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ABSTRACT

The ovine respiratory complex (ORC) is one of the most common respiratory diseases observed in sheep. The
objective of the present investigation was to evaluate the comparative therapeutic efficacy of two non-steroidal anti-
inflammatory drugs (meloxicam and phenylbutazone) for the treatment of the ORC. For this purpose, 33 Ossimi
sheep were randomly assigned into three treatment groups (11 each). Group 1 was treated with amoxicillin long-
acting (LA) and meloxicam, group 2 received amoxicillin LA and phenylbutazone, and group 3 was treated with
amoxicillin LA alone. Sheep were examined clinically and clinical index scores were recorded before and after
treatment. Additionally, blood samples were collected from each sheep. After 14 days of treatment, sheep of group 1
indicated significant improvements in their clinical index scores and a reduction in total leukocyte count. However,
there was a significant increase in red blood cell count, hemoglobin, and MCHC%. There was a significant decrease
in the serum globulin, copper, and haptoglobin in group 1, compared to sheep of groups 2 and 3. Based on the results
of this study, administering meloxicam to sheep with an ovine respiratory complex resulted in significant
improvements in clinical outcomes and significant corrections in above mentioned hematological and biochemical
parameters. Although phenylbutazone proved to be less effective, it still demonstrated some degree of efficacy in
treating this condition. This study suggests that meloxicam may be a more effective treatment option for ORC with
phenylbutazone.
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INTRODUCTION

Ovine respiratory complex (ORC) is one of the main diseases affecting small ruminants in many countries (Tibbo et al.,
2001; Navarro et al., 2019). It commonly affects individuals or groups of sheep and frequently requires a combination of
infectious agents as well as managemental risk factors (Hindson and Winter, 2008). The ovine respiratory complex is a
feedlot production health concern in sheep-rearing countries (Gonzélez et al., 2016; Lacasta et al., 2019). The outcomes
of ORC include increased mortality, reduced growth rate, waste in the slaughterhouse, medicine expenditures, and labor
expenses related to treatment are the outcomes of ORC (Baghezza et al., 2021).

Sheep are more vulnerable to respiratory infections owing to the interactions between several viral and bacterial
pathogens, impaired pulmonary defense mechanisms, and husbandry-related factors (Brogden et al., 1998). The bacteria
most implicated in ORC are Mannheimia haemolytica, Mycoplasma ovipneumoniae, Pasteurella multocida, Bibersteinia
trehalosi, Trueperella pyogenes, and Escherichia coli (Saura Armelles, 2017). A compromised immune system can lead
to the invasion and growth of pathogenic bacteria in lung tissue, with subsequent inflammation and severe clinical signs
(Mosier, 2014; Pahal et al., 2018; Franco et al., 2019).

Clinically, ORC can be acute or chronic (Kumar et al., 2014), where acute ORC in sheep is characterized by fever,
depression, weight loss, mucopurulent discharge, increased respiratory rate, and crackles in the anterior thorax (Gilmour
et al., 1983). In contrast, sheep affected by chronic ORC experience chronic soft cough and mucopurulent nasal
discharge (Scott, 2015).
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Nonsteroidal anti-inflammatory drugs (NSAIDs) have been used as a supplementary treatment alongside
antimicrobial therapy to address ORC because they possess analgesic, antipyretic, and anti-inflammatory properties
(Politis et al., 2019). Meloxicam is an oxicam-class NSAID with powerful anti-inflammatory, analgesic, and antipyretic
effects (Xu et al., 2014). It operates by inhibiting cyclooxygenase-2 enzymes, which lessens the production of tumor
necrosis factor, an inflammatory cytokine that is produced during respiratory tract infection (Bednarek et al., 2003;
Hirsch et al., 2003; Curry et al., 2005). In cattle, meloxicam has been clinically evaluated widely as an adjunctive
therapy for the treatment of respiratory tract diseases (Salamon et al., 2000; Schmidt et al., 2000). Similarly,
Phenylbutazone is an effective NSAID with antipyretic and analgesic properties and has been used in veterinary
medicine for more than five decades to treat musculoskeletal system inflammation, soft tissue inflammation, and
laminitis (Flood and Stewart, 2022). While Phenylbutazone has been proven to be very effective in treating respiratory
disease in calves owing to its potent anti-inflammatory effects, there is a paucity of information on its effectiveness as a
supplementary therapy for treating ORC in sheep (El-Deeb et al., 2021).

The effect of anti-inflammatory drugs on acute phase proteins in calves with respiratory diseases has been presented
(El-Deeb et al., 2021), and in sheep with pneumonic pasteurellosis (El-Deeb and EImoslemany, 2016). However, there is
little information about the effect of meloxicam on clinical and acute phase proteins (APPs) in sheep with ORC.

