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Journal of Applied Animal Science is a peer-review

journal (2 issues/year; January-June and July-December)

which publishes papers that report on original research

covering broadly interdisciplinary of veterinary and animal

sciences with results of more than local regard. JAAS invite

and welcome submissions on existing new research from

basic to molecular. Articles published under our journal are

double-blind peer reviewed by at least 3 reviewers.

The author should follow the instructions below for

manuscript preparation and submit with covering letter.

1. Categories: JAAS accepts varieties of article,

including research articles, short communications, reviews

and also clinical reports.

2. Language: English articles are preferable;

however, both Thai and English manuscripts are acceptable,

with Thai and English abstracts.

3. Submission: Submission via email is our most

preferable way. However, submission of the manuscript is

acceptable by either paper (4 copies) or digital format (email).

Finally, digital format must be submitted. The submission

file is in MS-Word format or compatible software.

4. Format: The manuscript should be used A4 size

with margin of 2.54 cm (1 in), double spacing and

indentions by using tabs. Times New Roman font 12 points

is favored for English and Angsana New or TH SarabunPSK

16 points is desirous for Thai.

5. Components: The research manuscripts should

have sequential components as title page, abstract and 3-4

keywords, introduction, materials and methods, results,

discussion, conclusion, acknowledgements and references.

Title page, in both Thai and English, includes title,

author(s) and affiliation(s) for each author. Corresponding

author must provide full contact address and email.

a. Short communications or clinical reports:

These could be written as no sections, combination of results

and discussion or introduction and followed by several

presentation sections.

b. Reviews: The manuscript should start with

introduction and followed by demonstration sections and

conclusion.

6. Tables-Figures: Tables and figures must be

numbered by using Arabic numbers. The caption must be

written on the top of table or the bottom of figure. Tables

and figures should be put at the end of article. All tables

should be understandable by itself. All figures with high

quality should be prepared in black and white as separate

files.

7. References: Authors must be careful for the

reference formats of both in-text citations and bibliography.

In-text citations use author(s)-year in parentheses, the proper

format is (Smith 2008; Kennedy and Smith 2009; John

et al., 2010a, 2010b) or Smith (2008).Two authors use

çandé in between. Using çet al.,é when there are more than

2 authors. Multiple citations in a sentence must be in

chronological order first, then alphabetical order.

Bibliography should be in the last part of article and

arranged alphabetically by authors or title. List first 6

authors and followed by çet al.é when there are more than

6 authors. The title is followed the last author. Abbreviated
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Abstract

Canine pure red cell aplasia (PRCA) is a rare pathological condition in dogs related to a lack of erythroid

precursor linages that cause a failure of red blood cell production, leading to severe anemia. Middle-aged dogs,

especially females, have a great chance of developing acquired pure red cell aplasia. The clinical signs show pale

mucous membrane, systolic murmur, tachypnea, tachycardia, weakness, syncope, and seizure. For diagnosis,

the clinical pathological findings show the normocytic normochromic non-regenerative anemia, and the bone

marrow pathological findings show a lack of erythroid precursor cells. According to the responsiveness of the

immunosuppressive therapy, PRCA is proposed as one form of the immune-mediated anemia. Most PRCA are

secondary diseases associated with recombinant human erythropoietin (rhEPO) treatment, infectious disease

including parvoviral infection or modified-live parvovirus vaccination, or bone marrow cancer. In case of poor

prognosis, the histopathology shows collagenous fibrosis in the bone marrow, and recurrent diseases after

withdrawing the treatment commonly occur. In this case study, an 11-year-old non-castrated male Pomeranian dog

was presented with a history of syncope. The non-regenerative anemia was found with a decrease of erythroid

precursor in the bone marrow. The dog has been successfully treated with prednisolone 2 mg/kg once daily and

tapered down every two weeks. The clinical signs of syncope and other blood parameters improved after 2 weeks

of treatment.

Keywords:  Pure red cell aplasia, non-regenerative anemia, syncope
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Introduction

Pure red cell aplasia (PRCA) in dogs is associated

with the disease of erythroid precursor and progenitor

leading to a secondary failure of the erythropoiesis

(Lucidi 2022). The clinical signs are pale mucous

membrane, systolic murmur, tachypnea, or tachycardia

(Means 2016). Most PRCA has a greater incidence in

middle-aged female dogs and has a common clinical

sign of severe anemia (Lucidi 2022). The information

related to breed predisposition is unknown (Brooks et al.,

2022).

Anemia is the most common hematological

abnormality defined as a reduced red blood cell (RBC)

mass and is recognized when the hematological values

of the red blood cell panels, including the packed

cell volume (PCV), hematocrit (Hct), hemoglobin

concentration (Hb), or RBC counts, are below reference

intervals (Ettinger and Feldman 2000). Anemia

contributes to the development of pale mucous membrane,

tachypnea, tachycardia, anorexia, weight loss, fatigue,

lethargy, depression, weakness, syncope, or seizures

(Ettinger et al., 2017). The two main pathophysiological

mechanisms, regenerative anemia and non-regenerative

anemia, are the causes of pathological anemia and divided

into hemorrhage, hemolysis, and decreased red blood cell

production (Ettinger and Feldman 2000). To find the causes

of anemia, distinguishing between regenerative and

non-regenerative anemia is essential for clinical diagnosis

(Means 2016). The cause of regenerative anemia is likely

to be hemolysis or hemorrhage (Ettinger et al., 2017).

Meanwhile, the non-regenerative anemia is due to the

decreased red blood cell production, which can be

related to an abnormal function of extramedullary or

intramedullary diseases including immune-mediated

diseases (Weiss 2008). In the persistent chronic non-

regenerative anemia in dogs, the clinical information

shows the ineffective erythropoiesis for at least five

days for the clinical duration (Lucidi 2022). The clinical

pathological findings show normocytic normochromic

anemia correlated to the reduced erythrocytic production

and the low number of erythrocytic precursors in the bone

marrow (Brooks et al., 2022).

The immune-mediated non-regenerative anemia is

associated with a persistent anemia with a lack of a

reticulocyte (Lucidi 2022). The symptom can be classified

by the stage of targeted erythroid cell in bone marrow

into three diseases including pure red cell aplasia (PRCA),

precursor-targeted immune-mediated anemia (PIMA) and

immune-mediated hemolytic anemia (IMHA) (Lucidi

2022; Brooks et al., 2022).

For the diagnosis of PRCA, the hematological

findings are usually severe non-regenerative anemia with

normocytic normochromic RBCs; therefore, the canine

Coomb's test and direct antiglobulin test (DAT) which

detects antibodies or complement bound to RBC

membranes, are expected to be negative, but positive

results have been occasionally reported; consequently,

characteristic of bone marrow is very useful to clarify the

diseases (Lucidi 2022). Not only PIMA but also IMHA

and erythroid hypoplasia are often misunderstood due to

the similarity in clinical conditions (Lucidi et al., 2017).

PRCA affects erythroid progenitors and the presence of

only rare erythroid progenitors in bone marrow (Brooks

et al., 2022). PIMA affects early erythroid precursors and

rubiblasts through metarubicytes respectively, and

IMHA directly affects the number of red blood cells;

meanwhile, erythroid hypoplasia presence marks red

blood cell disorders (Lucidi 2022).

PRCA usually found as an acquired disease that

can be both a primary disorder or secondary to some other
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disorder (Means 2016) and has been associated with

recombinant human erythropoietin (rhEPO) treatment

(Fiocchi et al., 2017), parvoviral infection, or

modified-live parvovirus vaccination, Ehrlichia canis

infection, myelodysplastic syndromes, and myelofibrosis

(Lucidi 2022).

The therapeutic strategy for PRCA in dogs is

directly involved to the using of the immunosuppressive

therapy (To et al., 2021). Glucocorticoids are the drug of

choice for treating the canine PRCA, including prednisone,

prednisolone, or dexamethasone administration (Brooks

et al., 2022). Prednisolone is an intermediate acting

corticosteroid and well absorbed after oral administration;

and peak plasma concentration is increased in 0.5-3 hours

(Schijvens et al., 2019) with half-life of 12-36 hours

(Plumb 2011). It is a lipophilic molecule that can

easily diffuse across the cell membrane and bind to the

glucocorticoid receptors in the cytoplasm then the

glucocorticoid complex is formed and transferred into

the nucleus (Plumb 2011). After entering the nucleus, the

activated glucocorticoid complex binds to the DNA

resulting in increased an expression of anti-inflammatory

genes and decreased an expression of pro-inflammatory

genes (Schijvens et al., 2019). Prednisolone is metabolized

in the liver and excreted by the kidney (Plumb 2011).

Adverse effects of long-term administration exogenous

corticosteroids with immunosuppressive dose are usually

common and severe including dry hair coat, weight gain,

panting, vomiting, diarrhea, elevated liver enzymes

associated with steroid hepatopathy, pancreatitis,

gastrointestinal ulceration, lipemia, activation of

diabetes mellitus, iatrogenic hyperadrenocorticism, and

thromboembolism; also the dog may be seen with

polydipsia, polyuria, and polyphagia (Plumb 2011).

Moreover, the dogs with thromboembolism significantly

have an approximately 25 times shorter survival time

than the dogs without thromboembolism (Ettinger and

Feldman 2000).

Case description

An 11-years-old non-castrated male Pomeranian

dog, 4.1 kilograms in body weight, was presented at the

Prasuarthorn animal hospital, Faculty of Veterinary

Science, Mahidol University, with a history of syncope

twice for 10 minutes on the day before presented. He was

fully vaccinated and regularly checked by a parasitic

prevention program. Any abnormal medical conditions

were not previously noticed by owners, and the dog has

no history of toxin ingestion.

On initial physical examination, the dog was bright,

alert, and responsive. The heart murmur was noticed, but

the lung sound was normal. The heart rate was 130 bpm

with a systolic blood pressure of 110 mmHg, and the

respiratory rate was 28 bpm. The mucous membrane was

pale with CRT < 2 sec. The moderate dental tartar was

observed from the oral examination. There were no ocular

and nasal discharges. The uncomfortable clinical signs

such as abdominal cramp, or discomfort were not found.

The rectal temperature was 101oF.

For the clinical diagnosis, the disease investigations

are shown in Figure 1. A hematological examination was

completed by the Mindray BC-5300 Vet, an auto

hematology analyzer, to rule out systemic diseases and

showed severe normocytic normochromic anemia with

non-regenerative. Blood smear shows few polychromasia,

hypochromasia, poikilocytosis with macrocyte and

microcyte which are associated to an iron deficiency.

