N
N

N

HAL

open science

Visually undetected fever episodes in newly received

beef bulls at a fattening operation: Occurrence,

duration, and impact on performance

Edouard Timsit, Nathalie Bareille, Henri H. Seegers, Anne Lehébel, Sébastien

Assie

» To cite this version:

Edouard Timsit, Nathalie Bareille, Henri H. Seegers, Anne Lehébel, Sébastien Assie. Visually unde-
tected fever episodes in newly received beef bulls at a fattening operation: Occurrence, duration, and
impact on performance. Journal of Animal Science, 2011, 89 (12), pp.4272-4280. 10.2527/jas.2011-
3892 . hal-02642659

HAL Id: hal-02642659
https://hal.inrae.fr /hal-02642659
Submitted on 28 May 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.inrae.fr/hal-02642659
https://hal.archives-ouvertes.fr

Visually undetected fever episodes in newly received beef bulls
at a fattening operation: Occurrence, duration,
and impact on performance?

E. Timsit,> N. Bareille, H. Seegers, A. Lehebel, and S. Assié

LUNAM Université, ONIRIS, UMR 1300, Bio-aggression, Epidemiology and Risk Analysis,
and INRA, Nantes, F-44307, France

ABSTRACT: Monitoring body temperature of newly
received cattle allows for identification of fever episodes
not visually detected by feedlot personnel (FENO).
Information concerning the occurrence, duration, and
impact on performance of these FENO is not available
in the literature. Such information is crucial to assess
the potential benefit of the identification and treatment
of FENO. Therefore, the objectives of this study were
to describe the occurrence and duration of FENO and
to evaluate their impact on ADG. One hundred twelve
beef bulls (initial BW = 346 + 36 kg) were studied for
40 d after arrival at 3 French fattening operations. At
d 1, each animal was administered orally a reticulo-ru-
men bolus, which allowed continuous measurement and
recording of reticulo-rumen temperature. Animals were
weighed on d 1 and 40. Bulls were observed twice daily
by personnel for visual signs of apparent disease. Bulls
that appeared ill, had a rectal temperature >39.7°C,
and demonstrated symptoms consistent with bovine
respiratory disease (BRD) were treated with antibiot-
ics. After d 40, data obtained from the boluses were
retrospectively analyzed using a cumulative sum test

Key words:

to detect significant increases in reticulo-rumen tem-
perature considered as fever episodes. Numerous fever
episodes (n = 449) were retrospectively detected in 110
bulls. Of these 449 fever episodes, 74% were not associ-
ated with any visually detected clinical signs of disease
and thus were identified as FENO. These FENO were
often transitory (75% lasted less than 47 h). Howev-
er, 25% lasted from 47 to 263 h. Of the 112 bulls, 88
were treated for BRD with 20 and 7 animals treated,
respectively, 2 and 3 times. In treated animals, fever
episodes began 4 to 177 h (mean = 50 h) before BRD
treatment. The duration of FENO was associated (P =
0.002) with a lesser ADG (d 1 to 40): —33 g/d for daily
FENO duration. Our results demonstrated that FENO
occurred frequently in bulls during the first weeks after
entrance into a fattening operation and can last up to
11 d. The impact of FENO observed on ADG in this
study indicated a potential benefit of treating affected
animals, specifically those with FENO of long duration.
However, further research is needed to determine the
medical and economic relevance of such treatment.

average daily gain, bovine respiratory disease, fever, reticulo-rumen temperature bolus
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INTRODUCTION

Bovine respiratory disease (BRD), also referred to
as shipping fever, continues to be one of the most eco-
nomically significant health problems in cattle entering
fattening operations (Duff and Galyean, 2007). Bovine
respiratory disease is commonly observed throughout
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the first weeks after arrival and accounts for 75 to 80%
of overall illness cases during this period (Assié et al.,
2009; Babcock et al., 2009).

Detection of BRD in fattening operations is not al-
ways accurate (Duff and Galyean, 2007). Indeed, cur-
rent methods for identifying cattle with BRD often rely
on observation of clinical illness performed by owners
or feedlot staff, which have shown both low sensitiv-
ity (62%) and low specificity (63%) to identify BRD
(White and Renter, 2009).

