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Abstract

ovine respiratory disease (BRD) poses a significant health concern in cattle, particularly in
Bcalves, leading to substantial economic losses in the livestock industry. Early and accurate

detection of BRD is crucial for effective management and treatment. Understanding the
changes in these biomarkers between healthy and BRD-affected animals can provide valuable insights
into the disease progression and pathophysiology. This study aimed to evaluate the diagnostic
potential of hematologic, histopathological, and biochemical biomarkers for detecting bovine
respiratory disease (BRD) in calves. Twenty-four calves, split evenly between healthy and BRD-
affected, were analyzed for various markers. BRD-affected calves showed significantly higher levels
of White blood cell counts, cytokines, acute phase proteins, immunoglobulins, and oxidative
biomarkers, while demonstrating lower mean corpuscular volume (MCV), hemoglobin (HCT),
albumin, and RBC values. Histopathological analysis revealed distinct findings in different BRD
phases. The study suggests that elevated acute phase proteins, immunoglobulins, neutrophils, and
specific WBC populations, along with decreased RBC count, could aid in diagnosing BRD in calves.
Further research is recommended to compare these biomarkers with other respiratory disorders and
explore BRD at different stages, including histopathological examination.

Keywords: Diagnostic potential, Bovine respiratory disease, acute phase protein, cytokines,
immunoglobulin, oxidative biomarker.

Early and accurate diagnosis of BRD is crucial
for implementing effective treatment strategies and
preventing disease progression [11]. However,
traditional diagnostic methods, relying primarily on
clinical signs, often lead to delayed or inaccurate
diagnoses. The lack of sensitive and specific
diagnostic tests contributes to the overuse of
antibiotics, exacerbating the issue of antimicrobial
resistance [12]. To address these challenges, a
comprehensive approach to BRD management is
required. This includes implementing robust
biosecurity measures to minimize pathogen
exposure, optimizing animal husbandry practices to
reduce stress, and developing effective vaccination
strategies. Additionally, there is a critical need for
innovative diagnostic tools that can accurately

Introduction

Bovine Respiratory Disease (BRD) is a major
challenge for the global beef industry, causing
substantial economic losses and animal welfare
concerns [1]. This complex syndrome arises from a
combination of host factors, environmental stressors,
and microbial pathogens [2,3]. Environmental
factors, such as transportation, handling, inadequate
ventilation, and poor hygiene, contribute
significantly to BRD outbreaks [4,5,6]. These
stressors compromise animal health and increase
susceptibility to a variety of pathogens, including
bacteria, viruses, parasites, and fungi [7]. The clinical
presentation of BRD is variable, ranging from mild
to severe respiratory symptoms [8]. Early signs often
include fever, depression, and reduced appetite,

which may progress to more severe manifestations
such as nasal and ocular discharge, dyspnea, and
coughing [9]. Despite the significant impact of BRD,
accurate and timely diagnosis remains a challenge
due to the disease's nonspecific clinical signs and the
lack of a gold standard diagnostic test [10].

identify BRD cases at an early stage, enabling
targeted treatment and reducing the use of antibiotics
[13,14].

This study aims to contribute to the development
of improved diagnostic strategies for BRD by
investigating the diagnostic potential of hematologic,
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histopathological, and biochemical biomarkers for
detecting bovine respiratory disease (BRD) in calves.

Material and Methods

Current study was approved by the Benha
University, Faculty of Veterinary Medicine's
Institutional Animal Care and Use Committee
Research Ethics number (BUFVTM 00-00-24). The
current study included twenty-four healthy and BRD-
affected calves (12 each). Calves' blood and serum
samples were obtained once the BRD condition was
confirmed as negative or positive. calves were
visually evaluated for the presence or absence of
BRD symptoms. Calves with respiratory distress,
inappetance, coughing, nasal or ocular discharge,
depression, and other symptoms were classified as
BRD-suspects and were further confirmed by the
BRD scoring system. The calf's rectal temperature
was taken whenever two or more of these clinical
symptoms were seen. A calf having a score of five or
higher on the clinical rating system [15] was deemed
morbid and included in the study. Additionally, a
thorough clinical examination that included thoracic
auscultation, body temperature, pulse rate, and
respiratory rate was performed on all calves [16].

Hematologic and biochemical indicators

A jugular vein puncture was used to obtain two
blood samples from each calf [17]. The initial blood
sample was drawn into a test tube that was labeled
and contained 5 mg of k2ZEDTA at a concentration of
1 mg/l ml of blood as an anticoagulant for the
measurement of hematological parameters (PCV%,
Hb content, and RBC count). After collecting the
second blood sample without the use of an
anticoagulant, it was clotted at room temperature for
20 minutes and centrifuged for 10 minutes at 3,000
rpm. The clear, non-hemolyzed serum samples were
then separated and kept at -20°C until they were
subjected to further biochemical examination [17].