The serum biochemistry was tested by the Beckman

Coulter AU-480 chemistry analyzer and resulted in

unremarkable. The reticulocyte percentage was corrected
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with a normal PCV (45%), and the corrected reticulocyte

percentage is 0.033% indicating non-regenerative

anemia. The full results of the blood examination are

shown in Table 1. The repeated complete blood count was

examined three days after the first visit are shown in

Table 2. The hematological examination showed the

lower of all red blood cells, hemoglobin, and hematocrit

than the result from the first visit. The second corrected

reticulocyte percentage is 0.06% interpreted as non-

regenerative anemia. All blood smear test results stay

consisted; however thrombocytopenia occurring from

decrease production, increase consumption, increase

destruction, and increase sequestration was found, so the

test kit for Ehrlichia canis, Anaplasma phagocytophilum,

Borrelia burgdorferi antibody, and Dirofilaria immitis

antigen was performed to investigate the blood parasites

(SNAP 4Dx test kit®, IDEXX, Thailand). The Polymerase

Chain Reaction (PCR) was also done to confirm Ehrlichia

canis, Anaplasma spp., Babesia spp., and Hepatozoon canis

infection. The PCR results were all negative. The flow

cytometric assay for detecting the platelet-IgG was also

utilized to rule out IMT and the result was negative.

The immune-mediated hemolytic anemia (IMHA)

was investigated by the direct canine Coomb's test and the

flow cytometric assay for detecting the RBC-IgG. Both

assay results were negative.

Figure 1. Flow chart of disease investigation. Anemia can be divided into regenerative and non-regenerative by absolute

reticulocyte counts, which should be re-evaluated in 3 to 5 days. The non-regenerative anemia can be separated

by indices to investigate causes of anemia.
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Table 1.  Results of blood examination on 14 July 2022, the first day of the visit.

Parameters 14/07/2022 Reference Unit

Complete blood count

WBC 8.28 6.0-17.0 103/uL

Monocytes 0.66 0.15-1.35 103/uL

Neutrophils 5.96 3.00-11.50 103/uL

Band neutrophils 0 0-3 %

Lymphocytes 1.57 1.00-4.80 103/uL

Eosinophils 0.08 0.10-1.25 103/uL

Basophils 0 0.00-0.10 103/uL

RBC 2.18 5.0-9.0 106/uL

Hb 4.8 10.0-18.0 g/dL

Hct 14.9 35-55 %

MCV 68.0 60-77 fL

MCH 22.0 20-25 pg

MCHC 32.3 32-36 g/dL

PLT 226 200-500 103/uL

RDW 20.6 12-15 %

Plasma protein 6.6 6.0-7.5 g/dL

Platelet smear Adequate

Reticulocytes 0.1 0-1.5 %

        Blood morphology

Hypochromia 2+

Polychromasia Few

Anisocytosis 2+

Macrocyte 1+

Microcyte 1+

          Blood chemistry

BUN 16 7-27 mg/dL

Creatinine 1.11 0.5-1.8 mg/dL

ALT 88 10-100 U/L

ALP 66 23-212 U/L

Total protein 6.4 5.2-8.2 g/dL

Albumin 2.9 2.7-3.8 g/dL
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Table 2.  Results of blood examination on 16 July 2022, the second day of the visit.

Parameters 16/07/2022 Reference Unit

       Complete blood count

WBC 9.14 6.0-17.0 103/uL

Monocytes 0.09 0.15-1.35 103/uL

Neutrophils 6.76 3.00-11.50 103/uL

Band neutrophils 0 0-3 %

Lymphocytes 2.28 1.00-4.80 103/uL

Eosinophils 0 0.10-1.25 103/uL

Basophils 0 0.00-0.10 103/uL

RBC 2.08 5.0-9.0 106/uL

Hb 4.8 10.0-18.0 g/dL

Hct 13.9 35-55 %

MCV 67.1 60-77 fL

MCH 23.1 20-25 pg

MCHC 34.4 32-36 g/dL

PLT 170 200-500 103/uL

RDW 21.8 12-15 %

Plasma protein 7 6.0-7.5 g/dL

Platelet smear Adequate

Reticulocytes 0.2 0-1.5 %

        Blood morphology

Hypochromia 2+

Polychromasia Few

Anisocytosis 1+

Macrocyte 1+

Microcyte Few
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Thoracic radiography was conducted by the

Philips Optimus 65 had shown in Figure 2, and

abdominal radiography had shown in Figure 3 to rule out

cardiopulmonary diseases and internal abdominal

mass. Thoracic radiography illustrated unremarkable

pulmonary diseases and mild cardiomegaly in the

vertebral heart score (VHS) of 10.5 with a pulmonary

knob, echocardiography should be further investigated.

For abdominal radiography, calcification was found in

both renal pelvises. There is no evidence of renomegaly,

hepatomegaly, or splenomegaly.

Ultrasonography was executed by the GE

Healthcare Logiq E10S to investigate renal blood flow

and rule out abdominal mass. The ultrasonography

result is homogeneous diffuse hypoechoic parenchyma with

a prominent portal vein and rounding of the caudal tip of

the liver as shown in Figure 4. The hepatic vein was

dilated by 4 mm in Figure 5. Hyperechoic of the renal

cortex and decrease of corticomedullary distinction with

normal color blood flow at interlobar vessels of both

kidneys within normal kidney size in length 3.7 cm in

Figure 6. Gall bladder, spleen, adrenal glands, pancreas,

Figure 2. Lateral (A) and ventrodorsal (B) view of thoracic radiography suggested mild cardiomegaly in a vertebral

heart score of 10.5.

Figure 3. Lateral (A) and ventrodorsal (B) view of abdominal radiography which is unremarkable.
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Figure 6. Right kidney with color flow (A), right kidney with no color flow (B), left kidney with color flow (C), and left

kidney with no color flow (D) are decrease of corticomedullary distinction with normal color blood flow at

interlobar vessels of both kidneys within normal kidney size both in length 3.7 cm that indicates an early stage

of CKD.

Figure 4. Rounding of the hepatic caudal tip showed a hepatic congestion (white arrowhead).

Figure 5. Hepatic vein was dilated in diameter of 4 mm specified a hepatic congestion (white arrowhead).
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Figure 8. Bone marrow biopsy with Prussian blue 4x (A), 10x (B), and 40x (C) respectively. The iron-storage cells were

stained to identify the iron-storage resources in the bone marrow. The blue-stained positive cells were depleted

in the bone marrow cavity (arrows).

Figure 7. Bone marrow biopsy with H&E stain 4x (A), 10x (B), and 40x (C) respectively. Osteodystrophy The progenitor

cells were replaced as fibrous tissues produced by fibroblasts, (asterisk). The fibroblastic spindle-shaped cells

proliferated in the marrow cavity (arrow).
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urinary bladder, and abdominal lymph node are no

remarkable lesions. According to the ultrasonographic

findings, passive congestion and renal nephropathy with

early stage of chronic kidney disease (CKD) was diagnosed,

there are no remarkable organomegaly, or neoplasia were

found. To confirm an organomegaly or internal mass,

a whole-body CT scan was done and resulted in

unremarkable.

To investigate the cardiogenic diseases,

echocardiography was performed by the Mindray

Merge DC-70. The 2D measurement found that left atrial

and aortic (LA: Ao) ratio is 1.34, and the normalized

left ventricular internal dimension in diastole (LVIDDN)

is 1.08. Therefore, both ratios are in a normal range.

Doppler measurement found a mitral valve thickening and

mild regurgitation without mitral valve prolapses.

Marked tricuspid regurgitation (Max 3.8 m/s) and trivial

pulmonic regurgitation was reported. Aorta, Pulmonary

artery, and vein were not congested. The systolic and

diastolic LV functions were non-remarkable lesions, with

no aortic regurgitation. The diagnosis for echocardiography

is myxomatous mitral valve disease stage B1 (MMVD B1)

with intermediated pulmonary hypertension, cardiogenic

syncope should be considered.

According to the diagnosis result above, there are

no significant causes of severe non-regenerative anemia.

A core bone marrow biopsy was collected from the left

proximal humerus taken to investigate erythrocytic

progenitors and precursors. The biopsy was processed as

formalin-fixed embedded samples, sectioned, and stained

with hematoxylin and eosin stain (H&E) and Perls

Prussian blue stain. The bone marrow has a low number of

erythroid lineages that were replaced by fibrous tissues

and adipocytes, indicating osteodystrophy in Figure 7. The

Perls Prussian blue was performed to identify non-heme

iron deposition, and there was a non-heme iron deposition

such as ferritin and hemosiderin in the bone marrow

parenchyma in Figure 8.  There are no remarkable

abnormalities in cells such as leukemia or neoplasm found

in this case, the bone marrow biopsy results in leading to

the definitive diagnosis as pure red cell aplasia (PRCA).

For the treatment, a blood transfusion was

completed while the diagnosis was in process and

brought hematocrit from 13.9% to 32.9%. After the blood

transfusion, the level of the hematocrit still decreased to

26.1% in two weeks. The prednisolone administration at

2 mg/kg per oral once a day was started with a repeated

blood examination after the two weeks of the treatment,

and the dog has a good response. Hematocrit was increased

to 35.3%. After that, prednisolone was tapered down 25%

every two weeks and recheck hematocrit. Hematocrit is

still in reference interval. The comparison of hematocrit

between before and after the treatment of prednisolone are

shown in Table 3.
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Table 3.  Comparing of blood examination results between before and after the treatment.

Parameters 20/07/22* 4/8/22** 18/8/22*** 7/9/22**** Reference Unit

Complete blood count

WBC 8.45 13.42 8.63 10.88 6.0-17.0 103/uL

Monocytes 0.52 0.8 0.43 0.32 0.15-1.35 103/uL

Neutrophils 6.16 10.1 6.12 8.26 3.00-11.50 103/uL

Band neutrophils 0 0 0 0 0-3 %

Lymphocytes 1.77 1.98 1.98 2.06 1.00-4.80 103/uL

Eosinophils 0 0 0.08 0.21 0.10-1.25 103/uL

Basophils 0 0 0 0 0.00-0.10 103/uL

RBC 4.62 3.64 4.46 5.81 5.0-9.0 106/uL

Hb 10.9 8.8 10.7 14.8 10.0-18.0 g/dL

Hct 32.9 26.1 35.3 45.3 35-55 %

MCV 71.1 71.8 79.1 78 60-77 fL

MCH 23.6 24.2 24 25.5 20-25 pg

MCHC 33.2 33.7 30.3 32.7 32-36 g/dL

PLT 153 190 308 443 200-500 103/uL

RDW 14.8 15.1 15.3 14.2 12-15 %

Plasma protein 8.6 7 8 7 6.0-7.5 g/dL

Platelet smear Decrease Adequate Adequate Adequate

Hypochromia - Few Few -

Polychromasia - Few - -

Anisocytosis Few Few 1+ 1+

Macrocyte Few Few 1+ 1+

Microcyte - -

*After blood transfusion, **Monitor in 2 weeks during the diagnosis, the hematocrit was decreasing, prednisolone was

started after the blood examination, *** 2 weeks after start prednisolone 2 mg/kg, **** 2 weeks after tapering prednisolone

down prednisolone 25%.
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Discussion

Our case study is a middle-aged male dog that

PRCA commonly affected (Lucidi 2022), presented at the

animal hospital with a history of syncope associated

with both cardiovascular system and severe anemia. For

physical examination, the initial problem lists including a

pale mucous membrane and systolic cardiac murmur in

accordance with clinical signs of PRCA (Means 2016).