To improve BRD detection, new tools such as reti-
culo-rumen temperature boluses and infrared thermog-
raphy scans were developed, which allow identification
of changes in core body temperature associated with
adverse health events (Schaefer et al., 2007; Timsit et
al.; 2011; Rose-Dye et al., 2011). In previous studies
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Table 1. Characteristics of 12 groups of bulls on their arrival in 3 fattening operations

No. of No. of Mean BW Mean age Mean travel
Fattening bulls per Date of different origins at arrival at arrival distance
operation Group group arrival per group + SD, kg +SD,d + SD, km
1 1 9 11/16/2007 1 314 £ 28 244 + 16 400 £ 00
2 9 11/16/2007 2 326 + 26 246 + 30 407 £ 17
3 9 01/17/2008 7 378 £ 14 284 + 32 119 £ 55
4 9 01/17/2008 6 355 £ 43 265 + 38 139 + 48
2 5 8 11/21/2007 6 330 + 19 263 + 22 371 + 54
6 8 11/21/2007 5 334 + 20 261 4+ 21 367 + 48
7 8 11/21/2007 5 350 £ 25 276 + 34 361 + 51
8 8 12/6/2007 5 359 + 22 286 + 15 375 + 68
9 8 12/6/2007 2 364 + 27 288 + 19 322 + 41
3 10 12 11/27/2007 3 379 £ 34 291 £+ 61 370 + 18
11 12 11/27/2007 4 350 + 31 284 + 36 385 + 36
12 12 1/11/2008 9 303 £ 19 280 £+ 51 333 £ 11

(Schaefer et al., 2007; Timsit et al., 2011), these tools
enabled the early detection of fever episodes associat-
ed with apparent symptoms of BRD, such as labored
breathing, coughing, decreased appetite, depression,
nasal or ocular discharge. Furthermore, they also fa-
cilitated identification of fever episodes that were not
visually detected by feedlot personnel (FENO). Lim-
ited information is available that describes the occur-
rence and duration of FENO and associated production
consequences. Such information is nevertheless crucial
to assess the potential benefit of the identification and
treatment of FENO. Therefore, the objectives of this
study were, first, to describe the occurrence and dura-
tion of FENO and, second, to evaluate their impact on
the ADG of bulls in the feedlots. To facilitate identifi-
cation of FENO, the bulls in this study were equipped
with reticulo-rumen temperature boluses.

MATERIALS AND METHODS

All procedures in the present experiment were per-
formed in accordance with the European directive
(86/609) and the French regulation and conform to the
Guide for the Care and Use of Laboratory Animals (US
National Institutes of Health, 1996).

Location and Timing

This study was conducted on 3 commercial fattening
operations in north-western France between November
2007 and March 2008. The operations were part of a
cooperative. On these operations, weaned beef bulls en-
tered the fattening operation at 7 to 10 mo of age and
were slaughtered at 18 to 22 mo at a BW of approxi-
mately 700 to 750 kg.

Animals

One hundred twelve Charolais (n = 102) and Cha-
rolais x Limousin (n = 10) bulls (initial BW £ SD
= 346 + 36 kg; initial age = SD = 273 £ 41 d) were
studied throughout the first 40 d after arrival at fat-

tening operations (Table 1). Bulls that came from mul-
tiple origins were purchased at auction markets. After
purchase, bulls were transported by truck over a mean
distance of 329 £+ 104 km (range = 70 to 515 km) to
a central facility where they were sorted into groups
based on BW. Bulls were allowed free access to hay and
water at the central facility for 36 to 48 h. Then, bulls
were transported by truck for travel distances less than
50 km to the 3 fattening operations. In total, 12 groups
of 8 to 12 bulls were studied (Table 1).

After arrival at fattening operations, bulls were al-
lowed to rest for at least 24 h with free access to hay
and water before processing. This processing was done
at 1500 h and consisted of individually weighing, de-
worming with 0.5 mg-kg™" of BW of eprinomectine
pour-on (Ivomec, Merial, Villeurbane, France), and oral
administration of a reticulo-rumen temperature bolus
(Thermobolus, Medria SAS, Chateaugiron, France)
using a typical plastic balling gun. None of the bulls
received any vaccine or antibiotic during processing.
Individual weighing was repeated at 1500 h at the end
of the study period (d 40). Because BW varies depend-
ing on gut fill, the time of weighing was standardized
in regard to time of feeding (6 h after the ration was
provided).

