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ABSTRACT

Objective:	This	study	aimed	to	evaluate	a	new	drug	combination	for	small	ruminant	respiratory	
diseases	to	find	a	better	treatment	protocol	for	the	potential	replacement	of	older	methods.
Materials and Methods:	A	 total	of	6,886	animals	 received	common	respiratory	disease	 thera-
pies	out	of	15,845	animals	 that	had	respiratory	disorders.	The	new	combination	therapy	tech-
nique	 treated	 the	 remaining	 animals	 (8,968).	 The	 animals	 were	 given	 an	 oral	 suspension	 of	
triclabendazole	or	levamisole	at	an	initial	dosage	of	0.2	ml/kg	body	weight	(BW).	The	following	day,		
0.2	mg/kg	of	1%	ivermectin	was	subcutaneously	administered.	Then,	on	the	third	and	fifth	days	
of	treatment,	a	subcutaneous	injection	of	30	mg/kg	BW	of	florfenicol	(30%)	was	administered.	
The	survival	and	recovery	rates	 for	both	groups	were	tracked	throughout	a	6-month	period	of	
observation.	Postmortem	and	histopathological	signs	were	also	assessed.
Results:	In	the	group	of	the	novel	combination	therapy,	group	A,	clinical,	postmortem,	and	his-
topathological	signs	were	significantly	reduced	compared	to	group	B.	Clinical	signs	and	mortality	
in	group	A	were	90%	and	93%	lower	than	in	group	B,	respectively.	Animals	that	received	the	new	
combination	therapy	were	healed	of	their	disease	and	stayed	immune	for	6	months.
Conclusion:	This	novel	therapy	demonstrated	significant	efficacy	against	respiratory	diseases	in	
a	10-year	field	study.	The	paper	proved	that	the	protocol	introduced	could	be	a	new	therapeutic	
approach.
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Introduction

Small ruminant flocks worldwide commonly face respi-
ratory diseases, making them one of the most prevalent 
issues in their farming, which causes reduced produc-
tivity and death, resulting in financial loss [1–3]. The 
problem is also a welfare concern for animals, but the 
causes seem diverse. It mostly results from damaging 
weather conditions, stress, and bacterial and viral infec-
tions [3–5]. The most common bacterial agents that can 
cause respiratory disorders include Mannheimia hae-
molytica, Mycoplasma ovipneumoniae, and Mycoplasma 
argini. Among viral agents, Parainfluenza-3 virus, reo-
virus, respiratory syncytial virus, and ovine adenovirus 
type 6 are frequently reported [3,6]. Mycoplasma and 

viral agents cause mild respiratory disorders; however, 
bacterial involvement, e.g., M. haemolytica, results in 
high mortalities and prominent clinical signs [6,7]. The 
lifestyle of nomadic pastoralists is similar to that of 
humans. Also, the lung structure of sheep is similar to 
the lung structure of humans [8], so it is beneficial to use 
sheep respiratory disease algorithms to model human 
respiratory disease.

Levamisole is a well-established antiparasitic med-
ication that has been used for a considerable period of 
time to treat and prevent various parasitic infections 
[9]. It was discovered as an antiparasitic medication in 
1966 and was first employed against Trichuris trichiura, 
Ascaris lumbricoides, and hookworms in humans and ani-
mals [10]. After a decade of continuous use, it is one of 
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the well-known imidazothiazole families with little drug 
resistance [11]. Many studies have examined levamisole 
as an immunostimulant against viruses [12,13]. Scientists 
used levamisole in adjuvant and supplementary therapy 
[13]. Interestingly, many studies have indicated the pro-
tective effect of levamisole on foot and mouth disease 
(FMD) in animals. The immunostimulatory potential of 
levamisole was shown in buffaloes vaccinated with FMD 
serotypes O, A, and SAT2 [14]. Levamisole administration 
with the FMD vaccine promoted humoral and cell-medi-
ated immunity in vaccinated sheep 8 and 14 weeks after 
levamisole administration [15].

