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Proper ventilation alleviates 
respiratory issues in calves

WHILE respiratory problems are 
the largest cause of death after 
weaning of calves (NAHMS, 2002), 

this is primarily related to too many 
stresses at the time of weaning transition 
(Kertz, 2002). 

Respiratory problems before weaning 
may often be due to ventilation issues. 
While this may more likely be due to 
calves being housed in a barn, outside 
hutches can have ventilation problems 
too, especially in the summer. 

A recent study evaluated factors in-
volved in calf respiratory problems in 
naturally ventilated barns in the winter 
(Lago et al., 2006). Calf enzootic pneumo-
nia in winter is traditionally associated 
with poorly ventilated housing condi-
tions. This is often related to the issue of 
closing down ventilation to avoid drafts 
and cold stress with the need to have ad-
equate air exchange in cold weather.

Practicing veterinarians and extension 
dairy specialists referred a selection of 
barns for this study during late 2003 and 
early 2004 in Wisconsin. Barns selected 
were erected within the previous six 
years and included frame or greenhouse 
construction, natural ventilation with cur-
tain sidewall inlets and an open ridge, no 
mechanical ventilation, individual pens 
and a minimum of 12 preweaned calves. 
Selection criteria were based on design 
and not on the presence of disease prob-
lems. 

Thirteen calf barns (nine conventional 
and four greenhouses) were then stud-
ied between Jan. 15 and March 15, 2004. 
Health status was evaluated at the time of 
initial visit to determine that health was 
typical for the season. 

The following parameters were in-
cluded:

• Barn construction materials such as 

steel and greenhouse roofs, insulation, 
woven-wire or solid-sided pen panels and 
covers, etc.

• Variation in width of feed alley and 
size of storage area, leading to a calcula-
tion of the proportion of pen area within 
each barn to account for airborne bacte-
ria concentration.

• Box factor score related to the num-
ber of solid planes around the calf, in-
cluding the floor, with 1 = pens with one 
to three solid planes around or under the 
calf; 2 = pens with four solid planes, and 
3 = pens with five solid planes around the 
calf.

• Type and amount of bedding: bedding 
samples analyzed for quantity and dry 
matter after being collected with a bulb 
planter at a depth of 4 in. in the center 
of the pen; nesting score of one to three 
assessed based on the ability of the calf 
to nestle into bedding, with three being 
when the calf appeared to nestle deeply 
in the bedding material with legs not vis-
ible.

• Temperature and humidity measured 
with a data logger, prevailing wind speed 
measured with an anemometer, wind di-
rection relative to the building and barn 
ventilation rate calculated using esti-
mates of thermal buoyancy-induced and 
wind-induced ventilation rates.

• Environmental assessment of calf 
pens based on selection of 12-21 pens at 

evenly distributed locations around the 
barn.

• Calf respiratory disease assessment 
with air samples from each of the pens 
noted above, and using an impact-type 
air sampler for total bacterial counts and 
gram-negative bacterial counts from the 
calf pens and central alleys.

• Calves were identified, birth date re-
corded, age in days calculated and weight 
estimated using heart girth measure-
ments. Stocking density was calculated 
and a respiratory disease score assigned 
based on rectal temperature, character 
of nasal discharge, eye or ear appearance 
and presence of cough. The respiratory 
score was the sum of points from the four 
categories of clinical signs with increas-
ing values representing progressive sever-
ity from 0 to 12. Calves with a score of six 
or higher had at least two clinical signs of 
respiratory disease and were categorized 
as sick. Prevalence of calf respiratory dis-
ease was calculated as the percentage of 
weekly age cohorts of calves with respira-
tory scores of six or more.

The authors noted that:
• The range of 17-86 cu. m per calf far 

exceeded the minimal recommended 
guideline of 6 cu. m per animal for young 
calves (Table).

