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Bronchopneumonia with interstitial pneumonia (BIP) of feed-
lot cattle is a postmortem diagnosis involving lesions of bron-
chopneumonia in the cranioventral lung regions and lesions of 
interstitial pneumonia (IP) in the caudodorsal lung regions.4 
Acute interstitial pneumonia (AIP; also known as atypical 
interstitial pneumonia) is a widely recognized and economi-
cally significant disease in feedlot cattle3,13 that typically is 
acutely progressive with a high case fatality rate, and predomi-
nantly occurs in well-conditioned heifers late in the feeding 
period.14 Research and review papers on AIP in feedlot cattle 
mention a high frequency of concurrent BP in affected animals. 
This has been termed feedlot IP (ie, a “variant” of feedlot AIP) 
or secondary IP,2,9 but BIP is the favored term based on the 
morphologic features used for diagnosis.4

We compared pathologic and microbiologic findings in fatal 
cases of BIP, BP, and AIP in beef feedlot cattle.4 In BIP cases, 
the cranioventral lesions of BP were usually chronic, whereas 
the caudodorsal lesions of alveolar and bronchiolar damage 
were usually acute, implying that the cranioventral BP pre-
ceded the interstitial lung disease. This, along with the finding 

that Mannheimia haemolytica genotype 2 was less frequently 
isolated from the cranioventral lung of BIP compared with BP 
cases, implies that the cranioventral lung of BIP cases was 
more often affected by a more chronic disease involving less-
virulent or secondary bacteria compared with that of BP. The 
results suggested that in BIP cases, chronic inflammation 
resulting from bacterial infection of cranioventral lung might 
increase the sensitivity to a lung toxicant (eg, 3-methylindole), 
with subsequent damage to alveoli and bronchioles.4

It is not known if BIP is a unique disease process or a chance 
concurrence of BP and AIP.2,5,11,14 Anecdotal reports suggest 
that BIP is a common diagnosis in feedlot cattle, yet there is a 
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Abstract
Bronchopneumonia with interstitial pneumonia (BIP) of feedlot cattle is characterized by gross and histologic lesions of 
cranioventral bronchopneumonia (BP) and caudodorsal interstitial pneumonia. This study described the characteristics and 
frequency of BIP in western Canadian feedlot cattle and identified epidemiologic differences between BIP and either BP or 
acute interstitial pneumonia (AIP). The study of 9909 deaths on 4 western Canadian feedlots included 1105 BIP, 1729 BP, and 
878 AIP cases. A population of 55 cases with gross, histopathology, and microbiology data was used to validate the primary 
data set. BIP was the second most common reason for death (or euthanasia) from respiratory disease (1105/9909 cases), and 
the observed frequency was twice what was expected from random concurrence of BP and AIP. Based on logistic regression 
models, epidemiologic characteristics of BIP were comparable to those of BP, although BIP cases were more chronic with more 
instances of clinical illness prior to death. BIP was epidemiologically distinct from AIP. Specifically, BIP more frequently affected 
steers than heifers, deaths occurred earlier in the feeding period at lower body weights and lower daily weight gains, and BIP 
cases had longer durations from the first clinical illness to death and more separate instances of clinical illness prior to death. 
Furthermore, death from BIP mainly occurred in winter and fall, while death from AIP was most frequent in summer. These 
findings define BIP as a unique condition of feedlot cattle and suggest that chronic BP may promote the development of fatal 
interstitial lung disease in at-risk cattle.
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considerable deficit in knowledge of the nature of the interac-
tion between BP and IP. The aim of this study was to describe 
the frequency and epidemiologic characteristics of western 
Canadian feedlot cattle with pathologic diagnoses of BIP and to 
identify epidemiologic differences between BIP and either BP 
or AIP.

Materials and Methods

Primary Data Set

This study evaluated mortalities (natural death or euthanasia) 
on 4 western Canadian commercial beef feedlots between 
January 2016 and January 2020. Feedlots were included in the 
study on the basis of (1) having a high frequency of BIP cases 
and (2) a protocol for performing a standardized postmortem 
examination of all deaths with postmortem photos taken and 
reviewed by feedlot veterinarians. Animal health and manage-
ment data were collected and made available by Feedlot Health 
Management Services (Okotoks, Alberta).

