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Abstract

The objective of this study was to describe the propor-
tion of enteric and respiratory pathogens and diseases in un-
vaccinated pre-weaned dairy heifers, in their first 2 weeks of 
life (exam 1), and at 4- to 8-weeks old (exam 2). Heifers from 
20 dairy herds were examined and sampled twice for respira-
tory and enteric pathogens and diseases. Respiratory health 
score and ultrasonographic lung consolidation were assessed, 
and nasopharyngeal swabs, blood samples, and feces samples 
were collected. The prevalence for each disease and pathogen 
was described, and the difference between exams 1 and 2 was 
assessed. A total of 198 heifers were included at exam 1, and 
182 of them were examined again at exam 2. At exam 1, the 
prevalence of respiratory diseases (positive clinical score or 
presence of lung consolidation) and diarrhea was 18% and 
23%, respectively. At exam 2, the prevalence of respiratory 
diseases and diarrhea was 62% and 13%, respectively. Heifers 
were less likely to have respiratory diseases and pathogens at 
exam 1 than exam 2, and were more likely to have diarrhea at 
exam 1 than exam 2. These results help in understanding the 
dynamic of respiratory and enteric pathogens and diseases.

Key words: pneumonia, diarrhea, calves, dairy, housing

Introduction 

The health of dairy calves is crucial for ensuring the 
health and productivity of future dairy cows in a herd.1,23 
Respiratory disease and diarrhea are the most commonly 
reported conditions in dairy calves, with diarrhea being 

traditionally reported during the first 3 to 4 weeks of life, 
and respiratory disease from 3 to 10 weeks of age.22,28 The 
presence of respiratory disease has now been, however, 
repeatedly reported in the first month of life,36,43 suggesting 
prevention might be needed at an early stage. For example, 
the incidence risk of respiratory disease at the individual level 
was 7.7% in the first 2 weeks of life, 8.0% in weeks 2 to 5, 
and 9.5% in weeks 5 to 12 in a sample of 19 North American 
herds.43 In the same study, the incidence risk of diarrhea at 
the individual level was 21.2% in the first 2 weeks of life, 
decreasing to 1.8% in weeks 3 to 5. 

Enteric and respiratory pathogens are spread by direct 
and indirect contact among calves, which could result in 
increased morbidity in group-housed calves,28 but the asso-
ciation between group housing (vs individual housing) and 
increased morbidity has not been clearly demonstrated in 
previous studies, especially for small groups of calves (≤ 4; re-
viewed by Costa et al).11 In Canada, both individual and group 
housing are used for pre-weaned heifers (64% individually, 
and 36% group housing),42 but the national survey did not 
assess morbidity, and only herd size (number of lactating 
cows) was associated with mortality in pre-weaned heifers. 
In a multi-herd (n = 39) study, pre-weaned heifers housed 
in groups were more likely to have pulmonary consolida-
tion than pre-weaned heifers housed individually,7 but no 
respiratory pathogens were evaluated. In another multi-herd  
(n = 11) study, the difference between the type of housing for 
heifers was not assessed, but a variability among herd preva-
lence for respiratory pathogens and diseases was observed 
(single testing of 2- to 13-week-old heifers).18 
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The transmission patterns and the incidence of dis-
eases, enteric and respiratory, likely differ according to the 
pathogens involved. Infectious and non-infectious causes 
of calf neonatal diarrhea have been described. The most 
studied and identified pathogens are rotavirus, coronavirus, 
Salmonella enterica subsp enterica, Escherichia coli, and 
Cryptosporidium parvum,2,3,26,39 and while enteric pathogens 
have been identified in healthy calves,12,20 most studies report 
pathogens in diarrheic calves. Respiratory disease in calves 
can also be caused by a variety of bacteria and viruses, alone 
or in combination. The most studied and reported bacteria 
are Pasteurella multocida, Histophilus somni, Mannheimia hae-
molytica, and Mycoplasma bovis, while the viruses are bovine 
respiratory syncytial virus (BRSV), parainfluenza virus type 3 
(PI3), infectious bovine rhinotracheitis virus (BVH-1), bovine 
viral diarrhea virus (BVDV), and bovine coronavirus.18,24 It 
is, however, unclear which pathogens are associated with 
diseases at different stages in the pre-weaning period, such 
as for early respiratory diseases. Describing the diseases and 
pathogens present in the first weeks of life would contribute 
to the understanding of the transmission patterns and could 
hint at how to develop better prevention and management 
practices to minimize health problems in pre-weaned dairy 
heifers. The objective of this study was therefore to describe 
the proportion, at the individual and herd levels, of enteric 
and respiratory pathogens and diseases at 2 different mo-
ments during the pre-weaning period in dairy heifers. 

Materials and Methods

This prospective cohort study was approved by the 
Animal Care Committee of the Université de Montréal 
(19-Rech-1954), and the STROBE-Vet statement was used 
to report the findings.30 The study size was limited due to 
budgetary restrictions. The budget allowed enrollment of a 
total of 200 calves (2 visits per calf), which were recruited 
within 20 herds to allow the assessment of herd prevalence. 
This sample size was sufficient to identify, with a confidence 
of 95% and using an intraclass correlation coefficient of 0.1 
for 10 heifers per herd, a prevalence of 50% with a precision 
of 10%, a prevalence of 20% with a precision of 8%, or a 
prevalence of 10% with a precision of 6%.14

Herds from the clientele of the bovine ambulatory clinic 
of the Faculté de médecine vétérinaire of the Université de 
Montréal (St-Hyacinthe, QC, Canada) were enrolled between 
August 2018 and September 2019 (convenience sample). 
To avoid false positive results for the tested viruses, only 
herds that did not vaccinate their heifers before weaning 
were considered for enrollment.41 In order to favor a good 
representation of different heifer management systems, 10 
herds raising heifers individually until weaning and 10 herds 
raising heifers in groups from the second week of life until 
weaning and using a group feeding system were enrolled. 
Within each farm, the first 10 heifers born after the start of 
data collection were systematically sampled during a visit 

following their birth (first 2 weeks of life). The same heifers 
were sampled again during a second visit at 4- to 8-weeks of 
age, depending on the enrollment schedule.  

At each visit, the heifers’ weight was quantified from 
the measurement obtained with a heart-girth measurement 
(dairy weigh tape).a Heifers were also examined and at-
tributed a respiratory health score following a standardized 
procedure.b,28 Briefly, a clinical score between 0 and 3 (0: nor-
mal, 1: slightly abnormal, 2: abnormal, 3: severely abnormal) 
was attributed for body temperature, coughing, nasal and eye 
discharge, and ear position, and the total score was recorded.28 
An ultrasound of both lungs was performed using a 8.5-MHz 
probec as previously described,32 and the presence and size of 
lung consolidation was recorded. Two nasopharyngeal swabs 
were then taken using a double guarded mare swab.d,15 One 
swab was placed in transport mediae for conventional bac-
teriological culture and the other swab was placed in a dry 
tube for PCR testing. Feces were collected directly from the 
rectum of heifers. Fecal consistency was scored as 0 = normal 
consistency, 1 = semiformed or pasty, 2 = loose feces, and 3 
= watery feces.28 For heifers 10 d of age or younger, a blood 
sample was collected from the jugular vein to evaluate the 
transfer of passive immunity (TPI). Antimicrobial treatment 
information for all the enrolled calves was collected from on-
farm treatment logs.

Laboratory analyses
Blood samples were transported on ice to the bovine 

ambulatory clinic of the Université de Montréal where they 
were centrifuged (1,750 x g for 10 min). The TPI was esti-
mated by refractance (% Brix) of the serum using a digital 
refractometer validated in calvesf using a threshold of ≥ 8.4% 
to define adequate TPI.13

Fecal samples were transported on ice to a commercial 
laboratoryg where a commercial rapid immunochromato-
graphic test kit for detecting bovine enteric pathogensh was 
used to identify bovine coronavirus, rotavirus type A, E. coli F5 
(K99), and Cryptosporidium spp. Briefly, a spoonful of feces (ap-
proximately 0.25g) was added to the dilution tube and shaken 
with the diluent. The 4 strips, 1 for each pathogen, were dipped 
in the liquid phase of the sample until the liquid reached the top 
of the strip (10 minutes). The strips were then removed and 
dried at room temperature for 5 min. If 1 line appeared on the 
strip, the sample was considered negative for the pathogen; if 2 
lines appeared, it was considered positive. If no line appeared, 
the test was considered invalid and was repeated.

Swabs were submitted for analysis within 24 h to the 
veterinary diagnostic laboratory of the Faculté de médecine 
vétérinaire of the Université de Montréal (St-Hyacinthe, QC, 
Canada). The swabs collected for conventional bacterio-
logical culture were streaked onto 5% sheep blood agar and 
chocolate agar. Plates were incubated in a 5% CO2 incubator 
at 95°F ± 3.6°F (35°C ± 2°C) and examined after 24 and 48 
h for evidence of P. multocida, M. haemolytica, and H. somni 
growth. Initial selection was based on colony morphology, 
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Abstract

The objective of this study was to describe the propor-
tion of enteric and respiratory pathogens and diseases in un-
vaccinated pre-weaned dairy heifers, in their first 2 weeks of 
life (exam 1), and at 4- to 8-weeks old (exam 2). Heifers from 
20 dairy herds were examined and sampled twice for respira-
tory and enteric pathogens and diseases. Respiratory health 
score and ultrasonographic lung consolidation were assessed, 
and nasopharyngeal swabs, blood samples, and feces samples 
were collected. The prevalence for each disease and pathogen 
was described, and the difference between exams 1 and 2 was 
assessed. A total of 198 heifers were included at exam 1, and 
182 of them were examined again at exam 2. At exam 1, the 
prevalence of respiratory diseases (positive clinical score or 
presence of lung consolidation) and diarrhea was 18% and 
23%, respectively. At exam 2, the prevalence of respiratory 
diseases and diarrhea was 62% and 13%, respectively. Heifers 
were less likely to have respiratory diseases and pathogens at 
exam 1 than exam 2, and were more likely to have diarrhea at 
exam 1 than exam 2. These results help in understanding the 
dynamic of respiratory and enteric pathogens and diseases.

Key words: pneumonia, diarrhea, calves, dairy, housing

Introduction 

The health of dairy calves is crucial for ensuring the 
health and productivity of future dairy cows in a herd.1,23 
Respiratory disease and diarrhea are the most commonly 
reported conditions in dairy calves, with diarrhea being 

traditionally reported during the first 3 to 4 weeks of life, 
and respiratory disease from 3 to 10 weeks of age.22,28 The 
presence of respiratory disease has now been, however, 
repeatedly reported in the first month of life,36,43 suggesting 
prevention might be needed at an early stage. For example, 
the incidence risk of respiratory disease at the individual level 
was 7.7% in the first 2 weeks of life, 8.0% in weeks 2 to 5, 
and 9.5% in weeks 5 to 12 in a sample of 19 North American 
herds.43 In the same study, the incidence risk of diarrhea at 
the individual level was 21.2% in the first 2 weeks of life, 
decreasing to 1.8% in weeks 3 to 5. 

Enteric and respiratory pathogens are spread by direct 
and indirect contact among calves, which could result in 
increased morbidity in group-housed calves,28 but the asso-
ciation between group housing (vs individual housing) and 
increased morbidity has not been clearly demonstrated in 
previous studies, especially for small groups of calves (≤ 4; re-
viewed by Costa et al).11 In Canada, both individual and group 
housing are used for pre-weaned heifers (64% individually, 
and 36% group housing),42 but the national survey did not 
assess morbidity, and only herd size (number of lactating 
cows) was associated with mortality in pre-weaned heifers. 
In a multi-herd (n = 39) study, pre-weaned heifers housed 
in groups were more likely to have pulmonary consolida-
tion than pre-weaned heifers housed individually,7 but no 
respiratory pathogens were evaluated. In another multi-herd  
(n = 11) study, the difference between the type of housing for 
heifers was not assessed, but a variability among herd preva-
lence for respiratory pathogens and diseases was observed 
(single testing of 2- to 13-week-old heifers).18 
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The transmission patterns and the incidence of dis-
eases, enteric and respiratory, likely differ according to the 
pathogens involved. Infectious and non-infectious causes 
of calf neonatal diarrhea have been described. The most 
studied and identified pathogens are rotavirus, coronavirus, 
Salmonella enterica subsp enterica, Escherichia coli, and 
Cryptosporidium parvum,2,3,26,39 and while enteric pathogens 
have been identified in healthy calves,12,20 most studies report 
pathogens in diarrheic calves. Respiratory disease in calves 
can also be caused by a variety of bacteria and viruses, alone 
or in combination. The most studied and reported bacteria 
are Pasteurella multocida, Histophilus somni, Mannheimia hae-
molytica, and Mycoplasma bovis, while the viruses are bovine 
respiratory syncytial virus (BRSV), parainfluenza virus type 3 
(PI3), infectious bovine rhinotracheitis virus (BVH-1), bovine 
viral diarrhea virus (BVDV), and bovine coronavirus.18,24 It 
is, however, unclear which pathogens are associated with 
diseases at different stages in the pre-weaning period, such 
as for early respiratory diseases. Describing the diseases and 
pathogens present in the first weeks of life would contribute 
to the understanding of the transmission patterns and could 
hint at how to develop better prevention and management 
practices to minimize health problems in pre-weaned dairy 
heifers. The objective of this study was therefore to describe 
the proportion, at the individual and herd levels, of enteric 
and respiratory pathogens and diseases at 2 different mo-
ments during the pre-weaning period in dairy heifers. 