Therefore, the aim of the present study was to compare the therapeutic efficacy of meloxicam and phenylbutazone
on the clinical outcomes, hematological parameters, and selected APPs in Ossimi sheep affected by ORC.

MATERIAL AND METHODS -~ - Lo
Table 1. Description and scores of clinical signs in

sheep with acute respiratory disease

Ethical approval Clinical variable Level and description
Ethical approval for this experiment was given by the Absent: 0
committee of King Faisal University No. KFU-REC-2023- 1 Cough ?Arxcoughihlz
- . oist cough:
NoV-ETHICS-1371. Absent: 0
Serous discharge: 1
Animals and clinical examination 2 Nasal discharge Mucoid discharge: 2
In this study, a total of 33 Ossimi sheep with ORC were Mucopurulent: 3
. . . L Purulent: 4
examined. To diagnose ORC, a systemic clinical Absent: 0
examinz_ation was _ conducted _vvith signs of _anorexia, 3 Ocular discharge Serous discharge: 1
depression, coughing, nasal discharge, and high body Mucoid discharge: 2
temperature (> 40°C; Lacasta et al., 2019). On the first Purulent: 3
examination and before treatment, clinical findings for 70-90: 0
} . ' g 4 Heart rate 90-100: 1
each sheep were identified and scored, and the sum of such (beat/min) 100-120: 2
clinical index scores was recorded (Table 1). Sheep were >120: 3
randomly selected from different herds in Dakahlia and Respiratory rate 24064506.2
Qalubia governorates. The age of the sheep ranged from 5 (cycle/min) 50-60: 2
three months to two years (Mean 12 £ 55 months). >60 : 3
The body weight of examined sheep ranged from 4 to 39-400%: 0
40 kg (Mean 19 8.4 Kkg). Sheep were raised in 6  Temperature Zig:i;og:_lz
smallholder flocks and kept indoors. Sheep were fed on >42°C - 3
green fooders and 250 gm concentrates daily The animals 7 Appetite Inappetance: 1
were randomly allocated to three equally sized treatment Anorexia:2
. Alert: 0
g_roups, each containing 11 sheep. -T-he sheep. wgre & Alertness Mild depression: 1
diagnosed to have ORC based on clinical examination Severe depression: 2
(Lacasta et al., 2019). Absent: 0
Briefly, the presence of cough, nasal discharge, and 9  Dyspnea Mild dyspnea: 1
abnormal lung sound on auscultation are the major Severe dyspne.a. 2
. .. . L. Normal sound: 0
findings. In addition, evidence of systemic signs was 10 Lung sound exaggerated vesicular sound: 1
confirmatory. Systemic signs were fever (= 40°C), g wheezes: 2
anorexia, and depression. The present clinical trial was iSCKIiSBB
. . . sent.
conducted according to the CONSORT statement guidelines 11 Conjunctivitis Mild conjunctivitis: 1
(2010). Severe conjunctivitis: 2
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Treatment protocol

Group 1 received subcutaneous injections of Amoxicillin LA at a dosage of 15 mg/kg body weight, administered
three times successively with a 48-hour interval between each injection (El-Deeb et al., 2021), and intramuscular
administration of meloxicam (METACAM, Boehringer Ingelheim Animal Health, USA Inc.) at a dosage of 1 mg/kg
body weight for five consecutive days (Metacam, 2016). Group 2 received treatment that involved subcutaneous
administration of Amoxicillin LA (Amoxypen LA, MSD Animal Health) at a dosage of 15 mg/kg body weight, for three
successive times 48 hours apart, and intravenous administration of phenylbutazone (Buta-Fenil, AM Trading, Lab.
Tornel, Mexico) at a dose of 4 mg/kg body weight for five consecutive days (El-Deeb et al., 2021). Group 3 was treated
only with Amoxicillin LA, at the same dose and protocol as group 1 and group 2.

Clinical follow-up
To assess the health of the sheep, clinical examination and clinical index scores were recorded for each animal on
the first day of the visit (TO0), day 7 (T1), and day 14 (T2) post-treatment.

Blood samples

Two blood samples were collected from each sheep under investigation through jugular vein puncture. While
sampling, no sedative drugs have been used. Sampling was performed at the time of the first visit and on days 7 and 14
post-treatment. One of the blood samples (5 ml) was collected on anticoagulant (5 mg sodium ethylene diamine tetra
acetic acid) for the evaluation of total and differential leukocytic counts. The second five mL of blood sample was
collected without anti-coagulant for analysis of biochemical parameters including iron, zinc, copper, haptoglobin,
albumin, total protein, and globulin concentrations.

Hematological analysis

The red blood cell (RBCs, 10%ul), hemoglobin (Hb, gm/dl), PCV%, total leukocytic, and differential leukocyte
(WBCs10%pl) counts were determined using a hematology analyzer (MS9-5, Melet Schloesing Laboratories, France)
according to (Feldman et al., 2000).

