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KEY POINTS

e The portable rectal ultrasonography machines used by bovine veterinarians for reproduc-
tive examinations are a fast, accurate, and practical means of diagnosing the lung lesions
associated with bovine respiratory disease (BRD) in young cattle.

¢ When combined with respiratory scoring, thoracic ultrasonography (TUS) allows the differ-
entiation of the following subtypes of BRD: upper respiratory tract disease, clinical pneu-
monia, and subclinical pneumonia; all of which can be performance limiting.

e Poor prognostic indicators, including caudal lung lobe consolidation, lung abscessation,
and lung necrosis, can be identified by TUS.

e TUS can be used at the herd level to identify specific populations at risk for developing
BRD and to monitor the prevalence and severity of BRD over time, as well as any re-
sponses to management changes such as ventilation, vaccination, or changes in treat-
ment protocols.

e A systematic TUS technique is imperative and must be based on anatomic and ultrasono-
graphic landmarks.

INTRODUCTION

Clinical scoring systems have been developed over recent years to improve early and
accurate detection of young cattle affected by bovine respiratory disease (BRD).'
These systems are useful but fail to differentiate between upper and lower airway dis-
ease and do not identify calves with subclinical pneumonia. Radiography, computed
tomography (CT), and ultrasonography (US) are noninvasive methods of diagnosing
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pneumonia antemortem. One retrospective study of 42 clinically ill adult dairy cows
showed that the sensitivity (Se = 94%) of radiography was excellent, but specificity
(Sp = 50%) was poor for identifying thoracic lesions compared with postmortem find-
ings.® There was a high correlation (r = 0.94) between CT and postmortem levels of
consolidation in young dairy calves after experimental infection with Mannheimia
haemolytica.* However, radiography and CT are not practical for diagnosing pneu-
monia in large numbers of calves in a farm setting because of physical equipment con-
straints, expense, anesthetic requirements, and the potential for exposure to radiation.
However, thoracic US (TUS) can be performed calf-side using portable, readily avail-
able machines without the fear of exposure to radiation.

This article reviews the existing relevant literature regarding TUS in young cattle, re-
views the pertinent respiratory anatomy and systematic ultrasonographic examination
with landmarks, and discusses practical on-farm applications for bovine practitioners.

ACCURACY OF THORACIC ULTRASONOGRAPHY IN YOUNG CATTLE

The pathophysiology of pneumonia is such that cellular infiltrates and cellular debris
effectively displace air from the lung tissue,® resulting in nonaerated and/or consoli-
dated lung lesions that are detectable by TUS. These lesions change the ultrasono-
graphic character of the lung from that of a strong reflector with reverberation
artifact to a homogeneous, hypoechoic structure similar to that of the liver® and allow
the diagnosis of pneumonia regardless of the clinical state of the animal.”-8

Although diagnostic US has been available for more than 50 years, few studies were
performed in dairy cattle during the first 20 years and none involved US of the lungs.®
Since the early 1990s, more studies have focused on evaluating the accuracy of TUS
for identifying the lung lesions associated with pneumonia. Three studies have pur-
posefully calculated the diagnostic Se and Sp, whereas others have more generally
correlated the association between TUS and postmortem examination.

The first study to assess TUS accuracy was performed using 18 Holstein-Friesian
calves up to 5 months of age.’® These calves had various stages of clinical broncho-
pneumonia, lung abscess, and/or pneumothorax, and were subjected to euthanasia
because of the severity of the lung disease (n = 10) or polyarthritis (n = 8). The 12th
intercostal space (ICS) to the third ICS were evaluated using a 7.5-MHz sector scan-
ner and the location of each US lesion was documented by its location within the ICS
relative to the surrounding bony landmarks (ie, hip, shoulder, and elbow). The lesions
were then classified into 5 different categories based on the character and depth of
the echogenic pattern: radiating artifacts, consolidations, fine-grained structure,
medium-grained structure, and coarse-grained structure. A Se of 85% and Sp of
98% were reported after comparing results from TUS and gross postmortem exam-
ination. A 10-cm pulmonary abscess, a pneumothorax, and 1 case of interstitial pneu-
monia were not detected by TUS.™