From echocardiography results, the diagnosis is MMVD

stage B1 with intermediate pulmonary hypertension

and cardiogenic syncope was indicated, and it is probably

associates to respiratory disease or hypoxia due to the

tricuspid regurgitation that is related to systolic cardiac

murmur (Reinero et al., 2020), consequently, cardiogenic

syncope may not be the primary cause. The result of blood

examination shows severe non-regenerative anemia

which has two main causes dividing into extramedullary

disease including endocrine disease, chronic kidney

disease, inflammation, and neoplasia, and the other is

intramedullary disease (Ettinger et al., 2017). According

to the history taking and all diagnosis, extramedullary

disease can be ruled out. The blood biochemistry shows

unremarkable to renal and liver functions in the line with

radiographic results have no significant of neoplasia

lesion or abnormal shape of internal organ. Although,

the ultrasonography result shows an early stage of CKD.

60% of CKD has particularly common in developed an

anemia in dogs at IRIS stages 3 and 4 and frequently

increase in end stage of renal disease (Lippi et al.,

2021). For intramedullary disease, the bone marrow is

characterized by complete lack of erythroid precursors

typically as in PRCA (Means 2016) leading to our

diagnosis.

According to a study of Brooks et al., the result

demonstrated that the level of IgG fraction of serum of a

dog with PRCA inhibited the generation of erythroid

precursors in vitro correspond to the production of

antibodies against membrane proteins expressed on

erythroid progenitors and precursors, cytotoxic T-cell-

mediated and molecules affecting the erythroid lineage

and suppress erythropoiesis (Brooks et al., 2022). While

the mechanism of primary PRCA remains unclear, most

cases responsive to immunosuppressive therapy suggest

that PRCA in dogs is immune-mediated anemia.

PRCA in dogs can be divided in to congenital and

acquired. Most of them are acquired diseases, considering

the limited data of young patients; it is difficult to identify

congenital PRCA (To et al., 2021). As acquired PRCA can

be secondary to a wide variety of conditions including

blood parasite infections which can be ruled out from PCR

and rule out rhEPO treatment by history taking, but

parvovirus vaccination or infection remains one of the

primary causes of PRCA. Some of puppies with parvovirus

infection develop erythroid and myeloid hypoplasia, and

the parvoviral infection or vaccination also causes PRCA

in humans and affects erythropoietic precursor cells

which can be tested by measuring IgG and IgM levels

and by testing for the parvovirus DNA (Lucidi 2022). The

limitation of this case is the lack of the test of parvovirus

antigen detection due to the limitation of laboratory

testing and the dog having no clinical signs associated

with canine parvovirus. Parvoviral antigen from the bone

marrow biopsy should be tested by fresh tissue sample

while our sample is fixed in 10% formaldehyde which

requires a specific primer. For blood examination,

parvoviral antigen can be tested only if the dog is in

viremia. If parvovirus infection can be ruled out, the

cause of PRCA of this dog will be primary hematologic

disorder, termed idiopathic PRCA. Furthermore, PRCA

can be secondary to others disease such as mast cell
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tumor (Akiyoshi 2021), or there is a study reported in

human that PRCA are related to lymphoma (Choi et al.,

2010).

For thrombocytopenia, the decrease production of

thrombocytes can occur following an iron deficiency

besides an iron supplement. There is a report in

human studying about an iron supplement leading to

thrombocytopenia (Eisa et al., 2021). Moreover, when the

immune system affected to megakaryocyte-erythroid

progenitor cells instead of erythroid progenitor cells, the

production of thrombocytes will decrease and the

destruction of it will increase by immune-mediated

disease leading to severe thrombocytopenia termed

immune-mediated thrombocytopenia (IMT). The

thrombocytopenia of this dog has a better chance of being

an iron deficiency according to mild thrombocytopenia

and normocytic normochromic anemia were found.

The traditional immunosuppression approach in

human began with an oral corticosteroid usually prednisone

in doses 1 mg/kg. Overall, this approach appears to have a

40% response rate. (Means 2016). In most human cases,

cyclosporine A is the first choice providing the best

response rate but requires a concentration monitoring

(150 to 250 ng/mL), and the second choice is

cyclophosphamide (Lobbes 2023). In the meantime, the

drug of choice for treating PRCA in dogs is corticosteroid

comprising prednisolone (Brooks et al., 2022) with a

combination of corticosteroids, adjuvant immuno-

suppressive or immunomodulatory drugs that may be

necessary in some cases. Nevertheless, it depends on the

time it takes to respond to the treatment. Our case study

uses prednisolone, a drug of choice for PRCA, 2 mg/kg

per oral once daily then taper down 25% every two weeks;

the dog has good response to the treatment. For long-term

using corticosteroid, our case study was developed some

of these predictable adverse effects which is steroid

hepatopathy, polydipsia, polyuria, and weight gain from

polyphagia; no thromboembolism were found during the

treatment.

In addition, one or multiple blood transfusions

may be essential therapy. The response time to the

corticosteroid treatment of this dog is within 14 days and

bringing the hematocrit back to the reference interval.

The disease remission is within 128 days. The median

initial response time was 38 days, and the time required

for the PCV to return to the reference interval was 118

days; around 77% of dogs treated with immuno-

suppressive therapy were in complete recovery (Brooks

et al., 2022). The shorter response time than the median

time may related to the blood transfusion before using

corticosteroid treatment

An approximately 20% of remission dogs

relapsed at a median of 302 days during weaning of

immunosuppressive therapy (Brooks et al., 2022). The

presence of collagenous fibrosis was significantly

aggravating the disease. There is a study reported that the

median survival time after PRCA was diagnosed without

collagenous fibrosis is 1429 days, greater than two times

of dogs with collagen myelofibrosis, whose median

survival time is 578 days (Ettinger and Feldman 2000).

Conclusion

According to clinical signs of non-regenerative

normocytic normochromic anemia, and lack of erythroid

lineage from bone marrow biopsy, pure red cells aplasia

has a high probability to be the final diagnosis. The dog

responded well to the treatment of prednisolone 2 mg/kg

per oral once daily and other clinical signs were clinically

improved. Monitoring for relapse of this disease is still

in progress. PRCA has a poor prognosis, especially with
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collagenous fibrosis in the bone marrow, recurrent

diseases after withdrawing the treatment commonly

occur. The purpose of this case report is to make clinicians

aware of possible causes of this disease and improve

future definitive diagnosis.
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Abstract

Lymphatic filariasis, a zoonotic problem found in many countries, involves Brugia pahangi as one of the

causative agents, with domestic dogs and cats serving as the definitive hosts. In this case study, an 8-month-old

American Pitbull dog presented with clinical signs of left hindlimb pitting edema and lymphadenopathy. Brugia

spp. microfilariae were identified using the Modified Knott's test and buffy coat smear with staining technique.

Species identification confirmed the presence of Brugia pahangi through acid phosphatase enzyme activity and

PCR analysis. Histological examination of the lymph nodes revealed marked lymphoid follicular hyperplasia with

medullary fibrosis, sinus histiocytosis, and evidence of old hemorrhage. For a period of 5 months, the dog received

a monthly spot-on combination of moxidectin and imidacloprid. Additionally, doxycycline and prednisolone were

prescribed during the first month of treatment. Microfilariae were monitored using the Modified Knott's test and

buffy coat smear at intervals of 1 to 4 weeks, up to 22 weeks. After 2 weeks of treatment, there was no evidence of

left hindlimb edema or left popliteal lymphadenopathy. However, at the 6th and 10th week, the edematous sign in

the left hindlimb recurred following the completion of the prednisolone course and after the biopsy procedure,

respectively. Microfilaremia became negative at 3 weeks after the initiation of treatment and remained negative

thereafter. In conclusion, this case study demonstrates the effectiveness of the combination of moxidectin and

imidacloprid with doxycycline for the treatment of Brugia pahangi infection in dogs.

Keywords:  Brugia pahangi, Doxycycline, Lymphatic filariasis, Moxidectin
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Introduction

Lymphatic filariasis is a significant public health

concern commonly referred to as elephantiasis in humans

(CDC 2018). This condition is primarily caused by

infection with parasitic nematodes belonging to the

Filarioidea family, including Wuchereria bancrofti,

Brugia malayi, and Brugia timori (CDC 2018; Kaikuntod

et al., 2018). Lymphatic filariasis has exhibited a

widespread presence across numerous countries

spanning the tropics and sub-tropics of Asia, Africa, the

Western Pacific, as well as select regions in the Caribbean

and South America. (CDC 2018; Kaikuntod et al., 2018).

Lymphatic filariasis is particularly prevalent in Southeast

Asian countries, with Thailand being among the commonly

affected regions. (Kaikuntod et al., 2021). Brugia spp.,

specifically Brugia malayi and Brugia pahangi, have been

identified as causative agents of infection in dogs and

cats. Additionally, both dogs and cats can serve as

reservoir hosts for B. malayi in regions such as Pattani,

Surat Thani, Nakhon Si Thammarat, Phattalung, and

Narathiwat (Saeung et al., 2013). B. pahangi, on the other

hand, has been reported in Narathiwat, Chiang Mai,

Chanthaburi, Samut Sakhon, and Bangkok. (Junhom et al.,

2006; Satjawongvanit et al., 2019; Loymek et al., 2021).

Both B. malayi and B. pahangi are transmitted

through the bites of infected mosquitoes belonging to the

genera Aedes, Anopheles, Culex, and Mansonia. (Laojun

et al., 2022). During a blood meal, the third-stage infective

larvae enter the bloodstream and subsequently migrate to

the lymphatic system, where they undergo development

into adult parasites. (CDC 2018). The molting process,

transforming the larvae into adults, typically occurs within

a time frame of approximately 23 to 27 days. (Schacher

1962). Subsequently, microfilariae are generated and

released into the bloodstream, typically occurring within a

period of 40 to 60 days or up to 3 months following the

initial infection. (Edeson et al., 1960; Ewert and Singh

1969; Denham and Rogers 1975). In the case of B. pahangi,

dogs and cats serve as definitive hosts, while humans are

considered accidental hosts. Clinical manifestations in

animals can vary from asymptomatic cases to the

development of lymphadenopathy and lymphedema.