Materials and Methods

This prospective cohort study was approved by the 
Animal Care Committee of the Université de Montréal 
(19-Rech-1954), and the STROBE-Vet statement was used 
to report the findings.30 The study size was limited due to 
budgetary restrictions. The budget allowed enrollment of a 
total of 200 calves (2 visits per calf), which were recruited 
within 20 herds to allow the assessment of herd prevalence. 
This sample size was sufficient to identify, with a confidence 
of 95% and using an intraclass correlation coefficient of 0.1 
for 10 heifers per herd, a prevalence of 50% with a precision 
of 10%, a prevalence of 20% with a precision of 8%, or a 
prevalence of 10% with a precision of 6%.14

Herds from the clientele of the bovine ambulatory clinic 
of the Faculté de médecine vétérinaire of the Université de 
Montréal (St-Hyacinthe, QC, Canada) were enrolled between 
August 2018 and September 2019 (convenience sample). 
To avoid false positive results for the tested viruses, only 
herds that did not vaccinate their heifers before weaning 
were considered for enrollment.41 In order to favor a good 
representation of different heifer management systems, 10 
herds raising heifers individually until weaning and 10 herds 
raising heifers in groups from the second week of life until 
weaning and using a group feeding system were enrolled. 
Within each farm, the first 10 heifers born after the start of 
data collection were systematically sampled during a visit 

following their birth (first 2 weeks of life). The same heifers 
were sampled again during a second visit at 4- to 8-weeks of 
age, depending on the enrollment schedule.  

At each visit, the heifers’ weight was quantified from 
the measurement obtained with a heart-girth measurement 
(dairy weigh tape).a Heifers were also examined and at-
tributed a respiratory health score following a standardized 
procedure.b,28 Briefly, a clinical score between 0 and 3 (0: nor-
mal, 1: slightly abnormal, 2: abnormal, 3: severely abnormal) 
was attributed for body temperature, coughing, nasal and eye 
discharge, and ear position, and the total score was recorded.28 
An ultrasound of both lungs was performed using a 8.5-MHz 
probec as previously described,32 and the presence and size of 
lung consolidation was recorded. Two nasopharyngeal swabs 
were then taken using a double guarded mare swab.d,15 One 
swab was placed in transport mediae for conventional bac-
teriological culture and the other swab was placed in a dry 
tube for PCR testing. Feces were collected directly from the 
rectum of heifers. Fecal consistency was scored as 0 = normal 
consistency, 1 = semiformed or pasty, 2 = loose feces, and 3 
= watery feces.28 For heifers 10 d of age or younger, a blood 
sample was collected from the jugular vein to evaluate the 
transfer of passive immunity (TPI). Antimicrobial treatment 
information for all the enrolled calves was collected from on-
farm treatment logs.

Laboratory analyses
Blood samples were transported on ice to the bovine 

ambulatory clinic of the Université de Montréal where they 
were centrifuged (1,750 x g for 10 min). The TPI was esti-
mated by refractance (% Brix) of the serum using a digital 
refractometer validated in calvesf using a threshold of ≥ 8.4% 
to define adequate TPI.13

Fecal samples were transported on ice to a commercial 
laboratoryg where a commercial rapid immunochromato-
graphic test kit for detecting bovine enteric pathogensh was 
used to identify bovine coronavirus, rotavirus type A, E. coli F5 
(K99), and Cryptosporidium spp. Briefly, a spoonful of feces (ap-
proximately 0.25g) was added to the dilution tube and shaken 
with the diluent. The 4 strips, 1 for each pathogen, were dipped 
in the liquid phase of the sample until the liquid reached the top 
of the strip (10 minutes). The strips were then removed and 
dried at room temperature for 5 min. If 1 line appeared on the 
strip, the sample was considered negative for the pathogen; if 2 
lines appeared, it was considered positive. If no line appeared, 
the test was considered invalid and was repeated.

Swabs were submitted for analysis within 24 h to the 
veterinary diagnostic laboratory of the Faculté de médecine 
vétérinaire of the Université de Montréal (St-Hyacinthe, QC, 
Canada). The swabs collected for conventional bacterio-
logical culture were streaked onto 5% sheep blood agar and 
chocolate agar. Plates were incubated in a 5% CO2 incubator 
at 95°F ± 3.6°F (35°C ± 2°C) and examined after 24 and 48 
h for evidence of P. multocida, M. haemolytica, and H. somni 
growth. Initial selection was based on colony morphology, 
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and bacterial identification was performed using MALDI-
TOF MS.i The other swab was also assessed within 24 h of 
sampling. Real time polymerase chain reaction (rtPCR) test-
ing included detection of M. bovis, BRSV, BHV-1, BVDV, PI-3, 
and BCV. All rtPCR testing was performed at the molecular 
diagnostic laboratory of the Faculté de médecine vétérinaire 
de l’Université de Montréal, and were considered positive if 
ct < 35, according to the laboratory recommendations.

Statistical analysis
Statistical analyses were performed using R version 

4.0.3 with the RStudio interface version 1.3.1093.34 Heifers 
that were enrolled at an age greater than 14 d of life were 
excluded from data analyses. At exam 2, exclusion criteria 
were death or having an exam before 28 d or after 56 d of 
age. Heifers (≤ 10 d) were classified as having a failure of TPI 
when the Brix result was < 8.4%.13 Diarrhea was defined as 
a fecal score ≥ 2 (loose feces).28 Respiratory health was cat-
egorized as active pneumonia (AP; respiratory health score 
≥ 5, and lung consolidation ≥ 1 cm), non-active pneumonia 
(NAP; respiratory health score < 5, and lung consolidation  
≥ 1 cm), upper respiratory tract disease (URTD; respiratory 
health score ≥ 5 and lung consolidation < 1 cm) or no respi-
ratory tract disease (respiratory health score < 5, and lung 
consolidation < 1 cm).8,32 

Descriptive analyses for all diseases and pathogens 
were obtained for exams 1 and 2 separately, at the herd level 
(prevalence only, by type of housing) and at the individual 
level. The prevalence of a pathogen or disease was calculated 
as the number of positive heifers divided by the total of heif-
ers tested, for both exam 1 and exam 2. 

The prevalence for each pathogen and disease at exams 
1 and 2 was compared at the individual level using a mixed 
logistic regression model including herd (clustering) and 
heifer (repeated measures) as random intercepts (lme4 pack-
age).4 Mixed logistic regression models were used to assess 
the association between the presence of at least 1 respiratory 
and enteric pathogen with active pneumonia and diarrhea, 
respectively. As multiple models were assessed, all the final 
P-values were adjusted using the Benjamini-Hochberg ap-
proach (stats package)27 to minimize type I errors.

Results

A total of 200 Holstein heifers from 20 herds (6 to 12 
calves per herd) were originally enrolled in the study.  All 
enrolled herds milked between 50 and 315 cows, and 11 of 
them (55%) were closed herds. Heifers were fed milk replacer 
in 15 herds, cow milk in 4 herds, and 1 herd fed both cow milk 
and milk replacer. Peak feeding levels varied between 6 and 
14 L per day (median = 8 L). Antimicrobials were added to 
milk in 2 herds. Heifers were weaned at 7 to 9 weeks of age 
(median = 8 weeks). Bedding used was sawdust only (n = 4), 
a combination of sawdust and straw (n = 9), straw only (n = 
6), or a combination of straw and peat moss (n = 1). Heifers 

housed individually were kept inside (n = 9) or in hutches 
outside (n = 1). Heifers housed in groups were transferred 
to group housing between 7 and 15 d of age to groups of 2 to 
15. The maximum age difference between heifers in a group 
varied between 7 and 90 d.

All herds were visited for the first time between August 
and December 2018, and for the last time between September 
2018 and September 2019, with a study duration from 2 to 
10 mo (median = 5 mo). Two heifers were older than 14 d 
old at exam 1, resulting in 198 heifers being included for the 
exam 1 analysis. Twelve heifers died from 7 different herds 
between their first and second exam, and 6 heifers were 
sampled outside of the 28 to 56 d old period at their second 
exam, resulting in 182 heifers being included for the exam 2 
analysis. To describe herd prevalence, 1 herd (group housing) 
was removed as it had only 6 and 2 heifers sampled at exams 
1 and 2, respectively.

In addition to the heifers receiving oral antimicrobial 
treatment in milk (2 herds), 2 heifers (1%) had received an-
timicrobial treatment orally (n = 1) and parenterally (n = 1) 
in the week prior to their first exam, and 6 heifers (3%) had 
received antimicrobial treatment parenterally in the week 
prior to their second exam. 

Exam 1 – birth to 2 weeks old
The median age at exam 1 was 5 d (range = 1 to 12, 

mean = 5.2, SD = 2.7). The heifers weighed between 95 and 
170 lb (43 and 77 kg [median = 55, mean = 54.7, SD = 5.5; 5 
missing values]) at enrollment. Of the calves examined in their 
first 10 d of age, 37% (n = 70/192) had a failure of TPI. The 
herd prevalence of failure of TPI varied between 18 and 70% 
(median = 35%; Figure 1). In the first 2 weeks of life (exam 
1), the herd prevalence of AP, NAP, and URTD ranged from 0 
to 10% (median = 0%), 0 to 33% (median = 10%), and 0 to 
33% (median = 0%), respectively, and the herd prevalence 
of diarrhea ranged from 0 to 50% (median = 29%; Figure 1, 
details in Appendix). 

At the individual level, nasopharyngeal samples were 
positive for 0 (79%; n = 157/198), 1 (20%; n = 40/198), 
or 2 (1%; n = 1/198) respiratory bacteria, and 0 (94%; n = 
185/197) or 1 (6%; n = 12/197) respiratory viruses. Each 
respiratory pathogen was absent in at least half of the herds 
(median herd prevalence = 0%; details in Appendix). At the 
individual level, the most commonly identified respiratory 
pathogen was P. multocida (Table 1). Heifers with URTD were 
more likely to be positive for least 1 respiratory pathogen 
than heifers without respiratory disease (OR = 1.40, 95% CI 
= 1.05 – 1.87, P = 0.02). Indeed, more than half (n = 5/9) of 
the heifers with URTD were positive for at least 1 respiratory 
pathogen, while a third of the heifers with AP (n = 1/3) and 
NAP (n = 9/27) had at least 1 respiratory pathogen, and 21% 
(n = 34/159) of the heifers without respiratory disease had at 
least 1 respiratory pathogen. The distribution of pathogens 
in heifers according to their respiratory health status are 
listed in Figure 2. 
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Fecal samples were positive for 0 (81%; n = 161/198), 
1 (16%; n = 31/198), 2 (2%; n = 4/198), or 3 (1%; n = 2/198) 
enteric pathogens. Enteric pathogens, except for Cryptospo-
ridium spp, were absent in at least half of the herds (median 
herd prevalence = 0%; details in Appendix), and the most 
commonly identified enteric pathogen at the individual level 
was Cryptosporidium spp (Table 1). Heifers with diarrhea 
were more likely to have at least 1 enteric pathogen than 
heifers without diarrhea (OR = 4.0, 95% CI = 1.7 – 9.5, P < 
0.01). A total of 36% (n = 16/45) of the heifers with diarrhea 
had at least 1 enteric pathogen while 13% (n = 18/141) of 
the heifers without diarrhea did. 