Hematological analyzers were used to determine
CBC variables such as Hct, hemoglobin
concentration, mean corpuscular volume, and total
WBC, lymphocyte, neutrophil, MID % (mid-size
population of monocytes, basophils, eosinophils,
blasts, and other immature cells), and RBC counts
[18]. Albumin was measured calorimetrically using
the dye-binding method with bromocresol green ',
Commercial diagnostic kits were utilized to examine
blood  cytokines, albumin, immunoglobulin
molecules, haptoglobin, serum amyloid A (SAA), C-
reactive protein (CRP), and oxidative biomarker
utilizing an automated biochemical analyzer and
spectrophotometric technique [17,20].

Histopathology:

Postmortem examination of affected calves was
performed and revealed Cranioventral reddening and
firm to hard consolidation, interlobular edema,
multiple abscesses and bronchopneumonia.
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Tissue samples were taken from the lungs of dead
calves (n=3) and promptly fixed in 10% neutral
buffered formalin for 3 days. The specimens were
then dehydrated with increasing grades of ethyl
alcohol, cleaned in xylene, and embedded in paraffin.
Using a rotatory microtome, five um thick tissue
paraffin slices were created, and H&E stain was
applied [21]. A Nikon Eclipse E800 light microscope
was utilized for analyzing the slices, and a digital
camera was used to take photographs.

Statistical Analysis

One-way analysis of variance (ANOVA) was
initially applied to the collected data using IBM's
SPSS software (version 20, Chicago, IL, USA). The
differences between the groups were then compared
using Tukey's b multiple comparison tests [22],
where significant differences were found at P < 0.05.

Results

BRD-affected calves had significantly higher
levels of all estimated cytokines and acute phase
proteins, including the serum amyloid A (SAA), C-
reactive protein (CRP), and haptoglobin, when
compared to healthy calves (P < 0.05), Table 1.

The oxidative biomarkers NO and TAC, and all
estimated immunoglobulins (E, G, M, and A) were
considerably greater in BRD-affected calves than in
healthy calves (P < 0.05).

When compared to healthy calves (Table 3),
BRD-affected calves exhibited significantly lower
estimated RBC variables (RCB, HCT, and MCV) (P
< 0.05). The white blood cell (WBC) count (Table
3), particularly Neutrophil and mid-size WBC
population, significantly increased in BRD-affected
calves than in healthy one, but Lymphocyte count
and % were obviously decreased (P < 0.05).

The histopathological results of BRD-affected
calves, including various stages of the illness,
including acute and chronic bronchitis, acute and
chronic  bronchiolitis, bronchiolitis  obliterans,
necrotizing hemorrhagic pneumonia, suppurative
pneumonia, fibrnous bronchopneumonia stage,
pulmonary and alveolar oedema, and fibrinous
pleurisy are shown in BRD affected calves (Fig. 1-7
and supplementary file 1).

Discussion

The purpose of this study was to investigate the
potential associations between bovine respiratory
disease (BRD) and hematologic indicators, plasma
haptoglobin (Hp) and amyloid-A, immune system
function biomarkers, and oxidative hemostasis. The
current study compared BRD affected calves to
healthy ones rather than related respiratory diseases.
Thus, most estimated hematological indicators were
either considerably raised or decreased in BRD
calves, supporting them as a helpful diagnostic tool
for detecting early BRD in calves. Nevertheless, to
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verify their accuracy, including sensitivity and
specificity for BRD syndrome identification, it is
required to compare them with previous research that
estimated same hematological indicators compared to
similar respiratory diseases.

Prior analyses and reports have suggested that
BRD is associated with systemic alterations that are
visible in different bodily fluids, primarily blood.
However, the complete blood cell (CBC) profile,
which includes white (WBC) and red blood cells
white blood cells (RBC), wasn't reliably distinguish
BRD from other respiratory infections [23]. In
comparison to healthy calves with high lymphocyte
counts and percentages, BRD-affected calves had
decreased numbers. Previous investigations also
showed a strong negative correlation between BRD
in pre-weaned calves and lymphocyte count, which is
likely caused by viral infections that lower
lymphocyte numbers [24,25]. Among the several
studies on the diagnostic efficacy or association
between bovine respiratory disease (BRD) and
hematologic biomarkers in dairy calves, one recent
study concluded that WBC change had a limited
diagnostic accuracy for BRD identification [24]. The
most dependable WBC marker linked to BRD was
found to be basophil [24] and Eosinophils count 2%,
albeit it still lacked BRD diagnostic precision %2421,
Even while hematological measures by themselves
cannot provide a conclusive diagnosis of BRD,
changes in these wvalues can help with
prognostication, diagnosis, and tracking the course of
the disease [23,24,26].