(Kaikuntod et al., 2018). According to a study, the

prevalence of B. pahangi infection in dogs was found to

be 12.25% in Chanthaburi and 2.3% in Samut Sakhon.

(Loymek et al., 2021). In a separate study conducted in

Chiang Mai, the prevalence of B. pahangi infection in

dogs was reported to be 8.31%. (Kaikuntod et al., 2021).

Additionally, a study conducted in Selangor state,

Malaysia, revealed a prevalence of 23.5% for B. pahangi

infection among cats. (Al-Abd et al., 2015). Furthermore,

there has been a reported case of zoonotic filariasis caused

by B. pahangi in Thailand, affecting a human individual.

(Thongpiya et al., 2021).

According to the guidelines set forth by the

Tropical Council for Companion Animal Parasites, the

recommended treatments for lymphatic filariasis include

moxidectin, selamectin, doramectin, and ivermectin

(TroCCAP 2019). Ivermectin is extensively utilized for the

treatment of B. pahangi-infected and B. malayi-infected

cats, proving to be an effective therapeutic option.

(Taweethavonsawat and Chungpivat 2013; Khowawisetsut

et al., 2017). In one study, topical selamectin was

administered as a treatment for naturally infected cats,

demonstrating its potential as an effective therapeutic

approach. (Sarasombath et al., 2019). Limited studies are

available regarding the treatment of lymphatic filariasis

in dogs. However, a recent discovery of Wolbachia

endosymbiont rickettsia-like bacteria in filarial nematodes

has shed light on their role in promoting filarial fertility
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and larval development. This finding holds promise for

potential future interventions and treatment strategies in

dogs affected by lymphatic filariasis (Bandi et al., 1999).

As a result, targeting Wolbachia through the use of

doxycycline has been considered to enhance the

effectiveness of therapy in animals infected with Brugia.

In this particular study, we present the first report on the

therapeutic efficacy of a combination treatment involving

topical moxidectin and doxycycline for the treatment of B.

pahangi infection in a clinical case of lymphatic

filariasis in a dog.

Case description

History and physical examination

On 7th November 2022, a female American Pitbull

dog, weighing 31.7 kg and aged 8 months, was presented

at the Prasu Arthorn Veterinary Teaching Hospital, Mahidol

University, Nakhon Pathom, Thailand. The dog exhibited

recurrent left hindlimb edema. The symptom initially

appeared one month prior and had temporarily resolved

following treatment at a private clinic with prednisolone,

enrofloxacin, and furosemide, although the specific

dosage and duration of the treatment were unspecified. The

dog had an incomplete vaccination history but received

monthly afoxolaner (NexGard®; Boehringer Ingelheim).

According to the owners, the dog showed normal weight

bearing and displayed good vital signs. During the

physical examination, the dog appeared alert and

responsive, with a rectal temperature of 102.8oF. Normal

heart and lung sounds were detected upon thoracic

auscultation. Pitting edema was observed from the hock

joint to the digit of the left hindlimb, accompanied by

lymphadenopathy of the left popliteal lymph node

(Figure 1).

Figure 1. (A) The dog exhibited left hindlimb edema (circled area), indicating swelling in the affected limb, and (B) upon

applying pressure to the metatarsal area, a persistent dimple was observed in the skin (arrow), indicating the presence of

pitting edema.
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Initial diagnosis

      The complete blood count and serum chemistry

profile results, including alanine aminotransferase,

alkaline phosphatase, blood urea nitrogen, creatinine,

albumin, total protein, and glucose, fell within the

reference ranges, except for neutrophilia observed at

12.66 x 103/μL (reference range: 3.00-11.5 x 103/μL).

The dog tested negative for Dirofilaria immitis antigen,

as well as antibodies for Anaplasma platys, Anaplasma

phagocytophilum, Borrelia burgdorferi, Ehrlichia canis,

and Ehrlichia ewingii, based on an enzyme-linked

immunosorbent assay (SNAP 4Dx Plus; IDEXX).

Radiographs of the hindlimbs showed evidence of soft

tissue swelling on the left side. Additionally, microfilariae

were detected during the Modified Knott's test.

Morphology identification

Approximately sixty microliters of EDTA whole

blood were processed for capillary tube centrifugation.

The buffy coat thin blood smear was then prepared and

subjected to Giemsa staining for the identification of

microfilaria morphology. The microfilarial sheath and

two-terminal nuclei were detected, indicating the presence

of Brugia spp. (Figure 2A).

In addition, a thick smear consisting of three

lines of 20 μL EDTA whole blood was prepared on a glass

slide. The slide was air-dried overnight and subsequently

underwent histochemical staining to investigate the

species identification of the microfilariae based on acid

phosphatase enzyme activity (Omar, 1977; Ravindran

et al., 2014) at the Parasitology unit, Faculty of Veterinary

Science, Chulalongkorn University, Thailand. The

microfilaria exhibited significant and widespread acid

phosphatase activity throughout its entire body,

particularly in the amphid (AM), excretory vesicle (EV),

anal vesicle (AV), and phasmids (PM) regions, indicating

the presence of B. pahangi (Figure 2B).

Molecular identification and sequencing

Microfilarial DNA was extracted from a 200 μL

EDTA whole blood sample using the PureLinkTM

Genomic DNA Mini Kit (Thermo Fisher Scientific,

Figure 2. (A) Microfilaria stained with Giemsa, revealing the presence of the microfilarial sheath (arrow) and two-

terminal nuclei (arrowhead), observed at 1,000x magnification (scale bar = 25 μm). (B) Acid phosphatase staining of

B. pahangi microfilaria, demonstrating diffuse staining throughout the entire body, visualized at 400x magnification

(scale bar = 50 μm).
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Waltham, MA). For amplification of the B. pahangi 5.8S-

ITS2-28S gene, primers DIDR-F1 (5'-AGTGCGA

ATTGCAGACGCATTGAG-3') and DIDR-R1

( 5 ' - A G C G G G TA AT C A C G A C T G A G T T G A - 3 ' )

(Macrogen laboratory, Seoul, South Korea) were employed.

These primers are capable of amplifying any filarial

5.8S-ITS2-28S gene (Rishniw et al., 2006), and

approximately 600 base pairs (bp) of the B. pahangi

5.8S-ITS2-28S gene were targeted (Figure 3A). As a

positive control, D. immitis microfilariae DNA was

included, confirmed through DNA sequencing of the

filarial 5.8S-ITS2-28S gene, with a PCR product size of

550 bp.

PCR amplifications were performed in a T100TM

Thermal Cycler (Bio-Rad, Hercules, CA, USA) following

the specified conditions: an initial denaturation step at

94oC for 3 minutes, followed by 35 cycles of denaturation

at 94oC for 30 seconds, annealing at 60oC for 30 seconds,

and extension at 72oC for 30 seconds. A final extension

step of 5 minutes at 72oC concluded the amplification

process. DNA sequencing was performed using the 5.8S-

ITS2-28S filaria-specific primers, DIDR-F1, and DIDR-

R1. The nucleotide sequence accession number for

B. pahangi is OQ352833 (Figure 3B).

Bioinformatics and Phylogenetic analyses

The obtained B. pahangi 5.8S-ITS2-28S sequence

was subjected to analysis using various web-based

programs. To compare the sequence with existing

sequences in the GenBank database, the Basic Local

Alignment Search Tool (BLAST) was employed (accessed

on 31 January 2023). Multiple sequence alignments were

performed using the ClustalW web-based tool (accessed

on 31 January 2023), as described by Larkin et al. (2007).

For phylogenetic analysis, maximum likelihood trees

with bootstrapping (100 replications) were constructed

Figure 3. (A) Gel electrophoresis of PCR amplification targeting the 5.8S-ITS2-28S gene on a 2% agarose gel. Lane M

represents the DNA ladder with a molecular weight of 100 bp. Lane 1 shows the PCR product from B. pahangi microfilaria

(sample from this case report) with an expected size of approximately 600 bp. Lane 2 displays the PCR product from

D. immitis microfilaria, serving as the positive control, showing a typical band size of approximately 550 bp. Lane 3

represents the negative control (nuclease-free water). (B) Phylogenetic tree analysis of B. pahangi based on nucleotide

sequences from a fragment of the 5.8S-ITS2-28S gene using the maximum likelihood method. The sequence analyzed in

this study is marked with a star.
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using the advanced mode of the Phylogeny.fr web server

(accessed on 31 January 2023), following the method

described by Dereeper et al. (2008). In the phylogenetic

analysis, Trypanosoma evansi was included as the

outgroup for the 5.8S-ITS2-28S gene.

Histopathological findings

      To further investigate the left popliteal lymphade-

nopathy, fine needle aspiration was performed on the day

of presentation, revealing predominantly round cells with

scant cytoplasm, raising suspicion of a round cell tumor.

In order to confirm the diagnosis, a biopsy of both popliteal

lymph nodes was conducted seven weeks later. The dog

was premedicated with intramuscular morphine (0.3 mg/

kg) and intravenous diazepam (0.5 mg/kg), followed by

induction using intravenous propofol (3.5 mg/kg). The

dog was intubated, and a sample was collected under

isoflurane anesthesia. Prior to the procedure, a single

preoperative dose of intravenous cefazolin (25 mg/kg) and

subcutaneous carprofen (2.5 mg/kg) were administered.

Postoperatively, the dog was prescribed oral cephalexin

(26 mg/kg) twice daily for 7 days and oral carprofen (2.2

mg/kg) twice daily for 3 days. Histological examination

revealed marked lymphoid follicular hyperplasia with

medullary fibrosis, sinus histiocytosis, and evidence of old

hemorrhage (Figure 4).

Figure 4. (A) Histological examination of lymph nodes revealing marked expansion of lymphoid follicles (LF).

These follicles consist of central large lymphocytes surrounded by a distinct marginal zone, maintaining their polarity.

Magnification: 100x (scale bar = 500 μm). (B) The medullary region shows diffuse infiltration of dense collagenous

connective tissue (arrowhead). The subcapsular and medullary sinuses contain numerous histiocytes, a high number of

macrophages containing dense yellow-brown granular or globular pigment consistent with hemosiderin, and occasional

erythrocytes (asterisk). Many plasma cells are observed within the medullary cords. Magnification: 400x (scale bar =

200 μm).