More recently, we used bayesian analysis to estimate the sensitivity and specificity
of TUS in 2 different commercial populations of preweaned Holstein calves.'' BRD
was highly prevalent in the Canadian population (n = 106) and of average prevalence
in the second, American, population (n = 85). Landmarks used to complete the exam-
ination were as described previously.'® However, instead of 5 categories of ultraso-
nographic lesions, calves were considered BRD positive when at least 1 cm of
ultrasonographic consolidation was present. In addition, the TUS was performed us-
ing a portable, linear, 6.2-MHz rectal scanner instead of a higher frequency sector
scanner. The estimated Se of TUS was 79.4% (bayesian credible intervals [BCI],
66.4-90.9) and the Sp was 93.9% (BCl, 88.0-97.6).
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In 1998, Rabeling and colleagues'® report a high accuracy of TUS. This finding
comes despite failure to scan the cranial aspect of the right cranial lung, which is
the most commonly affected lung lobe in dairy calves (Ollivett, unpublished data,
2012). The Se would have been much lower had cases of subclinical pneumonia
been evaluated because lung lesions are often localized to the cranial aspect of
the right cranial lobe.? Informative priors, or best guesses by a panel of experts,
were used by Buczinski and colleagues’'to model Se and Sp in the absence of a
gold standard.

A third study reported Se and Sp of 94% and 100%, respectively, in 24 calves.®
This study did assess the cranial aspect of the right cranial lung. However, this
study evaluated the accuracy of TUS in detecting subclinical lung lesions, because
only clinically normal calves were included. One calf had an atypical consolidated
lesion located on the dorsomedial aspect of the right lung. This finding, in addition
to the abscess undetected by Rabeling and colleagues,'® highlights that lung
lesions can only be detected ultrasonographically when they extend to the pleural
surface.

Other studies have evaluated the general correlation between TUS findings and
gross postmortem findings. One study assessed ultrasonographic lung lesions after
an experimental bacterial infection with Pasteurella multocida.’® There was excellent
agreement between the postmortem examination and US distribution of lesions;
however, only 1 postchallenge TUS scan was performed 48 hours after inoculation.
More recently, Ollivett and colleagues’ showed a high correlation (r = 0.92) between
the amount of consolidated lung identified on TUS and gross postmortem
examination.

Agreement between observers has also been evaluated. In a veal calf setting, 3
observers with varying levels of experience imaged 10 preweaned dairy calves
(healthy, n = 4; treated for BRD, n = 6).'* Skill levels ranged from experienced in
TUS, experienced in extragenital US but not in TUS, and novice in any form of US.
Depending on the experience level, the interobserver agreement was moderate to
almost perfect (kappa = 0.6-1.0).

IMPLICATIONS OF ULTRASONOGRAPHIC LUNG LESIONS

Data are mixed for the short-term and long-term impacts of ultrasonographic lung
lesions in young cattle. One study was unable to detect a measureable difference
in average daily gain (ADG) in feedlot steers diagnosed with ultrasonographic lung
lesions using a focused TUS in the third, fifth, and seventh right ICS and frozen
images interpreted offline.'® In a recent case-control feedlot study using a case defi-
nition with clinical signs, fever (>40°C [104°F]) and M haemolytica levels greater than
10° colony-forming units per milliliter of bronchial lavage fluid, TUS findings in BRD
cases (maximal depth of consolidation, maximal area of consolidation and total
consolidated area, number of sites with consolidation) were associated with the
outcome (death) in the 15 days following enroliment.'® However, the affected animals
were not treated on the day of diagnosis or during the observation period. In dairy
calves, lung lesions were associated with a lower body weight at 6 weeks of age,'”
reduced preweaning ADG of 45 g/d (0.10 Ib/d),"® and a potential for increased mor-
tality."®2° The differences between the beef and the dairy studies likely reflect a
difference in diagnostic Se between the TUS techniques used as well as differences
in the life stage of the animals affected. The heavy forelimb muscles of postweaned
beef calves or squeeze chute design preclude a complete examination of the cranial
aspect of the cranial lung.
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ULTRASONOGRAPHIC EQUIPMENT

In previous reports, ultrasound probe frequency and design included 3.5 MHz
sector,'® 3.5 to 13 MHz linear,?"?? 7.5 MHz sector,'® and 5 MHz convex.?® Probe
design is an important factor to consider when imaging the cranial thorax. Probes
designed for transcutaneous uses are bulky. In contrast, transrectal probes permit
better access to the axillary region and cranial thorax. They are also widely used by
bovine veterinarians, making them most suitable for practical field-based TUS in
young cattle. The operator can choose between using a machine with an attached
screen, a wireless screen, or goggles, based on personal preferences.

