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A 5-year-old neutered female Dachshund dog presented with a 3-month history of
hyperthermia, skin lesions, and shifting lameness. Based on physical examination,
blood tests, urinalysis, and radiographs, the dog was diagnosed with systemic lupus
erythematosus. Clinical signs improved after administration of prednisolone and cyc-
losporine but relapsed after the prednisolone was reduced due to side effects. Oral le-
vamisole was commenced and the other immunosuppressants were tapered over a
period of 2 months and then stopped. Levamisole was retained as the sole therapy for
an additional 2 months. Six months after discontinuation of all treatment, the patient
remained in remission.
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Systemic lupus erythematosus (SLE) is an autoimmune disease associated with
inflammation and induced by the deposition of circulating immune complexes in
multiple tissues and organs [1]. Immune complexes are formed by a reaction that
occurs when the immune system recognizes an antigen, such as nuclear, dou-
ble-stranded or single-stranded DNA, Smith antigen, or phospholipid. Since the
13th century there have been descriptions of SLE in humans, dogs, cats, and mice
[1]. Canine SLE most closely mimics the clinical and immunological features of
human SLE [2], hence human SLE criteria, which include immunopathologic ab-
normalities, are used for diagnosing canine SLE [2]. Additionally, a study has sug-
gested that the immunological imbalance seen in SLE may be associated with de-
fective suppressor T cells [2].

Levamisole, the levo-isomer of tetramisole, is an anthelmintic drug with a vari-
ety of immunomodulatory effects [3]. Although the underlying mechanism has
not been clearly elucidated, it is thought that levamisole is immunomodulatory by
facilitating the differentiation, proliferation, and activation of T cells [3-5]. In hu-
mans, levamisole has also been used successfully for many years as both a sole
and adjuvant therapy for a wide range of T cell-mediated diseases [3].

Here we present a case of SLE in which the patient was administered levamisole
to allow for stable immunosuppressant tapering. The patient had a history of re-
lapse during glucocorticoid tapering when previously treated with glucocorti-
coids and cyclosporine A.
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A 5-year-old, 5.7 kg neutered female Dachshund dog was
presented to the Konkuk University Veterinary Medical Teach-
ing Hospital with a 3-month history of hyperthermia, skin le-
sions, and shifting lameness. At the time of presentation, the
dog was being managed medically with non-steroidal anti-in-
flammatory drugs and analgesia without any clinical improve-
ment.

Physical examination revealed pyrexia (40.4°C), heart rate of
140 beats per minute, respiratory rate of 24 breaths per minute,
moist and pink mucous membranes, adequate hydration, and
positive direct and indirect pupillary light reflexes. Thoracic aus-
cultation was unremarkable. The dog had multiple swollen joints
which were painful on palpation, and it became evident that an
increased carpal and tarsal articulation volume was causing a
plantigrade stance (Fig. 1A). Cutaneous manifestations included
trunk rashes (Fig. 1B), erosion of the lateral region of the right
metacarpus (Fig. 1C), depigmentation of the ventral region of
the thoracic trunk (Fig. 1D), and painful ulcerated wounds on
the dog’s metatarsal region bilaterally (Fig. 1E). Radiography of
the forelimbs and hindlimbs revealed no erosive or proliferative
lesions. Stifle joint radiography revealed infrapatellar fat pad
signs bilaterally, consistent with joint effusions (Fig. 2A and C).

A complete blood count revealed mild leukocytosis (19,650/
uL; reference interval, 5,050-16,760/uL) and mild thrombocy-
tosis (520 x 10°/uL; reference interval, 148-484 x 10°/uL). A
serum chemistry profile revealed hyperglobulinemia (5.9 g/dL;
reference interval, 2.5-4.5 g/dL), hyperproteinemia (9.2 g/dL;
reference interval, 5.2-8.2 g/dL), and markedly elevated cre-
atine kinase (1,177 U/L; reference interval, 10-20 U/L), lactate
dehydrogenase (1,557 U/L; reference interval, 40-400 U/L), and
C-reactive protein (128.89 mg/L; reference interval, 0-10 mg/L)
concentrations. D-dimer levels were mildly elevated (0.8 mg/
dL; reference interval, 0-0.3 mg/dL). A rheumatoid factor test
(ANTECH Diagnostics, USA) was negative. An anti-nuclear
antibody (ANA) test via indirect fluorescence antibody testing
(ANTECH Diagnostics) was positive with a serum dilution ti-
ter of 256:1 (normal range < 32:1). Serum protein electropho-