The primary data set included 9909 cases with postmortem 
diagnoses made by feedlot veterinarians following a review of 
gross postmortem lesions (in-person or based on a standardized 
set of photographs) as part of the routine delivery of services by 
Feedlot Health Management Services to commercial beef feed-
lots. In general, BP was characterized by purple to dark-red 
lesions in the cranioventral lung regions that were sharply 
demarcated from the unaffected caudodorsal lung (Fig. 1a). 
Some BP cases had 1 or more of the following variants within 
the cranioventral lesions: homogeneous consolidated lung, 
fibrin within lung tissue or on the pleural surface, abscesses, or 
caseous foci. Lung lesions of AIP had a generalized distribu-
tion, often an alternating pattern of pale pink to dark-purple 
lobules (“checkerboard pattern”), with overinflation or failure 
to collapse, bulging of lung tissue on cut surface, and interlobu-
lar edema and/or emphysema (Fig. 1b). BIP cases had both 
lesion types: BP in the cranioventral region and AIP in the cau-
dodorsal region (Fig. 1c). Cases were assigned to 1 of the 5 
diagnosis groups: BIP, AIP, BP, “other” bovine respiratory dis-
ease (O-BRD), and non-BRD. The BP group included cases 

Figure 1. Gross lung lesions in cases of bronchopneumonia (BP), acute interstitial pneumonia (AIP), and bronchopneumonia with interstitial 
pneumonia (BIP) in feedlot cattle. (a) Normal lung. (b) BP. The cranioventral lung (BP) is red-purple and sharply demarcated from the normal 
caudodorsal lung (N). (c) AIP. Throughout the lung, most tissue is purple, whereas some lobules have a normal pink color. The lung fails to 
collapse and appears overinflated, with slight bulging from the cut surface, and subpleural and interlobular emphysema is present (*, and cut 
surface). (d) BIP. The caudodorsal area (IP) has lesions similar to AIP described above. The cranioventral area (BP) is red-purple as described 
above for BP.
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with fibrinous pneumonia, bronchopneumonia, chronic pneu-
monia, caseonecrotic bronchopneumonia, and bronchopneu-
monia with arthritis. The O-BRD group included cases with 
chronic pleuritis, lung abscess, infectious bovine rhinotrache-
itis, or cases of pneumonia that did not fit the above categories. 
The non-BRD group included cases with gastrointestinal dis-
ease, musculoskeletal disease, injuries, and other nonrespira-
tory diagnoses. Data for 18 cases with a gross diagnosis of viral 
pneumonia were excluded from comparisons of BIP, BP, and 
AIP because they were infrequent and not easily assigned to 
these diagnosis groups. The 9909 cases in the study population 
included 1105 BIP, 1729 BP, 878 AIP, 133 O-BRD, 6046 non-
BRD cases, and the 18 cases of viral pneumonia that were 
excluded from the comparison of BIP, BP, and AIP.

Some cases had incomplete data. Of the 9909 cases, 69 
(0.7%; including 4 BIP, 10 BP, 3 AIP, and 52 non-BRD) were 
missing arrival weights and were omitted from analysis of 
arrival weight and average daily weight gain. Average daily 
weight gain was estimated by subtracting arrival weight from 
postmortem weight and dividing by the number of days on 
feed; 127 cases with gains calculated to be greater than 4.5 kg/
day or less than-4.5 kg/day were arbitrarily presumed to be 
errors and were omitted from the analysis.

Descriptive statistics were compared among postmortem 
diagnosis groups, including the proportion of deaths attributed 
to BIP, sex distribution (steers, heifers, or bulls), postmortem 
weight, days on feed, average daily weight gain, days from the 
first signs of clinical illness until death, number of separate 
instances of clinical illness prior to death, season of death, and 
presence of fever upon arrival to the feedlot.4 For this study, 
clinical illness was restricted to temporally separated incidents 
diagnosed as “arrival fever,” “undifferentiated fever,” “no 
fever,” or “AIP.”