Of the calves that died before exam 2, 3 (25%) had a 
failure of TPI, 4 (33%) were categorized as NAP, 2 (17%) had 
diarrhea, and 2 (17%) were positive for a pathogen (respira-
tory BCV, n = 1; and rotavirus, n = 1). 

Exam 2 – 4- to 8-weeks old
At exam 2, the heifers were between 28 and 56 d of age 

(median = 43, mean = 43.2, SD = 5.9), and weighed between 
97 and 262 lb (44 and 119 kg [median = 87, mean = 85.6, SD 
= 12.8; 1 missing value]). At exam 2, the herd prevalence of 
AP, NAP, URTD, and diarrhea ranged from 0 to 50% (median 
= 20%), 0 to 60% (median = 40%), 0 to 22% (median = 10%), 
and 0 to 40% (median = 11%), respectively (Figure 1).  

At the individual level, nasopharyngeal samples were 
positive for 0 (34%; n = 61/182), 1 (57%; n = 104/182), or 
2 (9%; n = 17/182) respiratory bacteria, and no (91%; n = 
166/182) or 1 (9%; n = 16/182) respiratory viruses. The 
respiratory pathogen most commonly identified was, again, 
P. multocida (Table 1). While 80% (n = 28/35), 70% (n = 
50/71), and 83% (n = 10/12) of the heifers with AP, NAP, and 
URTD, respectively, were positive for at least 1 respiratory 
pathogen, 58% (n = 37/64) of the heifers without respira-
tory disease had at least 1 respiratory pathogen (P = 0.26). 
The distribution of pathogens in heifers according to their 
respiratory health status is presented in Figure 2. 

Fecal samples were positive for 0 (91%; n = 166/182), 
1 (8%; n = 14/182), or 2 (1%; n = 2/182) enteric pathogens. 
Again, more than half of the herds did not have enteric patho-
gen (median prevalence = 0%; details in Appendix). The most 
commonly identified enteric pathogen was E. coli (Table 1). 
None of the 24 heifers with diarrhea at exam 2 had enteric 
pathogens identified, while 10% (n = 16/156) of the heifers 
without diarrhea did. 

Differences between exams 1 and 2
Overall, heifers at exam 1 were less likely to have AP and 

NAP than at exam 2, and were more likely to have diarrhea at 
exam 1 than exam 2 (Table 2). Heifers were, however, as likely 
to have URTD at exam 1 than at exam 2. Indeed, healthy heif-
ers at exam 1 subsequently (exam 2) had NAP (n = 61/149), 
AP (n = 27/149), or UTRD (n = 8/149), or stayed healthy (n = 
53/149). Heifers that had UTRD at exam 1 were subsequently 
healthy (n = 3/7), remained with UTRD (n = 2/7), or had AP 

Figure 1. Boxplot of the distribution of herd prevalence of respiratory 
and enteric diseases, and failure of transfer of passive immunity (TPI) 
of 1- to 2-week-old (exam 1) and 4- to 8-week-old (exam 2) heifers in 
19 Québec dairy herds (All; 10 with individual housing, 9 with group 
housing before weaning). Active pneumonia (AP) was defined as 
a respiratory health score ≥ 5* and presence of lung consolidation  
≥ 1 cm†, non-active pneumonia (NAP) was defined as a respiratory 
health score < 5 and presence of lung consolidation ≥ 1 cm, upper 
respiratory tract disease (URTD) was defined as a respiratory health 
score ≥ 5 and presence of lung consolidation < 1 cm, and diarrhea was 
defined as a fecal score ≥ 2 (loose feces).28

*Respiratory health score was attributed following a standardized  
  procedure (Wisconsin Clinical Respiratory Scoring Chart).28

† Lung consolidation was evaluated by ultrasonography.32
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and bacterial identification was performed using MALDI-
TOF MS.i The other swab was also assessed within 24 h of 
sampling. Real time polymerase chain reaction (rtPCR) test-
ing included detection of M. bovis, BRSV, BHV-1, BVDV, PI-3, 
and BCV. All rtPCR testing was performed at the molecular 
diagnostic laboratory of the Faculté de médecine vétérinaire 
de l’Université de Montréal, and were considered positive if 
ct < 35, according to the laboratory recommendations.

Statistical analysis
Statistical analyses were performed using R version 

4.0.3 with the RStudio interface version 1.3.1093.34 Heifers 
that were enrolled at an age greater than 14 d of life were 
excluded from data analyses. At exam 2, exclusion criteria 
were death or having an exam before 28 d or after 56 d of 
age. Heifers (≤ 10 d) were classified as having a failure of TPI 
when the Brix result was < 8.4%.13 Diarrhea was defined as 
a fecal score ≥ 2 (loose feces).28 Respiratory health was cat-
egorized as active pneumonia (AP; respiratory health score 
≥ 5, and lung consolidation ≥ 1 cm), non-active pneumonia 
(NAP; respiratory health score < 5, and lung consolidation  
≥ 1 cm), upper respiratory tract disease (URTD; respiratory 
health score ≥ 5 and lung consolidation < 1 cm) or no respi-
ratory tract disease (respiratory health score < 5, and lung 
consolidation < 1 cm).8,32 

Descriptive analyses for all diseases and pathogens 
were obtained for exams 1 and 2 separately, at the herd level 
(prevalence only, by type of housing) and at the individual 
level. The prevalence of a pathogen or disease was calculated 
as the number of positive heifers divided by the total of heif-
ers tested, for both exam 1 and exam 2. 

The prevalence for each pathogen and disease at exams 
1 and 2 was compared at the individual level using a mixed 
logistic regression model including herd (clustering) and 
heifer (repeated measures) as random intercepts (lme4 pack-
age).4 Mixed logistic regression models were used to assess 
the association between the presence of at least 1 respiratory 
and enteric pathogen with active pneumonia and diarrhea, 
respectively. As multiple models were assessed, all the final 
P-values were adjusted using the Benjamini-Hochberg ap-
proach (stats package)27 to minimize type I errors.

Results

A total of 200 Holstein heifers from 20 herds (6 to 12 
calves per herd) were originally enrolled in the study.  All 
enrolled herds milked between 50 and 315 cows, and 11 of 
them (55%) were closed herds. Heifers were fed milk replacer 
in 15 herds, cow milk in 4 herds, and 1 herd fed both cow milk 
and milk replacer. Peak feeding levels varied between 6 and 
14 L per day (median = 8 L). Antimicrobials were added to 
milk in 2 herds. Heifers were weaned at 7 to 9 weeks of age 
(median = 8 weeks). Bedding used was sawdust only (n = 4), 
a combination of sawdust and straw (n = 9), straw only (n = 
6), or a combination of straw and peat moss (n = 1). Heifers 

housed individually were kept inside (n = 9) or in hutches 
outside (n = 1). Heifers housed in groups were transferred 
to group housing between 7 and 15 d of age to groups of 2 to 
15. The maximum age difference between heifers in a group 
varied between 7 and 90 d.

All herds were visited for the first time between August 
and December 2018, and for the last time between September 
2018 and September 2019, with a study duration from 2 to 
10 mo (median = 5 mo). Two heifers were older than 14 d 
old at exam 1, resulting in 198 heifers being included for the 
exam 1 analysis. Twelve heifers died from 7 different herds 
between their first and second exam, and 6 heifers were 
sampled outside of the 28 to 56 d old period at their second 
exam, resulting in 182 heifers being included for the exam 2 
analysis. To describe herd prevalence, 1 herd (group housing) 
was removed as it had only 6 and 2 heifers sampled at exams 
1 and 2, respectively.

In addition to the heifers receiving oral antimicrobial 
treatment in milk (2 herds), 2 heifers (1%) had received an-
timicrobial treatment orally (n = 1) and parenterally (n = 1) 
in the week prior to their first exam, and 6 heifers (3%) had 
received antimicrobial treatment parenterally in the week 
prior to their second exam. 

Exam 1 – birth to 2 weeks old
The median age at exam 1 was 5 d (range = 1 to 12, 

mean = 5.2, SD = 2.7). The heifers weighed between 95 and 
170 lb (43 and 77 kg [median = 55, mean = 54.7, SD = 5.5; 5 
missing values]) at enrollment. Of the calves examined in their 
first 10 d of age, 37% (n = 70/192) had a failure of TPI. The 
herd prevalence of failure of TPI varied between 18 and 70% 
(median = 35%; Figure 1). In the first 2 weeks of life (exam 
1), the herd prevalence of AP, NAP, and URTD ranged from 0 
to 10% (median = 0%), 0 to 33% (median = 10%), and 0 to 
33% (median = 0%), respectively, and the herd prevalence 
of diarrhea ranged from 0 to 50% (median = 29%; Figure 1, 
details in Appendix). 

At the individual level, nasopharyngeal samples were 
positive for 0 (79%; n = 157/198), 1 (20%; n = 40/198), 
or 2 (1%; n = 1/198) respiratory bacteria, and 0 (94%; n = 
185/197) or 1 (6%; n = 12/197) respiratory viruses. Each 
respiratory pathogen was absent in at least half of the herds 
(median herd prevalence = 0%; details in Appendix). At the 
individual level, the most commonly identified respiratory 
pathogen was P. multocida (Table 1). Heifers with URTD were 
more likely to be positive for least 1 respiratory pathogen 
than heifers without respiratory disease (OR = 1.40, 95% CI 
= 1.05 – 1.87, P = 0.02). Indeed, more than half (n = 5/9) of 
the heifers with URTD were positive for at least 1 respiratory 
pathogen, while a third of the heifers with AP (n = 1/3) and 
NAP (n = 9/27) had at least 1 respiratory pathogen, and 21% 
(n = 34/159) of the heifers without respiratory disease had at 
least 1 respiratory pathogen. The distribution of pathogens 
in heifers according to their respiratory health status are 
listed in Figure 2. 
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Fecal samples were positive for 0 (81%; n = 161/198), 
1 (16%; n = 31/198), 2 (2%; n = 4/198), or 3 (1%; n = 2/198) 
enteric pathogens. Enteric pathogens, except for Cryptospo-
ridium spp, were absent in at least half of the herds (median 
herd prevalence = 0%; details in Appendix), and the most 
commonly identified enteric pathogen at the individual level 
was Cryptosporidium spp (Table 1). Heifers with diarrhea 
were more likely to have at least 1 enteric pathogen than 
heifers without diarrhea (OR = 4.0, 95% CI = 1.7 – 9.5, P < 
0.01). A total of 36% (n = 16/45) of the heifers with diarrhea 
had at least 1 enteric pathogen while 13% (n = 18/141) of 
the heifers without diarrhea did. 

Of the calves that died before exam 2, 3 (25%) had a 
failure of TPI, 4 (33%) were categorized as NAP, 2 (17%) had 
diarrhea, and 2 (17%) were positive for a pathogen (respira-
tory BCV, n = 1; and rotavirus, n = 1). 

Exam 2 – 4- to 8-weeks old
At exam 2, the heifers were between 28 and 56 d of age 

(median = 43, mean = 43.2, SD = 5.9), and weighed between 
97 and 262 lb (44 and 119 kg [median = 87, mean = 85.6, SD 
= 12.8; 1 missing value]). At exam 2, the herd prevalence of 
AP, NAP, URTD, and diarrhea ranged from 0 to 50% (median 
= 20%), 0 to 60% (median = 40%), 0 to 22% (median = 10%), 
and 0 to 40% (median = 11%), respectively (Figure 1).  

At the individual level, nasopharyngeal samples were 
positive for 0 (34%; n = 61/182), 1 (57%; n = 104/182), or 
2 (9%; n = 17/182) respiratory bacteria, and no (91%; n = 
166/182) or 1 (9%; n = 16/182) respiratory viruses. The 
respiratory pathogen most commonly identified was, again, 
P. multocida (Table 1). While 80% (n = 28/35), 70% (n = 
50/71), and 83% (n = 10/12) of the heifers with AP, NAP, and 
URTD, respectively, were positive for at least 1 respiratory 
pathogen, 58% (n = 37/64) of the heifers without respira-
tory disease had at least 1 respiratory pathogen (P = 0.26). 
The distribution of pathogens in heifers according to their 
respiratory health status is presented in Figure 2. 