resis revealed a broad-based polyclonal band (IDEXX Korea,
Korea). Urinalysis revealed proteinuria (UPC=1.05; reference
interval, 0-0.2) with no growth on microbial culture. Arthro-
centesis and skin biopsy were recommended but not performed
due to owner refusal. However, the cutaneous manifestations
were revealed as sterile erythematous lesions over the whole
body by skin scraping test and negative culture result.

The patient had the positive result for ANA test and 2 major
signs compatible with SLE (skin lesions and polymyositis);
therefore, this patient was diagnosed with SLE [6]. In addition,
hyperthermia of unknown origin, polyarthritis and proteinuria
that could be suspected of symptoms of SLE were shown con-
currently. Treatment was initiated with a combination of an
immunosuppressive dose of prednisolone (1 mg/kg, PO q 12 h;
Solondo Tab; Yuhan Co., Ltd., Korea) and cyclosporine (13 mg/
kg, PO q 24 h; Sandimmune Neoral Soft Cap.; Novartis Co.,
Ltd., Switzerland). Additionally, clopidogrel (4 mg/kg, PO q 24
h; clopidogrel hydrogen sulphate; Jin Yang Pharm Co., Ltd.,
Korea) and famotidine (0.5 mg/kg, PO q 12 h; Famotidine Nel-
son, Nelson Pharm Co., Ltd., Korea) were administered. After 1
week of treatment, the clinical signs of SLE (hyperthermia, skin
lesions, and shifting lameness) were disappeared with the im-
provement of nonerosive arthritis on radiography (Fig. 2B and
D). And serum abnormalities including hyperglobulinemia re-
solved but hyperglycemia (149 mg/dL; reference interval, 74-
143 mg/dL) and elevated hepatic enzymes (ALT = 105 U/L;
reference interval, 10-100 U/L, ALP = 694 U/L; reference in-
terval, 23-121 U/L, GGT = 10 U/L; reference interval, 0-7 U/L)
were detected, most likely as a side effect of prednisolone ther-
apy. The hepatic abnormally was sustained despite administer-
ing a hepatic protectant such as ursodeoxycholic acid (7.5 mg/
kg, PO q 12 h; Urusa Tab; Daewoong Pharmaceutical Co., Ltd.,
Korea), Samylin (1 pack/dog, PO q 24 h; Vet-plus Co., Ltd.,
China) and Lefotil (1 tablet/dog, PO q 24 h; Lefotil Tab; CMG
Pharm Co., Ltd., Korea). Other side effects (panting, polypha-
gia and polyuria/polydipsia) were also consistently found, so
the decision was made to reduce the dose of prednisolone after

Fig. 1. (A) Forelimb with plantigrade stance. Cutaneous lesions including erythema (B, arrows), erosions (C), depigmentation (D),
ulcerations (E), and crusting and/or scaling are proposed criteria for the diagnosis of systemic lupus erythematosus.
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Fig. 2. Lateral radiograph of the left (A, B) and right (C, D) stifle
joints. (A, C) Before treatment, the radiolucent area behind patella
ligament has been reduced without erosive change, showing
increased joint effusion (arrowhead). Note the lymphadenopathy
in the bilateral popliteal lymph nodes (dashed circle). (B, D) After
treatment, the radiolucent area behind patella ligament has been
normalized (arrow). And the lymphadenopathy have resolved
(circle).

