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Original Article
Factors such as location, volume, and the type of neoplasm complicate achieving tu-
mor control. Electrochemotherapy (ECT) is a supplementary treatment for inoperable 
neoplasms in veterinary patients. Three dogs were diagnosed with a tumor. Two were 
squamous cell carcinoma (SCC), and the other was liposarcoma, each with a single tu-
mor with the size range of 1 to 5 cm. The tumor locations were the cervical, oral, and 
abdominal cavity. ECT was selected as a treatment. Bleomycin was injected intratu-
morally at the dose of 0.5 to 1.0 mg/cm3. Five minutes after the injection, electric 
pulses applied in a sequence of eight pulses lasting 100 µsec each, were delivered in 
1,000 V/cm. An evaluation was performed after 1 week, and the next session was ad-
ministered 2 weeks later. In a patient with oral SCC, the tumor was in partial remission 
after two sessions of ECT. Another patient with SCC on her neck was showed complete 
remission after 2 weeks of ECT administration. A third patient showed stable disease 
for 8 weeks. Complications were mild and transient and included skin necrosis, edema, 
local pain, and gait disturbance. ECT is a valid adjuvant, especially for inoperable, cu-
taneous, or accessible intra-abdominal tumors. 

Keywords: antineoplastic protocols; bleomycin; electrochemotherapy; neoplasms

Introduction

Cancer remains a significant cause of mortality despite advances in diagnosis 
and treatment, such as chemotherapy, radiotherapy, and surgical resection. It can 
be difficult to apply a major treatment because of the site, cost, and the condition 
of the patient. Research is being conducted on alternative treatment methods for 
these patients. One alternative treatment being researched is electropora-
tion-based treatments as an adjuvant to chemotherapeutic agents. This biomedi-
cal treatment is called electrochemotherapy (ECT) and has been developed into a 
clinically confirmed treatment for cutaneous and subcutaneous malignant tu-
mors, specifically [1].

ECT is a combination of anticancer drugs with electropermeabilization, which 
uses electric pulses to permeabilize cell membrane. ECT improves local tumor 
control without systemic adverse effect. ECT makes it possible to use incompati-
ble medicine topically in drug-sensitive animals [1]. Several cohort studies of ani-
mals with spontaneous neoplasm were treated with biphasic electric pulses with 
specific chemotherapeutic agents like bleomycin and cisplatin [2-10]. Melanoma, 
squamous cell carcinoma (SCC), various types of sarcoma, and lymphoma have 
been reported to be successfully treated with ECT in veterinary patients [1].

In veterinary oncology, there are patients with inoperable or obstinate tumors 
with difficulties such as the lack of marginal space, the location of the lesion, or 

http://crossmark.crossref.org/dialog/?doi=10.14405/kjvr.2021.61.e9&domain=pdf&date_stamp=2021-03-31
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the recurrence of tumor. Studies that applied ECT to incom-
pletely excised or recurring aponeurotic fibromatosis, sarco-
mas, and mast cell tumors showed complete or partial remis-
sion with low toxicity of the medicine [9-11]. 

In this study, we describe the application of ECT in three ca-
nine patients who were diagnosed cancers, two with SCC and a 
third with liposarcoma, and evaluate the effectness of ECT on 
dogs.

Materials and Methods

Samples and patients selection
Between May 2018 and January 2020, 3 privately owned dogs 

were treated with ECT. The first dog, case 1, was a five-year-old 
castrated male beagle and referred for cervical masses. The 
mass rapidly increased over 2 weeks and the patient experi-
enced weight loss. The mass was diagnosed as thyroid carcino-
ma and SCC and was surgically removed. However, a new mass 
was found in the cervical area 1 month after surgery. 

On physical examination, the patient was bright, active, and 
alert. The body temperature, pulse, and respiratory rate were in 
the normal range. The blood pressure of the patient measured 
160, which was slightly higher than the average in dogs. 