Significantly elevated IL-6 levels in BRD-
affected calves are due to fast and temporary
production in response to lung infections and tissue
damage. IL-6, like IL-1 and tumor necrosis factor
(TNF), is a key proinflammatory cytokine that
contributes to host defense by stimulating acute
phase responses (APP production in the liver),
hematopoiesis, and immune response activation
lymphocyte differentiation [27,28]. Acute
inflammatory cytokines activate surrounding cells,
including epithelial cells and key innate immune
effector cells such as vascular endothelium,
neutrophils, alveolar and intravascular macrophages,
dendritic cells, NK cells, NK T cells, eosinophils,
and mast cells. Chemokines are released upon
activation, causing neutrophils and monocytes to
migrate into the afflicted area. Over time, lung
dendritic cells (DCs), including plasmcytoid DCs,
natural killer (NK) cells, NK T cells, alpha/beta and
gamma/delta T cells, and B cells, are also drawn to
the area. The different lung dendritic cells (DCs) and
neutrophils interact with microbial pathogen-
associated molecular patterns (PAMPs) in the
context of adaptive immune responses. Following
recognition of PAMPs by intravascular macrophages,
alveolar macrophages, and epithelia, these cells
actively produce inflammatory mediators including

prostaglandins and leukotrienes, which stimulate
endothelial cells to open gaps and permit the entry of
serum factors into the lung, particularly through
alveolar lumens [27]. In addition to a variety of
molecules with immune-protective properties like
complement, hydrolytic enzymes, 1gG, IgM, IgA,
and IgE, collectins, acute phase proteins, and others,
this fluid physically contains diluted microbiological
agents and poisons [27]. That could explain the
elevated levels of IgG, IgM, and IgA in BRD-
affected calves.

When pro-inflammatory cytokines, specifically
interleukin 6 (IL-6), is produced in a local lesion
during inflammation, it prompts the liver to produce
various acute phase proteins such as serum amyloid
A (SAA), C-reactive protein (CRP), and haptoglobin.
A significantly greater concentration of serum
haptoglobin and amyloid-A in BRD-affected calves
compared to healthy ones supports earlier findings
indicated a substantial positive link with calf BRD
[29,30], and overall is a valuable diagnostic tool for
diagnosing early pulmonary inflammation in calves
Y Haptoglobin was regarded in earlier research as
an indicator of inflammation and illness condition in
calves [31,32]. Haptoglobin had scavenging and
peroxidase ability to remove metabolites (such free
hemoglobin) generated by cellular breakdown under
pro-oxidative and pro-inflammatory stress, assisting
in preventing oxidative tissue damage. Thus, in
infected or stressed animals, the circulating levels of
acute-phase proteins, such as SAA, haptoglobin,
CRP and ceruloplasmin, increase by a factor of >
100, to restore homeostasis and inhibit microbe
multiplication [26,33]. Furthermore, rather than
allowing pathogens to wuse heme residues,
haptoglobin assists in recycling them for use in
subsequent metabolic processes [31].

The endogenous reaction to invadors is
responsible for the increased levels of nitric oxide
(NO) in BRD-affected calves compared to healthy
ones. In biological systems, NO is a key free radical
signaling molecule that is both lipophilic and
hydrophilic. At low concentrations, NO can stimulate
immune cell growth and activity, but at high
concentrations, it covalently binds to proteins, lipids,
and DNA to inhibit or kill target pathogens %,
Multiple antimicrobial intermediates are formed
when NO reacts spontaneously with oxygen or
superoxide to produce reactive nitrogen and oxygen
intermediates. The majority of NO's cytotoxic effects
are caused by these reactive NO species, which
disrupt DNA, limit enzyme function, and induce lipid
peroxidation, causing oxidative and nitrosative
damage [34,35].

The current lower RBCs, Hemoglobin, HCT, and
MCYV levels and BRD affected-calves is an intriguing
finding. This conclusion is consistent with a previous
publication that suggested additional research be
done to investigate the lower MCV values in BRD

Egypt. J. Vet. Sci.



4 IBRAHIM SABRY et al.

calves relative to their healthy counterparts .