Biochemical examination

Iron was measured colorimetrically using commercial test kits (Fortess Diagnostics Limited Co., United Kingdom).
Zinc and copper levels were estimated colorimetrically using commercial test kits (Biodiagnostic Co., Egypt). Albumin
and total protein levels were measured colorimetrically using commercial test kits (Stanbio, Boerne). Finally,
haptoglobin was measured by the nephelometric method using commercial test kits (Turbox, Orion diagnostica Oy,
Finland). Nephelometry was applied as a simple, accurate, and reliable technique for the determination of haptoglobin
(Shih et al., 2014). The haptoglobin was measured at a wavelength of 600 nm following the instruction of the
manufacturer of the used test Kits.

Statistical analysis

A commercial software program (GraphPad version 5.0, USA) was used for statistical analyses. First, the groups
were assessed for homogeneity using the Kruskal-Walli’s test. As the data were found to be homogenous, the mean and
standard deviation for variables were presented. For the clinical index score, analysis of variance test (ANOVA) and
Bonferroni multiple comparison tests as post hoc was performed to find the significant changes. A general linear model
with repeated measures ANOVA was used to evaluate the effect of anti-inflammatory drugs on biochemical variables.
Wilks” lambda test was used as an indicator of significant changes. Where such a test was found to be significant,
analysis of variance test (ANOVA) and Tukey’s comparison test as post hoc was performed. For all data, the outcomes
were considered significant when p < 0.05.

RESULTS

The clinical disease index score indicated that significant improvement in sheep treated with a combination of
meloxicam and amoxicillin LA in group 1, compared to those treated with a combination of amoxicillin LA and
phenylbutazone in group 2 and those treated with amoxicillin LA alone in group 3. This improvement was significant on
7 (p <0.01) and 14 (p < 0.01) days post-treatment. Furthermore, complete recovery was achieved in the sheep of group 1
with a clinical index score of 1, whereas the sheep of groups 2 and 3 had clinical index scores of six and seven,
respectively, 14 days post-treatment. The respiratory rate and heart rate returned to normal levels in sheep of group 1 and
group 2 more rapidly than those of group 3.

The red blood cell indicated Hb concentration, RBC count, and MCHC% significantly increased in sheep of group
1, compared to those of groups 2 and 3 at 14 days post-treatment (p < 0.01; Figure 1). However, the total leukocyte
count significantly decreased in the sheep of group 1, compared to those of group 3 on 14 days post-treatment (p < 0.01).
The neutrophil percentage significantly decreased in sheep of group 1, compared to those of group 2 and group 3 on 7
days and 14 days post-treatment (p < 0.05). In contrast, lymphocyte percentage was significantly higher in sheep of
group 1 compared to those of group 2 and group 3 on 7 days and 14 days post-treatment (p < 0.05; Figure 2). Serum
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haptoglobin showed a significant decrease in sheep in group 1, compared to those of group 2 and group 3 on 7 days and
14 days post-treatment (p < 0.01; Figure 3). Similarly, serum globulin revealed a significant decrease in sheep of group
1, compared to those of group 3 on 14 days post-treatment (p < 0.05). Both serum albumin and albumin/globulin (A/G)
ratio indicated a significant increase in sheep of group 1 compared with those of group 3 on 14 days post-treatment (p <
0.05; Figure 4). Serum iron levels rose significantly in sheep of group 1 compared with those of group 3 on 14 days post-
treatment (p < 0.05; Figure 5). However, the serum copper levels in sheep of group 1 demonstrated a significant
decrease, compared to those of group 3 on 7 and 14 days post-treatment (p < 0.05; Figure 6). Serum zinc levels
significantly increased in sheep of group 1, compared to those of group 3 on 14 days post-treatment (p < 0.05), and
significantlyincreased compared to those of groups 2 and 3 on 14 days post-treatment (p < 0.05; Figure 7).
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Figure 1. Mean values of hematological indices in sheep with ovine respiratory disease before and after treatment with
amoxicillin LA and meloxicam, amoxicillin LA and phenylbutazone and with amoxicillin LA alone. ** Means with
different superscript letters are significantly different at p < 0.05.
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treatment with amoxicillin LA and meloxicam, amoxicillin LA and phenylbutazone and with amoxicillin LA alone. *"
Means with different superscript letters are significantly different at p < 0.05.
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DISCUSSION

In the present study, significant improvement in the clinical index score was recorded in sheep treated with meloxicam
compared to those treated with phenylbutazone and those treated with Amoxicillin LA alone. This finding is consistent
with that of Bednarek et al. (2003) who stated that administering a combination of oxytetracycline and meloxicam to
calves with enzootic bronchopneumonia led to a significantly faster improvement in the clinical illness index score than
treatment with a combination of oxytetracycline and flumethasone, or oxytetracycline alone. Additionally, Friton et al.
(2005) found that administering a combination of meloxicam and antibiotics to feedlot cattle with bovine respiratory
disease resulted in an improvement of clinical signs and a reduction of lung lesions compared to those treated with
antibiotics alone. Similarly, Georgoulakis et al. (2006) observed that combining meloxicam with chlortetracycline in the
treatment of growing pigs with porcine respiratory disease complex infection resulted in quicker recovery from
respiratory inflammation caused by viruses and bacteria compared to pigs treated with chlortetracycline alone.