a therapeutic blood concentration of cyclosporine was achieved
(therapeutic range 100-500 ng/ mL). Two months later, pred-
nisolone began gradually tapered to 0.75 mg/kg once a day
(blood concentration of cyclosporine 377 ng/mL). Five days af-
ter reducing the dose of prednisolone, anorexia and hyperther-
mia (39.9°C) occurred, and the serum C-reactive protein con-
centration (36.87 mg/L; reference interval, 0-10 mg/L) was ele-
vated. At this time, prednisolone was increased to 1 mg/kg once
daily, and within 3 days the dog's clinical signs had resolved. At
this time, however, the owner asked to stop prednisolone and
cyclosporine because of side effects and financial cause, respec-
tively. Therefore, we changed those medications to levamisole
to reduce the dose of prednisolone and cost. Before attempting
to reduce the dose of prednisolone, oral levamisole (3.5 mg/kg,
PO; Levamic Powder; DaeSung Microbiological Labs Co., Ltd.,
Korea) [1] was administered every other day. Two weeks after
commencing levamisole treatment, cyclosporine was discon-
tinued; and prednisolone was tapered progressively and even-
tually stopped after 2 months. Finally, levamisole was adminis-
tered as a sole therapy for an additional 2 months. During that
time, the dog did not experience any adverse effects. Six
months after discontinuing levamisole therapy, the patient re-
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mained in complete remission.

In one study that included 75 cases of canine SLE show that
68% of male and 32% of female were diagnosed [1]. The mean
age of the diagnosed animals was 5 years with a range of 6
months to 13 years [1]. Breeds that are predisposed include the
Beagle, Collie, German shepherd dog, Shetland sheepdog, and
Poodle. Among them, the prevalence of German shepherd was
the highest (46.7%) [1]. Miniature and giant breed were rarely
affected [1].

SLE is an autoimmune disease that causes organ dysfunction
via multiple abnormal immune processes [1]. Most autoim-
mune diseases, such as SLE, require lifelong treatment with im-
munosuppressants [7], which results in unavoidable serious
side effects, the most common of these being an increased vul-
nerability to life-threatening infections. A further issue with
prolonged use of immunosuppressants is the associated eco-
nomic cost. To minimize the side effects and costs associated
with prolonged use, immunosuppressants should be adminis-
tered at the minimum effective dose. However, to establish the
optimal dose the disease must recur, and the patient's condition
may worsen. Discontinuing use of immunosuppressants is then
warranted to achieve a more successful outcome.

Traditionally, SLE was thought to be a disease progressed by
B cells. Recent convincing evidence has demonstrated that T
cells are decisive players in SLE pathogenesis because they in-
crease the production of autoimmune antibodies [8]. This is
accomplished by facilitating and stimulating B cell prolifera-
tion, differentiation, and maturation, as well as supporting B
cell-expressed autoimmune antibody class-switching [9]. Reg-
ulatory T (T,
and inhibit autoreactive lymphocytes. T,., cells increase the

) cells are a subset of CD4+ cells that suppress

spectrum of B cells and helper T cells and may thus underlie
SLE pathogenesis and related organ damage [10,11]. These cells
may serve as a potential principal therapeutic target for T, cell
action in vivo with levamisole [12].

Levamisole, a known treatment for parasite infections, was
first found to have immunomodulatory functions in the 1970s
[3]. The immune suppressing activity of T, cells in the treat-
ment of SLE is also restored by levamisole [5]. To modulate T,,
cell activity, levamisole was used during immunosuppressant
tapering in the present case. Following a 4-month course of le-
vamisole, the patient’s immunologic and clinical features un-
derwent a marked improvement. This facilitated a rapid reduc-
tion in immunosuppressant use and ultimately complete remis-
sion of clinical signs. Theoretical considerations for the use of
levamisole dovetailed with the observed response to this drug.