CALF PREPARATION AND RESTRAINT

Operator positioning, restraint, and transducing agents are all necessary consider-
ations when scanning. During the examination, it is up to the operator to decide
whether to stand or squat down next to the calf (Fig. 1). Short individuals and those
with low back pain typically prefer squatting, whereas those with knee pain or who
are tall often choose to stand. When standing, it is easiest to scan each side of the
calf by reaching over the dorsum to the opposite side. Feedlot calves can be examined
in a squeeze chute with removable sections, which allows assessing the caudoventral
part of the thorax.'®

In most situations, restraint should be minimal, rarely requiring a halter, headlock, or
chute, particularly in young dairy animals. Increasing the level of restraint often in-
creases handling time, therefore reducing the practicality of the procedure. Most
often, young dairy calves can be restrained by placing the hindquarters in the corner
and a hand under the chin or in front of the chest. In headlocks, calves often lean back-
wards, reducing access to the first few ICS beneath the forelimb. Chutes can create
dangerous obstructions and care should be taken in the positioning of the operator’s
arm when reaching inside to scan. Precautions should be taken as necessary when
this becomes unavoidable in some older dairy and beef animals. On the farm, 70%
isopropyl alcohol is the transducing agent of choice and the hair is not clipped or
shaved from the chest. Ninety percent (or greater) isopropyl alcohol functions well
but is excessively drying to the US probe as well as the skin of both the operator

Fig. 1. Operator position. Manual restraint of a calf during thoracic US examination. The
decision to squat next to the calf (as pictured) or stand is the preference of the ultrasonog-
rapher, but should be consistent.
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and the calf, and should be avoided. Coupling gel and even vegetable oil work; how-
ever, both products create a substantial mess compared with alcohol. It is possible to
screen greater than or equal to 30 calves with 1 gallon of alcohol after the operator
has gained experience in using a typical large-bore squirt bottle or backpack sprayer
(Fig. 2). Significantly less alcohol is required if a household spray bottle is used.
Operators should not worry about exposing the probe to alcohol.

APPROACH

Technique is critical and veterinarians should be wary when presented with results
from TUS studies in which the technique is not well described. In young cattle, the
lung fields extend cranioventrally from the 10th to the first ICS on the right and the sec-
ond ICS on the left, with most pneumonia lesions developing cranial to the 6th ICS.
The US studies performed in the past examined the third to 11th or 12th ICS, 323
the 5th to 12th ICS,?* or the right third, fifth, and seventh ICS."® Others only evaluated
the seventh to 11th 1CS.222° FIéck?? described bronchopneumonia as occurring pre-
dominantly in the cranioventral portions of the lung; however, the described technique
only evaluated the lung lobes caudal to the seventh ICS, therefore excluding the left
cranial lobe, the right middle lung lobe, and the right cranial lobe.

Within reason, the TUS technique can be modified based on the goals of the exam-
ination. When performing an US scan on an individual animal, the goal should be to
evaluate the entire lung field on both the right and left sides. This goal requires scan-
ning the right lung from the 10th ICS cranial to the first ICS and the left lung from the
10th ICS cranial to the second ICS (Fig. 3). Individual animals that are sick or doing
poorly are more likely than average calves to harbor lesions, specifically lung ab-
scesses, in the caudal lung lobe. In these cases, the caudal lung lobe should always
be assessed.

When screening a group of calves for pneumonia, a different approach can be taken
compared with that used for an individual sick animal. In this situation, TUS is used to
screen specifically for bronchopneumonia. Bronchopneumonia reliably localizes to 3
specific lung lobes particularly during the early phase of disease. The cranial aspect
of the right cranial lung lobe is most commonly affected, followed by the right middle
lung lobe, and the caudal aspect of the left cranial lung lobe. The caudal aspect of the
right cranial lung lobe, the cranial aspect of the left cranial lobes, and caudal lung lobe
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Fig. 2. Application of isopropyl alcohol using a commercially available drencher with a T-bar
applicator. Drenching backpacks are useful when scanning large groups of calves.
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Fig. 3. Lung field outlined by solid white line in a preweaned Holstein dairy calf. The elbow
is outlined by a dashed line. The elbow approximates the right middle or the caudal aspect
of the left cranial lung lobes.