32 Journal of Applied Animal Science Vol.16 No.1 January-June 2023

Treatment and monitoring

Subsequently, the dog received a diagnosis of

lymphatic filariasis caused by B. pahangi. Throughout

the study, the dog had been undergoing treatment with a

monthly topical combination of moxidectin (dosage

range 2.5-6.25 mg/kg) and imidacloprid (dosage range

10-25 mg/kg) (Advocate®; Bayer) for a period of 5 months.

In addition, doxycycline was administered orally at a dose

of 10 mg/kg twice daily for 30 days. Alongside the topical

medication and antibiotics, the dog was prescribed oral

prednisolone (0.5 mg/kg) twice daily for the first week,

followed by a tapering dosage regimen of once daily in the

second week and every other day in the third and fourth

weeks.

During the initial month of treatment, the dog

underwent weekly monitoring with blood sample

collection. Once the clinical signs stabilized, blood samples

were taken from the dog every one to two months. The

blood samples were utilized for microfilariae detection

using the Modified Knott's test and the buffy coat thin blood

smear techniques. As early as two weeks post-treatment,

there was no evidence of left hindlimb edema or left

popliteal lymphadenopathy. The numbers of microfilariae

detected from the buffy coat thin blood smear method were

50.00, 16.67, and 33.33 microfilariae/mL at weeks 0, 1,

and 2, respectively (Fig. 5). The Modified Knott's test

yielded negative results by the 2nd week. Three weeks

after the first dose of topical moxidectin, both techniques

demonstrated complete clearance of microfilariae, a trend

that persisted until 22 weeks after treatment, as depicted

in Figure 5 and Table 1. Unfortunately, left hindlimb edema

recurred at the 6th and 10th weeks, which were before

the biopsy procedure and after the removal of stitches,

respectively. The dog was prescribed oral prednisolone

at a dosage of 1 mg/kg/day for 5 days, followed by 0.5

mg/kg/day for an additional 5 days.

Figure 5. Graph depicting the microfilarial count (mf/mL) of Brugia pahangi from the buffy coat smear during the

treatment period. The number of microfilariae per mL was estimated from a 60 μL blood sample.
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Discussion

In order to gain insight into the impact of filaria on

lymphatic processes, previous studies have employed

lymphagiographic techniques. One such technique,

xeroradiographic lymphangiography, was introduced in

1986 to investigate lymphatic changes in B. pahangi-

infected dogs. The study revealed that the main

pathological changes observed were lymphatic occlusion

and lymphatic leakage, which contributed to the

development of pitting edema in the limbs (Snowden

et al., 1986). Additionally, the production of inflammatory

mediators has been identified as a key factor in edema

formation. Histamine and/or prostaglandin E2 (PGE-2)

have been associated with the development of edema (Ortan

et al., 1998). The most common clinical signs reported in

the study by Sadarama et al. (2019) were fever, observed

in 40% of the cases, followed by lymphadenopathy

(31.42%) and limb edema (22.85%). Other previously

reported clinical symptoms include anorexia, vomiting,

alopecia, dermatitis, scrotal edema, lameness, conjunc-

tivitis, lacrimation, and corneal opacity (Ambily et al., 2011;

Sadarama et al., 2019). Histological examination of lymph

nodes in this case revealed similar findings to those of

lymph nodes infected with parasites. The characteristic

features included follicular hyperplasia infiltrated with

mononuclear cells, as well as marked capsular and

medullary fibrosis (Snowden and Hammerberg 1989).

Microscopic examination is a widely used

conventional method for screening microfilariae, both in

human filariasis and in the veterinary field. Techniques

such as wet mount preparation, thick blood film, Modified

Knott's concentration, capillary tube technique, and buffy

coat thin blood smear are commonly employed (Goldsmid

1970). Among these methods, the Modified Knott's test

and the buffy coat thin blood smear are recommended for

microfilaria detection, with no significant difference in

sensitivity (Mylonakis et al., 2004; Marcos et al., 2016).

The buffy coat thin blood smear method offers advantages

such as requiring less blood sample and facilitating the

speciation of microfilariae (Mylonakis et al., 2004;

Marcos et al., 2016). However, it is worth noting that the

Modified Knott's test may lead to false negative results in

cases of infestation with a low number of microfilariae

(<25 microfilariae/mL) (Mylonakis et al., 2004). In the

case of the Modified Knott's test result at 2 weeks

post-treatment, it is possible that the false negative result

was due to human error or individual skill, as the

interpretations were performed by different technicians

each week. An alternative approach for species

identification is histochemical staining using acid

phosphatase. Acid phosphatase activity can differentiate

microfilariae of D. immitis, D. repens, B. malayi, and B.

pahangi based on different staining patterns. In B. pahangi

microfilaria, diffuse acid phosphatase activity is

observed along the entire body length, whereas in B. malayi

microfilaria, acid phosphatase activity is predominantly

observed in the areas of amphid, excretory pore, anal pore,

and phasmid (Chungpivat and Taweethavonsawat 2008).

Polymerase chain reaction (PCR) is a molecular technique

that utilizes specific primers for amplification. Gene

Table 1.  Modified Knott's test results during the treatment period.

           Week(s) 0 1 2 3 6 14 18 22

Modified Knott's test +ve +ve -ve -ve -ve -ve -ve -ve
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targets such as ITS1 and 5.8S-ITS2-28S have been

previously employed in PCR assays, revealing different

band sizes for each species (Kaikuntod et al., 2021). In

this study, the obtained 5.8S-ITS2-28S gene sequence

showed 100% identity to the previously recorded sequence

(EU373650) of B. pahangi from a cat in Thailand, whereas

the sequence of the 5.8S-ITS2-28S gene from B. malayi

(EU373605) showed 97% identity. These findings further

support the accurate species identification of the filarial

infection.

The results of ivermectin treatment in infected

cats have shown successful outcomes, with negative

microfilariae detection achieved within 1-2 months of

treatment (Taweethavonsawat and Chungpivat 2013;

Khowawisetsut et al., 2017). Additionally, there was a

significant reduction in microfilariae levels within one

month of ivermectin treatment (Taweethavonsawat and

Chungpivat 2013). However, it is important to note that

25% of cats experienced a recurrence of microfilaraemia

after 3 to 5 months (Khowawisetsut et al., 2017). In the

case of topical selamectin treatment for brugian filariasis

in cats, a study demonstrated 100% effective elimination

of microfilariae at various time points (Sarasombath et al.,

2019). A study conducted by Sadarama et al. (2019) is the

only available report on infected dogs, and it revealed

that the use of ivermectin, diethylcarbamazine, or a

combination of both can reduce the microfilarial

concentration. However, none of the treatments achieved

complete elimination of microfilariae within a shorter

21-day period. These findings highlight the efficacy of

ivermectin and selamectin in reducing microfilariae levels

in cats, although recurrence of microfilaraemia can occur.

The available study on infected dogs suggests that current

treatments may not achieve complete amicrofilaremic

status within a shorter timeframe. Further research is

needed to explore more effective treatment options for

lymphatic filariasis in both cats and dogs.

Moxidectin is a macrocyclic lactone formulation

that specifically targets glutamate-gated chloride ion

channels (GluCls) found in the excretory-secretory pore

of microfilaria and the reproductive tissue of adult

B. malayi worms (Moreno et al., 2010; Li et al., 2014).

This binding action leads to the clearance of microfilariae

and inhibition of their production (Li et al., 2014).

Moxidectin has shown higher microfilaricidal efficacy

compared to other macrocyclic lactones (Bowman and

Mannella 2011; Paran and Svobodov  2011; Regalbono

et al., 2016). Doxycycline is effective against Wolbachia

endosymbiotic bacteria that have been detected in various

filarial nematodes (Bandi et al., 1998). Studies by Bandi

et al. (1999) have shown that tetracycline-treated worms

did not have detectable Wolbachia in the reproductive tract

when examined using transmission electron microscopy.

Additionally, PCR results have revealed that Wolbachia

expression is limited to the caudal end of the reproductive

tract. Recent literature has also demonstrated the efficacy

of topical moxidectin combined with oral doxycycline as

a treatment protocol for adulticide therapy in canine

heartworm infection (Chandrasakha et al., 2021; Jacobson

and DiGangi 2021). Therefore, a topical formulation

containing moxidectin along with oral doxycycline was

chosen for the treatment of this patient.

In our study, the levels of microfilariae in the buffy

coat smear decreased at 1 week and reached zero at 3

weeks after the administration of topical moxidectin.

Subsequently, there was no recurrence of microfilaraemia

in the dog throughout the study period. The recurrence of

left limb edema at the 6th and 10th week, despite the dog

being amicrofilaremic, can be explained by previous

studies. Snowden and Hammerberg (1989) suggested that
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episodes of lymphadenopathy or limb edema in observed

dogs were not necessarily associated with parasite

exposure and could last for months. Therefore, the early

recovery symptoms observed in this dog are likely due to

the effect of prednisolone. The development of limb edema

following the discontinuation of prednisolone after one

week further supports this assumption. The later episode

of limb edema may be related to the inflammatory response

resulting from the post-surgical procedure and the dog's

self-mutilation.

Conclusion

In conclusion, this case study highlights the

effectiveness of a monthly topical combination of

moxidectin and imidacloprid along with doxycycline in

treating B. pahangi infection in dogs. Considering the

limited treatment guidelines currently available for

lymphatic filariasis in dogs, this study not only provides

valuable insights but also serves as a treatment guideline

for brugian lymphatic filarial infection in dogs. The

successful management of the infection, as demonstrated

in this case, emphasizes the importance of a comprehen-

sive and targeted treatment approach involving both

microfilaricidal and adulticidal agents, along with the use

of doxycycline to target Wolbachia endosymbionts.

Further research and clinical studies are warranted to

validate and refine these treatment protocols for the

effective management of lymphatic filariasis in dogs.
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Abstract

Osteoarthritis in dogs is a chronic disease that causes pain from inflammation of the joints. For treatment,

medication is only used for the relief of the pain and inflammation of the joints. Side effects of long-term treatment

affect multiple systems. This study aimed to evaluate the effects of a standardized extract of Centella asiatica

(ECa 233) in dogs with osteoarthritis by examining the clinical score, C-reactive protein (CRP), radiographs, and

computed tomography (CT) imaging. Eight dogs were diagnosed with osteoarthritis. The Eca 233 was given to the

dogs orally at a dose of 10 mg/kg once a day for 28 days. Results showed that the clinical evaluation found that

most parameters showed improvement compared to pretreatment. The mean clinical lameness score after

treatment was found to have decreased significantly from 2.13±1.36 to 0.5±0.93 (p=0.01). Both the mean CRP

values and radiographic score had decreased insignificantly. The average CT Hounsfield unit (HU) value was

also decreased significantly, which indicated that ECa233 improved the soft tissue around the joint and the

function of the osteoarthritis joint. These results showed that ECa233 reduced the pain and inflammatory

reaction resulting in better walking ability and life quality in dogs with osteoarthritis.