Fecal samples were positive for 0 (91%; n = 166/182), 
1 (8%; n = 14/182), or 2 (1%; n = 2/182) enteric pathogens. 
Again, more than half of the herds did not have enteric patho-
gen (median prevalence = 0%; details in Appendix). The most 
commonly identified enteric pathogen was E. coli (Table 1). 
None of the 24 heifers with diarrhea at exam 2 had enteric 
pathogens identified, while 10% (n = 16/156) of the heifers 
without diarrhea did. 

Differences between exams 1 and 2
Overall, heifers at exam 1 were less likely to have AP and 

NAP than at exam 2, and were more likely to have diarrhea at 
exam 1 than exam 2 (Table 2). Heifers were, however, as likely 
to have URTD at exam 1 than at exam 2. Indeed, healthy heif-
ers at exam 1 subsequently (exam 2) had NAP (n = 61/149), 
AP (n = 27/149), or UTRD (n = 8/149), or stayed healthy (n = 
53/149). Heifers that had UTRD at exam 1 were subsequently 
healthy (n = 3/7), remained with UTRD (n = 2/7), or had AP 

Figure 1. Boxplot of the distribution of herd prevalence of respiratory 
and enteric diseases, and failure of transfer of passive immunity (TPI) 
of 1- to 2-week-old (exam 1) and 4- to 8-week-old (exam 2) heifers in 
19 Québec dairy herds (All; 10 with individual housing, 9 with group 
housing before weaning). Active pneumonia (AP) was defined as 
a respiratory health score ≥ 5* and presence of lung consolidation  
≥ 1 cm†, non-active pneumonia (NAP) was defined as a respiratory 
health score < 5 and presence of lung consolidation ≥ 1 cm, upper 
respiratory tract disease (URTD) was defined as a respiratory health 
score ≥ 5 and presence of lung consolidation < 1 cm, and diarrhea was 
defined as a fecal score ≥ 2 (loose feces).28

*Respiratory health score was attributed following a standardized  
  procedure (Wisconsin Clinical Respiratory Scoring Chart).28

† Lung consolidation was evaluated by ultrasonography.32
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Table 1. Odds ratio (OR) of respiratory and enteric pathogens in heifers from 20 dairy herds during their first 2 weeks of life (exam 1) and at 4- to 
8-weeks of age (exam 2), obtained from mixed logistic regression models (1 per pathogen), including herd and heifer as random intercepts. The 
pathogens* were identified using conventional culture (Histophilus somni, Mannheimia haemolytica, and Pasteurella multocida) and PCR (Mycoplasma 
bovis, bovine viral diarrhea virus (BVDV), bovine respiratory syncytial virus (BRSV), parainfluenza virus (PI3), infectious bovine rhinotracheitis virus 
(BVH-1), and coronavirus). The 4 enteric pathogens (coronavirus, rotavirus, Escherichia coli, and Cryptosporidium spp) were identified using a 
commercial ELISA (Bovine Enterichek®, Biovet Inc., Saint-Hyacinthe, Canada).

n OR  
(95% CI) P-value†

P. multocida
 Exam 1 28/198 Ref.
 Exam 2 95/182 9.3 (5.4 – 16.9) < 0.01
M. haemolytica
 Exam 1 10/198 Ref.
 Exam 2 19/182 2.4 (1.0 – 5.8) 0.06
M. bovis
 Exam 1 4/198 Ref.
 Exam 2 14/182 2.37 (1.04 – 5.75) 0.04
BRSV
 Exam 1 1/198 Ref.
 Exam 2 2/182 9.7 (0.4 – 250) 0.19
Coronavirus
 Exam 1 9/198 Ref.
 Exam 2 14/182 10.3 (1.3 – 78.0) 0.03
E. coli
 Exam 1 5/198 Ref.
 Exam 2 9/182 2.0 (0.7 – 6.2) 0.24
Rotavirus
 Exam 1 13/198 Ref.
 Exam 2 5/182 0.4 (0.1 – 1.2) 0.11
Coronavirus
 Exam 1 2/198 Ref.
 Exam 2 3/182 1.6 (0.3 – 9.9) 0.59
Cryptosporidium spp
 Exam 1 25/198 Ref.
 Exam 2 1/182 0.03 (0.00 – 0.27) < 0.01

* No samples were positive for Histophilus somni at exam 1 (10 samples positive at exam 2), no samples positive for PI3 and BVH-1 at exam  
   2 (1 sample positive at exam 1 for both viruses), and no sample positive for BVDV at both exams.
† P-values were adjusted for multiple comparisons using the Benjamini-Hochberg approach (stats package).27

(n = 1/7) or NAP (n = 1/7). Heifers that had NAP at exam 1 
were subsequently healthy (n = 7/21), remained with NAP 
(n = 6/21), or had AP (n = 7/21) or UTRD (n = 1/21). Heif-
ers that had AP at exam 1 all had NAP at exam 2 (n = 3/3). 
Heifers were also less likely to have P. multocida, BCV, and M. 
bovis at exam 1 than at exam 2 (Table 1). Contrary to what 
was observed with respiratory pathogens, there was a dif-
ference between exams 1 and 2 only for Cryptosporidium spp 
for which heifers were more likely to be positive at exam 1 
than exam 2 (Table 1). 

Discussion

In the present study, the prevalence of clinical respira-
tory diseases (categorized in this study as AP and URTD) was 
less than 5% in the first 2 weeks of life, which is consistent 
with research suggesting respiratory diseases happen later 

(3 to 10 weeks).22,28 However, almost 20% of the heifers had 
a respiratory condition in their first 2 weeks of life when NAP 
was also included. As shown previously, pulmonary consoli-
dation as detected by ultrasonography develops quickly after 
infection and remains stable for several days.31 This could 
suggest that the prevalence of respiratory diseases in the first 
2 weeks of life is underestimated, and more research would 
be necessary to understand the dynamic of the introduction 
of the different pathogens and their impact on health in this 
period of the heifers’ life. Indeed, almost a quarter of the 
heifers without a respiratory disease when sampled between 
birth and 2 weeks old was positive for at least 1 respiratory 
pathogen. As expected, the prevalence of AP and NAP was 
greater in 4- to 8-week-old heifers than in 0- to 2-week-old 
ones, but the prevalence of URTD was not. The absence of 
change in URTD prevalence could have been due to false posi-
tives for the respiratory health score, as latent class analyses 
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Table 2. Odds ratio (OR) of active and non-active pneumonia, and diarrhea in heifers from 20 dairy herds during their first 2 weeks of life (exam 
1) and at 4- to 8-weeks of age (exam 2), obtained from mixed logistic regression models (1 per condition), including herd and heifer as random 
intercepts. Active pneumonia was defined as a respiratory health score ≥ 5* and presence of lung consolidation ≥ 1 cm†, non-active pneumonia 
was defined as a respiratory health score < 5 and presence of lung consolidation ≥ 1 cm, upper respiratory tract disease was defined as a respiratory 
health score ≥ 5 and presence of lung consolidation < 1 cm, and diarrhea was defined as a fecal score ≥ 2 (loose feces).28

n OR  
(95% CI) P-value‡

Active pneumonia
 Exam 1 3/198 Ref.
 Exam 2 35/182 16.9 (5.8 – 72) < 0.01
Non-active pneumonia
 Exam 1 27/198 Ref.
 Exam 2 71/182 4.1 (2.5 – 6.8) < 0.01
Upper respiratory tract disease
 Exam 1 9/198 Ref.
 Exam 2 12/182 4.3 (0.7 – 35.2) 0.22
Diarrhea
 Exam 1 45/186 Ref.
 Exam 2 24/180 0.43 (0.27 – 0.83) 0.02

* Respiratory health score was attributed following a standardized procedure (Wisconsin Clinical Respiratory Scoring Chart).28

† Lung consolidation was evaluated by ultrasonography.32

‡ P-values were adjusted for multiple comparisons using the Benjamini-Hochberg approach (stats package).27

Figure 2. Proportion of heifers from 20 Québec dairy herds with a positive sample for different respiratory agents* according to their pneumonia 
status from birth to 2 weeks old (exam 1) and 4- to 8-weeks old (exam 2). Active pneumonia (AP) was defined as a respiratory health score ≥ 5† 
and presence of lung consolidation ≥ 1 cm‡, non-active pneumonia (NAP) was defined as a respiratory health score < 5 and presence of lung 
consolidation ≥ 1 cm, upper respiratory tract disease (URTD) was defined as a respiratory health score ≥ 5 and presence of lung consolidation < 1 
cm, and no respiratory disease was defined as a respiratory health score < 5 and presence of lung consolidation < 1 cm. 
* Pasteurella multocida, Histophilus somni, and Mannheimia haemolytica were identified by conventional culture and Mycoplasma bovis, bovine  
  viral diarrhea virus (BVDV), bovine respiratory syncytial virus (BRSV), parainfluenza virus (PI3), infectious bovine rhinotracheitis virus (BVH-1),  
  and coronavirus were identified by PCR. 
† Respiratory health score was attributed following a standardized procedure (Wisconsin Clinical Respiratory Scoring Chart).28

‡ Lung consolidation was evaluated by ultrasonography.32
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Table 1. Odds ratio (OR) of respiratory and enteric pathogens in heifers from 20 dairy herds during their first 2 weeks of life (exam 1) and at 4- to 
8-weeks of age (exam 2), obtained from mixed logistic regression models (1 per pathogen), including herd and heifer as random intercepts. The 
pathogens* were identified using conventional culture (Histophilus somni, Mannheimia haemolytica, and Pasteurella multocida) and PCR (Mycoplasma 
bovis, bovine viral diarrhea virus (BVDV), bovine respiratory syncytial virus (BRSV), parainfluenza virus (PI3), infectious bovine rhinotracheitis virus 
(BVH-1), and coronavirus). The 4 enteric pathogens (coronavirus, rotavirus, Escherichia coli, and Cryptosporidium spp) were identified using a 
commercial ELISA (Bovine Enterichek®, Biovet Inc., Saint-Hyacinthe, Canada).

n OR  
(95% CI) P-value†

P. multocida
 Exam 1 28/198 Ref.
 Exam 2 95/182 9.3 (5.4 – 16.9) < 0.01
M. haemolytica
 Exam 1 10/198 Ref.
 Exam 2 19/182 2.4 (1.0 – 5.8) 0.06
M. bovis
 Exam 1 4/198 Ref.
 Exam 2 14/182 2.37 (1.04 – 5.75) 0.04
BRSV
 Exam 1 1/198 Ref.
 Exam 2 2/182 9.7 (0.4 – 250) 0.19
Coronavirus
 Exam 1 9/198 Ref.
 Exam 2 14/182 10.3 (1.3 – 78.0) 0.03
E. coli
 Exam 1 5/198 Ref.
 Exam 2 9/182 2.0 (0.7 – 6.2) 0.24
Rotavirus
 Exam 1 13/198 Ref.
 Exam 2 5/182 0.4 (0.1 – 1.2) 0.11
Coronavirus
 Exam 1 2/198 Ref.
 Exam 2 3/182 1.6 (0.3 – 9.9) 0.59
Cryptosporidium spp
 Exam 1 25/198 Ref.
 Exam 2 1/182 0.03 (0.00 – 0.27) < 0.01

* No samples were positive for Histophilus somni at exam 1 (10 samples positive at exam 2), no samples positive for PI3 and BVH-1 at exam  
   2 (1 sample positive at exam 1 for both viruses), and no sample positive for BVDV at both exams.
† P-values were adjusted for multiple comparisons using the Benjamini-Hochberg approach (stats package).27

(n = 1/7) or NAP (n = 1/7). Heifers that had NAP at exam 1 
were subsequently healthy (n = 7/21), remained with NAP 
(n = 6/21), or had AP (n = 7/21) or UTRD (n = 1/21). Heif-
ers that had AP at exam 1 all had NAP at exam 2 (n = 3/3). 
Heifers were also less likely to have P. multocida, BCV, and M. 
bovis at exam 1 than at exam 2 (Table 1). Contrary to what 
was observed with respiratory pathogens, there was a dif-
ference between exams 1 and 2 only for Cryptosporidium spp 
for which heifers were more likely to be positive at exam 1 
than exam 2 (Table 1). 