According to Dudek et al. (2020), an increase in neutrophil levels is typically observed during the onset of
pneumonia in calves. Neutrophils play a crucial role in defense mechanisms through phagocytosis and oxidative burst
(Jimbo et al., 2017). Therefore, the significant decrease in neutrophils and increase in lymphocyte percentage observed
in the group of sheep treated with meloxicam compared to the other treatment groups may be due to the anti-
inflammatory effect of meloxicam.

Concerning APPs, meloxicam could significantly decrease serum haptoglobin and globulin but increase serum
albumin and albumin/globulin (A/G) ratio compared to phenylbutazone and Amoxicillin LA alone. This finding suggests
rapid recovery and improvement in meloxicam treated group than others. Haptoglobin is an acute-positive protein that is
a clinically relevant criterion for evaluating the occurrence and severity of inflammatory reactions in cattle, such as
pneumonia (Eckersall and Bell, 2010). It is a scavenger protein with antioxidant, antimicrobial, and anti-inflammatory
(Gulhar et al., 2018). The anti-inflammatory effect of haptoglobin is due to its ability to bind with CD11b/CD18 proteins
which are found on neutrophils (El Ghmati et al., 1996). Additionally, other plasma proteins (albumin and globulin) play
an essential role in the inflammation process and are usually used to evaluate the level of malnutrition and the
seriousness of an illness (Laky et al., 2007). Albumin is considered the primary negative APP found in all animal species
(Cray et al., 2009). According to Aldred and Schreiber (2020) during inflammation, albumin synthesis decreases, and
amino acids are utilized for the creation of positive APPs. In addition, Otal et al. (2022) attributed the decreased serum
albumin levels during inflammation to an increase in the volume of distributed albumin due to increased capillary
permeability, leading to the escape of serum albumin. In contrast, elevated levels of globulin are associated with chronic
inflammation and indicate prolonged exposure to various proinflammatory cytokines (Gopal et al., 2010). Furthermore,
the significant increase in globulin in bovine respiratory disease-affected calves may be due to immune system activation
caused by pathogens (Abd El-Raof and Hassan, 1999). The A/G ratio, a biomarker that combines albumin and globulin,
indicates the status of inflammation and nutrition (Yang et al., 2022). Various respiratory disorders have also been
associated with A/G abnormalities in patients with respiratory diseases (Qin et al., 2018; Chen et al., 2022).

Regarding copper, zinc, and iron meloxicam-treated sheep recovered their normal level of copper, zinc, and iron
earlier than those of phenylbutazone and Amoxicillin LA groups. This finding may be attributed to the potent anti-
inflammatory effect of meloxicam. Generally, in farm animals, as a result of infection and toxemia, there is
hypozincemia, hypoferremia, and hypercupremia (Constable et al., 2016). Moreover, infection in farm animals is found
to be associated with oxidative stress (Lykkesfeldt and Svendsen, 2007). The increased serum level of copper before
treatment may be due to an increase in the production of the copper-binding protein, ceruloplasmin. This protein
scavenges free radicals and acts as an antioxidant during infection and inflammation (Fox et al., 1995). In calves, Galarza
et al. (2021) attributed the decrease in serum zinc levels during infection to the release of interleukin 1 and interleukin
6. In mice, the release of cytokines during infection has been found to facilitate Zinc uptake from the bloodstream
(Aydemir et al., 2012). Additionally, decreased hepatic production of albumin (transporting zinc), transferrin, and
lactoferrin leads to lower levels of zinc and iron in the blood (Gruys et al., 2005). In a study, it has been demonstrated
that meloxicam could ameliorate the oxidative stress caused by extraneous exercise by strengthening the superoxide
dismutase activity (Gunes et al., 2011). However, the combination of meloxicam and injectable trace elements did not
affect the morbidity and serum levels of trace element on 45 days post-treatment in fattening calves (Hartschuh, 2015).

CONCLUSION

In conclusion, meloxicam-treated sheep had earlier clinical recovery and early normalization of blood parameters than
those treated with phenylbutazone or amoxicillin LA alone. Meloxicam is an alternative effective anti-inflammatory
drug for sheep in clinical practice. Further studies are needed to investigate the effect of meloxicam on specific
infections in sheep with respiratory signs and to evaluate the cytokine response to treatment with meloxicam.