During the fattening period, groups of bulls were kept
in covered pens. Pens varied from 30 to 48 m” including
a lying area with straw bedding and an exercise area
with a concrete floor, a water bowl, and a trough with 8
to 12 eating places. After arrival, bulls were initially fed
grass-legume hay for ad libitum intake for 7 d. Their
ration was then gradually changed during wk 2 to 5
after arrival; the amounts of corn silage, concentrate
(30% CP, 10% crude fiber, 11% starch, 4.5% crude fat;
DM basis), and straw were slowly increased to reach,
respectively, 62, 30, and 8% of the ration, whereas the
amount of hay was slowly decreased until none was
given. This final ration was formulated to meet the
French National Institute for Agriculture Research rec-
ommendations (Garcia et al., 2007). During the study
period, the bulls were fed for ad libitum intake, and the
quantity of feed provided each day was adjusted so that
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refusal corresponded to 10% of the amount distributed.
Feed was mixed and delivered once daily at 0900 h.
Throughout the study period, animals had unlimited
access to water. During the study period, the tempera-
ture inside the barns ranged from 2 to 19°C.

Reticulo- Rumen Temperature Bolus

Reticulo-rumen temperatures were continuously
recorded during the 40 d after entry of bulls at fat-
tening operations by the use of commercial setups
(Thermobolus, Medria SAS, Chateaugiron, France) as
described previously (Timsit et al., 2011). Briefly, each
setup consisted of a) a set of reticulo-rumen tempera-
ture boluses to be administered using a typical plas-
tic balling gun (40 per fattening operation), b) a base
station with an incorporated antenna placed 2 m high
above the ground and approximately 15 m away from
the pen of bulls, and c) a personal computer link to the
base station by a RS32 cable.

To ensure the accuracy of the temperatures measured
by the reticulo-rumen boluses, an in vitro test was per-
formed before the ingestion of the boluses by the bulls
as described previously (Timsit et al., 2011). Briefly,
each bolus was immersed in a water bath and the tem-
peratures measured by the boluses were compared with
the reference measurement by a precision temperature
measuring instrument (Pt100 & P600, Dostmann Elec-
tronic GmbH, Wertheim-Reicholzheim, Germany) over
the range of 20 to 45°C.

Clinical Assessment, Treatment,
and Sampling Procedure

Bulls were observed twice daily by feedlot personnel
for the detection of signs of apparent disease. Animals
showing 1 or more of the following signs were removed
from the pen: depression, decreased rumen fill com-
pared with penmates, nasal or ocular discharge, cough,
and increased respiratory rate. Identified animals were
walked to and restrained in a chute, a distance of less
than 25 m from their pens. Then, they were physically
examined by a veterinary practitioner to detect respi-
ratory tract diseases or other diseases (e.g., lameness,
digestive disorder, nervous disorder). All examined ani-
mals returned within 2 h to their pen.

Bulls with rectal temperature >39.7°C and exhib-
iting symptoms consistent with BRD (e.g., abnormal
pulmonary sounds, coughing, polypnea/dyspnea, or
nasal or ocular discharge) were treated (Galyean et al.,
1999). These bulls received, via subcutaneous injection,
2 mL per 15 kg of BW of a product containing of 16.5
mg-mL " of flunixin meglumin and 300 mg-mL " of flo-
rfenicol (Resflor, Intervet, Angers, France). If a clinical
improvement was not observed by the fourth day, the
same treatment was repeated.

Before BRD treatment, samples were taken from the
lower respiratory tract using trans-tracheal aspiration
(TTA) as described previously (Espinasse et al., 1991).

Timsit et al.

Trans-tracheal aspirations were performed before the
first and second BRD treatment if the latter was sepa-
rated from the first by more than 7 d. On average, 5 to
10 mL of fluid was recovered. Tracheal aspirates were
cooled, transported to the laboratory, and processed
within 6 h.

Virology and Bacteriology

Virus isolation from TTA aspirates was performed
as described previously (Michel et al., 2010) using 2
passages in primary bovine fetal kidney cells. At the
end of the second passage, cell cultures were stained by
an immunoperoxidase procedure for the identification
of bovine respiratory syncytial virus (BRSV), para-
inflenza 3 virus (Pi3), and bovine viral diarrhea virus
(BVDV).

For Pasteurellaceae isolation, TTA aspirates were in-
oculated onto 5% sheep blood agar (Columbia, Oxoid,
Hampshire, United Kingdom) and chocolate agar sup-
plemented with PolyVitex (Biomerieux, Marcy I'Etoile,
France). Sheep blood and chocolate agar plates were
then incubated for 24 h at 37°C in, respectively, aero-
bic atmosphere and atmosphere of 5% CQO,. Afterward,
colonies resembling Pasteurella multocida, Mannheimia
haemolytica, or Histophilus somni were subcultured for
another 24 h and identified by standard biochemical
procedures (Quinn et al., 1994) and API (Biomerieux,
Marcy I'Etoile, France).