Florfenicol is a thiamphenicol analog with a fluo-
rine atom replacing the hydroxyl group in the molecule. 
Florfenicol is thus effective against bacteria that produce 
acetyltransferase and bacteria resistant to chlorampheni-
col. Because florfenicol lacks a nitro group, it is not linked 
to aplastic anemia like chloramphenicol [16]. It is licensed 
to treat M. hemolytica in bovine and sheep respiratory dis-
eases [17–19]. Florfenicol acts as a bacteriostatic agent, 
inhibiting bacterial protein synthesis by binding to the 50S 
subunit of the bacterial ribosome [20].

Since it was first discovered in 1967, ivermectin has 
been a wonder drug for treating various diseases, includ-
ing bacterial and viral ones. Ivermectin has various mech-
anisms, one of which is immunomodulation. It activates 
neutrophils, increasing C-reactive protein and interleu-
kin-6 levels [21]. Ivermectin is believed to function by 
blocking the import of viruses and host proteins into the 
nucleus. It exerts its antiviral effect by inhibiting the import 
of viral interface inner membrane peptidase subunit 1, 
which is essential for most RNA viruses during infection, 
thereby enhancing the antiviral response [22].

In the early 1980s, triclabendazole was initially 
employed to treat Fasciola hepatica infections in animals. 
Over time, it has become the leading antifluke medication 
available, largely owing to its exceptional effectiveness 
against immature flukes [23]. In recent times, triclabenda-
zole has been employed for the treatment of human cases 
of fascioliasis, and it has emerged as the preferred choice 
of treatment for this infection in humans as well [23].

This study was based on a large study size and aimed to 
evaluate the effect of a specific combination therapy on the 
treatment of respiratory diseases in goats and sheep.

Materials and Methods

This study was approved by the Ethics Committee of 
the Islamic Azad University (Code: IR.IAU.VETMED.
REC.1399.301).

This study was mainly based on the flocks referred to 
our veterinary clinic in Baladeh city, Fars province, Iran, 

over the course of 10 years (Fig. 1). First, the clinical signs 
were examined, including cough, abnormal sound of the 
lung, and nasal discharge and records were made in their 
documents. After the identification of the ill animals, two 
routes for treatment were decided: one with the studied 
combination therapy and the other with different treat-
ments. The new method of combination therapy included 
the prescription of Triclabendazole/Levamisole 8/75% 
(0.2 ml/kg BW) suspension (Royan Daru®, Iran) via oral 
route on the first day. On the second day, Ivermectin 1% 
(0.2 mg/kg) (Royan Daru®, Iran) was injected subcutane-
ously, followed by Florfenicol 30% (30 mg/kg BW) (Royan 
Daru®, Iran) on the third and fifth days of treatment. After 
2 weeks, changes in the respiratory signs were checked in 
both groups, and the number of animals that had not recov-
ered was recorded. The flocks were regularly observed 
over the course of 6 months. At the 6-month point, the 
number of mortalities in both groups was recorded. Each 
group consisted of 30 different flocks with different sheep 
and goat ratios, as well as different ages and sexes. group A, 
i.e., the group treated with this specific method, and group 
B had 8,967 and 6,886 members, respectively, for a total of 
15,853 animals.

Postmortem and histopathological examinations were 
performed on slaughtered animals. Fifteen samples from 
each group were examined postmortem and submitted to 
the laboratory. The lung tissues were embedded in paraf-
fin after being preserved in 10% buffered formalin (Merck, 
Germany). Sections of prepared blocks were trimmed 
into 5-mm-thick sections, deparaffinized with xylene, and 
rehydrated. Standard hematoxylin/eosin and Masson tri-
chrome staining methods were followed [24].

For bacterial detection, 30 broncho-alveolar fluid sam-
ples were collected in a sterile container and submitted 
to the laboratory. The samples were inoculated onto pre-
poured sheep blood agar plates (Zistroyesh, Iran) and 
incubated for 24 h at 37°C. Single colonies were smeared 

Figure 1. Population of cases.
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on clean, glassy slides after incubation, and bacteria strains 
were identified using the Gram-staining technique.