Levamisole, the levo-isomer of tetramisole, is an anthelmint-
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ic drug used in various animals with immunomodulatory ef-
fects [3]. In humans, levamisole has been used to treat many
diseases in which a homeostatic immune imbalance is suspect-
ed, such as rheumatoid arthritis and SLE [5]. In cattle and
sheep, levamisole has relatively good activity against abomasal
nematodes, small intestinal nematodes, and lung worm [13]. In
horses with equine protozoal myeloencephalitis, levamisole
may be effective for the management of clinical signs second-
ary to inflammation after therapy with antiprotozoal therapy
[14]. Furthermore, levamisole has been used in dogs as a mi-
crofilaricide to treat Dirofilaria immitis infection in the past but
is rarely used today [15]. Most patients improve clinically with
levamisole therapy and show apparent reductions in disease se-
verity. For instance, in one study of 27 dogs, 55.6% of SLE pa-
tients treated with levamisole exhibited long-term remission
[1]. However, the present case is the first case report of long-
term management of canine SLE with levamisole in the South
Korea. Levamisole can also restore normal cell-mediated im-
mune response functions, including T cell proliferation and
suppressor activity [5].

The present case has 3 possible limitations as follows. First,
previous SLE treatment period might be insufficient. Second,
unknown etiology of inflammation was responded to levami-
sole. Third, because of the use of previous medication, it is not
certain that it was treated with the sole effect of levamisole, al-
though finally levamisole was administered solely after discon-
tinuation of previous medications. Nevertheless, since SLE is a
difficult disease for complete remission like as in the present
case, the levamisole could be considered as an alternative treat-
ment option for SLE, especially in canine patients with finan-
cial concern or steroid induced side effects.

Levamisole was originally designed for anthelmintic drug, so
clinically used examples of immunomodulatory drugs were
sporadically present, but there was no large-scale clinical trial
study. For such reasons, it seems that general clinicians have
not been able to apply it. However, there were no serious side
effects in the results of sporadic studies, and this study showed
good results [1,4]. Further large-scale clinical studies are ex-
pected to proceed in the future.

ORCID

Dong-Hyun Kim, https://orcid.org/0000-0001-6031-6339
Hyun-Jung Han, https://orcid.org/0000-0002-1910-1261
Jung-Hyun Kim, https://orcid.org/0000-0003-0719-3266

4/5

References

1. Fournel C, Chabanne L, Caux C, Faure JR, Rigal D, Magnol
JP, Monier JC. Canine systemic lupus erythematosus. I: A
study of 75 cases. Lupus 1992;1:133-139.

2. Chabanne L, Fournel C, Caux C, Bernaud J, Bonnefond C,
Monier JC, Rigal D. Abnormalities of lymphocyte subsets in
canine systemic lupus erythematosus. Autoimmunity 1995;22:
1-8.

3. Renoux G. The general immunopharmacology of levamisole.
Drugs 1980;20:89-99.

4. Johnson KC, Mackin A. Canine immune-mediated polyar-
thritis: part 1: pathophysiology. ] Am Anim Hosp Assoc 2012;
48:12-17.

5. Symoens J, Rosenthal M, De Brabander M, Goldstein G. Im-
munoregulation with levamisole. Springer Semin Immuno-
pathol 1979;2:49-68.

6. Nelson RW, Couto CG. Small Animal Internal Medicine. 6th
ed. pp. 1247-1249, Elsevier Health Sciences, St. Louis, 2020.

7. Costa NN, de Mello Bobany D, Veras de Mello ML, Tucundu-
va P. Systemic lupus erythematosus discoid in dog (Canis fa-
miliaris): case report. IOSR J Agric Vet Sci 2017;10:51-53.

8. Chong BE, Song J, Olsen NJ. Determining risk factors for de-
veloping systemic lupus erythematosus in patients with dis-
coid lupus erythematosus. Br ] Dermatol 2012;166:29-35.

9. Mak A, Kow NY. The pathology of T cells in systemic lupus
erythematosus. ] Immunol Res 2014;2014:419029.

10. Caielli S, Veiga DT, Balasubramanian P, Athale S, Domic B,
Murat E, Banchereau R, Xu Z, Chandra M, Chung CH, Wal-
ters L, Baisch ], Wright T, Punaro M, Nassi L, Stewart K, Fuller
J, Ucar D, Ueno H, Zhou J, Banchereau J, Pascual V. A CD4" T
cell population expanded in lupus blood provides B cell help
through interleukin-10 and succinate. Nat Med 2019;25:
75-81.