Discussion

In the present study, the prevalence of clinical respira-
tory diseases (categorized in this study as AP and URTD) was 
less than 5% in the first 2 weeks of life, which is consistent 
with research suggesting respiratory diseases happen later 

(3 to 10 weeks).22,28 However, almost 20% of the heifers had 
a respiratory condition in their first 2 weeks of life when NAP 
was also included. As shown previously, pulmonary consoli-
dation as detected by ultrasonography develops quickly after 
infection and remains stable for several days.31 This could 
suggest that the prevalence of respiratory diseases in the first 
2 weeks of life is underestimated, and more research would 
be necessary to understand the dynamic of the introduction 
of the different pathogens and their impact on health in this 
period of the heifers’ life. Indeed, almost a quarter of the 
heifers without a respiratory disease when sampled between 
birth and 2 weeks old was positive for at least 1 respiratory 
pathogen. As expected, the prevalence of AP and NAP was 
greater in 4- to 8-week-old heifers than in 0- to 2-week-old 
ones, but the prevalence of URTD was not. The absence of 
change in URTD prevalence could have been due to false posi-
tives for the respiratory health score, as latent class analyses 
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Table 2. Odds ratio (OR) of active and non-active pneumonia, and diarrhea in heifers from 20 dairy herds during their first 2 weeks of life (exam 
1) and at 4- to 8-weeks of age (exam 2), obtained from mixed logistic regression models (1 per condition), including herd and heifer as random 
intercepts. Active pneumonia was defined as a respiratory health score ≥ 5* and presence of lung consolidation ≥ 1 cm†, non-active pneumonia 
was defined as a respiratory health score < 5 and presence of lung consolidation ≥ 1 cm, upper respiratory tract disease was defined as a respiratory 
health score ≥ 5 and presence of lung consolidation < 1 cm, and diarrhea was defined as a fecal score ≥ 2 (loose feces).28

n OR  
(95% CI) P-value‡

Active pneumonia
 Exam 1 3/198 Ref.
 Exam 2 35/182 16.9 (5.8 – 72) < 0.01
Non-active pneumonia
 Exam 1 27/198 Ref.
 Exam 2 71/182 4.1 (2.5 – 6.8) < 0.01
Upper respiratory tract disease
 Exam 1 9/198 Ref.
 Exam 2 12/182 4.3 (0.7 – 35.2) 0.22
Diarrhea
 Exam 1 45/186 Ref.
 Exam 2 24/180 0.43 (0.27 – 0.83) 0.02

* Respiratory health score was attributed following a standardized procedure (Wisconsin Clinical Respiratory Scoring Chart).28

† Lung consolidation was evaluated by ultrasonography.32

‡ P-values were adjusted for multiple comparisons using the Benjamini-Hochberg approach (stats package).27

Figure 2. Proportion of heifers from 20 Québec dairy herds with a positive sample for different respiratory agents* according to their pneumonia 
status from birth to 2 weeks old (exam 1) and 4- to 8-weeks old (exam 2). Active pneumonia (AP) was defined as a respiratory health score ≥ 5† 
and presence of lung consolidation ≥ 1 cm‡, non-active pneumonia (NAP) was defined as a respiratory health score < 5 and presence of lung 
consolidation ≥ 1 cm, upper respiratory tract disease (URTD) was defined as a respiratory health score ≥ 5 and presence of lung consolidation < 1 
cm, and no respiratory disease was defined as a respiratory health score < 5 and presence of lung consolidation < 1 cm. 
* Pasteurella multocida, Histophilus somni, and Mannheimia haemolytica were identified by conventional culture and Mycoplasma bovis, bovine  
  viral diarrhea virus (BVDV), bovine respiratory syncytial virus (BRSV), parainfluenza virus (PI3), infectious bovine rhinotracheitis virus (BVH-1),  
  and coronavirus were identified by PCR. 
† Respiratory health score was attributed following a standardized procedure (Wisconsin Clinical Respiratory Scoring Chart).28

‡ Lung consolidation was evaluated by ultrasonography.32
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suggested a specificity for this test of 74% (95% credible 
interval = 65 – 83%).8 In the present study, however, heifers 
with URTD at the first exam had greater odds than heifers 
without respiratory disease to have at least 1 respiratory 
pathogen. This suggests that URTD were not the only clinical 
scores that were falsely positive, and the absence of change 
in prevalence between exams 1 and 2 could be due to the 
size of the sample.  

At both exams, the most common pathogen was P. 
multocida, with an estimated prevalence increasing from 
10% to 52% between exams 1 and 2. The individual-level 
prevalence found at exam 2 was similar to previous research 
in Canada and Belgium,9,18 but higher than the 17% found in 
Scottish dairy calves.25 This supports that our findings in the 
first 2 weeks of life could be occurring in other populations, 
but more research is necessary to assess how infection and 
development of diseases occur at this early stage. It was sug-
gested that bacteria in the upper respiratory tract are part 
of the respiratory microbiota, and evolve in disease under 
specific conditions. This could explain, at least partly, the 
pathogens isolated in healthy heifers in the present study.37 
The present study, however, aimed to only describe the pres-
ence of these bacteria, without inferring if they caused the 
observed diseases. 

Our findings showed the quasi-absence of common 
respiratory viruses in the first 2 weeks of life, except for 
coronavirus, which had a prevalence of < 5% in this period. In 
the 4- to 8-week period, the prevalence of respiratory viruses, 
except for coronavirus, was again negligeable. It is unclear if 
this is due to the sampling frame, the sampling technique, or 
a true low prevalence in the studied population. Information 
about the duration of pathogen shedding and overlapping 
with clinical signs is limited, but the review by Grissett et al 
showed shedding of different viruses was 2 to 3 weeks, which 
is shorter than the time between the exams in the present 
study.21 Moreover, the sampling technique (nasopharyngeal 
swab in the present study) could have affected the results, 
with identification of BRSV in dairy calves with naturally 
occurring respiratory disease being optimal when using a 
bronchoalveolar lavage.15 It is, however, possible that respi-
ratory viruses are uncommon in the studied population,18 
which could be due, in part, to vaccinations for respiratory 
pathogens of most adult dairy cows. 

A better understanding of the viral and bacterial dy-
namic in the first weeks of life would require more frequent 
sampling. More frequent sampling could also allow calcula-
tion of incidence rates, which was not possible in the pres-
ent study as no information was available between exams 1 
and 2. A more intensive sampling could also inform how the 
presence of pathogens in heifers without respiratory disease, 
as found in the present study, evolve and affect their health. 
Previous research found viral vaccination had no impact on 
morbidity and mortality of dairy heifers in a population with 
low failure of TPI.44 Earlier studies showed that vaccination of 
heifers resulted in cell-mediated immunity development and 

clinical protection against experimental challenge,16,19 which 
could result in lower incidence of respiratory diseases in a 
vaccinated heifer population. This highlights that the findings 
of the present study were for a population of unvaccinated 
dairy heifers, and the prevalence of respiratory diseases 
observed could have been lower in a vaccinated population. 
Another characteristic of the population of the present study 
was the prevalence of failure of TPI, which was higher than 
previously reported.5,29,38 Failure of TPI has been associated 
with increased risks of mortality, diarrhea, and respiratory 
disease,35 which could have influenced the prevalence found 
in the present study. It is likely that a population with better 
TPI would have had lower prevalence of diseases and patho-
gens than the population in the present study.

Another limitation of the present study that could have 
influenced these results was the variation in the season of 
sampling among herds. Indeed, the number of calves enrolled 
in bigger herds was reached rapidly, mostly at the end of 
summer and the fall, while smaller herds were sampled over 
longer periods of time, including winter, spring, and summer. 
This could have influenced the results observed, as respira-
tory diseases and viral pathogens have been shown to follow 
seasonal patterns.33 

It would also be interesting to explore how manage-
ment, such as housing or vaccination, affects infection and 
diseases in the entire pre-weaning period. The herd-level 
prevalence described in the present pilot study suggests a 
wide variation, both in individual and group housing herds. 
This could explain the inconsistencies among studies as-
sessing the association between housing and morbidity in 
pre-weaned heifers.11 A recent study in a similar population 
to the present study found, however, greater odds of lung 
consolidation in heifers housed in groups than in heifers 
housed individually.7 While the current herd sample size was 
insufficient to assess differences in pathogen and disease 
incidences between housing types, the descriptive statistics 
can be used to plan studies with this objective. Moreover, 
including herds with different management strategies in 
the present study is likely to better represent the general 
population of pre-weaned heifers where both individual and 
group housing are used. 

The herd prevalence of diarrhea in the present study 
also varied among herds, with an individual-level prevalence 
at exams 1 and 2 aligned with the 19% morbidity observed 
in 2- to 4-week-old heifers from a previous US study.40 Our 
results also support the traditional early timeline for observ-
ing diarrhea,22,28 with heifers up to 2 weeks old being more 
likely to have diarrhea than 4- to 8-week-old heifers. Enteric 
pathogens, however, were mostly absent in the collected 
samples. In the present study, most herds had no heifer 
positive for the enteric pathogens tested for, but some herds 
had high prevalence (e.g., up to 50% for rotavirus), which 
was similar to a recent Argentinian study, but different from 
what was found in New Zealand.2,20 At the individual level, 
the prevalence of the different pathogens was also low, with 
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Cryptosporidium spp having the highest prevalence, followed 
by rotavirus. As for diarrhea, these 2 pathogens were more 
likely to be identified at exam 1 than at exam 2. This pattern 
for rotavirus and Cryptosporidium spp matches observations 
in a longitudinal study,12 and a cross-sectional study at differ-
ent ages,3,20 respectively. A recent worldwide meta-analysis 
also found that the rotavirus - C. parvum combination was 
the most common in dairy heifers (pooled prevalence = 7%).6 
As shown in the meta-analysis, most studies focused on the 
pathogens identified in diarrheic animals.6 The present study 
contributes to understanding the prevalence of the different 
pathogens in healthy heifers. It is unclear, however, if the low 
prevalence observed in the present study could be partly due 
to the accuracy of the test used. Indeed, the commercial test 
used in this study has shown low sensitivity for coronavirus 
and rotavirus in diarrheic animals, and has not been validated 
in healthy animals.10 Another limitation of the commercial 
rapid ELISA test is that the presence of Salmonella spp, 1 
of the main enteric pathogens, was not evaluated. Previous 
research has shown that Salmonella was isolated from fecal 
samples of 4% of dairy heifers (31% of dairy herds).17 The 
gap in the enteric pathogens tested in the present study 
could partly explain why no pathogens were identified in 
more than half of the heifers with diarrhea (exam 1: 64%, 
exam 2: 100%). As for respiratory pathogens, the specific 
sampling schedule could also have contributed to this,12 but 
also non-infectious causes (e.g., diet)11 or untested pathogens 
(e.g., coccidia).

For all bacterial pathogens, a limitation of the present 
study was the inclusion of heifers that were treated prior to 
sampling, or concurrently to sampling (supplemented milk). 
This could have biased the prevalence of bacterial pathogens 
observed in the present study, and the results should be 
interpreted considering that the reported prevalence could 
be lower than the true prevalence.

Conclusion

The present study found that a small proportion of 
unvaccinated pre-weaned heifers had respiratory pathogens 
and developed respiratory conditions in the first 2 weeks of 
their life, but were more likely to be positive for these patho-
gens and diseases when 4- to 8-weeks old. On the contrary, 
heifers were more likely to have diarrhea or to be positive for 
Cryptosporidium spp in their first 2 weeks of life than when 
4- to 8-weeks old. 
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suggested a specificity for this test of 74% (95% credible 
interval = 65 – 83%).8 In the present study, however, heifers 
with URTD at the first exam had greater odds than heifers 
without respiratory disease to have at least 1 respiratory 
pathogen. This suggests that URTD were not the only clinical 
scores that were falsely positive, and the absence of change 
in prevalence between exams 1 and 2 could be due to the 
size of the sample.  

At both exams, the most common pathogen was P. 
multocida, with an estimated prevalence increasing from 
10% to 52% between exams 1 and 2. The individual-level 
prevalence found at exam 2 was similar to previous research 
in Canada and Belgium,9,18 but higher than the 17% found in 
Scottish dairy calves.25 This supports that our findings in the 
first 2 weeks of life could be occurring in other populations, 
but more research is necessary to assess how infection and 
development of diseases occur at this early stage. It was sug-
gested that bacteria in the upper respiratory tract are part 
of the respiratory microbiota, and evolve in disease under 
specific conditions. This could explain, at least partly, the 
pathogens isolated in healthy heifers in the present study.37 
The present study, however, aimed to only describe the pres-
ence of these bacteria, without inferring if they caused the 
observed diseases. 