Data obtained from two groups were analyzed by 
Statistical Package for Social Sciences software version 21 
(IBM Corporation, USA). Differences were assessed using 
the independent-t test. A p-value of less than 0.5 was con-
sidered significant.

Results

In group A, clinical signs vanished in 28 flocks after 2 weeks 
of treatment. In the 6-month period, only 24 mortalities 
happened across 8,967 animals. Also, no respiratory signs 
were observed during this period. In laboratory results, 
out of 15 samples, 8 M. haemolytica and 3 P. multocida 
isolates were detected. In comparison, in 4 samples, no 

bacteria were detected, which may represent the involve-
ment of other types of pathogens such as viruses.

In group B, 25 flocks still had clinical signs after 2 weeks 
of treatment, and 5 mortalities were observed in flocks 
with no apparent signs over the course of 6 months. Also, 
they showed respiratory signs during this period. The 
overall mortality of all 30 flocks (across 6,886 animals) 
was 431 cases in the mentioned period. Seven isolates of 
M. hemolytica, two isolates of P. multocida, and one isolate 
of P. anatipestifer were detected, while no bacteria were 
found in the other five samples (Fig. 2 and 3).

In group A, the clinical signs and mortalities were lower 
than in group B by 90% and 93%, respectively (Fig. 4).

Although in histopathological evaluations of group B 
lung tissues, pulmonary edema, bleeding, purulent exu-
date, and fibrino-pleuritis were observed, group A showed 
normal structure with no apparent lesions. In postmortem 
findings, mild inflammation to severe necrosis was evident 
(Fig. 5).

Discussion

In this study, 70% of the samples (21/30) were infected 
with agents from the Pasteurellaceae family, with 15, 
5, and 1 from haemolytica, multocida, and anatipestifer 
strains, respectively. In nine other cases, no bacterial agent 
was found, suggesting their infection could be due to viral 
involvement. The new combination therapy has been a 
very effective treatment for sheep and goat respiratory 
disease over the years of its application. Also, small rumi-
nants that had received this treatment would be immune 
to any respiratory disease for 6 months.Figure 2. Number of mortalities per population.

Figure 3. Comparison of mortality between two groups after 6 months.



http://bdvets.org/javar/	 	 519Gholami et al. / J. Adv. Vet. Anim. Res., 10(3): 516–521, September 2023

Ivermectin is a rare drug that can affect many patho-
genic agents, including viruses, bacteria, and parasites. 
Ivermectin had an inhibitory effect against S. aureus iso-
lates in the study of Ashraf et al. [25]. Bentounsi et al. [26] 
showed that ivermectin can treat respiratory disease in 
Algerian sheep from nematode infestation. Both of these 
studies are in line with the results of this study; however, 
due to the discovery of the antibacterial effect of ivermec-
tin, more studies are needed to further approve the use 
of ivermectin to treat bacterial agents of respiratory dis-
ease. The study of Taylor et al. [27] evaluated the potential 
antimicrobial activity of ivermectin and two other agents 
against scabies. Their results showed that ivermectin can 
eliminate bacteria and prevent secondary infections com-
mon in scabies [27]. However, it cannot prove antibacterial 
activity in respiratory diseases. In that regard, methicil-
lin-resistant S. aureus (MRSA) is a common bacterium caus-
ing respiratory disease, and in the study of Tan et al. [28] 
an ivermectin-derived compound, D4, was proven to elim-
inate MRSA. Ivermectin can influence the host’s immune 
response and its antiparasitic actions. It also has antiviral 
properties [29]. Also, human ivermectin usage is vastly 
studied, especially with the recent COVID-19 outbreak. 
Ivermectin was used to treat COVID-19 virus-infected 
Vero/hSLAM cells in an in vitro investigation by Caly et al. 
[30] after 48 h, a 5,000-fold reduction—eliminating nearly 
all virus particles—was recorded [30].