While other studies suggested that RBC variables
had poor accuracy and linkage [24], a previous
Multivariable Logistic Regression investigation
found that just two CBC variables—eosinophil and
RBC counts—had significant connections with BRD
in calves [26].

The gold standard for correctly identifying BRD
in calves is postmortem examination in conjunction
with diagnostic testing for BRD agents. Identifying
the cause of death and the percentage of calves that
pass away from unidentified respiratory disorders is
another way that necropsy data analysis can be used
to improve BRD detection. Using gross necropsy and
histopathologic investigation, numerous studies have
identified important respiratory infections [4,23,36].
However, depending only on autopsy results and
pathogen isolation may not be sufficient for early
detection and prevention of BRD due to the varied
time interval between disease onset and mortality,
which can vary from days to weeks. Necropsy is
useful for diagnosing BRD, but it is not often used
until an outbreak spreads to epidemic proportions
within a herd [37].

Conclusion

In conclusion, calf populations affected by BRD
may be correlated or diagnosed cumulatively based
on the presence of low RBC variables concurrent
with high levels of cytokines, acute phase proteins,
immunoglobulins, albumin, oxidative biomarkers,

neutrophils, and mid-size WBC population when
compared to healthy calves. When the current study's
findings were compared to those of previous similar
research, they verified the diagnostic potential of
various biomarkers, particularly acute-phase proteins
such as SAA, haptoglobin, and CRP in BRD-affected
calves. Furthermore, the current investigation may
have suggested biomarkers that might be used to
diagnose BRD in calves, including cytokines,
immunoglobulins, NO, and RBC variables. Further
research is necessary to confirm the accuracy of the
present investigated biomarkers' diagnosis. This
research should compare the biomarkers' trends in
similar respiratory disorders as well as different BRD
phases.
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TABLE 1. Comparing cytokines and acute phase proteins variables including serum amyloid A (SAA), C-reactive
protein (CRP), and haptoglobin in healthy and BRD-affected calves, with data expressed as means + SE.

2
Parameter Healthy Diseased P-value
116" 1.56+0.098 7.98+0.49% <0.001
Haptoglobin 13.83+0.36" 19.43+0.194 <0.001
SAA! 0.84+0.028 1.33+0.04* <0.001
CRP! 4.41+0.178 23.53+1.42% <0.001

TIL-6, interleukin 6, CRP, C-reactive protein, SAA, serum amyloid A.
>The same superscript letters A and B inside the same row imply a non-significant difference (P>0.05) between the

comparing means.

TABLE 2. Comparing immune-protective molecules, albumin, and oxidative biomarker in healthy and BRD-affected

calves, with data expressed as means = SE.

Parameter Healthy Diseased P-value’
IgE' 8.08+0.22° 19.1520.524 <0.001
IgG 16.47+0.1% 17.54+0.15% <0.001
IgM 0.35+0.01° 0.70£0.034 <0.001
IgA 2.30£0.07% 4.09+0.134 <0.001
Albumin 2.9120.06" 2.34+0.07* <0.001
NO! 11.000.45° 27.96+0.86" <0.001
TAC' 5.35+0.08" 7.07£0.11* <0.001

! Ig, immunoglobulin, NO, nitric oxide, TAC, Total antioxidant capacity.
*The same superscript letters A and B inside the same row imply a non-significant difference (P>0.05) between the

comparing means.
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TABLE 3. Comparing hematological parameters in healthy and BRD-affected calves, with data expressed as means +

SE.

Parameter Healthy Diseased P-value’
RBCs' 6.72+0.20* 5.612£0.15" <0.001
Hemoglobin 10.67£0.234 9.3440.22" <0.001
HCT 35.73+0.214 34.59+0.23" <0.001
MCV 35.00+0.15% 32.25+0.26" <0.001
WBCs 9.58+0.11° 12.81+0.19%2 <0.001
Lymphocyte count 4.63+0.13* 3.56+0.128 <0.001
lymphocyte % 48.33+1.474 27.80+1.12° <0.001
Neutrophil count 4.36+0.13" 7.87+0.18* <0.001
Neutrophil % 38.13+4.64° 61.33+1.04" <0.001
MID %' 1.04+0.05° 1.58+0.06"* <0.001

RBC = red blood cell, HCT, Hematocrit, MCV, mean corpuscular volume.

'MID %, mid-size population of monocytes, basophils, eosinophils, blasts, and other immature cells

>The same superscript letters A and B inside the same row imply a non-significant difference (P>0.05) between the
comparing means.