are rarely consolidated without consolidation of the previously mentioned lobes. It is
important to scan both sides of the thorax because consolidation may occur unilater-
ally in up 1in 3 dairy calves.?® When a systematic clinical score, such as the Wisconsin
Respiratory Score, " is also incorporated, calves can be categorized by BRD subtypes,
including upper respiratory tract infections, clinical pneumonia, and subclinical pneu-
monia. In this context, upper respiratory infection is defined as a positive respiratory
score and a normal TUS, clinical pneumonia is defined by a positive respiratory score
and abnormal TUS, and subclinical pneumonia is defined by a normal respiratory
score and an abnormal TUS. The distributions of BRD subtypes vary from farm to
farm.

THORACIC ULTRASONOGRAPHY TECHNIQUE

The key to accurate TUS is being systematic. A systematic approach depends on an
understanding of the external thoracic anatomy of the calf, the internal anatomy of the
lung, and appropriate ultrasonographic landmarks (Tables 1 and 2). The external anat-
omy of the calf refers to the specific ICS where the probe is placed. The internal anat-
omy refers to the specific lung lobes that are being evaluated. The ventral image
landmarks provide unique identifiers for each lung to ensure that the high-risk loca-
tions for pneumonia are examined. Once comfortable with the technique and scoring
system, an accurate ultrasonographic diagnosis can be made within 20 to 30 seconds.

Table 1
Landmarks for the right lung during ultrasonographic examination
Lung Lobe
Caudal Aspect of Cranial Aspect of
Caudal Middle Cranial Lobe Cranial Lobe

R-ICS 6-10 5 3-4 1-2
Ventral Diaphragm CCJ and pleural deviation Heart Internal thoracic

Landmarks artery and vein

Abbreviations: CCJ, costochondral junction; R-ICS, right ICS.

From Ollivett TL, Kelton DF, Nydam DV, et al. Thoracic ultrasonography and bronchoalveolar
lavage fluid analysis in Holstein calves affected with subclinical lung lesions. J Vet Intern Med. Ac-
cessed August 30, 2015. http://dx.doi.org/10.1111/jvim.13605. [Epub ahead of print.]
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Table 2
Landmarks for the left lung during ultrasonographic examination
Lung Lobe
Caudal Caudal Aspect of Cranial Lobe Cranial Aspect of Cranial Lobe
L-1CS 6-10 4-5 2-3
Ventral Diaphragm CCJ and pleural deviation Heart

Landmarks

Abbreviation: L-ICS, left ICS.

From Ollivett TL, Kelton DF, Nydam DV, et al. Thoracic ultrasonography and bronchoalveolar
lavage fluid analysis in Holstein calves affected with subclinical lung lesions. J Vet Intern Med. Ac-
cessed August 30, 2015. http://dx.doi.org/10.1111/jvim.13605. [Epub ahead of print.]

In general, the recommended TUS examination extends from the caudal thorax to
the cranial thorax by moving the probe along the grain of the hair in a dorsal to ventral
fashion within each ICS (see Fig. 1). The probe should move parallel to the rib within
the ICS. It is a common mistake to move the probe perpendicular to the ground.
Instead, the probe should be moved slightly caudally, staying within 1 ICS to avoid
imaging the rib. Very slight adjustments can move the ultrasound beam onto or off
the rib surface and/or enhance visualization of a lung lesion. These small movements
include moving the tip (or the end) of the probe side to side or rotating the footprint
(the portion of the probe in contact with the body wall) so that it is facing more cranial
or caudal within the ICS. If the rib obscures the image of the lung, stop moving, read-
just the angle of the probe until the lung is present, and then continue ventrally within
the ICS.

When scanning the right and left caudal lung lobes from the 10th to the sixth ICS,
the diaphragm marks the ventral border of the lung. In this location, the liver can be
seen deep to the diaphragm on the right (Fig. 4). The spleen is imaged deep to the
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Fig. 4. Ultrasonographic image from the right 6th to 10th ICS at the ventral border of the
right caudal lung lobe as denoted by the diaphragm and liver.
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diaphragm on the left. In the general population of young cattle, bronchopneumonia
is rarely present in the caudal lung lobes. However, focal pulmonary abscesses form
in this location. Based on clinical experience, abscessation (ie, cavitary lesions with
a discreet capsule) and the presence of consolidation that extends into this region
typically carry a poor prognosis. Lung necrosis also carries a poor prognosis;
however, necrosis is typically imaged more cranially in the usual sites for
bronchopneumonia.