Keywords:  Computed tomography, dogs, ECa233, Osteoarthritis, Radiography
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Introduction

Osteoarthritis (OA) in dogs is a chronic disease that

causes pain from inflammation of the joints resulting in

poor life quality. The most common breeds are Labrador

Retrievers and German Shepherds. In particular, German

Shepherds that are overweight have a higher incidence

(Anderson et al., 2018). No proper treatment for OA leads

to long-term abnormality of the structure and function of

the joints. Supportive treatment also only uses medication

for the relief of the pain and inflammation of the joints.

Furthermore, long-term use of anti-inflammatory drugs

may cause the malfunctions of the liver and kidneys

(Alhassani et al., 2021).

Diagnosis of OA by history taking, physical

examination, radiography (X-rays), and computed

tomography (CT-scan) determined the joint structure, bone

formation, and subchondral bone sclerosis. Previous

studies reported the same sensitivity and specificity for

damage to an intervertebral disc diagnosis (Marino and

Loughin 2010). However, it had been reported that a

CT-scan could enable quantitative assessment of the soft

tissues and materials using the Hounsfield unit (HU)

(Barber and Dockery 2011). The HU is also referred to as

CT numbers, which correspond to the average amount

of radiation absorbed by the tissue (Ai et al., 2018). The

absorption is measured for any given slice relative to

water, which is one unit. In comparison, the bone is

700-3,000 units and air 0.001 units (Ai et al., 2018).

Therefore, the HU value could be used to analyze the

quality of the tissues around the joint. Serum markers, such

as C-reactive protein (CRP) would indicate the severity,

prognosis, and follow-up of treatment in dogs (de

Bakker et al., 2017).

The goals of the OA treatment consist of

improvement or preservation of the function of the

joints, progressive prevention of the disease, pain control,

and maintenance of the body weight and health conditions.

There is differential management with individualized

medication that includes a combination of non-medication

(Ashford and Williard 2014). The recommended drugs used

for treatment in OA are Non-Steroidal Anti-Inflammatory

drugs (NSAIDs) such as Carprofen, Meroxicam,

Deracoxib, Ketoprofen, etc. In patients with resistance to

NSAIDs, adjunctive pain medication is used to control

pain, such as Amantadine, Gabapentin, Tramadol, Codeine,

Corticosteroid, etc. However, there is unclear information

on their effectiveness in pain control in OA.

The herb Centella asiatica has anti-inflammatory

effects and other properties (Somchit et al., 2004). The

anti-inflammatory effect is the property of Eca233 extract,

contributes to the wound healing process (Wannarat

2009; Anukunwithaya et al., 2017). Moreover, it enhances

the healing effect on second-degree burns with the

shrinkage of the wound, increasing of the blood flow to

the skin, and increasing of the hair follicle, thus making

the wound become dry and smooth, as well as reducing

vascular inflammation and inflammatory cell migration.

In addition, research has confirmed that ECa233

contributes to the healing of oral ulcers in humans by

reducing inflammation, pain level and wound size

(Ruengprasertkit et al., 2010). The anti-inflammatory

effect of ECa233 is a good candidate for the prevention

and treatment of inflammatory-related diseases (Sukketsiri

et al., 2019). In rat and mouse experiments, it was

found that up to 10 g/kg of ECa233 extract could be

administered without acute toxicity (Chivapat et al.,

2011).

However, no study has evaluated the ECa 233 for

anti-inflammation purposes in OA dogs using the clinical

score, CRP, radiography, and CT-scan imaging. The
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purpose of this study was to investigate the effects

of ECa233 on anti-inflammation by evaluating the

clinical score, CRP, radiography, and CT-scan imaging in

osteoarthritis dogs.

Materials and Methods

Animals

The experimental protocol was approved by the

Faculty of Veterinary Science and the Ethics committee,

Mahidol University, Thailand (MUVS-2021-05-20). Eight

dogs were diagnosed with osteoarthritis, recruited from

the Prasuarthorn Animal Hospital. All dogs fulfilled the

inclusion criteria and were enrolled. All dogs did not

receive any medication. All were prescribed with ECa233

for 28 days.

Inclusion/exclusion criteria

Dogs with clinical signs of chronic lameness

(more than 1 month), 3-5 stiffness and joint pain, and

radiological evidence of OA of the hip were eligible. Dogs

were examined by veterinarian to confirm OA, previously

entrance to this study. All osteoarthritis dogs were

categorized with 1-4 lameness grades according to

Table 1 (Nganvongpanit et al., 2014). Dog with the

conditions of pregnancy or hepatic, cardiovascular,

gastrointestinal, neurological disease were excluded. Dog

with lameness due to lumbosacral instability, infection,

immune disease, or fractures, including dogs which had

previously received drug or dietary supplements for

osteoarthritis treatment were also excluded.

The standardized extract ECa233

The standardized extract ECa233 containing

madecassoside (51% w/w) and asiaticoside (38% w/w)

was obtained from Siam Herbal Innovation Co. Ltd,

Thailand). It is given to dogs orally at a dose of 10 mg/kg

once a day after meal for 28 days. ECa233 10 mg/kg by

conversion dose from the resulting reduce inflammation

in mice (Nair and Jacob 2016).

Methods for assessing osteoarthritis

Clinical score

Efficacy of treatment for relieving inflammation

in dogs with osteoarthritis can also be assessed using a

clinical lameness scoring system which was examined by

walking and trotted 12 meters (6 meters for evaluation)

on a flat floor in the Prasuarthorn Animal Hospital.

The test was conducted 3 times and evaluated by the

veterinarian based on the criteria were modified from

(Nganvongpanit et al., 2014) in (Table 1).

       Grade                                                                       Clinical evaluation

1 Walks normally

2 Slightly lame when walking

3 Moderately lame when walking

4 Severely lame when walking

5 Reluctant to rise and will not walk more than five paces

Table 1.  Lameness scores for assessing dogs with osteoarthritis.
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Blood collection

Blood samples were collected from the vein of dogs

(cephalic, saphenous or jugular vein) for 3 ml from each

dog on before and after the treatment. Blood chemistry

and serum CRP were performed at the laboratory of

Prasuarthorn Animal Hospital, Faculty of Veterinary

Science, Mahidol University.

Radiography

Radiographs of the participating dogs were taken

before and after 28 days of ECa233 administration by the

same radiologist technician and standard computed

radiography machine. Radiographs of dogs were performed

in lateral and extended-ventrodorsal view of hip and stifle.

Repositioning of the dog for subsequent radiographs was

guided by the original film, and the same radiographic

settings were used. Therefore, hip and stifle of x-rays were

taken and evaluated by a veterinarian based on the criteria

were modified from (Nganvongpanit et al., 2014) in

Table 2

Table 2.  Radiographic scoring system for assessing dogs with osteoarthritis.

                     Grade                                                                     Radiographic evaluation

0 Normal Not affected

1 Mild Doubtful narrowing of joint space and possible osteophytic lipping

2 Moderate Definite osteophytes and possible narrowing of joint space

3 Severe Moderate multiple osteophytes, definite narrowing of joints space, some sclerosis

and possible deformity of bone contour

4 Very severe Large osteophytes, marked narrowing of joint space, severe sclerosis and definite

deformity of bone contour

Computed tomography (CT) scan

General anesthesia

Feed and water are withheld for 12 and 6 hours

respectively prior to being anesthetized. Moreover, a

thorough physical examination, which includes body

temperature, heart rate, respiratory rate, dehydration

status, mucous membrane color, capillary refilling time,

neuromuscular, integumentary and cardio-respiratory

system, is performed by a veterinarian in order to evaluate

risk of anesthetic complications.

After the patient is clinically evaluated that the

anesthesia could be performed, the premedication and

sedative agents are administered by a veterinarian. The

satisfactory depth of anesthesia should be stage 3 planes

2 or 'surgical' anesthesia in order to perform a computed

tomography. During anesthesia, the intravenous fluid is

administered according to individual physical status.

The veterinarian monitors animal's health status during

the anesthesia which takes approximately 10-15 mins

or throughout the CT-scan process. A veterinarian closely
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monitors the patient until all the vital signs become stable

within normal range and it is certain that the dog has no

side effects of general anesthesia.

Computed tomography examination

CT-scan is to be performed on the area of hip

joint with OA condition using Optimums 64 slice by

positioning the joint with the caudal aspect of the limb on

the scanning plane. Extend both hind limbs while the dog

is in the ventral recumbency position. Then, place tibial

plateau parallel to the scanning plane using scout view in

order to take overlapping transverse pre-arthrography CT

images of 1.25 mm from the distal third of the femur to the

proximal third of the tibia/fibula, using a bone algorithm,

100 kVp, 140 mA, a field of view of 96 mm and a pitch of

0.75. A second scan was performed from the proximal

aspect of the patella to the tibial plateau, with a slice

thickness of 0.625 mm thickness. These images were

acquired in a bone algorithm, 100 kVp, 180 mA, and a

field of view of 96 mm and a pitch of 1. The contrast Iohexol

(Omnipaque 350) was injected using a volume of 2 to 2.4

mL (median 2.2 mL) at a concentration 120 mg I/mL. The

CT protocol was repeated for all stifles after intra-articular

positive contrast injection (Van der Vekens et al., 2019).

Every CT image is analyzed by veterinary diagnostic

imaging specialist.

Statistical analysis

Clinical score, radiographs, CT-scan, CRP were

calculated in the formulation of mean ± SD. The

difference between day 0 and day 29 was compared

using Non-parametric, Kruskal-Wallis Test. The data was

analyzed with SPSS program version 21.0 and 95% level

of confidence or < 0.05 statistical significance.

Results

Animals

Eight dogs were diagnosed with osteoarthritis,

fulfilled the inclusion criteria and were enrolled. All dogs

were 6-15 years old. The 8 dogs of experimental group

consist of 5 males and 3 females. There were 2

Pomeranians, 2 mixed breeds, 2 Chihuahuas, 1 Beagle and

1 Poodle. Demographic data of OA dogs were summarized

in Table 3. All dogs showed normal complete blood

count and no blood parasites.

Table 3.  Demographic data of osteoarthritis (OA) dogs.