Fig.1. Representative photomicrographs of H&E-stained pulmonary sections showing acute bronchitis (&B) A-
Partial desquamation of the bronchiolar epithelium (thick arrow) and inflammatory cellular infiltration of the
lamina propria (thin arrow). B- Hyperplasia of the bronchial epithelial cells and goblet cells with cell debris in
the lumen (thin arrow). Chronic bronchitis (C&D) C- Peribronchial fibroplasia (thick arrow) with hyperplasia
of the bronchial epithelium and goblet cells (thin arrow). D- Desquamation of their epithelial cells (thin arrow)
with peribronchial lymphoid hyperplasia (thick arrow) X200.
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Fig. 2. Representative photomicrographs of H&E-stained pulmonary sections showing acute bronchiolitis (A&B) A-
Extensive necrosis and exfoliation of the bronchiolar epithelial cells with intraluminal desquamated and
necrotic epithelia (thick arrow) B- Hyperplasia of the bronchiolar epithelium with formation of finger like
projections (thin arrow), narrowing of the lumen with peribronchial inflammatory cells infiltration (thick
arrow) and congestion of the pulmonary vessel. Chronic bronchiolitis (C&D) C- Severe peribronchiolar
fibrosis (thin arrow) with mild bronchiolar epithelial hyperplasia and atelectasis of the surrounding alveoli
(thick arrow) D- Perivascular fibrosis (thick arrow). Obliterative bronchiolitis (E&F) E- Intraluminal
inflammatory cells mixed with fibroblasts (thick arrow) and hyperplasia of the bronchiolar epithelium. F-
Fibrinoid mass (thick arrow) infiltrated with desquamated epithelium and inflammatory cells within the
bronchiolar lumen with severe degeneration of the lining epithelium (thin arrow) X200.

Fig. 3. Representative photomicrographs of H&E-stained pulmonary sections showing necrotizing hemorrhagic
pneumonia A- Alveolar septal necrosis accompanied by extravasated erythrocytes and inflammatory cell
infiltration of the alveoli (thin arrow) B- Vacuolation of the bronchial mucosal epithelium (thin arrow) with
inflammatory cells (thick arrow) packed the lumen C- Diffuse alveolar edema (thin arrow) D- Thrombosis
(thick arrow) and vasculitis of the pulmonary vessel X200.
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Fig. 4. Representative photomicrographs of H&E-stained pulmonary sections showing suppurative pneumonia A- live
and dead neutrophils (thick arrow) with some mononuclear inflammatory cells within the lumens of the
alveoli X400 B- Inflammatory cells with streaming appearance (thick arrow) of basophilic chromatin within
the alveolar spaces X200 C- Vasculitis with necrosis and inflammatory cells (thick arrow) infiltrates in the

walls of pulmonary vessel X200 D- Alveolar macrophages (thin arrow) and multinucleated giant cells (thick
arrow) within the alveolar lumens X200.

Fig. 5. Representative photomicrographs of H&E-stained pulmonary sections showing fibrinous pneumonia A- A
mass of fibrin threads (thin arrow) intermixed with erythrocytes and inflammatory cells mostly neutrophils
and mononuclear cells B- Thickened interlobular septa due to fibrin rich exudation (thick arrow) X200.
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Fig. 6. Representative photomicrographs of H&E-stained pulmonary sections showing A-pulmonary alveolar edema
(thick arrow) and congestion of the interalveolar capillaries (thin arrow). B- Edematous thickening of the
interalveolar septa(thin arrow) C- Compensatory alveolar emphysema (thin arrow) X 200.

Egypt. J. Vet. Sci.