22


https://pubmed.ncbi.nlm.nih.gov/?term=Lykkesfeldt+J&cauthor_id=16914330
https://pubmed.ncbi.nlm.nih.gov/?term=Svendsen+O&cauthor_id=16914330

World Vet. J., 14 (1): 15-25, 2024

DECLARATIONS

Acknowledgments
The authors would like to thank the dean of Scientific Research, Vice Presidency for Graduate Studies and Scientific
Research, King Faisal University for supporting this study.

Authors’ contributions

Abdullah Khalid Alwayel did the conceptualization and drafting of the manuscript, Mohamed Marzok supervised
the project and manuscript submission, Magdy Gioushy conducted the investigation and drafting of the manuscript;
Mahmoud Kandeel and Adel Almubarak did project administration and resources; Yaser Hamad did data analysis; Saad
Shousha did interpretation and writing, Sabry El-khodery did editing and reviewing of the manuscript. All authors have
read and agreed to the published version of the manuscript.

Competing interests
There are no competing interests to disclose.

Ethical considerations
Ethical issues (including plagiarism, consent to publish, misconduct, data fabrication and/or falsification, double
publication and/or submission, and redundancy) have been checked by all the authors.

Funding
This study was funded by Deanship of Scientific Research, Vice Presidency for Graduate Studies and Scientific
Research, King Faisal University [Fund number: KSA 5337].

Availability of data and materials
All data of this study are available by reasonable requests from authors.

REFERENCES

Abd El-Raof Y and Hassan H (1999). Ultrasonography and other aids for calf pneumonia diagnosis, The 5™ Scientific Congress Egyptian Society of
Cattle Diseases, Assuit, Egypt. pp 1-10. Available at: https://www.cabidigitallibrary.org/doi/full/10.5555/20002214574

Aldred AR and Schreiber G (2020). The negative acute phase proteins acute phase proteins, 1% Edition. CRC Press, pp 21-37. DOI:
https://www.doi.org/10.1201/9781003068587-3

Baghezza S, Mamache B, Bennoune O, and Ghougal K (2021). Pathological study and detection of bovine parainfluenza 3 virus in pneumonic sheep
lungs using direct immunofluorescence antibody technique. Comparative Clinical Pathology, 30(2): 301-310. DOI:
https://www.doi.org/10.1007/s00580-021-03211-6

Bednarek D, Zdzisinska B, Kondracki M, and Kandefer-Szerszen M (2003). Effect of steroidal and non-steroidal anti-inflammatory drugs in
combination with long-acting oxytetracycline on non-specific immunity of calves suffering from enzootic bronchopneumonia. Veterinary
Microbiology, 96(1): 53-67. DOI: https://www.doi.org/10.1016/S0378-1135(03)00203-7

Aydemir BT, Chang SM, Guthrie GJ, Maki AB, Ryu MS, Karabiyik A, and Cousins RJ (2012). Zinc transporter ZIP14 functions in hepatic zinc, iron
and glucose homeostasis during the innate immune response (endotoxemia). PloS One, 7(10): e48679. DOI:
https://www.doi.org/10.1371/journal.pone.0048679

Brogden KA, Lehmkuhl HD, and Cutlip RC (1998). Pasteurella haemolytica complicated respiratory infections in sheep and goats. Veterinary
Research, 29(3-4): 233-254. Available at: https://hal.science/hal-00902527/document

Chen L, Xu M, Huang Q, Liu Y, and Ren W (2022). Clinical significance of albumin to globulin ratio among patients with stroke-associated
pneumonia. Frontiers in Nutrition, 9: 1832. DOI: https://www.doi.org/10.3389/fnut.2022.970573

Constable PD, Hinchcliff KW, Done SH, and Griinberg W (2016). Veterinary medicine: A textbook of the diseases of cattle, horses, sheep, pigs and
goats, 11™ Edition. Elsevier Health Sciences, pp 969-980. Available at: https://vetbooks.ir/veterinary-medicine-a-textbook-of-the-diseases-of-
cattle-horses-sheep-pigs-and-goats-11th-edition/

Consort statement guidelines (2010). Consort2010 Statement: Updated guidelines for reporting parallel group randomised trials, enhancing the quality
and transparency of health research. Available at: https://www.equator-network.org/reporting-guidelines/consort/

Cray C, Zaias J, and Altman NH (2009). Acute phase response in animals: A review. Comparative Medicine, 59(6): 517-526. Available at:
https://pubmed.ncbi.nlm.nih.qgov/20034426/

Curry SL, Cogar SM, and Cook JL (2005). Nonsteroidal antiinflammatory drugs: A review. Journal of the American Animal Hospital Association,
41(5): 298-309. DOI: https://www.doi.org/10.5326/0410298