Signalment OA group (n=8) p-value

Age (years old) 9.6 (6-15) NA

Body weight (kg) 19.50 (8.20-38.56) 0.64

Sex Male 5, Female 3 NA

Breed Pomeranian (n=2), Mixed breed (2), Chihuahua (2), Beagle (1), Poodle (1) NA

NA, Not applicable
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CRP level

The experimental results showed decreasing of CRP

value in 4 out of 8 dogs after receiving of ECa 233. The

mean CRP before and after the administration of ECa 233

was 10.38±2.01 mg/L (range 9.00-14.63, n=8) and 9 mg/L

(all dogs CRP value was 9 mg/L, n=8) respectively. The

mean serum CRP was as shown in Table 4.

Clinical lameness score

Clinical evaluation in lameness showed significant

improvement in the before the administration of ECa 233

compared with after the administration of ECa 233

(2.13±1.36, 0.5±0.93) respectively (p=0.01). The mean

clinical lameness score was showed in Table 4.

Table 4.  The C-reactive protein (CRP) value and clinical lameness score of osteoarthritis (OA) dogs before and after

ECa233 administration.

                                 Parameters                                                     OA group (mean±SD)                           p-value

                                                                                                      Before                        After

CRP value 10.38±2.01 9.00±0.00 0.06

Lameness score 2.13±1.36 0.5±0.93* 0.01*

Radiographic evaluation

Eight dogs from the OA group were diagnosed with

OA of the hip and stifle joint and were classified as grades

1-3 according to the radiographic scoring system. The mean

stifle and hip radiographic score as shown in Table 5.

However, the results showed that there were no

statistically significant differences (p>0.05) of the

radiographic score between before and after the

administration of ECa 233 in the stifle and hip joints.

The radiographic score was 1, 2, and 3 of OA in the stifle

joints and hip joints (Figure 1, 2), respectively.

Table 5.  The radiographic score between before and after the administration of ECa233 in the stifle and hip joints

of osteoarthritis (OA) dogs.

                           Radiographic score                                              OA group (mean±SD)                          p-value

                                                                                                      Before                         After

Stifle joint 1.5±0.84 1.33±0.82 0.19

Hip joint 2.5±0.55 2.5±0.55 1.00
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Figure 1.  The radiographic score was 1, 2, and 3 of osteoarthritis in the stifle joints.

Figure 2.  The radiographic score was 1, 2, and 3 of osteoarthritis in the hip joints.
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Computed tomography evaluation

In this research study, a CT-scan was performed

on six dogs before and after the administration of ECa 233

in order to evaluate the HU which would determine the

radiographic density of the tissue of hip joint. The HU was

measured from three random areas within three planes

(sagittal, dorsal, and transverse plane). Two phases of the

CT-scan were evaluated: pre-contrast and post-contrast

phase.

From the two phases of the CT-scan result after the

administration of ECa 233, the mean HU of the hip joint

decreased from before ECa 233 administration and

significantly different in post-contrast phase (p=0.037) as

shown in Table 6. It means that ECa 233 improved tissue

quality around the hip joint. CT images of hip joint of dog

as shown in Figure 3.

Table 6.  Hounsfield unit of pre-contrast and post-contrast of computed tomography imaging before and after the

administration of ECa233.

Hip Pre-contrast phase Post-contrast phase

Before After Before After

1 57.44 36.27 86.02 71.72

2 106.97 74.94 114.78 59.71

3 64.84 63.88 68.58 83.14

4 70.38 59.43 78.34 62.54

5 107.81 75.46 120.09 69.17

6 50.18 37.42 77.52 56.47

Mean±SD 76.27±25.05 57.9±17.46 90.89±21.36 67.12±9.71*

p-value 0.24 0.037*



48 Journal of Applied Animal Science Vol.16 No.1 January-June 2023

Figure 3.  Computed tomography images of the hip joint of dog. Hounsfield unit was measured from 3 random areas of

interest within the tissue around the right hip joint of dog (A, C) before and (B, D) after the administration of ECa 233.

Discussion
The research effects of ECa 233 in OA dogs

were conducted by using the clinical lameness score,

radiography, CT-scan, and CRP. The result of the clinical

lameness score found that all dogs showed improvement

in this parameter. Nevertheless, the radiographic score,

CRP values, and CT-scan evaluation in some dogs did not

improve.

Serum markers such as CRP indicate severity,

prognosis, and follow-up plan of treatment in dogs (de

Bakker et al., 2017). CRP values of the dogs with OA

in this study were not high. No significant differences

were found in the before and after treatment groups.

The previous research has found that the CRP and IL-6

values are similarly correlated and used to differentiate

between dogs with OA and suppurative arthritis.

However, CRP values were not different in OA and

normal joint dogs (Hillstr m et al., 2016). The increase

in CRP values could not identify the inflammatory

site (Christensen et al., 2014). In addition, synovial CRP

was not correlated with serum CRP (Bennett et al.,

2013).
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The study design had limitation. Because this was

a clinical study, the animals could not be controlled by

using the same breed, sex, and/or age. Moreover, not all

dogs in the study had the same OA grade. The total

number of animals in this study was not large. Only 6/8

dogs were performed CT scan.  Two dogs did not CT scan;

one dog had an accident running into a door, causing a

strained neck that required him to stay in the hospital for 2

weeks. In another dog, the owner had work commitments

that made it inconvenient to appointment.

In conclusion, the result of the clinical lameness

score found that all dogs showed improvement in this

parameter. This could be a result that possibly the bone

structure had not changed within 28 days. However, a s

ignificant decrease in the lameness score of all dogs

indicated that ECa 233 reduced the pain and inflammatory

reaction, thus resulting in better walking ability and life

quality. In addition, the decreased HU value from the CT

imaging after treatment indicated that ECa 233 decreased

the damage of tissues around the joint and the function

of the osteoarthritis joint in dogs.
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Abstract

Squamous cell carcinoma (SCC) is a rare type of urinary bladder carcinoma in dogs. A 10-year-old

spayed bitch was presented with pollakiuria. Ultrasonography revealed right obstructive hydronephrosis and

proximal hydroureter. Urinary bladder wall thickening and an irregular mucosal surface were presented.

Partial cystectomy and ureteroneocystostomy of the right ureter were performed for urinary bladder mass

removal in the area close to the right ureteral opening. The histopathological characteristics of urinary bladder

SCC were confirmed by negative immunohistochemical staining of uroplakin III, cytokeratin 7, and cytokeratin

20. Two months after surgery, multiple nodules in all hepatic lobules were presented from ultrasonography.

The distant metastasis was suspected. This report demonstrates the diagnostic approach and management of

urinary bladder SCC, a rare type of canine urinary bladder cancer.

Keywords:  Bladder cancer, Dog, Partial cystectomy, Squamous cell carcinoma
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Introduction

Canine urinary bladder neoplasia, which accounts

for 2% of all cancers, can result in partial or complete

obstruction of the urinary tract. The most frequent type of

bladder cancer is transitional cell carcinoma (TCC)

(Fulkerson and Knapp 2019), while squamous cell

carcinoma (SCC) is less common in dogs with a 1.5 - 2%

incidence of bladder cancers (Ramos-Vara et al., 2003; de

Brot et al., 2018). To present, in Thailand, only urinary

bladder TCC (Rungsipipat et al., 2003; Suwankanit and

Manee-in 2018) and urinary bladder leiomyoma have been

reported (Ploypetch et al., 2021). Secondary cancer on the

urinary bladder has rarely been observed. Studies in

humans have found that bladder SCC usually occurs in

the trigone area as well as the urethra or ureters.

Moreover, common sites of metastasis of SCC of the

urinary bladder are the lung, bone, and liver (Manley

et al., 2017). Surgery, radiation, chemotherapy, medicinal

therapy or a combination of these are used to treat

bladder cancer in humans and dogs (Zahoor et al., 2018;

Burgess and DeRegis 2019; Fulkerson and Knapp 2019).

Radical cystectomy is a conventional treatment for

human bladder SCC, as it provides better disease control

and recurrence-free survival time than other treatments,

when combined with radiotherapy (Richie et al., 1976;

Martin et al., 2016).

This case study illustrates the surgical management

of urinary obstruction due to urinary cancers, and the

SCC process to confirm the diagnosis.

Case Description

A 10-year-old spayed bitch American Cocker

Spaniel with myxomatous mitral valve disease stage B2

was referred to Prasu-Arthorn Animal Hospital, Mahidol

University for evaluation of anorexia and pollakiuria.

The vital signs were normal, except for a grade 4/6

murmur heart sound. Blood profiles were within the

reference interval, as shown in Table 1. Serum

biochemical analysis showed hyperproteinemia (8 g/dl,

reference 6 - 7.5 g/dl), slightly increased alanine

aminotransferase (265 IU/l, reference 10 - 100 IU/l),

and high blood urea nitrogen (55 mg/dl, reference 7-27

mg/dl). The cystocentesis urinalysis results revealed a

slightly transparent, yellow, inappropriate concentration of

urine (urine specific gravity 1.010) and pH 7. Proteinuria

was also present, which was detected by urine strip

testing. Due to some bacteriuria, a urine sample was taken

for bacterial identification and antibiotic susceptibility

testing. Proteus mirabilis sensitive to cephalosporins

was interpreted as the bacterial culture and antimicrobial

sensitivity result. Thoracic and abdominal radiography

did not present any visible abnormalities. Abdominal

ultrasonography showed right hydronephrosis (Figure

1A). The right renal pelvis dimension is 1.6 x 2.1 cm with

a transverse view (Figure 1B). The right proximal ureter

was obstructed and dilated (Figure 1C) with a hyperechoic

structure. The urinary bladder had wall thickening, with

an irregular mucosal surface pronounced at the right apex

part (Figure 1D). Therefore, the patient was diagnosed

with right outflow obstructive hydronephrosis due to early

ureteral obstruction. Surgical treatment to correct the

right ureteral obstruction was planned.
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WBC (μl) 11,160 9,500 6,000 - 17,000

Monocyte 669.6 475 150 - 1,350

Neutrophil 8,370 6,745 300 - 11,500

Band 0 0 0 - 300

Lymphocyte 2,120.4 2,185 1,000 - 4,800

Eosinophil 0 95 100 - 1,250

Basophil 0 0 <100

RBC (106 cell/μl) 6.65 7.05 5 - 9

Hb (g/dl) 16 17.0 10 - 18

Hct (%) 47.9 50.7 35 - 55

MCV (fL) 72 71.9 60 - 77

MCH (pg) 24.1 24.1 20 - 25

MCHC (g/dl) 33.4 33.5 32 - 36

PLT (103/μl) 197 213 200 - 500

Platelet smear Adequate Adequate

Plasma Protein 8 8 6.0 - 7.5

ALT (U/L) 265 255 10 - 100

ALP (U/L) 107 118 23 - 212

BUN (mg/dL) 55 50 7 - 27

Creatinine (mg/dL) 1.36 1.44 0.5 - 1.8

*WBC: White blood cells; RBC: Red blood cells; Hb: Hemoglobin; Hct: Hematocrit; MCV: Mean corpuscular volume;

MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; PLT: Platelets; ALT: Alanine

aminotransferase; ALP: Alkaline phosphatase; BUN: Blood urea nitrogen.