Mycoplasma spp. was isolated as described previously
(Arcangioli et al., 2008). Mycoplasma bovis were then
identified by dot immunobinding on membrane filtra-
tion, using polyclonal hyperimmune rabbit antisera
prepared against M. bovis, as described by Poumarat
et al. (1991).

Identification of Fever Episodes

During the study period, neither the feedlot person-
nel nor the investigators had access to the reticulo-ru-
men temperatures measured by the boluses. Data ob-
tained by the boluses were extracted from each on-farm
computer at the end of the study period and retrospec-
tively analyzed using a program provided by the manu-
facturer (Medria Measurement Manager, Medria SAS,
Chateaugiron, France) as described previously (Timsit
et al., 2011). Briefly, this program performed, first, the
preprocessing of raw reticulo-rumen temperatures to
eliminate water intake effects; second, the definition of
a reference reticulo-rumen temperature for each bull
(computed as the mean of all the preprocessed tem-
peratures obtained during the previous 4 d); and third,
the detection of significant differences between prepro-
cessed temperatures and reference temperatures [i.e.,
reticulo-rumen hyperthermia episodes using a method
based on the cumulative sum (CUSUM) test (Hin-
kley, 1971; Page, 1954; Figure 1)]. The CUSUM param-
eters used in this study were v (detector sensitivity) =
0.65 and X (responsiveness) = 1.3 (Timsit et al., 2011).
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Figure 1. Example of reticulo-rumen temperatures (curve) for
which water intake effects were eliminated (i.e., preprocessed reticu-
lo-rumen temperature), measured in a beef bull during the first 40
d postarrival at a fattening operation. The reference reticulo-rumen
temperature (dotted line), computed as the mean of preprocessed
temperatures recorded during the previous 4 d is also shown. Four
significant differences (horizontal arrow) between preprocessed tem-
peratures and reference temperatures (i.e., reticulo-rumen hyperther-
mia episode) were identified using a method based on the cumulative
sum test. Bovine respiratory disease treatments (vertical arrows) were
implemented on d 4 and 32 after arrival.

Finally, to limit reticulo-rumen hyperthermia episode
splits, often due to bad preprocessing of close water
drinking events, reticulo-rumen hyperthermia episodes
separated by less than 6 h were merged into a single
episode.

Reticulo-rumen hyperthermia episodes identified by
the CUSUM test were considered as fever episodes in
the present study. Indeed, increased rectal tempera-
tures (mean + SD = 40.1 + 0.6°C) were systematically
observed during reticulo-rumen hyperthermia episodes
identified by the same CUSUM test in a previous study
(Timsit et al., 2011). Furthermore, reticulo-rumen
temperature is correlated to rectal temperature as de-
scribed previously by Rose-Dye et al. (2011; r = 0.89; n
= 264), Timsit et al. (2011; r = 0.91; n = 135), Bewley
et al. (2008; r = 0.64; n = 2042), and Sievers et al.
(2004; r = 0.92; n = 36).

Data Analysis

Fever Episodes and Visually Apparent Clini-
cal Signs of Disease. The results of fever episode
identification were correlated with health data obtained
during the study period. Fever episodes during which
apparent signs of BRD or other diseases that were de-
tected by feedlot personnel were defined as FECS,
whereas fever episodes not visually detected by feedlot
personnel were defined as FENO. The characteristics of
FECS and FENO, including duration and mean reticu-
lo-rumen temperatures recorded during fever episodes,
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were described and then compared using a Student test
(SAS Inst. Inc., Cary, NC). The total number and du-
ration of FECS and FENO per bull during the study
period were calculated as well as time lags between the
onsets of FECS and BRD treatments and time lags be-
tween BRD treatments and the ends of FECS.