Dudek K, Bednarek D, Lisiecka U, Kycko A, Reichert M, Kostro K, and Winiarczyk S (2020). Analysis of the leukocyte response in calves suffered
from Mycoplasma bovis pneumonia. Pathogens, 9(5): 407. DOI: https://www.doi.org/10.3390/pathogens9050407

Eckersall P and Bell R (2010). Acute phase proteins: Biomarkers of infection and inflammation in veterinary medicine. The Veterinary Journal,
185(1): 23-27. DOI: https://www.doi.org/ 10.1016/j.tvjl.2010.04.009

El-Deeb WM and Elmoslemany AM (2016). The diagnostic accuracy of acute phase proteins and proinflammatory cytokines in sheep with pneumonic
pasteurellosis. Peer J, 4:e2161. DOI: https://www.doi.org/10.7717/peerj.2161

23


https://www.cabidigitallibrary.org/doi/full/10.5555/20002214574
https://www.doi.org/10.1201/9781003068587-3
https://www.doi.org/10.1007/s00580-021-03211-6
https://www.doi.org/10.1016/S0378-1135(03)00203-7
https://www.doi.org/10.1371/journal.pone.0048679
https://hal.science/hal-00902527/document
https://www.equator-network.org/reporting-guidelines/consort/
https://www.doi.org/10.5326/0410298
https://pubmed.ncbi.nlm.nih.gov/?term=Eckersall+PD&cauthor_id=20621712

Alwayel et al., 2024

El-Deeb WM, Rizk MA, Fayez MM, Mkrtchyan HV, and Kandeel M (2021). Clinical efficacy of antimicrobial agents in combination with flunixin
meglumine and phenylbutazone on acute phase response in respiratory disease of calves. Pakistan Veterinary Journal, 41(1): 71-77. DOI:
https://www.doi.org/10.29261/pakvetj/2020.078

El Ghmati SM, Van Hoeyveld EM, Van Strijp JG, Ceuppens JL, and Stevens EA (1996). Identification of haptoglobin as an alternative ligand for
CD11b/CD18. Journal of Immunology, 156(7): 2542-2552. DOI: https://www.doi.org/10.4049/jimmunol.156.7.2542

Feldman B, Zinkl J, and Jain N (2000). Schalm’s veterinary hematology, 5" Edition. Lippincott Williams & Wilkins., Philadelphia, Baltimore, pp.
1120-1124.

Flood J and Stewart AJ (2022). Non-steroidal anti-inflammatory drugs and associated toxicities in horses. Animals, 12(21): 2939.
DOL:https://www.doi.org/10.3390/ani12212939

Fox PL, Mukhopadhyay C, and Ehrenwald E (1995). Structure, oxidant activity, and cardiovascular mechanisms of human ceruloplasmin. Life
Sciences, 56(21): 1749-1758. DOI: https://www.doi.org/10.1016/0024-3205(95)00146-W

Franco MF, Gaeta NC, Aleman MA, Mellville PA, Timenetsky J, Balaro MF, and Gregory L (2019). Bacteria isolated from the lower respiratory tract
of sheep and their relationship to clinical signs of sheep respiratory disease. Pesquisa Veterinaria Brasileira, 39(10): 796-801. DOI:
https://www.doi.org/10.1590/1678-5150-pvb-6315

Friton G, Cajal C, and Ramirez-Romero R (2005). Long-term effects of meloxicam in the treatment of respiratory disease in fattening cattle. Veterinary
Record, 156(25): 809-811. DOI: https://www.doi.org/10.1136/vr.156.25.809

Galarza EM, Lizarraga RM, Streitenberger N, Arriaga G, Abraham G, Mattioli GA, Anchordoquy JM, and Fazzio LE (2021). Assessment of plasma
zinc and total leukocyte count in calves experimentally infected with mannheimia haemolytica. Biological Trace Element Research, 199: 120-
125. DOI: https://www.doi.org/10.1007/s12011-020-02145-4

Georgoulakis IE, Petridou E, Filiousis G, Alexopoulos C, Kyriakis SC, and Papatsas | (2006). Meloxicam as adjunctive therapy in treatment and
control of porcine respiratory disease complex in growing pigs. Journal of Swine Health and Production, 14(5): 253-257. Available at:
https://www.aasv.org/shap/issues/v14n5/v14n5p253.html

Gilmour NJL, Martin WB, Sharp JM, Thompson DA, Wells PW, and Donachie W (1983). Experimental immunisation of lambs against pneumonic
pasteurellosis. Research in Veterinary Science, 35(1): 80-86. DOI: https://www.doi.org/10.1016/S0034-5288(18)32208-2

Gonzélez JM, Bello JM, Rodriguez M, Navarro T, Lacasta D, Fernandez A, and De las Heras M (2016). Lamb feedlot production in Spain: Most
relevant health issues. Small Ruminant Research, 142: 83-87. DOI: https://www.doi.org/10.1016/j.smallrumres.2016.02.020