8 IBRAHIM SABRY et al.
References Journal. La revue vétérinaire canadienne, 53, 754—
. . 761 (2012).
1. Cho, Y. & Yoon, K.-J. An overview of calf diarrhea-
infectious etiology, diagnosis, and intervention. 13. Timsit, E., Dendukuri, N., Schiller, I. & Buczinski, S.
Journal of Veterinary Science, 15, 1-17 (2014). Diagnostic accuracy of clinical illness for bovine
respiratory disease (BRD) diagnosis in beef cattle
2. f{erraro, S.l,v[FeIc{teau,J C;’ 8]3u£l:;uc, .J.,k'Frgncso Z .D" placed in feedlots: a systematic literature review and
ousseau, 1',’ . Oly > d f: . l;cims, LS. Seoping hierarchical Bayesian latent-class meta-analysis.
review on ciinical ¢e inition ol bovine Tesp 1rat9ry Preventive Veterinary Medicine, 135, 67-73 (2016).
disease complex and related clinical signs in dairy
cows. Journal of Dairy Science , 104, 7095-7108 14. Zeineldin, M., Elolimy, A. A., Reddy, P. R. K.,
(2021). Abdelmegeid, M., Mellado, M., Elghandour, M. M.
M. Y. & Salem, A. Z. M. in Sustainable Agricult
3. Padalino, B., Cirone, F., Zappaterra, M., Tullio, D., . a'em, . o 1 sustainab ¢ Agricutture
Fi G. Giustino. A.. Ndi L A & Pratelli. A Reviews 54: Animal Biotechnology for Livestock
Flcco, .,Aﬂ}ust'lno, h” Dlanal, o fratg L A Production 1 (eds. Yata, V. K., Mohanty, A. K. &
actors ecting the Development of = Bovine Lichtfouse, E.) 209-232 (Springer International
Respiratory Disease: A Cross-Sectional Study in Beef Publishing, 2021). doi:10.1007/978-3-030-76529-3 7
Steers Shipped From France to Italy. Frontiers in ’ -
Veterinary Science, 8, 1-16 (2021). 15. McGuirk, S. M. Disease management of dairy calves
. . and heifers. Veterinary Clinics of North America:
4. Gaudino, M., Nagamine, B., Ducatez, M. F. & Meyer, Food Animal Practice, 24, 139-153 (2008).
G. Understanding the mechanisms of viral and T
bacterial coinfections in bovine respiratory disease: a 16. Ramadan, M. A., Abdel-Raoof, Y. M., Zeineldin, M.
comprehensive literature review of experimental M., El Attar, H. E. M., Abdelghany, A. H. & Ghanem,
evidence. Veterinary Research, 53,70 (2022). M. M. Assessment of pulmonary function test, acute
. . . . phase proteins, cytokines and electrocardiographic
> (Si.mlth’ D I‘{b I;lSk ttiacto{réls .forl blc_»;/mle " re;puatoril/ changes in naturally occurring bovine respiratory
Rlsegse 11211 1629 lc;; 62'02 Onlma ealt, esedrc disease of feedlot cattle calves. Benha Veterinary
eviews, 21, 149-152 (2020). Medical Journal, 37,1-5 (2019).
6. ii?glerglanl,\/[c-, Gaédlgo,DM., Sav?\jld’FC'i ]?lroes, A}S 17. Ramadan, M., Ghanem, M., El Attar, H. E. & Abdel-
riel, ©., MVeye, d uc;atecz, d - \ntluenza ¢ Raoof, Y. Evaluation of  clinical and
VITuS 1n Tesp ratory disease In Canadian, province o hematobiochemical alterations in naturally occurring
Québec, cattle: Relative importance and evidence of . . . . .
. bovine respiratory disease in feedlot cattle calves in
new reassortment between different clades. . .
. . Egypt. Benha Veterinary Medical Journal, 36, 305—
Transboundary and Emerging Diseases, 69, 1227— 313 (2019)
1245 (2022). '
. 18. Feldman, A. T. in Bancroft’s Theory and Practice of
7. E"dgs"“AP' g"b’.’“ﬁh’ E" %ﬁoogexbj'i P‘;p"‘;“yds” Y., Histological Techniques (Eighth Edition) (eds.
_ottf_:r, - DabIuK, L. nevel, . J. tress Suvarna, S. K., Layton, C. & Bancroft, J. D.) 12-24
significantly _increases ~ mortality following = a (Elsevier, 2019).  doi:10.1016/B978-0-7020-6864-
secondary bacterial respiratory infection. Veterinary 5 00002_’5
Research , 43, 1-12 (2012). ’
. . . 19. Fischbach, F. T. & Dunning, M. B. A manual of
8. Zelneldlq, M., Lowe, I, de Godoy, M., Maradiaga, laboratory and diagnostic tests. (Lippincott Williams
N., Ramirez, C., Ghanem, M., Abd El-Raof, Y. & & Wilkins, 2009)
Aldridge, B. Disparity in the nasopharyngeal } ’ )
microbiota between healthy cattle on feed, at entry 20. Soltésova, H., Nagyova, V., Tothova, C. & Nagy, O.
processing and with respiratory disease. Veterinary Haematological and blood biochemical alterations
Microbiology, 208, 30-37 (2017). associated with respiratory disease in calves. Acta
Veterinaria B 249-256 (2015).
9. Apley, M. Bovine respiratory disease: pathogenesis, eterinaria Brno, 84, ( )
clinical signs, and treatment in lightweight calves. 21. Suvarna, K. S., Layton, C. & Bancroft, J. D.
Veterinary Clinics: Food Animal Practice , 22, 399— Bancroft’s theory and practice of histological
411 (20006). techniques. (Elsevier health sciences, 2019). at
<https: i 10.1016/C2015-0-00143-5>
10. Zeineldin, M. M., El-Raof, Y., El-attar, H. A. & ttps://doi.org/10.1016/C2015-0-00143-5
Ghanem, M. M. Lung ultrasonography and computer- 22. Tukey, J. W. The problem of multiple comparisons.
aided scoring system as a diagnostic aid for bovine Multiple comparisons (1953).
iratory di in feedlot cattle. Glob. Vet.
g%sglga9zr(}/20112§ase in feedlot cattle. Glo et. 17, 23. Kamel, M. S., Davidson, J. L. & Verma, M. S.
’ Strategies for Bovine Respiratory Disease (BRD)
11. Zeineldin, M., Ghanem, M., Abd El-Raof, Y. & Diagnosis and Prognosis: A  Comprehensive
Elattar, H. Clinical utilization of point-of-care blood Overview. Animals, 14, 627-665 (2024).
L-lactate concentrations in naturally occurring L,
respiratory disease in feedlot cattle, Pakistan 24. Moisa, S J, Aly, S. S., Lehenbauer, T. W., Love, W.
Veterinary Journal, 37,210-215 (2017). J., Rossitto, P. V., Van Eenennaam, A. L., Trombetta,
T S. C., Bortoluzzi, E. M. & Hulbert, L. E. Association
12. Fulton, R. & Confer, A. Laboratory test descriptions of plasma haptoglobin concentration and other