The immunopotentiation effect of levamisole on various 
animals is well documented. In the study of Darwish and 
Eldakroury [31], when levamisole was injected subcutane-
ously into male Barki lambs, its immunostimulatory poten-
tial was evident. In addition, treatment groups appear to 
have gained more weight. Examining the key characteris-
tics of blood samples after co-administration of levamisole 

with various sheep vaccines revealed both long- and short-
term immune-protective stimulation of levamisole [32,33]. 
Levamisole is thought to have a favorable effect on both 
large and small ruminant animals that affects several 
aspects of the pre and postparturition period and neona-
tal immunology [34]. After administering oral levamisole 
treatment (2 mg/kg) for 28 days in 30 herds of 2-day-old 
Holstein calves, no significant differences were observed 
in the key indicators of packed cell volume, white blood 
cell count, differential leukocyte count, total serum pro-
tein, and illness occurrence between the treatment groups 
and the control group when compared to the effects of 
injection. However, there were noticeable differences in 
the levels of gamma globulin, monocytes, and neutrophils 
compared to the control group [35]. Aside from animal 
studies, levamisole has been studied in human research. In 
a recent study, levamisole had few side effects and helped 
lower the risk of relapse in steroid-sensitive types of 
nephrotic syndrome [36].

Figure 4. Comparison of clinical signs after 2 weeks.

Figure 5. Gross aspect of untreated group lung tissue with 
fibrino-pleuritis (A1) and edema, bleeding, and exudate discharges  
(A2). B. Apparently, nearly normal lung tissue of group A. C. Sub-
gross aspect of lung tissue samples from group B (C1) and group 
A (C2) groups. D. H&E staining of lung sections from group B (D1) 
and group A (D2) at magnification of 100×.
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The potency of florfenicol in treating respiratory dis-
eases is also well-studied. In one study on Sakiz sheep, var-
ious antibiotics were used to treat M. hemolytica. Among 
all therapeutic agents, florfenicol was the only antibiotic 
effective against all isolates [37]. Also, in another study, 
common respiratory pathogens in sheep and goats were 
tested against various common antibiotics (florfeni-
col, co-amoxiclav, ceftiofur, tetracycline, and ciprofloxa-
cin). Among ovine and caprine isolates, florfenicol was 
the most potent antibiotic against M. hemolytica and P. 
multocida [38].

Conclusion

The presented new protocol is very effective against respi-
ratory pathogens. Also, this new protocol guarantees 
6-month respiratory disease immunity; however, further 
studies are needed to explain the precise mechanism.

List of Abbreviations

BW, Body weight; COVID-19, Coronavirus disease of 2019; 
FMD, Foot and mouth disease; H&E, Hematoxylin and 
eosin; MRSA, Methicillin-resistant S. aureus; WBS, Whole 
blood serum. 

Acknowledgment 

The authors are grateful to all those with whom they have 
had the pleasure to work during this and other related 
projects.

Conflıct of interests 

The authors have no conflicts of interest to report.

Authors’ contributions

Study conception and design: MHG; data collection: MHG, 
TG; analysis and interpretation of results: AD, MHG; and 
draft manuscript preparation: AD, TG. The final version of 
the manuscript was reviewed and approved by all authors.

References 
[1] Shi HK, Wang L, Wang S, Sun B, Li L, Yao. Case report of 

Enterobacter hormaechei in sheep with respiratory disease and 
death. BMC Vet Res 2022; 18(1):1–8; https://doi.org/10.1186/
s12917-022-03157-z 

[2] Lacasta DJ, González T, Navarro F, Saura F, Acín C, Vasileiou N. 
Significance of respiratory diseases in the health management 
of sheep. Small Rumin Res 2019; 181:99–102; https://doi.
org/10.1016/j.smallrumres.2019.03.004. 

[3] Scott PR. Treatment and control of respiratory disease in sheep. 
Vet Clin N Am—Food Anim Pract 2011; 27(1):175–86; https://doi.
org/10.1016/j.cvfa.2010.10.016 

[4] Zaghawa A, Hassan H, El-Sify A. Clinical and etiological study on 
respiratory affections of sheep. Minufiya Vet J 2010; 7(1):93–103.

[5] Bell S. Respiratory disease in sheep: 2. Treatment and control. In 
Pract. 2008; 30(5):278–283.