Effect of FENO on ADG. Early ADG was cal-
culated from BW measured on d 1 during the process-
ing and BW measured at the end of the study period
(d 40). The effect on early ADG of FENO was assessed
using a mixed linear regression model (PROC MIXED,
SAS). Individual bull was the experimental unit. Vari-
ables including number of BRD treatments, breed, BW
at entry, age at entry, total duration of FECS during
the study period, and total duration of FENO during
the study period were tested for their association with
early ADG in univariate analysis. Only variables that
were associated with early ADG at P < 0.20 in the uni-
variate analysis were included to a multivariate model.
Because of the collinearity between total duration of
FECS and number of BRD treatments, only number
of BRD treatments was included in the model. After
checking for the linearity of the effect, total duration of
FENO was considered as a continuous variable. Model
selection was based on backward elimination of candi-
date variables. For each evaluation of the model, the
variable with the largest Fisher’s test P-value was re-
moved. This process was repeated until all remaining
variables were significantly associated with the early
ADG (P < 0.05). The final mixed model was written
as follows:

Yijkl = + FENOZ + TT] + BRk + PENZ + 81‘]“,

where outcome Y is the early ADG, « is the intercept,
FENO is the total duration of FENO during the study
period expressed in days (quantitative), TT is the num-
ber of BRD treatments performed during the study pe-
riod (4 classes), BR is the breed (2 classes), PEN is the
pen of the bull nested within fattening unit (12 classes,
random effect), and e is the residual. Results are dis-
cussed as significant if P < 0.05.

RESULTS
Detection of Fever Episodes

Before ingestion by the bulls, all the reticulo-rumen
temperature boluses showed an overall accuracy in vi-
tro of £0.2°C over the range of 20 to 45°C (data not
shown). The boluses were easily administered at ar-
rival, and no regurgitation or loss in feces was observed
throughout the study period.

Of the 112 bulls, 110 had from 1 to 11 fever episodes
during the 40 d after their arrival at the fattening op-
erations (Table 2). The daily prevalence of bulls with
fever episodes, relative to the time of arrival at the fat-
tening operations, is indicated in Figure 2. In total, 449
fever episodes having lasted from 5 to 263 h (mean =
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Table 2. Descriptive statistics of fever episodes identified in 110 bulls equipped with reticulo-rumen temperature
boluses during the first 40 d postarrival at fattening operations

Item Mean (SD)  Minimum  Q1' Median Q3'  Maximum
No. of fever episodes” per bull 4(2) 1 2 4 5 11
Duration of fever episodes, h 44 (40) 4 17 32 56 263
Total duration of fever episode per bull, h 181 (112) 7 82 176 244 528
Time lag between successive fever episodes, h 110 (125) 6 17 53 175 614
Mean reticulo-rumen temperatures recorded during fever episodes, °C 40.3 (0.3) 39.8 40.1 40.2 40.5 41.9

'Q1 = 25th percentile; Q3 = 75th percentile.

Fever episodes were retrospectively identified by the use of a cumulative sum test applied on reticulo-rumen temperatures.

44 + 40 h) were retrospectively indentified by the CU-
SUM test. During fever episodes, mean reticulo-rumen
temperatures averaged 40.3°C, ranging from 39.8 to
41.9°C. The time lag between successive fever episodes
in the same animal ranged from 6 to 614 h. Over the 40
d, the total duration of fever episodes per bull varied
from 7 to 528 h (mean = 181 £ 112 h).

Health Data

No clinical signs related to diseases other than BRD
(e.g., lameness, neurological signs) were observed
throughout the study period. Of the 112 bulls entering
the study, 88 (79%) were treated for BRD (Table 3).
Descriptive statistics, including mean number of days
on feed and mean rectal temperature at the time of
each treatment, are shown in Table 3. Sixty-one ani-
mals were treated once, 20 were treated twice, and 7
were treated 3 times for BRD. In total, 122 treatments
were performed during the study period. The daily
prevalence of BRD treatment, relative to the time of
arrival at the fattening operation, is indicated in Figure
2. No mortality was observed.
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Figure 2. Daily prevalence (%) of bovine respiratory disease
(BRD) treatment (histogram; number of BRD treatments per d/112
x 100) and daily prevalence (%) of bulls with fever episode (curve;
number of bulls that had fever episode on indicated day/112 x 100) in
112 bulls equipped with reticulo-rumen temperature boluses.

Bacteriological and Virological Results

Before BRD treatment, 103 TTA were performed
(Table 3). Pasteurellaceae (Mannheimia haemolytica
and Pasteurella mutocida), and viruses (BRSV, Pi3,
and BVDV), M. bovis, or both were isolated from 96 of
103 TTA aspirates (93%). Frequencies of bacterial and
viral isolations are shown in Table 3. No Histophilus
somni was isolated from TTA aspirates, and no cyto-
pathogenic effect characteristic of Bovine herpes virus-
type 1 was observed on cell cultures.