for bovine respiratory disease diagnosis and their
strengths and weaknesses: Gold standards for
diagnosis, do they exist? The Canadian Veterinary

Egypt. J. Vet. Sci.

biomarkers with bovine respiratory disease status in
pre-weaned dairy calves. Journal of Veterinary
Diagnostic Investigation, 31,4046 (2019).



HEMATOLOGIC, HISTOPATHOLOGICAL, AND INFLAMMATORY BIOMARKERS ASSOCIATED ... 9

25.

26.

27.

28.

29.

30.

31.

Roland, L., Drillich, M. & Iwersen, M. Hematology as

a diagnostic tool in bovine medicine. Journal of

Veterinary Diagnostic Investigation, 26, 592-598

(2014).

Richeson, J. T., Pinedo, P. J., Kegley, E. B., Powell, J.
G., Gadberry, M. S., Beck, P. A. & Falkenberg, S. M.
Association of hematologic variables and castration
status at the time of arrival at a research facility with
the risk of bovine respiratory disease in beef calves.
Journal of the American Veterinary Medical
Association, 243, 1035-1041 (2013).

Ackermann, M. R., Derscheid, R. & Roth, J. A. Innate
Immunology of Bovine Respiratory Disease.
Veterinary Clinics of North America: Food Animal
Practice, 26,215-228 (2010).

Heinrich, P. C., Castell, J. V. & Andus, T. Interleukin-
6 and the acute phase response. Biochemical Journal,
265, 621 (1990).

Godson, D. L., Campos, M., Attah-Poku, S. K.,
Redmond, M. J., Cordeiro, D. M., Sethi, M. S.,
Harland, R. J. & Babiuk, L. A. Serum haptoglobin as
an indicator of the acute phase response in bovine
respiratory disease. Veterinary Immunology and
Immunopathology, 51, 277-292 (1996).

Wolfger, B., Timsit, E., White, B. J. & Orsel, K. A
systematic review of bovine respiratory disease
diagnosis focused on diagnostic confirmation, early
detection, and prediction of unfavorable outcomes in
feedlot cattle. Veterinary Clinics: Food Animal
Practice , 31, 351-365 (2015).

Hanthorn, C. J., Dewell, G. A., Dewell, R. D.,
Cooper, V. L., Wang, C., Plummer, P. J. & Lakritz, J.
Serum concentrations of haptoglobin and haptoglobin-
matrix metalloproteinase 9 (Hp-MMP 9) complexes

32.

33.

34.

35.

36.

37.

of bovine calves in a bacterial respiratory challenge
model. BMC Veterinary Research, 10,285 (2014).

Sihra, B. S., Kon, O. M., Grant, J. A. & Kay, A. B.
Expression of high-affinity IgE receptors (FceRI) on
peripheral  blood basophils, monocytes, and
eosinophils in atopic and nonatopic subjects:
Relationship to total serum IgE concentrations.
Journal of Allergy and Clinical Immunology, 99, 699—
706 (1997).

