mean and SE for each type of housing system1 

2 FR 1 FR 2 FR 3 SE SE HR 2 HR 3 SE

NH3

3 3 9 3 2 8 2 3 2 3 3 1
29 21 9 7 8 3 3 7 8 1

0 1 3 2 1 0 3 3 2 1 3 0 2 3 2 1
CO2

b 1,012a 73 b

130 703
333 22 70 32

0.3 30.0 31.0 30.3 a 0.3 30.1 28.8 28.3 28.7 28.9b

30.3 30.1 30.0 29.7 32.1 32.8 32.1 32.3 0.2 33.8 33.3 33.9
21.3 21.9 22.8 22.1 0.3 28.0 27.9 0.3 23.9

b 1 73 71 71 72a 1 2
70 70 70 71 2 78 78 77 78 0 2

2 1 37 37 39 37 1

18 18 19 19 19b 0 a 0 20 19 20 20 19 b 0
20 20 22 23 21 1 28 29 28 28 0 23 22 23 22 22 0
17 17 17 18 17 0 23 23 23 0 18 17 18 18 18 0

0.2 27.7
30.0 32.3 29.8 30.2 32.3
20.8 21.8 21.9 22.0 0.3 21.3

2
77 71 73 1 100

37 2 31
Continued



Table 5 (Continued). Summer conditions: 24 h mean, maximum, and minimum values for each house and resulting overall mean and SE for each type of housing system1 

2 FR 1 FR 2 FR 3 SE SE HR 2 HR 3 SE

18 18 19 19 19 0 18
20 20 22 23 21 1 27 21
17 17 18 18 17 0 22

0.0 0.1 0.8 0.3 0.2 a 0.3 1.1 1.0 1.2b

P
1

2

Table 6. Mycoplasma synoviae (MS) and Mycoplasma gallisepticum
systems1 

FR 1 FR 2 FR 3 HR 1 HR 2 HR 3

0 0 100 100 100 100 100 100 2 100 100 100 100
100 0 0 0 0 100 0 0 100 100 100 100

Summer 0 0 100 0 100 100 100 20 100 100 80
0 0 0 0 0 0 0 100 100 100 100

1

2



Figure 4. 3 2, temperature, and temperature-humidity index (THI; I = 

db wb, where Tdb is dry-bulb temperature and Twb is wet-bulb temperature.



Hen Health Status
Tracheal Analysis. 

Mycoplasma

My-
coplasma

Figure 6. Summer conditions indicating the mean temperature difference between the cage interior and aisle for 
the high-rise (HR) and manure-belt (MB) laying hen houses monitored.

Figure 5. Winter conditions indicating the mean temperature difference between the cage interior and aisle for the 
high-rise (HR) and manure-belt (MB) laying hen houses monitored.
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Observational Nature of This Study

Table 7. Prevalence (number of birds and percentage of birds testing positive) of Campylobacter, Campylobacter 
coli, Campylobacter jejuni, and Salmonella by the bacteriological isolation technique 

Campylobacter a,A a b

C. jejuni
C. coli a,A b b

C. jejuni/C. coli
Salmonella

Summer Campylobacter b a b

C. jejuni b a b

C. coli
C. jejuni/C. coli
Salmonella

a,b

P

P
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