Table 1.  Hematology report (absolute) from the first visit and 7 days after surgery.

Parameters* First visit Seven days after surgery Normal value
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The patient underwent a partial cystectomy at

the right ureter orifice, as well as a right ureteroneo-

cystostomy. Anaesthetic drugs were selected to minimize

the cardiac and renal side effects of general anaesthesia.

In this case, fentanyl (3 μg/kg fentanyl-Hameln; Siam

Bioscience Co. Ltd., Thailand) and midazolam (0.3 mg/kg

midazolam; F. Hoffmann-La Roche Ltd., Switzerland)

were intravenously administered as a premedication, then

inducted with alfaxalone (2 mg/kg Alfaxan®; Jurox Pty.

Ltd., Australia). An injectable drug with morphine (0.3

mg/kg morphine sulphate injection; M&H Manufacturing

Co. Ltd., Thailand) was injected intramuscularly for

analgesia and amoxicillin/clavulanic acid (20 mg/kg

Cavumox®; Siam Bheasach Co. Ltd., Thailand) was

intravenously administered for anti-microbial prophylaxis.

The patient was intubated and maintained at an anaesthetic

level using isoflurane (AERRANE; Baxter Healthcare of

Puerto Rico, United States) inhalation with oxygen. The

patient was positioned in dorsal recumbency. A ventral

midline celiotomy was performed through the caudal

aspect of the abdominal wall with a ventral midline

cystotomy. Intraoperation, a mass that involved the right

Figure 1.  Abdominosonographic findings. (A) Right hydronephrosis. (B) The dilatation of the right renal pelvis.

(C) Dilated right proximal ureter. (D) The urinary bladder has wall thickening with an irregular mucosal surface

pronounced at the apex part.
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ureteral opening and bladder apex was presented, causing

right ureteral dilatation (Figure 2A). Partial cystectomy

was then performed, respecting a margin of 20 mm on the

sides. Resection comprised about 40 to 50% of all

bladder tissue (Figure 2B). The right ureter was removed

approximately 5 mm. A ureteroneocystostomy was

done with an interrupted pattern using absorbable 4-0

polydioxanone suture material (PDSTM II 4-0; Johnson

& Johnson Medical N.V., Belgium) (Figure 2C) to

reimplant the right ureter into the bladder. The bladder

wall was closed with a simple continuous pattern using

absorbable 3-0 poliglecaprone 25 suture material

(MonocrylTM 4-0; Johnson & Johnson Medical N.V.,

Belgium). Finally, the abdomen wall was closed utilizing

the routine technique. A postoperative urinary catheter was

placed to monitor urine output for 7 days. The bladder mass

(Figure 2D), measuring 18 mm (length) x 15 mm (width)

x 15 mm (height), was examined histopathologically

and stained with haematoxylin & eosin (H&E) and

immunohistochemistry (IHC) performed.

Figure 2.  Ureteroneocystotomy and partial cystectomy procedure. (A) A laparotomy found right ureteral dilatation

(arrow). (B) Partial cystectomy for removal of the entire mass (arrow). (C) Ureteroneocystotomy for reimplantation of

the ureter on the surface of the bladder (arrow). (D) Excised mass with rough shape and irregular surface.
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Microscopically, the mass revealed multifocally

non-encapsulated, well-differentiated, strongly

proliferative, pleomorphic squamous cells in the

submucosal layer and invading through the transitional

epithelial layer. Pleomorphic cells were arranged in cords

to islets of proliferative squamous cells. Squamous cells

were hyperplastic with anisocytosis, round, of cuboidal to

polyhedral shape with abundant amphophilic cytoplasm

with occasional intercellular bridges. Nuclei had

anisokaryosis, were vesiculated oval to round with

prominent nucleoli. Mitotic figures were occasionally

noticed. Eosinophilic keratin precipitation was

occasionally detected in cords. Submucosal layers were

occupied by hyperplastic fibrous tissues with focally

extensive submucosal layers. There was no evidence of

metastasis. Keratin pearl was well differentiated for

SCC diagnosis (Figure 3A). The streptavidin-biotin

peroxidase technique with commercial kits was used for

immunohistochemistry. The primary antibodies including

Uroplakin III (UR III) (1: 450 Clone AU-1; Cell Marque,

USA), cytokeratin 7 (CK7) (1: 1,000 Clone OV-TL 12/30;

Cell Marque, USA(, and cytokeratin 20 (CK 20) (1: 3,000

Clone Ks20.8; Cell Marque, USA) were used to determine

SCC of the urinary bladder. Only the apical border

of the cytoplasmic membrane of transitional cells

showed strongly intense positivity for three markers.

The intermediate and superficial cells were also

cytoplasmically stained. The lower cells and basal area

were negative. The dysplasia of proliferative squamous

cells had a lack of immunoreactivity. All negative

immunohistochemistry (Figures 3B, 3C, and 3D) results

confirmed the presence of SCC.

Figure 3.  Immunohistopathologic findings. (A) The rounded-looped shapes are diagnosed as keratin pearl (arrowheads)

from H&E staining. Immunohistochemical staining of UR III (B), CK 7 (C), and CK 20 (D). The positive controls of CK

7 and CK 20 are shown as an inset in the lower left corner of (C) and (D), respectively. Bar = 200 μm.
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Afterwards, the patient was admitted to the

hospital for 7 days for post-operative care. Vital signs,

especially blood pressure and urine output, were closely

measured. Moreover, the post-operative practices

including fluid therapy, antimicrobials, analgesics,

wound dressing and recheck blood profiles were

performed in the critical care unit. For pain management,

an injectable drug with morphine (0.3 mg/kg morphine

sulphate injection; M&H Manufacturing Co. Ltd.,

Thailand) was injected subcutaneously every 8 hours,

depending on the pain score. No clinical signs of the

urinary system were observed 7 days after surgery.

Blood profiles were rechecked before discharge from the

hospital. Hematologic values were showed in Table 1.

Ultrasonography was used to check for renal

hydronephrosis and ureteral dilation, as well as the recur-

rence of cancer one month after surgery. The dilatation of

the right renal pelvis and right proximal ureter was

reduced when compared with before surgery. The urinary

bladder's wall thickness was normal. The right ureteral

opening of the bladder had a mucosal surface that

was slightly irregular and assumed fibrosis following

ureteroneocystostomy. Although the dog showed no

clinical signs, ultrasonography in two months after

surgery revealed multiple nodules in all hepatic lobules

and left medial iliac lymphadenopathy. Metastasis was

suspected. Metronomic chemotherapy with a combination

of chlorambucil (4 mg/m2 LeukeranTM; Aspen

Pharmacare Australia Pty Ltd., Australia) and firocoxib

(2 mg/kg Previcox®; Boehringer Ingelheim, Germany)

was used to improve the quality of life. No side effects

from this low-dose chemotherapy were observed in this

case. Moreover, the owner described that no clinical

signs of haematuria or trouble urinating had appeared

at least 10 months after metronomic administration.

Discussion

According to the universal consensus in humans,

radical cystectomy is required for the surgical treatment of

urinary bladder SCC. Recurrence-free survival rates for

the entire patient population after radical cystectomy at 5

and 10 years were 68 and 66%, respectively (Stein et al.,

2001). On the contrary, previous studies in dogs that

received this technique had many complications,

including pyelonephritis, peritonitis, oliguria, azotaemia

and ureteral obstruction (Ricardo Huppes et al., 2017). A

partial cystectomy with extensive resection, which was

analogous to traditional surgery for removing urinary

bladder carcinoma, was undertaken alternatively.

Except for tumour metastasis, no complications were

discovered during or after surgery. However, the

presence of residual tumour at the site of resection through

neoplastic transformation of the remaining bladder

mucosa and implantation of tumour cells into the surgical

wound, resulting in local tumour recurrence, might be a

common consequence after bladder SCC resection

(Zahoor et al., 2018). The study in humans undergoing

partial cystectomy for bladder cancer reported that

bleeding, infection, reduced bladder capacity, and urinary

extravasation are all common consequences after surgery

(Kates et al., 2014).

Once distinguishing characteristics such as keratin

pearls and intercellular bridges have been recognized, SCC

can be definitively confirmed histologically. Moreover,

these features can only be seen when the SCC is still a

well-differentiated neoplasm (Lopez-Beltran et al., 2007).

Despite the presence of keratin pearls and intercellular

bridges, this case was also diagnosed using the IHC

technique. For the detection of canine urothelial cancers,

UP III is more specific than CK 7 and CK 20. Between

SCC and TCC, the immunohistochemistry staining
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patterns of CK 20, CK 7 and UP III are significantly

different. All these markers are negative in bladder SCC

as in this case (Ramos-Vara et al., 2003). Therefore, this

case was definitively diagnosed as canine urinary

bladder SCC, confirmed by histopathology and the IHC

technique.

Regarding the treatment of bladder SCC,

combining preoperative radiation with radical cystectomy

resulted in a significantly greater 5-year survival rate for

humans than any other treatment (Martin et al., 2016;

Manley et al., 2017). A recent study in dogs has suggested

that radiotherapy, with or without adjunctive chemotherapy

and nonsteroidal anti-inflammatory drugs, presumably

achieves locoregional tumour control and prolonged

survival in genitourinary carcinoma, including bladder

carcinoma (Clerc-Renaud et al., 2021). However,

information about a radiation protocol for the treatment

of canine urinary bladder SCC is still limited. Treatment

with chemotherapy in bladder carcinoma should be used

in dogs with metastases. Due to the presence of metastasis

in liver and abdominal lymph node, low-dose metronomic

chemotherapy was prescribed in this case postoperatively.

Although there is a lack of evidence for chemotherapy

in dogs with urinary bladder SCC, the metronomic

administration of chlorambucil in canine TCC has been

shown to be well tolerated, with 70% of cases achieving

partial remission or stable condition (Schrempp et al.,

2013).

Conclusions

This report has described a dog that had a urinary

obstruction caused by urinary bladder SCC, which occurs

rarely. Partial cystectomy and ureteroneocystostomy

are optional surgical techniques for SCC in the dog's

ureteral orifice. Interestingly, the biomarker approach

for diagnosing urinary bladder SCC in dogs should be

investigated in further studies.
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