Fever Episodes and Visually Apparent
Clinical Signs

Of the 449 fever episodes, 74% were not associated
with any visually apparent clinical signs of BRD or
signs of other disease detected by feedlot personnel
(Table 4). These FENO were, on average, shorter (P
< 0.001) than FECS (mean = 40 vs. 56 h; Table 4).
Indeed, FENO were often transitory with 75% having
lasted less than 47 h. However, it should be noticed
that 25% of FENO lasted from 47 to 263 h. Contrary to
duration, mean reticulo-rumen temperatures recorded
during fever episodes did not differ between FECS and
FENO (P = 0.51). During the study period, bulls had
FECS and FENO during, on average, 75 and 134 h, re-
spectively (Table 5). The time lag between FECS onset
and BRD treatment averaged 50 h, ranging from 4 to
177 h (Table 6). This time lag was calculated for 116
of the 122 BRD treatments because of water drinking,
which artificially ended reticulo-rumen hyperthermia
episodes within 4 to 6 h before 6 treatment implemen-
tations. After BRD treatment, FECS systematically
ended within 1 to 18 h (mean = 5 + 3 h).

Effect of FENO on Early ADG

Mean early ADG of bulls was 1,159 + 469 g. Table
7 shows that the total duration of FENO during the
study period was associated (P = 0.002) with a lesser
ADG: =33 g/d for daily FENO duration. The occur-
rence of BRD treatment was also associated with a less-
er ADG: —139 g (P = 0.040), —316 g (P = 0.015), and
—655 g (P < 0.001) when, 1, 2, or 3 treatments were
administered in the same animal.
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Table 3. Descriptive statistics of health data and pathogens isolated from trans-trache-
al aspiration (TTA) aspirates before the implementation of bovine respiratory disease
(BRD) treatment in 88 bulls during the first 40 d postarrival at fattening operations

BRD treatment®

Ttem' First Second Third
No. of treatments 88 27 7
DOF, d
Mean (SD) 6.9 (7.2) 22.7 (8) 31.0 (6)
Range 0 to 31 5 to 33 22 to 39
Temp, °C
Mean (SD) 40.4 (0.4) 40.2 (0.3) 40.4 (0.5)
No. of TTA? 88 15 0
Negative viral and bacterial growth 6 1 —
Virus positive 43 8 —
Bovine respiratory syncytial virus 10 7 —
Parainflenza 3 virus 32 3 —
Bovine viral diarrhea virus 5 4 —
Pasteurellaceae positive 63 9 —
Mannheimia haemolytica 46 8 —
Pasteurella multocida 18 1 —
Mycoplasma bovis positive 15 11 —

'"DOF = number of days on feed; temp = rectal temperature.
Sixty-one, 20, and 7 bulls were treated for BRD, respectively, once, twice, and 3 times during the 40 d

postarrival at fattening operations.

3TTA were performed before the first and second BRD treatment if the latter was separated from the first

by more than 7 d.

DISCUSSION

The existence of undetected (i.e., visual assessment)
fever episodes (i.e., FENO) in cattle managed in fatten-
ing systems have been reported (Hoerlein and Marsh,
1957). However, to the knowledge of the authors, this is
the first time that the occurrence and duration of FENO
were quantified by the use of a telemetric device, which
allowed continuous and noninvasive monitoring of core
body temperature. The use of reticulo-rumen tempera-
ture boluses allowed the retrospective identification by
a CUSUM test of numerous FENO (n = 333) in 110
bulls during the first weeks after their arrival at fat-
tening operations. Among FENO, a large number were

only transitory (75% lasted less than 47 h). However,
25% lasted up to 11 d. Furthermore, this study provides
unique information on the impact of FENO on ADG of
bulls managed in a fattening system. The duration of
FENO was associated with a lesser ADG between d 1
and 40 (—33 g/d for daily FENO duration) resulting in
a loss in BW at d 40 of 1.3 kg for daily FENO duration.