Validation Data Set

A smaller data set of 55 cases with more extensive postmortem 
investigation was included to validate the findings in the pri-
mary data set of 9909 cases. These 55 cases were sampled from 
6 beef feedlots in Alberta and Saskatchewan, Canada, from 
January 2018 to January 2022, and included 18 BIP, 24 BP, and 
13 AIP cases. The gross and histopathology, microbiology, and 
other findings are reported elsewhere.4 Of these 55 cases, 25 
were included in the primary data set of 9909 cases. In contrast 
to the primary data set, in which assignment of cases to study 
groups was based on gross diagnoses made by multiple feedlot 
veterinarians, diagnoses in these 55 cases were based on histo-
logical diagnosis (Fig. 2) following gross diagnosis by a single 
feedlot veterinarian (RKF, who also made some diagnoses in 
the primary data set). Cases of O-BRD and non-BRD were not 
included in the data set of 55 cases.

Statistical Analysis

Categorical variables were compared using chi-square tests. 
For continuous variables, data were first tested for normality 

and equality of variance using the Shapiro-Wilk test and 
Levene’s test, respectively. When data for the continuous vari-
ables were not normally distributed, significant differences 
between diagnosis groups were determined by the Mann-
Whitney U-test, and median values and interquartile ranges 
(IQRs) were reported. Otherwise, for normally distributed data 
with equal variances between groups, significant differences 
were determined by Student’s t-test, and mean values and 95% 
confidence intervals were stated. P < .05 was considered sig-
nificant. In addition, a logistic regression model was con-
structed to analyze the variables that had the greatest impact on 
the probability of BIP mortality compared with all other causes 
of death. Statistical analyses were performed with R software 
packages implemented via an open-source statistics interface 
(JASP, University of Amsterdam).

Results

Descriptive Analysis, Primary Data Set

Of the 9909 cases in the primary study, 6214 (62.7%) were 
steers, 3609 (36.4%) were heifers, and 86 (0.9%) were bulls. 
Upon arrival to the feedlot, the median body weight was 267 kg 
(IQR = 230–315 kg). The median body weight at death was 386 
kg (IQR = 283–526 kg). Only 76 (0.8%) of these animals had a 
record of fever upon arrival to the feedlot. Cattle spent a median 
of 112 days (IQR = 51–198 days) at the feedlot prior to death. 
The average time from onset of clinical signs to death was 27 
days (median = 0 days; IQR = 0–26 days). The number of 
instances of clinical illness prior to death were none (5129 
cases, 51.8%), 1 (2364 cases, 23.9%), 2 (1151 cases, 11.6%), 3 
(602 cases, 6.1%), or ≥4 (663 cases, 6.6%). Most deaths 
occurred in winter (3647 cases, 36.9%), with fewer in spring 
(2388, 24.1%), fall (1964, 19.9%), or summer (1892, 19.1%).

Diagnoses in the 9909 cases included BIP (1105 cases, 
11.2%), different forms of BP (1729 cases, 17.4%), AIP (878 
cases, 8.9%), viral pneumonia (18 cases, 0.2%), O-BRD (133 
cases, 1.3%), and non-BRD (6046 cases, 61%). Thus, BIP was 
the second most frequent reason for death (or euthanasia) from 
respiratory disease. To investigate the possibility that BIP is 
simply a chance concurrence of BP and AIP, the expected fre-
quency of concurrence was calculated as ([BP + BIP]/total) × 
([AIP + BIP]/total) × 100%. Based on these data, the expected 
frequency of animals having both lesions (BP and AIP) was 
567 cases (5.7%), whereas the observed frequency of BIP was 
1105 cases (11.2%); that is, 1.96-fold higher than what was 
expected with chance concurrence of BP and AIP (P < .001, 
chi-square test).

Of the 1105 BIP cases (Table 1), most were steers (n = 739, 
66.9%), with fewer heifers (n = 360, 32.6%) and bulls (n = 6, 
0.5%). Upon arrival to the feedlot, the median weight of ani-
mals eventually dying of BIP was 254 kg (IQR = 215–293 kg), 
and their median weight at death was 318 kg (IQR = 254–395 
kg). BIP cases spent a median of 101 days (IQR = 56–153 
days) at the feedlot prior to death and had a median daily gain 
of 0.61 kg/day (IQR = 0.13–0.98 kg/day) from arrival to death. 
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Only 7 cases (0.6%) were febrile upon arrival to the feedlot. 
The median time from onset of clinical signs to death from BIP 
was 19 days (IQR = 1–71 days). Of 1105 BIP cases, 256 
(23.2%) had no clinical illness prior to death, 298 (27.0%) had 
1 instance of clinical illness, 212 (19.2%) had 2 separate 
instances, 159 (14.4%) had 3 instances, and 180 (16.3%) had 
≥4 instances. The majority of BIP cases occurred in winter 
(533, 48.2%), with fewer in spring (283, 25.6%), fall (156, 
14.1%), and summer (133, 12.0%).