[6] Aitken ID. Diseases of sheep. John Wiley & Sons, New Jersey, USA, 
2008.

[7] Connor KM, Quirie MM, Baird G, Donachie W. Characterization 
of United Kingdom isolates of Corynebacterium pseudo-
tuberculosis using pulsed-field gel electrophoresis. J Clin 
Microbiol 2000; 38(7):2633–7; https://doi.org/10.1128/
JCM.38.7.2633-2637.2000 

[8] Meeusen EN, Snibson KJ, Hirst SJ, Bischof RJ. Sheep as a model spe-
cies for the study and treatment of human asthma and other respi-
ratory diseases. Drug Discov Today Dis Models 2009; 6(4):101–6; 
https://doi.org/10.1016/j.ddmod.2009.12.002 

[9] Martin RJ, Robertson AP, Buxton SK, Beech RN, Charvet CL, Neveu 
C. Levamisole receptors: a second awakening. Trends Parasitol 
2012; 28(7):289–96; https://doi.org/10.1016/j.pt.2012.04.003 

[10] World Health Organization. The selection and use of essential 
medicines: report of the WHO Expert Committee on selection and 
use of essential medicines, 2019 (including the 21st WHO model 
list of essential medicines and the 7th WHO model list of essen-
tial medicines for children). World Health Organization, Geneva, 
Switzerland, 2019.

[11] Fissiha W, Kinde MZ. Anthelmintic resistance and its mechanism: 
a review. Infect Drug Resist 2021; 2021:5403–10; https://doi.
org/10.2147%2FIDR.S332378 

[12] Vivarelli M, Emma F. Levamisole for children with nephrotic syn-
drome: new evidence for the use of an “old” drug. Kidney Int 2019; 
95(1):25–8; https://doi.org/10.1016/j.kint.2018.10.008 

[13] Kang Y, Jin H, Zheng G, Xie Q, Yin J, Yu Y, et al. The adjuvant effect 
of levamisole on killed viral vaccines. Vaccine 2005; 23(48–
49):5543–50; https://doi.org/10.1016/j.vaccine.2005.07.017 

[14] El-shahedy M, Abdel Fatah S. Immunostimulant activity of levam-
isole to polyvalent FMD vaccine in buffaloes. Suez Canal Vet 
Med J SCVMJ 2015; 20(2):449–61; http://dx.doi.org/10.21608/
scvmj.2015.64651 

[15] Shawky M, Mohamed A, Hind MD, Ekbal MF. Immunological effect 
of levamisole as immunostimulant in vaccination with bivalent oil 
adjuvant foot and mouth disease vaccine in sheep. Zag Vet J 2012; 
40:13–21.

[16] Ščuka L. Florfenicol-pharmacodynamic, pharmacokinetics and 
clinical efficacy of oral formulations in domestic animals: a sys-
tematic review. Vet Glas 2005; 59(5–6):635–54; https://doi.
org/10.2298/VETGL0506635S 

[17] Catry BL, Duchateau J, Van de Ven H, Laevens G, Opsomer 
F, Haesebrouck, et al. Efficacy of metaphylactic florfenicol 
therapy during natural outbreaks of bovine respiratory dis-
ease. J Vet Pharmacol Ther 2008; 31(5):479–87; https://doi.
org/10.1111/j.1365-2885.2008.00981.x 

[18] Pelligand L, Lees P, Sidhu PK, Toutain PL. Semi-mechanistic mod-
eling of florfenicol time-kill curves and in silico dose fractionation 
for calf respiratory pathogens. Front Microbiol 2019; 10:1237; 
https://doi.org/10.3389/fmicb.2019.01237 

[19] Trif E, Cerbu C, Olah D, Zăblău SD, Spînu M, Potârniche AV, et al. 
Old antibiotics can learn new ways: a systematic review of flor-
fenicol use in veterinary medicine and future perspectives 
using nanotechnology. Animals 2023; 13(10):1695; https://doi.
org/10.3390/ani13101695 

[20] White DG, Hudson C, Maurer JJ, Ayers S, Zhao S, Lee MD, et 
al. Characterization of chloramphenicol and florfenicol resis-
tance in Escherichia coli associated with bovine diarrhea. J Clin 
Microbiol 2000; 38(12):4593–8; https://doi.org/10.1128/
JCM.38.12.4593-4598.2000. 