The right middle lung lobe is imaged from the right fifth ICS, whereas the caudal
aspect of the left cranial lung lobe can be imaged between the left fourth to fifth
ICS. In both locations, the ventral image landmark includes the pleural interface, which
dives deep within the image as the costochondral junction appears ventrally (Fig. 5).
The elbow roughly approximates the location of the fifth ICS. Bronchopneumonia
commonly localizes to these lung lobes.

The caudal aspect of the right cranial lung lobe is imaged from the right fourth and
third ICS. The heart is the ventral image landmark in both of these locations (Fig. 6).
Expect to visualize only 1 to 2 footprints of lung in this location. If only the heart is
imaged, the probe should be moved dorsally within the ICS. When affected by lobar
pneumonia, a clear wedge-shaped lesion is easily appreciated.

The cranial aspect of the right cranial lung lobe is imaged from the right second and
first ICS. These two locations image similarly, having an obvious step in the pleural
interface as the lung moves around the internal thoracic artery and vein (Fig. 7). The
pleural step and 2 vessels serve as the ventral image landmark on the right side.
This position is the most common location for bronchopneumonia in dairy calves.
However, it is the most difficult location to access for novice ultrasonographers. A
couple suggestions will help ease the frustration associated with imaging this part
of the lung. Holding the probe with the tips of 2 or 3 fingers of the left hand (Fig. 8),
place it under the triceps muscle at the level of the middle third of the distance be-
tween the top of the scapula and the point of the elbow (Fig. 9), then slide it forward
keeping the footprint flat against the thorax under the triceps without allowing it to slip
and face away from the body wall (Fig. 10). In general, if the heart is visible, the probe
should be advanced further cranially.

On the left side, the cranial aspect of the left cranial lung is imaged mainly from the
third to the second ICS where the heart is the ventral image landmark. It is uncommon
to image pneumonia here. Occasionally, a small amount of lung can be imaged from
the left first ICS. This area is difficult to image and rarely adds useful information to the

Pleural Surface

Costochondral
Junction

Fig. 5. Gross specimen and ultrasonographic image from the right fifth ICS at the ventral
border of the right middle lung lobe (black line) as denoted by the pleural line diving deep
under the costochondral junction. The caudal aspect of the left cranial lung images similarly
from the left side. The lungs are grossly normally despite a few areas of pleural roughening
(comet-tail artifacts) visible ultrasonographically. Asterisk denotes comet-tail artifact.
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Fig. 6. Gross specimen and ultrasonographic image of the caudal aspect of the right cranial
lung lobe (black line) as imaged from the right fourth ICS and affected by hypoechoic, lobar
consolidation. The image would be nearly identical if scanned from the third ICS. The heart
is the ventral image landmark in both locations.

examination, therefore operators are not compelled to scan. Of note, the cranial
aspect of the right cranial lung can be imaged as it crosses the thorax in front of the
heart from the left second ICS (Fig. 11). Occasionally, when just the tip is consolidated,
it can be imaged only from this location. Access to the cranial aspects of the right and
left cranial lung lobes is typically restricted to cattle less than 6 months of age.

ULTRASONOGRAPHY SCORING

Studies often measure the depth of the ultrasonographic consolidation over several
locations on the thorax. It has been determined that the maximum depth of consolida-
tion is well correlated with the number of locations with consolidation.?® It makes

Fig. 7. Ultrasonographic images of the cranial aspect of the right cranial lung lobe as
imaged from the first ICS on the right. Reverberation artifact and a hyperechoic pleural
interface define the normal, aerated lung (A). A hypoechoic, lobar lesion indicates full-
thickness consolidation of this lung lobe (B). The 2 blood vessels and step in the pleura
marking the ventral landmarks are apparent on the right side of both images. The image
would be similar if scanned from the second ICS but there would be more of a slope in
the pleura around the vessels instead of a defined step down.
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Fig. 8. Hand position when advancing the probe under the triceps muscle to examine the 2
portions of the cranial lung lobe.

anatomic sense that, as the depth of consolidation increases, the dorsal extent of the
lesion increases, resulting in a similar increase in the number of sites with consolidated
lung.