Comparison of Diagnosis Groups, Primary Data Set

Comparing BIP with BP cases, BIP cases included a signifi-
cantly lower proportion of steers (66.9% vs 72.1%) and bulls 
(0.5% vs 1.3%), and a higher proportion of heifers (32.6% vs 
26.6%; P < .001; Fig. 3a, Table 1). Median body weights on 
arrival to the feedlot were only marginally lower for cases even-
tually dying of BIP versus BP (254 kg vs 261 kg; P = .004), 

whereas median body weights at death were significantly higher 
in BIP cases (318 kg vs 277 kg; P < .001; Fig. 3b), and BIP 
cases were in the feedlot longer before death than BP cases (101 
days vs 61 days; P < .001; Fig. 3c). BIP cases had a higher 
median daily gain from arrival to death than BP cases (0.61 kg/
day vs 0.24 kg/day; P < .001). The time from the first clinical 
illness to death was longer for BIP versus BP cases (19 days vs 
15 days; P < .001, Fig. 3d) and more BIP cases had ≥2 separate 
instances of clinical illness prior to death (49.9% vs 44.7%; P = 
.008; Fig. 3e). BIP cases (compared with BP cases) were less 
common in winter (48.2% vs 54.2%) and fall (14.1% vs 17.1%), 
and more common in spring (25.6% vs 20.8%) and summer 
(12.0% vs 7.9%; P < .001 across all 4 seasons; Fig. 3f).

Comparing BIP with AIP cases, BIP cases included a lower 
proportion of heifers (32.6% vs 62.5%) and a higher proportion 
of steers (66.9% vs 37.4%) and bulls (0.5% vs 0.1%; P < .001; 
Fig. 3a; Table 1). Median body weights on arrival to the feedlot 
were similar for BIP versus AIP cases (254 kg vs 254 kg; P = 

Figure 2. Histologic lung lesions in feedlot cattle. (a) Normal lung including alveoli (A) and bronchiole (B). (b) The alveoli (A) and bronchiole 
(B) are filled with neutrophils and macrophages, as would be present in cases of either bronchopneumonia (BP) or bronchopneumonia with 
interstitial pneumonia (BIP). Attenuation of bronchiolar epithelium is present but is not required for the diagnosis of BP. (c) Alveoli are lined 
by eosinophilic hyaline membranes (arrows). (d) The bronchiolar epithelium is attenuated (arrows). Neutrophils and macrophages are present 
in the lumen but are not required for the diagnosis of acute interstitial pneumonia (AIP) or BIP. Alveolar hyaline membranes (c) or type II 
pneumocyte proliferation are required for the diagnosis of AIP or BIP and bronchiolar necrosis (d) is typically present in these cases.
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.48), but median body weight at death was lower in BIP versus 
AIP cases (318 kg vs 465 kg; P < .001; Fig. 3b), and BIP cases 
spent less time in the feedlot prior to death (101 days vs 180 days; 
P < .001; Fig. 3c). BIP cases had a lower daily weight gain than 
AIP cases (0.61 kg/day vs 1.12 kg/day; P < .001). The time from 
the first clinical illness to death was longer for BIP versus AIP (19 
days vs 1 day; P < .001; Fig. 3d), and more BIP cases had ≥2 
separate instances of clinical illness prior to death (49.9% vs 
27.3%; P < .001; Fig. 3e). BIP cases (compared with AIP cases) 
were more common in winter (48.2% vs 24.0%) and fall (14.1% 
vs 13.4%) and less common in spring (25.6% vs 27.9%) and sum-
mer (12.0% vs 34.6%; P < .001 across all 4 seasons; Fig. 3f). 
Two peaks in AIP frequency occurred (typically February to 
March and July to August), with the winter peak corresponding to 
that of BIP (Fig. 4; Supplemental Figs. S3–S6, Supplemental 
Tables S3–S5). Comparisons to O-BRD and non-BRD groups are 
shown in Table 1.

A logistic regression model using these descriptive variables 
identified factors associated with the probability of BIP death. 