Gopal DM, Kalogeropoulos AP, Georgiopoulou VV, Tang WWH, Methvin A, Smith AL, Bauer DC, Newman AB, Kim L, Harris TB et al. (2010).
Serum albumin concentration and heart failure risk: The health, aging, and body composition study. American Heart Journal, 160(2): 279-285.
DOI: https://www.doi.org/10.1016/j.ahj.2010.05.022

Gruys E, Toussaint MIJM, Niewold TA, and Koopmans SJ (2005). Acute phase reaction and acute phase proteins. Journal of Zhejiang University-
Science B, 6(11): 1045-1056. DOI: https://www.doi.org/10.1631/jzus.2005.B1045

Gulhar R, Ashraf MA, and Jialal | (2018). Physiology, acute phase reactants. StatPearls. StatPearls Publishing, Treasure Island (FL). Available at:
https://europepmc.org/article/NBK/nbk519570

Gunes V, Cinar M, Onmaz AC, Atalan G, and Yavuz U (2011). Effects of meloxicam on oxidative deterioration due to exercise in horses. Revue de
Medecine Veterinaire, 162(5): 258-264. Available at: https://hdl.handle.net/20.500.12587/5009

Hartschuh HE (2015). The effects of orally administered meloxicam and injectable trace mineral supplementation on weight gain, morbidity and
mortality in newly-received, high-risk stocker calves and on serum trace mineral status before and after injectable trace mineral application.
Master Thesis, Kansas State University, United States. Available at: http://hdl.handle.net/2097/18798

Hindson JC and Winter AC (2008). Manual of sheep diseases. John Wiley & Sons., Oxford, UK, pp. 196-205. Available at:
https://www.cabidigitallibrary.org/doi/full/10.5555/20023186562

Hirsch AC, Philipp H, and Kleemann R (2003). Investigation on the efficacy of meloxicam in sows with mastitis—metritis—agalactia syndrome. Journal
of Veterinary Pharmacology and Therapeutics, 26(5): 355-360. DOI: https://www.doi.org/10.1046/j.1365-2885.2003.00524.x

Jimbo S, Suleman M, Maina T, Prysliak T, Mulongo M, and Perez-Casal J (2017). Effect of Mycoplasma bovis on bovine neutrophils. Veterinary
Immunology and Immunopathology, 188: 27-33. DOI: https://www.doi.org/10.1016/j.vetimm.2017.04.011

Kumar A, Rahal A, Chakraborty S, Verma AK, and Dhama K (2014). Mycoplasma agalactiae, an etiological agent of contagious agalactia in small
ruminants: A review. Veterinary Medicine International, 2014: 286752. DOI: https://www.doi.org/10.1155/2014/286752

Lacasta D, Gonzalez JM, Navarro T, Saura F, Acin C, and Vasileiou NGC (2019). Significance of respiratory diseases in the health management of
sheep. Small Ruminant Research, 181: 99-102. DOI: https://www.doi.org/10.1016/j.smallrumres.2019.03.004

Laky B, Janda M, Bauer J, Vavra C, Cleghorn G, and Obermair A (2007). Malnutrition among gynaecological cancer patients. European Journal of
Clinical Nutrition, 61(5): 642-646. DOI:_https://www.doi.org/10.1038/sj.ejcn.1602540

Lykkesfeldt J and Svendsen O (2007). Oxidants and antioxidants in disease: Oxidative stress in farm animals. The Veterinary Journal, 173(3): 502-
511. DOI: https://www.doi.org/10.1016/j.tvjl.2006.06.005

Metacam (2016). Metacam 20MG/ML solution for injection. pp. 1-3. Available at:
https://staticl.squarespace.com/static/57479299e32140c00f38405e/t/58dc8a358419c2c05f8ac957/1490848310448/Metacam-fact-sheet-2016.pdf

Mosier D (2014). Review of BRD pathogenesis: The old and the new. Animal Health Research Reviews, 15(2): 166-168. DOI:
https://www.doi.org/10.1017/S1466252314000176

Navarro T, Ramos JJ, Figueras L, and Gonzélez JM (2019). Epidemiology of ovine respiratory complex in lambs. Small Ruminant Research, 179: 70-
74. DOI: https://www.doi.org/10.1016/j.smallrumres.2019.09.002

Otal Y, Avcioglu G, and Haydar FG (2022). A new biomarker in severe pneumonia associated with coronavirus disease 2019: Hypoalbuminemia. A
prospective study. Sao Paulo Medical Journal, 140(3): 378-383. DOI: https://www.doi.org/10.1590/1516-3180.2021.0066.r2.16082021