11. von Spee-Mayer C, Siegert E, Abdirama D, Rose A, Klaus A,
Alexander T, Enghard P, Sawitzki B, Hiepe E Radbruch A,
Burmester GR, Riemekasten G, Humrich JY. Low-dose inter-
leukin-2 selectively corrects regulatory T cell defects in pa-
tients with systemic lupus erythematosus. Ann Rheum Dis
2016;75:1407-1415.

12. Tsokos GC, Lo MS, Costa Reis P, Sullivan KE. New insights
into the immunopathogenesis of systemic lupus erythemato-
sus. Nat Rev Rheumatol 2016;12:716-730.

13. Suarez G, Alvarez L, Castells D, Moreno L, Fagiolino P, La-
nusse C. Evaluation of pharmacological interactions after ad-
ministration of a levamisole, albendazole and ivermectin tri-
ple combination in lambs. Vet Parasitol 2014;201:110-119.

https://doi.org/10.14405/kjvr.2021.61.e1


https://doi.org/10.2165/00003495-198020020-00001
https://doi.org/10.2165/00003495-198020020-00001
https://www.ncbi.nlm.nih.gov/pubmed/22190602
https://www.ncbi.nlm.nih.gov/pubmed/22190602
https://www.ncbi.nlm.nih.gov/pubmed/22190602
https://doi.org/10.1007/bf00201973
https://doi.org/10.1007/bf00201973
https://doi.org/10.1007/bf00201973
https://doi.org/10.9790/2380-1004025153
https://doi.org/10.1111/j.1365-2133.2011.10610.x
https://doi.org/10.1111/j.1365-2133.2011.10610.x
https://doi.org/10.1111/j.1365-2133.2011.10610.x
https://doi.org/10.1155/2014/419029
https://doi.org/10.1155/2014/419029
https://doi.org/10.1038/s41591-018-0254-9
https://doi.org/10.1038/s41591-018-0254-9
https://doi.org/10.1038/s41591-018-0254-9
https://doi.org/10.1038/s41591-018-0254-9
https://doi.org/10.1136/annrheumdis-2015-207776
https://doi.org/10.1136/annrheumdis-2015-207776
https://doi.org/10.1136/annrheumdis-2015-207776
https://doi.org/10.1136/annrheumdis-2015-207776
https://doi.org/10.1136/annrheumdis-2015-207776
https://doi.org/10.1038/nrrheum.2016.186
https://doi.org/10.1038/nrrheum.2016.186
https://doi.org/10.1038/nrrheum.2016.186
https://doi.org/10.1016/j.vetpar.2013.12.015
https://doi.org/10.1016/j.vetpar.2013.12.015
https://doi.org/10.1016/j.vetpar.2013.12.015
https://doi.org/10.1016/j.vetpar.2013.12.015

Systemic lupus erythematosus management with levamisole in a dog

Korean Journal of Veterinary Research KJ VR

14. Reed SM, Furr M, Howe DK, Johnson AL, MacKay R]J, Mor-
row JK, Pusterla N, Witonsky S. Equine protozoal myeloen-
cephalitis: an updated consensus statement with a focus on
parasite biology, diagnosis, treatment, and prevention. J Vet
Intern Med 2016;30:491-502.

https://doi.org/10.14405/kjvr.2021.61.e1

15. McCall JW, Arther R, Davis W, Settje T. Safety and efficacy of
10% imidacloprid+2.5% moxidectin for the treatment of
Dirofilaria immitis circulating microfilariae in experimentally
infected dogs. Vet Parasitol 2014;206:86-92.

5/5


https://doi.org/10.1111/jvim.13834
https://doi.org/10.1111/jvim.13834
https://doi.org/10.1111/jvim.13834
https://doi.org/10.1111/jvim.13834
https://doi.org/10.1016/j.vetpar.2014.09.011
https://doi.org/10.1016/j.vetpar.2014.09.011
https://doi.org/10.1016/j.vetpar.2014.09.011
https://doi.org/10.1016/j.vetpar.2014.09.011