The variables with the greatest predictive value were the num-
ber of clinical illnesses prior to death (0, 1, 2, 3, or ≥4 
instances), the season of death (winter and spring), and animal 
weight upon arrival to the feedlot and at death (Supplemental 
Table S2 and Figs. S1 and S2). Specifically, the probability of 
diagnosing BIP was increased >12-fold if the animal had ≥4 
instances of illness (P < .001) and was increased >3-fold if 
death occurred in winter (P < .001). Finally, every additional 
kilogram of body weight at arrival and at death reduced the 
odds of being diagnosed with BIP.

Validation Data Set

A population of 55 cases with diagnoses based on both gross 
and histopathology was used to validate the results of the pri-
mary data set. Summarized data for the primary and validation 
data sets are compared in Supplemental Table S1. Similar to 
the primary data set, the 18 BIP cases in the validation data set 
were predominantly steers (n = 14) with fewer heifers (n = 4), 

Table 1. Epidemiological characteristics of 9909 deaths on 4 western Canadian feedlots between January 2016 and January 2020.

BIP (n = 1105) BP (n = 1729) AIP (n = 878) O-BRD (n = 133)
Non-BRD  
(n = 6046) OR P Value

Sex (%)
 Steer 66.9 72.1 37.4 66.9 62.9 1.23 0.002
 Heifer 32.6 26.5 62.5 32.3 36.2 0.8 0.001
 Bull 0.5 1.3 0.1 0.8 0.9 0.6 0.22
Arrival weight  

(kg; median, IQR)
254 (214–293) 261 (223–298) 254 (218–294) 262 (229–300) 274 (235–332) n/a <0.001

Fever at arrival (%)
 Yes 0.6 1.2 0.8 0.0 0.7 0.8 0.59
 No 99.4 98.8 99.2 100.0 99.3 1.25 0.59
No. illnesses (%)
 0 23.2 28.2 34.3 57.1 66.2 0.24 <0.001
 1 27.0 27.1 38.4 18.8 20.3 1.2 0.01
 2 19.2 16.2 19.0 10.5 7.9 1.99 <0.001
 3 14.4 12.1 5.6 6.8 2.9 3.17 <0.001
 ≥4 16.3 16.4 2.7 6.8 2.7 3.35 <0.001
First illness to death 

(days; median, IQR)
19 (1–71) 15 (0–48) 1 (0–12.3) 0 (0–50) 0 (0–7) n/a <0.001

Arrival to death 
(days; median, IQR)

101 (56–153) 61 (32–108) 180 (119–239) 156 (85–226) 127 (52–215) n/a <0.001

Postmortem weight 
(kg; median, IQR)

318 (254–396) 277 (227–352) 465 (390–545) 431 (329–568) 443.5 (318–563) n/a <0.001

Average daily gain 
(kg/day; median, 
IQR)

0.61 (0.13 to 0.98) 0.24 (−0.39 to 0.8) 1.12 (0.92 to 1.35) 0.98 (0.5 to 1.43) 1.01 (0.45 to 1.38) n/a <0.001

Season of mortality (%)
 Fall 14.1 17.1 13.4 15.8 22.7 0.63 <0.001
 Winter 48.2 54.2 24.0 32.3 31.8 1.69 <0.001
 Spring 25.6 20.8 27.9 32.3 24.1 1.09 0.22
 Summer 12.0 7.9 34.6 19.5 21.4 0.55 <0.001

The data for BIP, BP, AIP, O-BRD, and other diagnoses (non-BRD) are shown; gross diagnoses of viral pneumonia (n = 18) are not included. The OR and  
P values compare BIP with other diagnoses.
Abbreviations: BIP, bronchopneumonia with interstitial pneumonia; BP, bronchopneumonia; AIP, acute interstitial pneumonia; O-BRD, other bovine 
respiratory disease; OR, odds ratio; IQR, interquartile range; n/a, not applicable.
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and most deaths occurred in winter (n = 8) or spring (n = 8) 
with fewer in summer (n = 1) or fall (n = 1). BIP cases spent 
a mean of 127 days in the feedlot prior to death. The average 
time from the onset of clinical signs to death was 55 days, and 
most had ≥1 instances of clinical illness prior to death (2 cases 
had no illness prior to death, 5 had 1 instance, 2 had 2 instances, 
3 had 3 instances, and 6 had 4 instances of clinical illness).