Eckersall, P. & Bell, R. Acute phase proteins:
Biomarkers of infection and inflammation in
veterinary medicine. The Veterinary Journal, 185,
23-27(2010).

Schairer, D. O., Chouake, J. S., Nosanchuk, J. D. &
Friedman, A. J. The potential of nitric oxide releasing
therapies as antimicrobial agents. Virulence, 3, 271—
279 (2012).

Regev-Shoshani, G., Vimalanathan, S., Prema, D.,
Church, J. S., Reudink, M. W., Nation, N. & Miller,
C. C. Safety, bioavailability and mechanism of action
of nitric oxide to control Bovine Respiratory Disease
Complex in calves entering a feedlot. Research in
Veterinary Science , 96, 328-337 (2014).

Gagea, M. ., Bateman, K. G., van Dreumel, T.,
McEwen, B. J., Carman, S., Archambault, M.,
Shanahan, R. A. & Caswell, J. L. Diseases and
Pathogens Associated with Mortality in Ontario Beef
Feedlots. J. VET. Diagn. Invest., 18, 18-28 (2006).

Love, W. J., Lehenbauer, T. W., Kass, P. H., Van
Eenennaam, A. L. & Aly, S. S. Development of a
novel clinical scoring system for on-farm diagnosis of
bovine respiratory disease in pre-weaned dairy calves.
Peer J.,. 2,e238 (2014).1.

Sl Gl el Alagsall AplgiNly D o) il seasgll s Aysadll ygaal) sl

Ol b (g ial) (uadsl

Al dana danag gl ll Lo dena Cpedy  glanl) dana alua g A R 2 c* 5 ua ]
13511 pae deds daala gkl Glall 40K o)) gaall ida aiid

gadlal)

JALHAL_A‘ L.,SJ_S&L‘“ cd};ﬂ\@l..ah} ‘@N‘&bﬁw&(BRD) é)ﬂ\sumﬂ\ JLPJ\ Uae JSy
C'“" \3.4\ Lﬁ)—‘-‘-“ G..usuﬂ\ )L@AJ\ Uaw e éﬂﬁﬂ\} )S..\.d\ CalSl aey Al gall E})ﬂ\ iclia ‘_g 50 Labaid)
Oyt Aliaall s Al gl (o gl 3l a3 & il yukil) agd (o) colladll a1 51330 Aaaad)
a.u\‘).\”aib LJJ@.']‘\.\.».A‘)AM ¢L~4‘:;\)_[‘LJJ\L}‘JD}UA‘)AH J#Jﬁwdjjﬁ)ﬂuiu&:’gﬁ)d‘g;“sﬂ\ JL@A.“
il Sleal e o CSH &y ) o€l Al A sl i) 5 52l Bl B CLISY) 1 Y
Seall asmr pbiadly slanal) G s sl danita Slae (e 5 da )l Jiat 5 Jsaall 3 (BRD) s
dSiy el il sinne ) i) Sleadl (i ey liaall Jsanll ekl ddlise cladle (e Uiy ¢ il il
Lgandl Gl digall cL;cL'ud\ Ol gn oladl g csalall Ads yall il g ya g ¢l gladl 5 celianl) eﬂ\ LIS alaxs u.qla};l«
L a5 e si¥ls ((HCT) sl smels (MCV) Apsoad) Sy SU pas Jows st (alidil Jlel) pn S 5
O\ LA‘M\JA&\MBRDL}A:GBMJ;\)A@EJM@M&M\GAJA\@J&\MJS;\)A;J\eﬂ\
&—U\A LA;‘ Al ;La.'a;i,\“ eﬂ\ LJ)A QLC_}A.A.A} GQYM\} 5:\7191_\4.“ &L\L\:J).I_,LJU alall ‘d;‘).d\ £_|Lu:|}).1 &L@SJ\
Slail) (0 334 ol jali oaas Jsaadl 8 BRD Gmii b selas of oSas colgaadl all DA e (alid
‘i\h‘_gbu Aaadlida d&‘f&BRD I VAW LS‘)'AS“ G...mﬂ\ JLPl\ ‘L\L:\‘)Jamh:u_,gal\ Gl i 5all 228 3.':)\3.4.‘

il (m el m )

Ol g olall el gl esalall Al gall (i g éL’s‘)E..J\ L;..usu]\ Jleall u“)‘\ tduad il sy :31\43\ ilalsly
.BMS}J\ 3\,_1}:\31\ Q\)ﬁn}d\ ¢gc\.bd\

Egypt. J. Vet. Sci.