Pahal P, Rajasurya V, and Sharma S (2018). Typical bacterial pneumonia. StatPearls Publishing., Treasure lIsland (FL). Available at:
https://www.ncbi.nlm.nih.gov/books/NBK534295/

Politis AP, Vasileiou NGC, loannidi KS, and Mavrogianni VS (2019). Treatment of bacterial respiratory infections in lambs. Small Ruminant
Research, 176: 70-75. DOI: https://www.doi.org/10.1016/j.smallrumres.2019.05.005

Qin J, Qin Y, Wu Y, Wei A, Luo M, Liao L, and Lin F (2018). Application of albumin/globulin ratio in elderly patients with acute exacerbation of
chronic obstructive pulmonary disease. Journal of Thoracic Disease, 10(8): 4923. DOI: https://www.doi.org/10.21037/jtd.2018.07.47

24


https://www.doi.org/10.1016/0024-3205(95)00146-W
https://www.doi.org/10.1590/1678-5150-pvb-6315
https://www.doi.org/10.1136/vr.156.25.809
https://www.doi.org/10.1016/j.smallrumres.2016.02.020
https://www.doi.org/10.1631/jzus.2005.B1045
https://hdl.handle.net/20.500.12587/5009
http://hdl.handle.net/2097/18798
https://www.cabidigitallibrary.org/doi/full/10.5555/20023186562
https://pubmed.ncbi.nlm.nih.gov/?term=Lykkesfeldt+J&cauthor_id=16914330
https://pubmed.ncbi.nlm.nih.gov/?term=Svendsen+O&cauthor_id=16914330
https://static1.squarespace.com/static/57479299e32140c00f38405e/t/58dc8a358419c2c05f8ac957/1490848310448/Metacam-fact-sheet-2016.pdf
https://www.doi.org/10.1017/S1466252314000176
https://www.doi.org/10.1016/j.smallrumres.2019.09.002
https://www.doi.org/10.1590/1516-3180.2021.0066.r2.16082021
https://www.doi.org/10.1016/j.smallrumres.2019.05.005
https://www.doi.org/10.21037/jtd.2018.07.47

World Vet. J., 14 (1): 15-25, 2024

Salamon E, Schmidt H, Henderson A, and Okkinga K (2000). Effects of meloxicam on thromboxane levels in calves with experimentally induced
endotoxaemia. Cattle Practice, 8(1): 37-38. Available at: https://www.cabdirect.org/cabdirect/abstract/20002212368

Saura Armelles F (2017). Clinical, pathological and microbiological study of pulmonary lesions in adult sheep. Veterinary Degree Dissertation,
University of Zaragoza, Spain.

Schmidt H, Philipp H, Salamon E, and Okkinga K (2000). Effects of Metacam® (meloxicam) on the course of acute respiratory diseases in cattle.
Praktische Tierarzt, 81(3): 240-244. Available at: https://www.cabidigitallibrary.org/doi/full/10.5555/20002210768

Scott PR (2015). Sheep medicine, 2™ Edition. CRC Press., Boca Raton, pp. 149-159. DOI: https://www.doi.org/10.1201/b18182

Shih AWY, McFarlane A, and Verhovsek M (2014). Haptoglobin testing in hemolysis: Measurement and interpretation. American Journal of
Hematology, 89(4): 443-447. DOI: https://www.doi.org/10.1002/ajh.23623

Tibbo M, Woldemeskel M, and Gopilo A (2001). An outbreak of respiratory disease complex in sheep in central Ethiopia. Tropical Animal Health and
Production, 33: 355-365. DOI: https://www.doi.org/10.1023/A:1010565905004

Xu S, Rouzer CA, and Marnett LJ (2014). Oxicams, a class of nonsteroidal anti-inflammatory drugs and beyond. IUBMB Life, 66(12): 803-811. DOI:
https://www.doi.org/10.1002/iub.1334

Yang D, Shen J, Huang H, Wang J, Sun F, Zeng T, Qiu H, Xie H, Chen Y, Li Setal. (2022). Elevated albumin to globulin ratio on day 7 is associated
with improved function outcomes in acute ischemic stroke patients with intravenous thrombolysis. Journal of Inflammation Research, 15: 2695-
2705. DOI: https://www.doi.org/10.2147/JIR.S347026

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits

- use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in
a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.
To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

25


https://www.cabidigitallibrary.org/doi/full/10.5555/20002210768
https://pubmed.ncbi.nlm.nih.gov/?term=Shih+AW&cauthor_id=24809098
https://pubmed.ncbi.nlm.nih.gov/?term=McFarlane+A&cauthor_id=24809098
https://pubmed.ncbi.nlm.nih.gov/?term=Verhovsek+M&cauthor_id=24809098
https://www.doi.org/10.1023/A:1010565905004
https://www.doi.org/10.1002/iub.1334
https://www.doi.org/10.2147/JIR.S347026
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