Comparing BIP with BP cases, the validation data set was 
similar to the primary data set, in that BIP cases had higher 
body weights at death (349 kg vs 287 kg; P = .021), were in the 
feedlot longer before death (127 days vs 89 days; P = .023), 
and had a higher average daily weight gain (0.45 kg/day vs 
0.09 kg/day; P = .013) than BP cases. BIP cases also had a 
trend to lower arrival body weights (258 kg vs 276 kg; P = 

Figure 3. Comparison of cattle with postmortem diagnoses of bronchopneumonia (BP, n = 1729), bronchopneumonia with interstitial 
pneumonia (BIP, n = 1105), and acute interstitial pneumonia (AIP, n = 878), with respect to the distribution of (a) sex, (b) postmortem 
weights, (c) time between arrival to the feedlot and death, (d) time from the first clinical illness to death (note the y-axis log2 scale to show 
differences among groups), (e) number of separate instances of clinical illness, and (f) season in which the death occurred. The data show the 
percentage of cases for each diagnosis.
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.091). However, unlike the primary data set, BIP cases (com-
pared with BP cases) in the validation data set did not have a 
lower proportion of steers (78% vs 71%), a longer time from 
the first clinical illness to death (55 days vs 54 days; P = .99), 
or a greater frequency of having ≥2 instances of clinical illness 
prior to death (61% vs 58%; P = .86; Supplemental Table S1).

Comparing BIP with AIP cases, the validation data set was 
similar to the primary data set, in that BIP cases had a lower 
proportion of heifers (22% vs 69%) and a higher proportion of 
steers (78% vs 31%; P = .009), similar mean body weights on 
arrival to the feedlot (258 kg vs 257 kg; P = .749), a nonsig-
nificant tendency for lower mean body weights at death (349 
kg vs 371 kg; P = .47), and lower average daily gain (0.45 kg/
day vs 1.00 kg/day; P = .045) compared with AIP cases. BIP 
cases also had trends toward longer duration between the first 
clinical illness and death (55 days vs 22 days, P = .056) and to 
experience ≥2 instances of clinical illness prior to death (61% 
vs 30%; P = .095), compared with AIP cases. However, unlike 
the primary data set, BIP cases (compared with BP cases) in the 
validation data set did not have a shorter time in the feedlot 
before death (127 days vs 112 days; P = .40; Supplemental 
Table S1).

Discussion

This study described epidemiologic characteristics of feedlot 
cattle with pathologic diagnoses of BIP and compared these 
findings with those of BP and AIP. BIP was the second most 
frequent reason for death (or euthanasia) from respiratory dis-
ease, highlighting the disparity between the importance of the 
disease and the lack of knowledge of how it develops. Cattle 
dying of BIP were most likely to be steers rather than heifers, 
with a history of multiple episodes of clinical illness, poor 

weight gain, and death during winter typically 3–4 months after 
arrival to the feedlot. The frequency of BIP was twice that 
expected from chance concurrence of BP and AIP. BIP had 
many epidemiologic similarities to BP, whereas BIP differed 
from AIP in the sex distribution (steer predominance for BIP vs 
heifer predominance for AIP), seasonal distribution (winter and 
spring for BIP vs spring and summer for AIP), and other char-
acteristics. Overall, the study results suggest that BIP is a dis-
tinct condition of feedlot cattle with differences from AIP, even 
though cranioventral and caudodorsal lung lesions of BIP are 
pathologically and microbiologically similar to those of BP and 
AIP, respectively.4

A goal of the study was to determine if BIP is a unique dis-
ease entity or merely a chance concurrence of BP and AIP in 
the same animal. The observed frequency of BIP cases in this 
study population was about 2-fold greater than that expected to 
arise by chance. Because our previous study identified that, in 
BIP cases, the cranioventral lesions of BP were older than the 
caudodorsal lesions of alveolar and bronchiolar damage (a 
form of interstitial/bronchointerstitial lung disease),4 this find-
ing suggests that chronic BP might predispose these calves to 
developing acutely fatal interstitial lung disease.4,8,11

This study identified differences between BIP and AIP 
which additionally support that they are distinct conditions. 
Whereas AIP cases had a consistent heifer predominance in this 
study and prior studies,1,6,7,12,15 BIP cases more often affected 
steers. In this and previous reports,14 AIP typically affected 
well-conditioned cattle with favorable growth characteristics, 
late in the feeding period, whereas BIP cases in this study had 
lower daily weight gains and spent less time in the feedlot prior 
to death compared with AIP cases. Animals dying of AIP are 
usually previously healthy animals with a sudden or unex-
pected onset of clinical disease that is unamenable to therapy 
and progresses rapidly to death within days of onset.14 In this 
study, half of the BIP cases had ≥2 prior instances of clinical 
illness, whereas most AIP cases had ≤1 instance of prior ill-
ness, and the duration from the first clinical illness to death was 
longer for BIP than AIP cases.