Our findings showed the quasi-absence of common 
respiratory viruses in the first 2 weeks of life, except for 
coronavirus, which had a prevalence of < 5% in this period. In 
the 4- to 8-week period, the prevalence of respiratory viruses, 
except for coronavirus, was again negligeable. It is unclear if 
this is due to the sampling frame, the sampling technique, or 
a true low prevalence in the studied population. Information 
about the duration of pathogen shedding and overlapping 
with clinical signs is limited, but the review by Grissett et al 
showed shedding of different viruses was 2 to 3 weeks, which 
is shorter than the time between the exams in the present 
study.21 Moreover, the sampling technique (nasopharyngeal 
swab in the present study) could have affected the results, 
with identification of BRSV in dairy calves with naturally 
occurring respiratory disease being optimal when using a 
bronchoalveolar lavage.15 It is, however, possible that respi-
ratory viruses are uncommon in the studied population,18 
which could be due, in part, to vaccinations for respiratory 
pathogens of most adult dairy cows. 

A better understanding of the viral and bacterial dy-
namic in the first weeks of life would require more frequent 
sampling. More frequent sampling could also allow calcula-
tion of incidence rates, which was not possible in the pres-
ent study as no information was available between exams 1 
and 2. A more intensive sampling could also inform how the 
presence of pathogens in heifers without respiratory disease, 
as found in the present study, evolve and affect their health. 
Previous research found viral vaccination had no impact on 
morbidity and mortality of dairy heifers in a population with 
low failure of TPI.44 Earlier studies showed that vaccination of 
heifers resulted in cell-mediated immunity development and 

clinical protection against experimental challenge,16,19 which 
could result in lower incidence of respiratory diseases in a 
vaccinated heifer population. This highlights that the findings 
of the present study were for a population of unvaccinated 
dairy heifers, and the prevalence of respiratory diseases 
observed could have been lower in a vaccinated population. 
Another characteristic of the population of the present study 
was the prevalence of failure of TPI, which was higher than 
previously reported.5,29,38 Failure of TPI has been associated 
with increased risks of mortality, diarrhea, and respiratory 
disease,35 which could have influenced the prevalence found 
in the present study. It is likely that a population with better 
TPI would have had lower prevalence of diseases and patho-
gens than the population in the present study.

Another limitation of the present study that could have 
influenced these results was the variation in the season of 
sampling among herds. Indeed, the number of calves enrolled 
in bigger herds was reached rapidly, mostly at the end of 
summer and the fall, while smaller herds were sampled over 
longer periods of time, including winter, spring, and summer. 
This could have influenced the results observed, as respira-
tory diseases and viral pathogens have been shown to follow 
seasonal patterns.33 

It would also be interesting to explore how manage-
ment, such as housing or vaccination, affects infection and 
diseases in the entire pre-weaning period. The herd-level 
prevalence described in the present pilot study suggests a 
wide variation, both in individual and group housing herds. 
This could explain the inconsistencies among studies as-
sessing the association between housing and morbidity in 
pre-weaned heifers.11 A recent study in a similar population 
to the present study found, however, greater odds of lung 
consolidation in heifers housed in groups than in heifers 
housed individually.7 While the current herd sample size was 
insufficient to assess differences in pathogen and disease 
incidences between housing types, the descriptive statistics 
can be used to plan studies with this objective. Moreover, 
including herds with different management strategies in 
the present study is likely to better represent the general 
population of pre-weaned heifers where both individual and 
group housing are used. 

The herd prevalence of diarrhea in the present study 
also varied among herds, with an individual-level prevalence 
at exams 1 and 2 aligned with the 19% morbidity observed 
in 2- to 4-week-old heifers from a previous US study.40 Our 
results also support the traditional early timeline for observ-
ing diarrhea,22,28 with heifers up to 2 weeks old being more 
likely to have diarrhea than 4- to 8-week-old heifers. Enteric 
pathogens, however, were mostly absent in the collected 
samples. In the present study, most herds had no heifer 
positive for the enteric pathogens tested for, but some herds 
had high prevalence (e.g., up to 50% for rotavirus), which 
was similar to a recent Argentinian study, but different from 
what was found in New Zealand.2,20 At the individual level, 
the prevalence of the different pathogens was also low, with 
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Cryptosporidium spp having the highest prevalence, followed 
by rotavirus. As for diarrhea, these 2 pathogens were more 
likely to be identified at exam 1 than at exam 2. This pattern 
for rotavirus and Cryptosporidium spp matches observations 
in a longitudinal study,12 and a cross-sectional study at differ-
ent ages,3,20 respectively. A recent worldwide meta-analysis 
also found that the rotavirus - C. parvum combination was 
the most common in dairy heifers (pooled prevalence = 7%).6 
As shown in the meta-analysis, most studies focused on the 
pathogens identified in diarrheic animals.6 The present study 
contributes to understanding the prevalence of the different 
pathogens in healthy heifers. It is unclear, however, if the low 
prevalence observed in the present study could be partly due 
to the accuracy of the test used. Indeed, the commercial test 
used in this study has shown low sensitivity for coronavirus 
and rotavirus in diarrheic animals, and has not been validated 
in healthy animals.10 Another limitation of the commercial 
rapid ELISA test is that the presence of Salmonella spp, 1 
of the main enteric pathogens, was not evaluated. Previous 
research has shown that Salmonella was isolated from fecal 
samples of 4% of dairy heifers (31% of dairy herds).17 The 
gap in the enteric pathogens tested in the present study 
could partly explain why no pathogens were identified in 
more than half of the heifers with diarrhea (exam 1: 64%, 
exam 2: 100%). As for respiratory pathogens, the specific 
sampling schedule could also have contributed to this,12 but 
also non-infectious causes (e.g., diet)11 or untested pathogens 
(e.g., coccidia).

For all bacterial pathogens, a limitation of the present 
study was the inclusion of heifers that were treated prior to 
sampling, or concurrently to sampling (supplemented milk). 
This could have biased the prevalence of bacterial pathogens 
observed in the present study, and the results should be 
interpreted considering that the reported prevalence could 
be lower than the true prevalence.

Conclusion

The present study found that a small proportion of 
unvaccinated pre-weaned heifers had respiratory pathogens 
and developed respiratory conditions in the first 2 weeks of 
their life, but were more likely to be positive for these patho-
gens and diseases when 4- to 8-weeks old. On the contrary, 
heifers were more likely to have diarrhea or to be positive for 
Cryptosporidium spp in their first 2 weeks of life than when 
4- to 8-weeks old. 
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Appendix

Table A1. Detailed distribution of herd prevalence of respiratory and enteric diseases and pathogens of 1- to 2-week-old (exam 1) and 4- to 8-week-
old (exam 2) heifers in 19 Québec dairy herds (All; 10 with individual housing, 9 with group housing before weaning). Failure of transfer of passive 
immunity (TPI) was defined as a serum Brix refractance < 8.4%.13 Active pneumonia was defined as a respiratory health score ≥ 5* and presence of 
lung consolidation ≥ 1 cm†, non-active pneumonia was defined as a respiratory health score < 5 and presence of lung consolidation ≥ 1 cm, upper 
respiratory tract disease was defined as a respiratory health score ≥ 5 and presence of lung consolidation < 1 cm, and diarrhea was defined as a fecal 
score ≥ 2 (loose feces).28 From nasopharyngeal swabs, Pasteurella multocida, Histophilus somni, and Mannheimia haemolytica were identified by 
conventional culture and Mycoplasma bovis, bovine viral diarrhea virus (BVDV)‡, bovine respiratory syncytial virus (BRSV), parainfluenza virus (PI3), 
infectious bovine rhinotracheitis virus (BVH-1), and coronavirus were identified by PCR. From feces samples, Escherichia coli, rotavirus, coronavirus, 
and Cryptosporidium spp were identified by a commercial ELISA (Bovine Enterichek®, Biovet Inc., Saint-Hyacinthe, Canada).

Exam 1 Exam 2
Min Q1 Med Q3 Max Min Q1 Med Q3 Max

Failure of TPI (1 to 10 d)
 All herds 18.2 24.7 37.5 40.0 70.0
 Individual housing 20.0 23.5 35.0 40.0 70.0
 Group housing 18.2 33.3 37.5 40.0 70.0
Active pneumonia
 All herds 0 0 0 0 10.0 0 10.0 20.0 30.0 50.0
 Individual housing 0 0 0 0 10.0 0 10.3 16.3 27.5 50.0
 Group housing 0 0 0 0 10.0 0 10.0 20.0 30.0 30.0
Non-active pneumonia
 All herds 0 10.0 10.0 20.0 33.3 0 30.0 40.0 50.0 60.0
 Individual housing 0 10.0 14.1 20.0 33.3 0 20.0 33.8 50.0 60.0
 Group housing 0 0 10.0 20.0 30.0 30.0 40.0 40.0 50.0 60.0
Upper respiratory tract disease
 All herds 0 0 0 9.5 33.3 0 0 10.0 10.0 22.2
 Individual housing 0 0 4.5 10.0 20.0 0 0 5.0 11.9 20.0
 Group housing 0 0 0 0 33.3 0 0 10.0 10.0 22.2
Diarrhea
 All herds 0 10.3 28.6 33.3 50.0 0 0 11.1 20.0 40.0
 Individual housing 0 2.3 18.6 30.0 40.0 0 0 8.3 20.0 33.3
 Group housing 11.1 20.0 31.7 35.0 50.0 0 10.0 11.1 30.0 40.0
Pasteurella multocida
 All herds 0 0 0 15.0 80.0 0 35.0 50.0 80.0 88.9
 Individual housing 0 0 10.0 25.0 80.0 0 32.5 50.0 80.0 88.9
 Group housing 0 0 0 8.33 70.0 0 40.0 50.0 80.0 80.0
Histophilus somni
 All herds 0 0 0 0 0 0 0 0 5.0 44.4
 Individual housing 0 0 0 0 10.0
 Group housing 0 0 0 10.0 44.4
Mannheimia haemolytica
 All herds 0 0 0 10.0 30.0 0 0 0 11.8 55.6
 Individual housing 0 0 5.0 10.0 11.1 0 0 0 11.9 50.0
 Group housing 0 0 0 10.0 30.0 0 0 10.0 11.1 55.6
Mycoplasma bovis
 All herds 0 0 0 0 30.0 0 0 0 5.0 80.0
 Individual housing 0 0 0 0 10.0 0 0 0 0 33.3
 Group housing 0 0 0 0 30.0 0 0 0 11.1 80.0
BRSV
 All herds 0 0 0 0 10.0 0 0 0 0 0
 Individual housing 0 0 0 0 10.0
 Group housing 0 0 0 0 0
PI3
 All herds 0 0 0 0 9.1 0 0 0 0 0
 Individual housing 0 0 0 0 9.1 0 0 0 0 0
 Group housing 0 0 0 0 0 0 0 0 0 0
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Appendix

Table A1. Detailed distribution of herd prevalence of respiratory and enteric diseases and pathogens of 1- to 2-week-old (exam 1) and 4- to 8-week-
old (exam 2) heifers in 19 Québec dairy herds (All; 10 with individual housing, 9 with group housing before weaning). Failure of transfer of passive 
immunity (TPI) was defined as a serum Brix refractance < 8.4%.13 Active pneumonia was defined as a respiratory health score ≥ 5* and presence of 
lung consolidation ≥ 1 cm†, non-active pneumonia was defined as a respiratory health score < 5 and presence of lung consolidation ≥ 1 cm, upper 
respiratory tract disease was defined as a respiratory health score ≥ 5 and presence of lung consolidation < 1 cm, and diarrhea was defined as a fecal 
score ≥ 2 (loose feces).28 From nasopharyngeal swabs, Pasteurella multocida, Histophilus somni, and Mannheimia haemolytica were identified by 
conventional culture and Mycoplasma bovis, bovine viral diarrhea virus (BVDV)‡, bovine respiratory syncytial virus (BRSV), parainfluenza virus (PI3), 
infectious bovine rhinotracheitis virus (BVH-1), and coronavirus were identified by PCR. From feces samples, Escherichia coli, rotavirus, coronavirus, 
and Cryptosporidium spp were identified by a commercial ELISA (Bovine Enterichek®, Biovet Inc., Saint-Hyacinthe, Canada).