• Nine barns had solid dividers be-
tween each pen, three had mesh dividers 
and one had dividers that were half solid 

Major parameters measured
Parameters Mean SD Minimum Maximum
Calves 59 40 13 161
Age, days 37 12 24 66
Bodyweight, lb. 133 25 95 190
% calves with respiratory disease 14 11 0 37
Mean respiratory score 3.4 0.9 1.6 4.6
Barn area per calf, sq. m 8.3 2.8 4.2 15.6
Barn volume per calf, cu. m 38 17 18 86
Pen area, sq. m 3.0 0.5 2.3 4.1
Outside temperature, °F 36 42 16 51
Inside temperature, °F 39 42 20 54
Wind speed, m/min. 161 80 58 300
Ventilation rate, cu. m per hour per calf  566 647 0 2,106
Ventilation rate, changes per hour 18 28 0 94
Outside relative humidity, % 54 10 39 67
Inside relative humidity, % 54 14 24 71
Bedding dry matter, % 48 15 27 68
Ammonia in pen, mg/kg 2.2 1.4 0 4
Pen bacteria blood agar, cfu/cu. m 112,280 100,288 29,644 >326,418
Alley bacteria blood agar, cfu/cu. m 44,482 89,636 5,274 >326,418
Pen bacteria, meth blue agar, cfu/cu. m 632 464 119 1,446
Alley bacteria, meth blue agar, cfu/cu. m 325 324 58 1,021

SD = standard deviation. 
10.7 sq. ft. = 1 sq. m. and 35.3 cu. ft. = 1 cu. m.
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and half mesh.
• Straw was used as bedding in seven 

barns, wood products (either shavings or 
sawdust) in four barns and other materi-
als (shredded corn stalks and blended 
straw with shavings) in two barns. A 
nesting score of one was assigned to five 
barns, a score of two to six barns and a 
score of three to two barns.

• All barns but one exceeded the rec-
ommended ventilation guidelines of 25 
cu. m per hour per calf for mechanical 
ventilation barns (Midwest Plan Services, 
1990).

• Wind provided the major ventilation 
force in eight of 13 barns, whereas ther-
mal buoyancy was the major ventilation 
force in four barns, and one barn was es-
sentially unventilated.

The mean prevalence of respiratory 
disease in the 225 calves was 14%. Preva-
lence increased weekly from the second 
week and peaked during the seventh 
week of life. This compares to a peak inci-
dence at five or six weeks of age in other 
cited studies.

• Prevalence of calf respiratory dis-
eases increased with increasing bacterial 
concentration in the pens and decreased 
with the presence of solid dividers be-
tween pens. The authors acknowledged 
that this does not prove a causal rela-
tionship, but it does support the fairly 
standard recommendation of solid divid-
ers between young calves to help reduce 
exchange of airborne pathogens and 
prevent nose-to-nose contact. The addi-
tion of solid barriers at the ends of pens 

or as a solid roof, however, increased pen 
bacterial counts.

• A nesting score of three was only as-
signed to pens with deep, long-straw bed-
ding, while a score of one was assigned 
only to sawdust or sawdust on sand. By 
being able to nest deeply in straw, calves 
are able to create a microenvironment, 
trapping a boundary layer of warm air 
around them, which reduces their lower 
critical temperature. 

Now, this presumes dry bedding, which 
averaged 52% moisture (Table) in this 
study with a range of 32-73%. Unfortu-
nately, much of this would not pass the 
wet knee test (kneel in the bedding, and 
if your knee gets wet, more dry bedding 
is needed). Wet bedding will increase calf 
body energy loss and most likely will in-
crease the incidence of pneumonia.

• Bacterial counts were significantly 
higher in pens than in alleys. While 
there was also a significant association 
between alley and pen bacterial counts, 
the authors were not surprised by this 
as the main sources of airborne bacteria 
in barns are the animals themselves and 
the bedding materials. However, they also 
pointed out that the air quality was quite 
different in the alleys and in the calf pens, 
indicating a poor mixing of air within the 
barn, and the pens can become micro-
environments within the barns. In calf 
hutches, besides getting wet knees, you 
may have found a different microenviron-
ment there, too.

• Increasing air temperature within the 
calf pens was also associated with in-

creased bacterial counts.
• While straw bedding was associated 

with increased bacterial counts com-
pared to either sawdust or wood shav-
ings, the study suggested that the ben-
efits of nesting in deep straw outweighed 
the former negative effect. It also rein-
forced the need to use plenty of dry straw 
for bedding to minimize bacteria growth.

The Bottom Line
There is a fine but manageable line to 
minimize respiratory disease in pre-
weaned calves in cold weather by provid-
ing adequate ventilation, solid separation 
between calf pens and dry, deep bedding.
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