Deaths from AIP were most common in the summer, 
whereas deaths from BIP were most common in winter. The 
occurrence of AIP in the summer has been associated with hot 
and dusty conditions, although it remains unknown if these 
environmental conditions play a causal role in pathogene-
sis.1,6,14 By contrast, the predominance of BIP deaths in winter 
parallels the timing of BP deaths, consistent with the idea that 
chronic BP plays a role in progression to BIP. The large number 
of cases in this study allowed identification of 2 peaks of AIP 
frequency, 1 with a lower proportion of heifers in February to 
March coinciding with the highest BIP frequency and soon 
after the peak BP frequency, and a second peak of AIP fre-
quency with a higher proportion of heifers that was typically in 
July to August. This might suggest that, in a population at risk 
of AIP because of exposure to the unknown causal agent (such 
as elevated blood levels of a lung toxicant), different factors 
may tend to trigger the progression to interstitial lung damage 
in steers versus heifers and in winter versus summer. 

Figure 4. Frequency of mortalities by month in cattle with 
postmortem diagnoses of bronchopneumonia (BP, n = 1729), 
bronchopneumonia with interstitial pneumonia (BIP, n = 1105), 
and acute interstitial pneumonia (AIP, n = 878). BP deaths were 
most frequent in December. BIP was most frequent in February 
(or December, in 2017). AIP frequency showed 2 peaks: the first 
in February to March usually corresponding to the peak of BIP 
frequency, and a second peak in July to August (or May, in 2019).
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Specifically, because the prevalence of BP is higher in steers 
than in heifers, chronic clinical or subclinical BP might be 
more likely to promote the development of interstitial lung 
damage in at-risk steers in the winter. Conversely, because the 
increased risk of AIP in heifers is well known although the bio-
logical mechanism is unclear,7,10,12 other sex-associated factors 
such as endogenous or exogenous female sex hormones may 
promote this progression in heifers. Thus, the differences in sex 
ratios, seasonal occurrence, number of prior clinical illnesses, 
days on feed at the time of death, and weight gain documented 
in this study may help clinicians and pathologists distinguish 
animals with AIP from those with BIP, but these dissimilarities 
also highlight the distinct nature of the 2 diseases and offer 
clues about pathogenesis.

In comparison with the other diagnoses, epidemiologic fea-
tures of BIP most closely resembled those of BP in this study. 
Several variables had subtle albeit statistically significant dif-
ferences between these groups, including sex distribution 
(more heifers for BIP vs BP), body weight upon arrival to the 
feedlot (lower for BIP), number of instances of clinical illness 
prior to death (more instances of illness for BIP), and seasonal 
distribution (BP was most frequent in fall and winter; BIP in 
winter and spring). However, the small magnitude of the dif-
ferences may not be useful for clinically distinguishing these 
conditions. BIP cases became more frequent slightly later in 
winter than BP cases and continued into spring (when BP was 
less frequent), consistent with BIP cases having a longer time 
from the first clinical illness to death compared with BP cases. 
Larger average differences that might be clinically detected 
were that BIP cases spent >1 month longer in the feedlot 
before death, lived 1.36-fold longer after their first instance of 
clinical illness, and had >5-fold higher daily weight gains 
(despite poor growth compared with other groups) compared 
with BP cases. These differences probably reflect differences 
reported in our prior study, that BP cases tend to die of more 
acute disease associated with more virulent bacteria (ie, M. 
haemolytica genotype 2), whereas BIP cases tend to have a 
chronic relapsing or progressive clinical illness associated 
with secondary or less virulent bacteria.4 For example, calves 
that were never infected with M. haemolytica genotype 2 or 
that cleared this more virulent pathogen may progress to 
chronic bronchopneumonia associated with less virulent 
opportunistic pathogens, and we speculate that this prolonged 
survival with chronic lung inflammation might predispose to 
an acutely fatal episode of alveolar and bronchiolar damage. 
For example, it has been speculated that chronic lung inflam-
mation might alter metabolism of a lung toxicant and thus 
increase the risk of lung injury.2,4