[21] Chuang TY, Tsai MH, Wu LM, Ho SJ, Yeh PS, Liu YL, et al. Successful 
treatment of tocilizumab and ivermectin for a patient with ARDS 
due to COVID-19. J Microbiol Immunol Infect 2021; 54(1):147; 
https://doi.org/10.1016/j.jmii.2020.09.007 

https://doi.org/10.1186/s12917-022-03157-z
https://doi.org/10.1186/s12917-022-03157-z
https://doi.org/10.1016/j.smallrumres.2019.03.004
https://doi.org/10.1016/j.smallrumres.2019.03.004
https://doi.org/10.1016/j.cvfa.2010.10.016
https://doi.org/10.1016/j.cvfa.2010.10.016
https://doi.org/10.1128/JCM.38.7.2633-2637.2000
https://doi.org/10.1128/JCM.38.7.2633-2637.2000
https://doi.org/10.1016/j.ddmod.2009.12.002
https://doi.org/10.1016/j.pt.2012.04.003
https://doi.org/10.2147%2FIDR.S332378
https://doi.org/10.2147%2FIDR.S332378
https://doi.org/10.1016/j.kint.2018.10.008
https://doi.org/10.1016/j.vaccine.2005.07.017
http://dx.doi.org/10.21608/scvmj.2015.64651
http://dx.doi.org/10.21608/scvmj.2015.64651
https://doi.org/10.2298/VETGL0506635S
https://doi.org/10.2298/VETGL0506635S
https://doi.org/10.1111/j.1365-2885.2008.00981.x
https://doi.org/10.1111/j.1365-2885.2008.00981.x
https://doi.org/10.3389/fmicb.2019.01237
https://doi.org/10.3390/ani13101695
https://doi.org/10.3390/ani13101695
https://doi.org/10.1128/JCM.38.12.4593-4598.2000
https://doi.org/10.1128/JCM.38.12.4593-4598.2000
https://doi.org/10.1016/j.jmii.2020.09.007


http://bdvets.org/javar/	 	 521Gholami et al. / J. Adv. Vet. Anim. Res., 10(3): 516–521, September 2023

[22] Choudhary R, Sharma AK. Potential use of hydroxychloroquine, 
ivermectin and azithromycin drugs in fighting COVID-19: trends, 
scope and relevance. New Microbes New Infect 2020; 35:100684; 
https://doi.org/10.1016/j.nmni.2020.100684. 

[23] Fairweather I. Triclabendazole: new skills to unravel an old 
(ish) enigma. J Helminthol 2005; 79(3):227–34; https://doi.
org/10.1079/joh2005298. 

[24] Suvarna KS, Layton C, Bancroft JD. Bancroft‘s theory and practice 
of histological techniques E-Book. Elsevier Health Sciences, UK, 
2018.

[25] Ashraf S, Chaudhry U, Raza A, Ghosh D, Zhao X. In vitro activ-
ity of ivermectin against Staphylococcus aureus clinical isolates. 
Antimicrob Resist Infect Control 2018; 7(1):1–6; https://doi.
org/10.1186/s13756-018-0314-4. 

[26] Bentounsi B, Ouksel M, Kachtarzi B. Compared efficacy of twelve 
registered preparations of ivermectin on the digestive and 
respiratory nematodes in Algerian sheep. Rev Med Vet 2009; 
160(7):329–34.