Counting centimeters of ultrasonographic lesions is not the fastest or the most prac-
tical method of grading TUS examinations for field veterinarians, especially when a
grid option is not available on the unit, but can serve for research purposes to quantify
more properly the amount of consolidated lung parenchyma. Categorical scoring sys-
tems are easier and more practical in the field. A 6-point scoring system (Fig. 12) is
suggested and has served as a practical means to document and monitor lung lesions
on commercial dairy farms for the author (TO).

In order to properly score, operators must be able to recognize the difference
between aerated lung, aerated lung with diffuse pleural roughening (also called
comet-tail artifacts), lobular lung lesions (also called lobular consolidations or lobular
pneumonia), and lobar lung lesions (also called lobar consolidations or lobar pneu-
monia). Veterinary pathologists often use lobular pneumonia to describe a suppurative

57 NN R

Fig. 9. Starting position for evaluating the cranial lung. The probe should be placed under
the triceps muscle at the level of the middle third of the distance between the top of the
scapula and the point of the elbow.
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Fig. 10. Proper probe placement under the triceps muscle for examining the cranial aspect
of the cranial lung.

bronchopneumonia caused by P multocida infection and lobar pneumonia to describe
the more severe fibrinous pneumonia caused by M haemolytica.?® In the context of the
US scoring system outlined in Fig. 12, lobular and lobar lesions reflect the extent of
which the lung lobe is consolidated on the US image. Lobular lesions are small

Fig. 11. Ultrasonographic image of both lungs taken from the left second ICS. The thick
arrow indicates the right lung. The thin arrow indicates the left lung. The asterisk marks
the thymus. Do not confuse the thymus with hypoechoic consolidation. Rarely, the thymus
is visible ventrally in the first ICS on the right.
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Fig. 13. Typical single lobular lesion imaged as small discreet area of consolidation within an
otherwise aerated lung lobe. The hyperechoic pleural interface with reverberation artifact
of normal lung is visible both dorsal and ventral to the lesion.

discreet areas of consolidation within an otherwise aerated lung lobe. The hyperechoic
pleural interface with reverberation artifact of normal lung can be seen both dorsal and
ventral to the lobular lesion when the probe is placed vertically within the rib space
(Fig. 13). Lobar lesions indicate full-thickness consolidation of the lung lobe that ex-
tends proximally from the tip of the lobe. In the US image, the hypoechoic parenchyma
of the entire distal lung lobe is visible, and aerated lung cannot be seen ventral to the
lesion (see Figs. 6 and 7).

In general, US scores 0 to 1 are considered normal and US scores greater than or
equal to 3 are consistent with bacterial bronchopneumonia.® Abnormalities such as
pneumothorax, pleural fluid, abscesses, and necrosis are not inherently included in
the scoring system. Instead, a comment is included within the record regarding the
abnormality (eg, US score 4 plus 4-cm abscess in right caudal lung lobe at the level

<

Fig. 12. Ultrasonographic scoring system (0-5) used to categorize young cattle. (A) US score
0 indicates normal aerated lung with no consolidation and none to few comet-tail artifacts.
Ultrasonographically, normal lung appears as a bright white, or hyperechoic, line. (B) US
score 1 indicates diffuse comet-tail artifacts without consolidation. (C) US score 2 indicates
lobular or patchy pneumonia. Small lobular lesions are most likely to be viral in nature
and may not warrant treatment. (D) US score 3 indicates lobar pneumonia affecting only
1 lobe. (E) US score 4 indicates lobar pneumonia affecting 2 lobes. The cranial and caudal
aspects of the cranial lobe are scored individually. (F) US score 5 indicates lobar pneumonia
affecting 3 or more lobes.
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BRD Profile 1

B Upper Respiratory Disease
@ Subclinical Pneumonia
Clinical Pneumonia

O Healthy

Fig. 14. Typical profile for BRD subtypes from a Wisconsin dairy milking 2700 cows with
calves raised individually indoors.

of the eighth ICS). All US data are recorded calf-side using the publically available
UW-Madison Calf Health Scoring iPad application. Data are stored for 1 year within
the App and can be filled out as an Excel spreadsheet via e-mail at the user’s discre-
tion. If desired, scores can be manually entered into the cow files of the herd manage-
ment software.