Because reticulo-rumen temperature is influenced by
ruminal fermentation (Dale et al., 1954), feeding may
lead to an increase of the reticulo-rumen temperature
in the absence of an increase in core body temperature.
However, the reticulo-rumen hyperthermia episodes
identified by the CUSUM test, considered as fever epi-
sodes in the present study, were highly unlikely to be

Table 4. Characteristics of fever episodes for which apparent signs of bovine respira-
tory disease were visually detected by feedlot personnel (FECS) and for which no visu-
ally apparent clinical signs of disease were detected by feedlot personnel (FENO) in 110
bulls equipped with reticulo-rumen temperature boluses

Item' FECS FENO
No. (%) of fever episodes’ 116 (26%) 333 (74%)
Duration of fever episodes, h
Mean (SD) 56" (39) 40" (40)
Median (Q1 to Q3) 48 (27 to 72) 25 (15 to 47)
Range 5 to 182 6 to 263
Mean reticulo-rumen recorded during fever episodes, °C
Mean (SD) 40.4* (0.36) 40.3" (0.31)
Median (Q1 to Q3) 40.3 40.2
Range 39.8 to 41.4 39.9 to 41.9

*"Means within a row with different superscripts are different (P < 0.05).

'Q1 = 25th percentile; Q3 = 75th percentile.

*Fever episodes were retrospectively identified by the use of a cumulative sum test applied on reticulo-rumen
temperatures recorded during the first 40 d postarrival at fattening operations.
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Table 5. Occurrence and total duration of fever episodes for which apparent signs of
bovine respiratory disease were detected by feedlot personnel (FECS) and for which no
visually apparent clinical signs of disease were detected by feedlot personnel (FENO)
in 112 bulls equipped with reticulo-rumen temperature boluses during the first 40 d

postarrival at fattening operations

Item Mean (SD) Minimum Q' Median Q3! Maximum
FECS? per bull
No. of FECS 1(1) 0 1 1 2 3
Total duration of FECS, h 75 (56) 0 31 61 99 276
FENO? per bull
No. of FENO 3(2) 0 2 3 4 8
Total duration of FENO, h 134 (86) 0 65 123 179 380

'Q1 = 25th percentile; Q3 = 75th percentile.

Fever episodes were retrospectively identified by the use of a cumulative sum test applied on reticulo-rumen

temperatures.

due to feeding. Indeed, the reticulo-rumen temperature
does not usually exceed 39.6°C in healthy bulls (Tim-
sit et al.,, 2011), and in the present study, tempera-
tures measured by the boluses during reticulo-rumen
hyperthermia episodes averaged 40.1°C. Furthermore,
we have shown in a previous study (Timsit et al., 2011)
that high rectal temperatures (mean + SD = 40.1 +
0.6°C) were systematically observed during reticulo-
rumen hyperthermia episodes identified by the same
CUSUM test.

In the present study, the treatment rate for BRD
(79%) is in the upper range of the treatment rates typi-
cally reported in French fattening operations (Assié et
al., 2009). This increased rate could be explained, first,
by the selection of high-BRD-risk bulls. Bulls were pur-
chased at auction markets from multiple sources and
transported by truck. These 2 factors are recognized
as major risk factors for BRD (Taylor et al., 2010).
Second, this increased rate could be explained by an
improved detection of BRD by the feedlot personnel
who knew that a study was being conducted and by the
frequent visits of a veterinary practitioner. Because this
study was conducted in high-BRD-risk bulls, a ques-
tion would remain regarding possible differences in the
occurrence, duration, and impact on performance of
FENO in low-BRD-risk cattle.

The large number of FENO of short duration ob-
served in the present study could be explained by infec-
tions that were overcome by the immune system of the
bulls before the onset of clinical signs. Indeed, exposure

of bulls to major BRD pathogens such as Mannheimia
haemolytica even when combined with BVDV does not
necessarily lead to visually apparent clinical signs but
could result in a transitory FENO (Burciaga-Robles
et al., 2010; Hanzlicek et al., 2010). This explanation
has been previously proposed by Hoerlein and Marsh
(1957) after they observed a large number of transitory
fever episodes (<2 d) which appeared without other
signs of disease in Hereford steer calves during the first
10 d after shipping. However, some transitory increases
of core body temperature detected in this study could
also be nonpyrogenic hyperthermias. In fact, the social
behavior of the bulls, particularly agonistic interactions
(e.g., fighting, butting, and threatening) and mount-
ing, which are frequent during the first 2 wk after mix-
ing (Mounier et al., 2005), could generate internal heat
load leading to hyperthermia, which can last for a few
hours. Therefore, the role of the interaction of the bulls
in the contribution of core body temperature increases
lasting less than 1 d cannot be excluded.