Exam 1 Exam 2
Min Q1 Med Q3 Max Min Q1 Med Q3 Max

Failure of TPI (1 to 10 d)
 All herds 18.2 24.7 37.5 40.0 70.0
 Individual housing 20.0 23.5 35.0 40.0 70.0
 Group housing 18.2 33.3 37.5 40.0 70.0
Active pneumonia
 All herds 0 0 0 0 10.0 0 10.0 20.0 30.0 50.0
 Individual housing 0 0 0 0 10.0 0 10.3 16.3 27.5 50.0
 Group housing 0 0 0 0 10.0 0 10.0 20.0 30.0 30.0
Non-active pneumonia
 All herds 0 10.0 10.0 20.0 33.3 0 30.0 40.0 50.0 60.0
 Individual housing 0 10.0 14.1 20.0 33.3 0 20.0 33.8 50.0 60.0
 Group housing 0 0 10.0 20.0 30.0 30.0 40.0 40.0 50.0 60.0
Upper respiratory tract disease
 All herds 0 0 0 9.5 33.3 0 0 10.0 10.0 22.2
 Individual housing 0 0 4.5 10.0 20.0 0 0 5.0 11.9 20.0
 Group housing 0 0 0 0 33.3 0 0 10.0 10.0 22.2
Diarrhea
 All herds 0 10.3 28.6 33.3 50.0 0 0 11.1 20.0 40.0
 Individual housing 0 2.3 18.6 30.0 40.0 0 0 8.3 20.0 33.3
 Group housing 11.1 20.0 31.7 35.0 50.0 0 10.0 11.1 30.0 40.0
Pasteurella multocida
 All herds 0 0 0 15.0 80.0 0 35.0 50.0 80.0 88.9
 Individual housing 0 0 10.0 25.0 80.0 0 32.5 50.0 80.0 88.9
 Group housing 0 0 0 8.33 70.0 0 40.0 50.0 80.0 80.0
Histophilus somni
 All herds 0 0 0 0 0 0 0 0 5.0 44.4
 Individual housing 0 0 0 0 10.0
 Group housing 0 0 0 10.0 44.4
Mannheimia haemolytica
 All herds 0 0 0 10.0 30.0 0 0 0 11.8 55.6
 Individual housing 0 0 5.0 10.0 11.1 0 0 0 11.9 50.0
 Group housing 0 0 0 10.0 30.0 0 0 10.0 11.1 55.6
Mycoplasma bovis
 All herds 0 0 0 0 30.0 0 0 0 5.0 80.0
 Individual housing 0 0 0 0 10.0 0 0 0 0 33.3
 Group housing 0 0 0 0 30.0 0 0 0 11.1 80.0
BRSV
 All herds 0 0 0 0 10.0 0 0 0 0 0
 Individual housing 0 0 0 0 10.0
 Group housing 0 0 0 0 0
PI3
 All herds 0 0 0 0 9.1 0 0 0 0 0
 Individual housing 0 0 0 0 9.1 0 0 0 0 0
 Group housing 0 0 0 0 0 0 0 0 0 0
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Coronavirus (nasopharyngeal)
 All herds 0 0 0 5.0 40.0 0 0 0 10.6 33.3
 Individual housing 0 0 0 7.5 40.0 0 0 0 7.5 22.2
 Group housing 0 0 0 0 10.0 0 0 10.0 20.0 33.3
BVH-1
 All herds 0 0 0 0 10.0 0 0 0 0 0
 Individual housing 0 0 0 0 10.0
 Group housing 0 0 0 0 0
Escherichia coli
 All herds 0 0 0 5.0 11.1 0 0 0 5.0 33.3
 Individual housing 0 0 0 0 0 0 0 0 0 33.3
 Group housing 0 0 0 10.0 11.1 0 0 0 20.0 20.0
Rotavirus
 All herds 0 0 0 4.5 50.0 0 0 0 0 25.0
 Individual housing 0 0 0 6.8 50.0 0 0 0 8.3 25.0
 Group housing 0 0 0 0 20.0 0 0 0 0 10.0
Coronavirus (feces)
 All herds 0 0 0 0 10.0 0 0 0 0 12.5
 Individual housing 0 0 0 0 10.0 0 0 0 0 12.5
 Group housing 0 0 0 0 0 0 0 0 0 11.1
Cryptosporidium spp
 All herds 0 0 10.0 22.5 40.0 0 0 0 0 10.0
 Individual housing 0 0 0 16.1 40.0 0 0 0 0 0
 Group housing 0 0 11.1 25.0 30.0 0 0 0 0 10.0

* Respiratory health score was attributed following a standardized procedure (Wisconsin Clinical Respiratory Scoring Chart).28

† Lung consolidation was evaluated by ultrasonography.32

‡ No samples were positive for bovine viral diarrhea virus (BVDV).

Exam 1 Exam 2
Min Q1 Med Q3 Max Min Q1 Med Q3 Max
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Figure A1. Boxplot of the distribution of herd prevalence of respiratory 
bacteria identified by conventional culture (Histophilus somni, 
Mannheimia haemolytica, and Pasteurella multocida) and PCR 
(Mycoplasma bovis) of 1- to 2-week-old (exam 1) and 4- to 8-week-
old (exam 2) heifers in 19 Québec dairy herds (All; 10 with individual 
housing, 9 with group housing before weaning).

Figure A2. Boxplot of the distribution of herd prevalence of respiratory 
viruses identified by PCR (bovine respiratory syncytial virus (BRSV), 
parainfluenza virus (PI3), infectious bovine rhinotracheitis virus (BVH-
1), and coronavirus*) of 1- to 2-week-old (exam 1) and 4- to 8-week-
old (exam 2) heifers in 19 Québec dairy herds (All; 10 with individual 
housing, 9 with group housing before weaning).
*No samples were positive for bovine viral diarrhea virus (BVDV).
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Coronavirus (nasopharyngeal)
 All herds 0 0 0 5.0 40.0 0 0 0 10.6 33.3
 Individual housing 0 0 0 7.5 40.0 0 0 0 7.5 22.2
 Group housing 0 0 0 0 10.0 0 0 10.0 20.0 33.3
BVH-1
 All herds 0 0 0 0 10.0 0 0 0 0 0
 Individual housing 0 0 0 0 10.0
 Group housing 0 0 0 0 0
Escherichia coli
 All herds 0 0 0 5.0 11.1 0 0 0 5.0 33.3
 Individual housing 0 0 0 0 0 0 0 0 0 33.3
 Group housing 0 0 0 10.0 11.1 0 0 0 20.0 20.0
Rotavirus
 All herds 0 0 0 4.5 50.0 0 0 0 0 25.0
 Individual housing 0 0 0 6.8 50.0 0 0 0 8.3 25.0
 Group housing 0 0 0 0 20.0 0 0 0 0 10.0
Coronavirus (feces)
 All herds 0 0 0 0 10.0 0 0 0 0 12.5
 Individual housing 0 0 0 0 10.0 0 0 0 0 12.5
 Group housing 0 0 0 0 0 0 0 0 0 11.1
Cryptosporidium spp
 All herds 0 0 10.0 22.5 40.0 0 0 0 0 10.0
 Individual housing 0 0 0 16.1 40.0 0 0 0 0 0
 Group housing 0 0 11.1 25.0 30.0 0 0 0 0 10.0

* Respiratory health score was attributed following a standardized procedure (Wisconsin Clinical Respiratory Scoring Chart).28

† Lung consolidation was evaluated by ultrasonography.32

‡ No samples were positive for bovine viral diarrhea virus (BVDV).

Exam 1 Exam 2
Min Q1 Med Q3 Max Min Q1 Med Q3 Max
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Figure A1. Boxplot of the distribution of herd prevalence of respiratory 
bacteria identified by conventional culture (Histophilus somni, 
Mannheimia haemolytica, and Pasteurella multocida) and PCR 
(Mycoplasma bovis) of 1- to 2-week-old (exam 1) and 4- to 8-week-
old (exam 2) heifers in 19 Québec dairy herds (All; 10 with individual 
housing, 9 with group housing before weaning).

Figure A2. Boxplot of the distribution of herd prevalence of respiratory 
viruses identified by PCR (bovine respiratory syncytial virus (BRSV), 
parainfluenza virus (PI3), infectious bovine rhinotracheitis virus (BVH-
1), and coronavirus*) of 1- to 2-week-old (exam 1) and 4- to 8-week-
old (exam 2) heifers in 19 Québec dairy herds (All; 10 with individual 
housing, 9 with group housing before weaning).
*No samples were positive for bovine viral diarrhea virus (BVDV).
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Figure A3. Boxplot of the distribution of herd prevalence of enteric 
pathogens identified by a commercial ELISA (Bovine Enterichek®, Biovet 
Inc., Saint-Hyacinthe, Canada; coronavirus, rotavirus, Escherichia coli, 
and Cryptosporidium spp) of 1- to 2-week-old (exam 1) and 4- to 8-week-
old (exam 2) heifers in 19 Québec dairy herds (All; 10 with individual 
housing, 9 with group housing before weaning).

50mcgt/mL gonadorelin diacetate tetrahydrate Injectable Solution
For treatment of cystic ovaries in dairy cattle
For use with cloprostenol sodium to synchronize estrous cycles to allow for fixed time artificial insemination 
(FTAI) in lactating dairy cows and beef cows.
CAUTION: Federal law restricts this drug to use by or on the order of a licensed veterinarian.
DESCRIPTION:
CYSTORELIN® (gonadorelin) is a sterile solution containing 43 mcg/mL of gonadorelin (GnRH) as 50 mcg/mL gonadorelin 
diacetate tetrahydrate suitable for intramuscular or intravenous administration according to the indication. Gonadorelin is  
a decapeptide composed of the sequence of amino acids— 
 5-oxoPro-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2— 
a molecular weight of 1182.32 and empirical formula C55H75N17O13. The diacetate tetrahydrate ester has a molecular 
weight of 1374.48 and empirical formula C59H91N17O21.
Each mL of CYSTORELIN contains:
Gonadorelin diacetate tetrahydrate (equivalent to 43 mcg gonadorelin) ...............50 mcg
Benzyl Alcohol ..........................................................................................................9 mg
Sodium Chloride ..................................................................................................7.47 mg
Water for Injection ....................................................................................................... q.s.
pH adjusted with potassium phosphate (monobasic and dibasic).
Gonadorelin is the hypothalamic releasing factor responsible for the release of gonadotropins (e.g., luteinizing hormone 
[LH], follicle stimulating hormone [FSH]) from the anterior pituitary. Synthetic gonadorelin is physiologically and chemically 
identical to the endogenous bovine hypothalamic releasing factor.
INDICATIONS FOR USE:
Cystic Ovaries
CYSTORELIN is indicated for the treatment of ovarian follicular cysts in dairy cattle. Ovarian cysts are non-ovulated follicles 
with incomplete luteinization which result in nymphomania or irregular estrus. Historically, cystic ovaries have responded 
to an exogenous source of LH such as human chorionic gonadotrophin. CYSTORELIN initiates release of endogenous LH 
to cause ovulation and luteinization.
Reproductive Synchrony
CYSTORELIN is indicated for use with cloprostenol sodium to synchronize estrous cycles to allow for fixed time artificial 
insemination (FTAI) in lactating dairy cows and beef cows.
DOSAGE AND ADMINISTRATION:
Cystic Ovaries
The intravenous or intramuscular dosage of CYSTORELIN is 100 mcg gonadorelin diacetate tetrahydrate (2 mL) per cow.
Reproductive Synchrony
The intramuscular dosage of CYSTORELIN is 100 mcg gonadorelin diacetate tetrahydrate (2 mL) per cow, used in 
reproductive synchrony programs similar to the following:
1. Administer the first CYSTORELIN injection (2 mL) at Time 0.
2.  Administer 500 mcg cloprostenol (as cloprostenol sodium) by intramuscular injection 6 to 8 days after the first 

CYSTORELIN injection.
3.  Administer the second CYSTORELIN injection (2 mL) 30 to 72 hours after the cloprostenol sodium injection.
4.  Perform FTAI 0 to 24 hours after the second CYSTORELIN injection, or inseminate cows on detected estrus using 

standard herd practices.
WARNINGS AND PRECAUTIONS:
Not for use in humans.
Keep out of reach of children.

WITHDRAWAL PERIODS:
No withdrawal period or milk discard time is required when used according to the labeling.