Nonetheless, many BP cases also have a prolonged or 
relapsing clinical course. This, along with evidence that the 
cranioventral lung lesion is morphologically similar and not 
more extensive in BP versus BIP,4 implies that chronic BP is 
not the only determinant of whether caudodorsal interstitial 
lung damage develops in animals with BP. For example, factors 
promoting exposure to or absorption or metabolism of a feed-
derived lung toxicant may also be required.

The logistic regression model comparing BIP cases with all 
other causes of death also identified that the most significant 
predictors of a postmortem diagnosis of BIP were the number 
of instances of clinical illness, the season in which death 
occurred, and body weights at arrival to the feedlot and at 
death. The number of instances of clinical illness was a particu-
larly strong predictor of BIP. When controlling for other vari-
ables and compared with animals dying with no instances of 
illness, animals with ≥4, ≥3, ≥2, or ≥1 prior illnesses had a 
12.5-, 10.8-, 7.3-, and 3.2-fold increase in the probability of a 
postmortem diagnosis of BIP, respectively. Similarly, death in 
winter conferred a 2.98-fold increase in the likelihood of post-
mortem diagnosis of BIP. Lower arrival weights and postmor-
tem weights were associated with an increased likelihood of a 
postmortem diagnosis of BIP, and although the odds ratio was 
only 0.998 (per kilogram of body weight change), the cumula-
tive predictive effect was still substantial across a wide range of 
body weights. Finally, the logistic regression model identified 
an interaction between the number of instances of clinical ill-
ness and the season in which the animal died, which was attrib-
uted to the higher number of BP versus BIP cases in fall and 
winter (Supplemental Table S2—Supplemental Note).

Caveats in this study are that some postmortem weights 
were estimated by feedlot staff, and that the number of clinical 
illnesses and the time from the first clinical illness to death 
depend on subjective clinical recognition of sick calves which 
could introduce differential bias if some diseases were more 
clinically apparent than others. Diagnoses in the primary data 
set (9909 cases) were based on gross postmortem examina-
tion, and diagnoses were made by multiple veterinarians, thus 
introducing potential misclassification bias because gross 
diagnosis was previously shown to have 83% sensitivity and 
73% specificity relative to histopathology.4 For this reason, 
the smaller validation data set (55 cases) was analyzed to eval-
uate if the diagnostic method substantially affected the main 
findings of the study. It should be noted that this validation 
population was not a random sample of the feedlot population, 
as these 55 cases tended to be sampled in winter (which would 
affect the seasonal distribution of diagnoses), and the smaller 
size of the population resulted in lower statistical significance 
for many variables. Nonetheless, most variables that differen-
tiated BIP from the other 2 disease groups showed the same 
trends or remained significant in the validation data set 
(Supplemental Table S1), thus supporting the findings from 
the primary data set.

Conclusions

BIP is a disease of feedlot cattle diagnosed based on pathologic 
findings of BP in the cranioventral lung and interstitial lung 
damage in the caudodorsal lung. Many characteristics of BIP 
resemble those of BP, except that BIP cases tend to have more 
chronic or relapsing clinical histories. Importantly, BIP is epi-
demiologically distinct from AIP. AIP is generally an acutely 
progressive disease of previously healthy, fast-growing, well-
conditioned heifers, relatively late in the feeding period and 
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most common in the summer months. In contrast, BIP cases 
typically have chronic and recurrent episodes of clinical illness 
associated with reduced weight gains, more commonly affect 
steers than heifers, and have usually been in the feedlot for 3–4 
months prior to their death in the late winter to early spring. 
These differences from AIP, and the fact that BIP frequency in 
this study population was about twice what is expected by 
chance concurrence of BP and AIP, define BIP as being a dis-
tinct condition. These epidemiologic differences between BIP 
and AIP suggest that in cattle at risk of IP, female sex-specific 
factors may promote progression to AIP, whereas chronic 
infection of the lung with less virulent or secondary bacterial 
pathogens4 may promote progression to BIP.
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