The FENO of long duration observed in this study
could be explained by BRD cases, which occur without
obvious clinical signs detectable by visual appraisal, and
thereby may also be called subclinical BRD. Indeed,
due to the prey/predator behavior, morbid animals of-
ten mask any signs of vulnerability (e.g., depression,
illness), especially if they perceive the personnel han-
dling them as predators (Weary et al., 2009). In previ-
ous studies having compared lung lesions at slaughter
and BRD treatments implemented during the finishing

Table 6. Time lags between onsets of fever episodes and bovine respiratory disease (BRD) treatments, and be-
tween BRD treatments and ends of fever episodes in 88 bulls equipped with reticulo-rumen temperature boluses,
which were treated for BRD during the first 40 d postarrival at fattening operations

Time lags, h Mean (SD) Minimum Q1! Median Q3! Maximum
Between onsets of fever episodes® and BRD treatments® 50 (38) 4 22 46 66 177
Between BRD treatments and ends of fever episodes 5 (3) 1 3 4 6 18

'Q1 = 25th percentile; Q3 = 75th percentile.

Fever episodes were retrospectively identified by the use of a cumulative sum test applied on reticulo-rumen temperatures recorded during the

first 40 d postarrival at fattening operations.
*Time lags were calculated for 116 BRD treatments.
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Table 7. Final regression model for effects on early ADG (calculated from d 1 to 40)
of fever episodes not associated with visually apparent clinical signs (FENO) of disease,
number of bovine respiratory disease (BRD) treatments during the study period, and
breed in 112 bulls equipped with reticulo-rumen temperature boluses

Independent variable

95% confidence interval

and level' Estimate’ Lower bound Upper bound P-value
Duration of FENO per d* —-33 —53 —13 0.002
No. of BRD treatments® Reference — — —
1 —139 —239 -39 0.040
2 —316 —516 —116 0.015
3 —655 —985 —325 <0.001
Breed’
Charolais Reference — — —
Charolais crossbreed —323 —558 —89 <0.001

'Pen nested within fattening operation (random effect); P = 0.040.

“Intercept = 1,539 (1,324; 1,753); P < 0.001.

*FENO were retrospectively identified by the use of a cumulative sum.
4Sixty—one, 20, and 7 bulls were treated, respectively, once, twice, and 3 times during the 40 d postarrival at

fattening operations.

®One hundred two Charolais and 10 Charolais x Limousin bulls were studied during the 40 d postarrival at

fattening operations.

period (Wittum et al., 1996; Thompson et al., 2006;
Schneider et al., 2009), up to 68% of steers that were not
visually detected or treated for BRD had lung lesions
indicative of BRD. Furthermore, in a previous study
(Timsit et al., 2011) where bulls with fever episodes
were systematically examined every 12 to 24 h until the
end of fever, we have shown that abnormal pulmonary
sounds at lung auscultation were present during 81%
of the fever episodes identified using the same CUSUM
test, whereas an obvious BRD sign, such as depression,
was only observed during 38% of these fever episodes.
However, because bulls with FENO were not clinically
examined by a veterinary practitioner in the present
study, it is not possible to ensure that all FENO of long
duration were caused by subclinical BRD.

The association found in the present study between
duration of FENO and lesser ADG could first be ex-
plained by a reduced feed intake, which is frequent dur-
ing prolonged fever (McMillan, 1985). In a previous
study, Sowell et al. (1998) found, using an electronic
feed monitoring system, that healthy feedlot steers
spent 30% more time at the feed bunk than morbid
steers. Second, this association could be explained by
an increased catabolism and metabolic rate during fe-
ver, leading to a reduced feed conversion ratio (Loew,
1974). Unfortunately, because individual DMI was not
measured in this study, it is not possible to differentiate
these 2 causes.

The association between duration of FENO and
lesser ADG indicates a potential benefit of treating
FENO, especially the FENO of long duration. Indeed,
a treatment with an antipyretic agent could alleviate
anorexia associated with fever and relieve animal dis-
comfort (McMillan, 1985). Furthermore, the use of an
antimicrobial drug could treat the primary disease in
the case of bacterial infection. Nevertheless, further re-

search is needed before recommending such antimicro-
bial treatment. Indeed, the involvement of bacteria in
the pathogenesis of FENO needs to be investigated. In
the absence of bacterial involvement, such antimicro-
bial treatment may lead to unnecessary antimicrobial
use, which could promote the emergence of bacterial
resistance.

In conclusion, the results of this study point out that
FENO occurs frequently in bulls during the first weeks
after entrance into a fattening operation and can last
up to 11 d. The impact of FENO observed on ADG in
this study indicates a potential benefit of treating af-
fected animals, specifically those with FENO of long
duration. However, further research is needed to de-
termine the medical and economic relevance of such
treatment.
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