[27] Taylor S, Walther D, Fernando DD, Swe-Kay P, Fischer K. 
Investigating the antibacterial properties of prospective scabi-
cides. Biomedicines 2022; 10(12):3287; https://doi.org/10.3390/
biomedicines10123287 

[28] Tan X, Xie H, Zhang B, Zhou J, Dou Z, Wang X, et al. A novel iver-
mectin-derived compound D4 and its antimicrobial/biofilm prop-
erties against MRSA. Antibiotics 2021; 10(2):208; https://doi.
org/10.3390/antibiotics10020208 

[29] Laing R, Gillan V, Devaney E. Ivermectin—old drug, new tricks? 
Trends Parasitol 2017; 33(6):463–72; https://doi.org/10.1016/j.
pt.2017.02.004. 

[30] Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-
approved drug ivermectin inhibits the replication of SARS-CoV-2 in 

vitro. Antivir Res 2020; (178):104787; https://doi.org/10.1016/j.
antiviral.2020.104787. 

[31] Darwish AA, Eldakroury MF. Clinicopathological evaluation of some 
immunostimulants‘ effects in Barki lambs. Iraqi J Vet Sci 2023; 
37(3):765–73; https://doi.org/10.33899/ijvs.2023.136587.2595 

[32] Dabbir BKR, Nanjundaiah K. Enhancement of immunity of sheep 
pox vaccinations with levamisole and bioplex. J Bio Innov 2020; 
9(4):550–6; https://doi.org/10.46344/JBINO.2020.v09i04.16 

[33] Rashid BM, Yüksek N. The effects of immunostimulants (Zinc, 
Levamisole, vitamin AD3E) use together with enterotoxemia 
vaccine on immunoglobulins in sheep. Turkish J Vet Res 2019; 
3(2):57–65. 

[34] Sayed-Ahmed M, Atwa S, Younis E, Zeidan S. Effect of levamisol and 
vitamine e/selenium on bovine cellular and humeral immunity 
after bovine viral diarrhea vaccination. J Dairy Vet Anim Res 2015; 
2(1):00025; https://doi.org/10.30607/kvj.1082258 

[35] Mohri M, Seifi H, Zamani Sani S. Effects of oral administration of 
levamisole on non-specific immunity, serum proteins and health in 
normal colostrum-fed neonatal dairy calves. Comp Clin Path 2005; 
13(3):132–6; https://doi.org/10.1007/s00580-004-0528-0 

[36] Mühlig AK, Lee JY, Kemper MJ, Kronbichler A, Yang JW, Lee JM, et 
al. Levamisole in children with idiopathic nephrotic syndrome: 
clinical efficacy and pathophysiological aspects. J Clin Med 2019; 
8(6):860; https://doi.org/10.3390%2Fjcm8060860 

[37] Ural K, Ulutas B, Kirkan S, Gultekin M, Parin U. Florfenicol therapy 
during natural Mannheimia haemolytica infection in Sakiz sheep. 
Acta Sci Vet 2011; 39(2):1–7.

[38] Berge ACB, Sischo WM, Craigmill AL. Antimicrobial susceptibility 
patterns of respiratory tract pathogens from sheep and goats. J Am 
Vet Med Assoc 2006; 229(8):1279–81; https://doi.org/10.2460/
javma.229.8.1279 

https://doi.org/10.1016/j.nmni.2020.100684
https://doi.org/10.1079/joh2005298
https://doi.org/10.1079/joh2005298
https://doi.org/10.1186/s13756-018-0314-4
https://doi.org/10.1186/s13756-018-0314-4
https://doi.org/10.3390/biomedicines10123287
https://doi.org/10.3390/biomedicines10123287
https://doi.org/10.3390/antibiotics10020208
https://doi.org/10.3390/antibiotics10020208
https://doi.org/10.1016/j.pt.2017.02.004
https://doi.org/10.1016/j.pt.2017.02.004
https://doi.org/10.1016/j.antiviral.2020.104787
https://doi.org/10.1016/j.antiviral.2020.104787
https://doi.org/10.33899/ijvs.2023.136587.2595
https://doi.org/10.46344/JBINO.2020.v09i04.16
https://doi.org/10.30607/kvj.1082258
https://doi.org/10.1007/s00580-004-0528-0
https://doi.org/10.3390%2Fjcm8060860
https://doi.org/10.2460/javma.229.8.1279
https://doi.org/10.2460/javma.229.8.1279