To report suspected adverse drug events, for technical assistance or to obtain a copy of the Safety Data Sheet (SDS), 
contact Boehringer Ingelheim Animal Health USA Inc. 1-888-637-4251. For additional information about adverse drug 
experience reporting for animal drugs, contact FDA at 1-888-FDA-VETS, or www.fda.gov/reportanimalae.
PHARMACOLOGY AND TOXICOLOGY:
Endogenous gonadorelin is synthesized and/or released from the hypothalamus during various stages of the bovine estrus 
cycle following appropriate neurogenic stimuli. It passes via the hypophyseal portal vessels, to the anterior pituitary to effect 
the release of gonadotropins (e.g., LH, FSH). Synthetic gonadorelin administered intravenously or intramuscularly also 
causes the release of endogenous LH or FSH from the anterior pituitary. 
Gonadorelin diacetate tetrahydrate has been shown to be safe. The LD50 for mice and rats is greater than 60 mg/kg, and 
for dogs, greater than 600 mcg/kg, respectively. No adverse effects were noted among rats or dogs administered 120 mcg/
kg/day or 72 mcg/kg/day intravenously for 15 days. 
It had no adverse effects on heart rate, blood pressure, or EKG to unanesthetized dogs at 60 mcg/kg. In anesthetized 
dogs it did not produce depression of myocardial or system  hemodynamics or adversely affect coronary oxygen supply or 
myocardial oxygen requirements.
The intravenous administration of 60 mcg/kg/day of gonadorelin diacetate tetrahydrate to pregnant rats and rabbits during 
organogenesis did not cause embryotoxic or teratogenic effects. Further, CYSTORELIN did not cause irritation at the site of 
intramuscular administration in dogs with a dose of 72 mcg/kg/day administered for seven (7) days.
TARGET ANIMAL SAFETY:
In addition to the animal safety information presented in the PHARMACOLOGY AND TOXICOLOGY section, the safety of 
CYSTORELIN was established through the review and evaluation of the extensive published literature available for the use 
of gonadorelin-containing products. 
The intramuscular administration of 1000 mcg gonadorelin diacetate tetrahydrate on five (5) consecutive days to normally 
cycling dairy cattle had no effect on hematology or clinical chemistries.
In field studies evaluating the effectiveness of CYSTORELIN for the treatment of ovarian follicular cysts, the incidence of health 
abnormalities was not significantly greater in cows administered CYSTORELIN than cows administered a placebo injection.
The target animal safety of, and injection site reactions to, gonadorelin when used with cloprostenol sodium were evaluated 
during the conduct of effectiveness field studies. The incidence of health abnormalities was not significantly greater in cows 
administered gonadorelin than cows administered a placebo injection.
EFFECTIVENESS:
The use of CYSTORELIN for treatment of ovarian follicular cysts in dairy cattle was demonstrated to be effective with a 
treatment dose of 100 mcg gonadorelin diacetate tetrahydrate. The effectiveness of gonadorelin for use with cloprostenol 
sodium to synchronize estrous cycles to allow for FTAI in lactating dairy cows was demonstrated in a field study at 10 
different locations in the U.S. Four of the locations represented conditions that would typically cause heat stress in 
lactating cows. A total of 1607 healthy, non-pregnant, primiparous or multiparous lactating dairy cows within 40-150 days 
postpartum were enrolled in the study. A total of 805 cows were administered gonadorelin (1 mL; 100 mcg gonadorelin as 
the acetate salt) and 802 cows were administered an equivalent volume of water for injection as an intramuscular injection 
twice in the following regimen:
Day 0: 100mcg gonadorelin (as the acetate salt) or sterile water for injection
Day 7: 500 mcg cloprostenol (as cloprostenol sodium)
Day 9: 100mcg gonadorelin (as the acetate salt) or sterile water for injection
Fixed time AI was performed on Day 10, approximately 11 - 31 hours after the Day 9 injection. Cows were evaluated for 
pregnancy on Day 45 ± 5 days by trans-rectal ultrasound or rectal palpation. Pregnancy rate to FTAI was significantly 
higher (P < 0.0001) in cows treated with gonadorelin (33.4%) than the pregnancy rate to FTAI in cows treated with water 
(13.6%). The environmental condition (heat stress or not heat stress) did not affect the conclusion of effectiveness. The 
effectiveness of gonadorelin for use with cloprostenol sodium to synchronize estrous cycles to allow for FTAI in beef cows 
was demonstrated in a field study at 10 different locations in the U.S. A total of 706 healthy, non-pregnant, primiparous or 
multiparous beef cows within 40-150 days postpartum were enrolled in the study. A total of 364 cows were administered 
gonadorelin (1 mL; 100 mcg gonadorelin as the acetate salt) and 342 cows were administered an equivalent volume of 
water for injection as an intramuscular injection twice in the following regimen:
Day 0: 100mcg gonadorelin (as the acetate salt) or sterile water for injection
Day 7: 500 mcg cloprostenol (as cloprostenol sodium)
Day 9: 100mcg gonadorelin (as the acetate salt) or sterile water for injection
Fixed time AI was performed immediately after the Day 9 injection. Cows were evaluated for pregnancy on Day 55 ± 5 days 
by trans-rectal ultrasound. Pregnancy rate to FTAI was significantly higher (P = 0.0006) in cows treated with gonadorelin 
(21.7%) than the pregnancy rate to FTAI in cows treated with water (7.4%). 
The effectiveness of a 2-mL dose of CYSTORELIN delivering 100 mcg gonadorelin diacetate tetrahydrate (86 mcg 
gonadorelin) for use with cloprostenol sodium to synchronize estrous cycles to allow for FTAI in lactating dairy cows and 
beef cows was also demonstrated through references to scientific literature.
HOW SUPPLIED:
CYSTORELIN is available in a concentration of 50 mcg/mL gonadorelin diacetate tetrahydrate (43 mcg/mL gonadorelin) pH 
adjusted with potassium phosphate (monobasic and dibasic).
CYSTORELIN is supplied in multi-dose vials containing 10ml, 30ml,50ml, and 100ml of sterile solution.
STORAGE, HANDLING, AND DISPOSAL: Store at or below 77°F (25°C). Brief excursions to 86°F (30°C) are permitted. 
Use within 6 months of first puncture.
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Prostaglandin Analogue for Cattle 
Equivalent to 250 mcg cloprostenol/mL

CAUTION: Federal law restricts this drug to use by or on the order 
of a licensed veterinarian.
DESCRIPTION:
SYNCHSURE® (cloprostenol sodium) is a synthetic prostaglandin 
analogue structurally related to prostaglandin F2 (PGF20) [NOTE: 
20 should be subscript]. Each mL of the colorless aqueous 
solution contains 263 mcg of cloprostenol sodium (equivalent to 
250 mcg of cloprostenol), chlorocresol 1.0 mg as a bactericide, 
citric acid anhydrous 0.66 mg, sodium citrate 5.03 mg, sodium 
chloride 6.76 mg. The pH is adjusted, as necessary, with sodium 
hydroxide or citric acid.
SYNCHSURE causes functional and morphoIogical regression of 
the corpus luteum (luteolysis) in cattle. In normal, nonpregnant 
cycling animals, this effect on the life span of the corpus luteum 
usually results in estrus 2 to 5 days after treatment. In animals 
with prolonged luteal function (pyometra, mummified fetus, and 
luteal cysts), the induced luteolysis usually results in resolution of 
the condition and return to cyclicity. Pregnant animals may abort 
depending on the stage of gestation.
INDICATIONS: For intramuscular use to induce luteolysis in 
beef and dairy cattle. The luteolytic action of SYNCHSURE can 
be utilized to manipulate the estrous cycle to better fit certain 
management practices, to terminate pregnancies resulting 
from mismatings, and to treat certain conditions associated with 
prolonged luteal function.
RECOMMENDED USES:
Unobserved or Nondetected Estrus: Cows which are not 
detected in estrus, although ovarian cyclicity continues, can be 
treated with SYNCHSURE if a mature corpus luteum is present. 
Estrus is expected to occur 2 to 5 days following injection, at 
which time animals may be inseminated. Treated cattle should 
be inseminated at the usual time following detection of estrus. If 
estrus detection is not desirable or possible, treated animals may 
be inseminated twice at about 72 and 96 hours postinjection.
Pyometra or Chronic Endometritis: Damage to the 
reproductive tract at calving or postpartum retention of the 
placenta often leads to infection and inflammation of the uterus 
(endometritis). Under certain circumstances, this may progress 
into chronic endometritis with the uterus becoming distended 
with purulent matter. This condition, commonly referred to as 
pyometra, is characterized by a lack of cyclical estrus behavior 
and the presence of a persistent corpus luteum. Induction of 
luteolysis with SYNCHSURE usually results in evacuation of the 
uterus and a return to normal cyclical activity within 14 days after 
treatment. After 14 days posttreatment, recovery rate of treated 
animals will not be different than that of untreated cattle.
Mummified fetus: Death of the conceptus during gestation 
may be followed by its degeneration and dehydration. Induction 
of luteolysis with SYNCHSURE usually results in expulsion of the 
mummified fetus from the uterus. (Manual assistance may be 
necessary to remove the fetus from the vagina). Normal cyclical 
activity usually follows.
Luteal Cysts: A cow may be noncyclic due to the presence of 
a luteal cyst (a single, anovulatory follicle with a thickened wall 
which is accompanied by no external signs and by no changes in 
palpable consistency of the uterus). Treatment with SYNCHSURE 
can restore normal ovarian activity by causing regression of the 
luteal cyst.
Pregnancies from mismating: Unwanted pregnancies can 
be safely and efficiently terminated from 1 week after mating 
until about 5 months of gestation. The induced abortion 
is normally uncomplicated and the fetus and placenta are 
usually expelled about 4 to 5 days after the injection with the 
reproductive tract returning to normal soon after the abortion. 
The ability of SYNCHSURE to induce abortion decreases beyond 
the fifth month of gestation while the risk of dystocia and its 
consequences increases. SYNCHSURE has not been sufficiently 
tested under feedlot conditions; therefore recommendations 
cannot be made for its use in heifers placed in feedlots.
Controlled Breeding: The luteolytic action of SYNCHSURE 
can be utilized to schedule estrus and ovulation for an individual 
cycling animal or a group of animals. This allows control of the 
time at which cycling cows or heifers can be bred. SYNCHSURE 
can be incorporated into a controlled breeding program by the 
following methods:
1. Single SYNCHSURE Injection
2. Double SYNCHSURE Injections.
The use information provided here is not comprehensive. Talk 
to your veterinarian and consult the full prescribing information 
available at www.SyncTheHerd.com for further details on uses 
of SYNCHSURE.
SAFETY AND TOXICITY: At 50 and 100 times the recommended 
dose, mild side effects may be detected in some cattle. These 
include increased uneasiness, slight frothing, and milk let-down.
CONTRAINDICATIONS: SYNCHSURE should not be 
administered to a pregnant animal whose calf is not to be aborted.
WARNINGS: For animal use only. Women of childbearing age, 
asthmatics, and persons with bronchial and other respiratory 
problems should exercise extreme caution when handling this 
product. In the early stages, women may be unaware of their 
pregnancies. SYNCHSURE is readily absorbed through the skin 
and may cause abortion and/or bronchiospasms; direct contact 
with the skin should therefore be avoided. Accidental spillage on 
the skin should be washed off immediately with soap and water. 
PRECAUTIONS: There is no effect on fertility following the single 
or double dosage regimen when breeding occurs at induced 
estrus or at 72 and 96 hours posttreatment. Conception rates 
may be lower than expected in those fixed time breeding programs 
which omit the second insemination (i.e. the insemination at or 
near 96 hours). This is especially true if a fixed time insemination 
is used following a single SYNCHSURE injection. 
As with all parenteral products, careful aseptic techniques should 
be employed to decrease the possibility of postinjection bacterial 
infection. Antibiotic therapy should be employed at the first sign 
of infection.
The Material Safety Data Sheet (MSDS) contains more detailed 
occupational safety information. To obtain an MSDS or for 
technical assistance, contact Boehringer Ingelheim Animal Health 
USA Inc. at 1-888-637-4251. To report suspected adverse 
drug experiences, contact Boehringer Ingelheim Animal Health 
USA Inc. at 1-888-637-4251. For additional information about 
adverse drug experience reporting for animal drugs, contact FDA 
at 1-888-FDA-VETS, or http://www.fda.gov.AnimalVeterinary.
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