INDICATIONS AND IMPLEMENTATION

BRD is economically challenging, subclinical disease exists,® and producer-based
diagnoses lack sensitivity.'"?” Therefore, monitoring BRD in young cattle should be
considered a priority for maintaining proper drug use, animal well-being, and profit-
ability. However, bovine veterinarians are notoriously poor at doing so. Incorporating
TUS at regular intervals not only provides an understanding of the epidemiology of
BRD in client herds but more importantly helps to identify problems before they
become catastrophic.

An astute German veterinarian commented once that it made the most sense to take
TUS to her most progressive, early adaptor clients, which makes excellent sense.
These producers typically seek their practitioner’s input, find data useful, and look for-
ward to the information from a new diagnostic tool. When the opportunity presents,
the first step in monitoring BRD at the herd level with TUS is to acquire a baseline

BRD Profile 2

@ Upper Respiratory Disease
@ Subclinical Pneumonia
EClinical Pneumonia

D Healthy

Fig. 15. Profile showing excessive subclinical pneumonia from a Wisconsin dairy milking 300
cows with calves raised in a new group housing facility with automatic feeders. Forty-eight
percent of the subclinical cases scored greater than 3, indicating that 2 or more lung lobes
were completely consolidated and necrotic lesions were visible in most.
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Table 3

Example of how TUS can be used to measure the impact of a management change that took
place during in late fall on a southern Wisconsin dairy. Clinical disease was based on
respiratory score.” The presence of at least 1 moderately droopy ear defined otitis. Pneumonia
was defined as score greater than or equal to 3 (see Fig. 12) using portable TUS. N = 160
Holstein calves in indoor group housing

Summer 2014 Winter 2015 P Value
Clinical Respiratory Disease (%) 23 19 .25
Otitis (%) 21 11 .78
Pneumonia (%) 38 15 <.001

P<.05 indicates significant difference between variables across the row. Free software add-in for
Microsoft Excel PopTools used for %? test. http://www.poptools.org/.

of the calves at risk (on a small farm) or a random subset of calves at risk (8-12 calves
could be a minimum number, although sometimes difficult to obtain in small herds,
based on what has been recommended to assess herd metabolic health,?® but larger
numbers may be required when assessing an ongoing problem). Based on this infor-
mation, along with clinical scoring, the distribution of the BRD subtypes (Figs. 14 and
15), age of onset, and duration of disease can be determined. The competency of an-
imal care personnel can be assessed by calculating detection rates and the proportion
of calves scoring greater than 3 (see Fig. 12) at first treatment. Detection rates are
calculated by comparing the number of calves with pneumonia with daily treatment
records and should be as high as 85%." A high proportion of animals with lobar pneu-
monia affecting more than 1 lobe at first treatment suggests delayed detection and
warrants additional training and protocol review with the employees. Excessive severe
subclinical pneumonia (see Fig. 15) was present in a herd with poor detection, inade-
quate treatment regimen, inconsistent nutrition, and significant environmental chal-
lenges despite new facilities and acceptable stocking densities. TUS data help to
measure the impact of management changes that are not reflected by changes in clin-
ical signs or treatment records (Table 3, see Figs. 14 and 15).

SUMMARY

The portable rectal US machines already in use by bovine veterinarians for reproduc-
tive examinations are a fast, accurate, and practical means of diagnosing the lung
lesions associated with BRD in young cattle. When combined with respiratory scoring,
systematic TUS allows the differentiation of BRD into specific practical subtypes,
including upper respiratory tract disease, clinical pneumonia, and subclinical pneu-
monia, all of which can be performance limiting. In individuals, TUS can be used to
identify poor prognostic indicators such as caudal lung lobe consolidation, lung
abscessation, and lung necrosis, and can aid culling and purchasing decisions. At
the herd level, TUS can be used to identify specific populations at risk for developing
the subtypes of BRD, to monitor the prevalence and severity of BRD over time, and to
evaluate the impacts of management changes, such as changes in ventilation, vacci-
nation, treatment protocols, or personnel. TUS can add to the services provided by
bovine veterinarians, increasing their value and impact on animal health.
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