A mass was palpated in the left cervical area. The size of the 
mass was estimated to be 5.1 cm in diameter. The volume of 
tumor was calculated to be 62.6 cm3, using the formula ab2π/6. 
The mass was round and firm. Fine needle aspiration (FNA) 
was performed. Epithelial cells were the major cells and showed 
a round to square shape (Fig. 1A). There were many vacuoles 

around the nucleus, and the proportion of nucleus to the rest of 
the cell was high. It was tentatively diagnosed with SCC, which 
was one of the masses removed earlier, and it was regarded as a 
relapse. Surgery was considered, but it was expected that secur-
ing an appropriate surgical margin would be challenging be-
cause of the normal anatomical structure of the neck, including 
the external jugular vein. Surgical removal without clean mar-
gins could lead to frequent relapses of cancer. We offered some 
alternative treatment options and the owner decided to apply 
ECT. 

The second dog, case 2, was a 15-year-old female mongrel 
and referred for an oral mass. She showed loss of appetite, 
weight loss, and bleeding from the oral mass lesion. The patient 
was bright, active and alert, and the vital signs were normal on 
physical examination. The mass was found 3 months prior and 
the patient had problems closing her mouth because of the 
mass. The tumor was round and firm, and its size was evaluat-
ed as 2.4 cm in diameter. The tumor volume was calculated to 
be 6.6 cm3, by the formula ab2π/6. The type of tumor was tenta-
tively diagnosed as SCC by FNA (Fig. 1B). Computer tomogra-
phy was performed, and the tumor was evaluated as invasive to 
the nasal cavity area and bone lysis was found (Fig. 2). Partial 
maxillectomy was offered, but the owner refused. Therefore, 
ECT was chosen as an alternative treatment to improve the pa-
tient’s quality of life. 

The third dog, case 3, was a 10-year-old castrated male Min-
iature Pinscher and referred for an abdominal cavity mass. The 
owner took him to a local animal clinic when he developed 
vomiting and hematochezia. Ultrasonography and laparotomy 

Fig. 1. (A) Fine needle aspiration of the cervical mass in case 1. Epithelial cells were major cells and showed round to square shape. 
Vacuoles are spread throughout the cells (Diff-Quik, ×100 objective). (B) Fine needle aspiration of oral mass in 15-year-old female 
dog, case 2. Vacuoles are spread throughout the cells. Round to square shaped cells are major type of presenting cells (Diff-Quik, ×100 
objective). (C) Histological examination of 10-year-old male dog, case 3. Neoplastic cells contain abundant light basophilic cytoplasm 
with one or more variably sized discrete intracytoplasmic lipid droplets. The mass was diagnosed as liposarcoma, evaluated grade 1 and 
its subtype was pleomorphic (×20 objective).
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were performed, and the mass was found in the abdominal 
cavity. A biopsy was performed at the same time and the pa-
tient was referred to the IDEXX in the hospital. 

After the laparotomy and biopsy were performed, the patient 
was referred to our hospital. He was bright, active, and alert 
during his physical examination. His vital signs were within the 
normal range. 

On physical examination, the intra-abdominal mass was 
measured to be 5.6 cm in diameter. When we palpated the 
mass, it was very firm and round shaped. Ultrasonography was 
performed, and the mass size was measured at 4.5 ×  4.4 ×  4.1  
cm. The volume of mass was calculated to be 42.5 cm3, by the 
formula abcπ/6. The type of mass was diagnosed as liposarco-

ma based on histopathology and evaluated grade 1 (Fig. 1C). 
The mass was attached to abdominal wall and widely diffused 
to the dorsal side. Thus, a surgical removal would be challeng-
ing (Fig. 3). 

Chemotherapy with toceranib at a dose of 2.75 mg/kg on a 
MWF protocol was initiated and the patient was treated for two 
months. However, the patient showed no response and the tu-
mor rapidly grew. Three months after the initiation of chemo-
therapy, the mass could be palpated in the right inguinal re-
gion.

Electric chemotherapy protocol
Before treatment, all patients were sedated with a combina-

tion of dexmedetomidine (Presedex; Pfizer, Korea), hydromor-
phone (Dilid Inj.; Hana Pharm, Korea) and ketamine (Ket-
amine hydrochloride injection; Yuhan, Korea). In case 1, bleo-
mycin (Bleocin inj.; Dong-A ST, Korea) was administered in-
tratumorally after sedation at a dose of 0.5 mg/kg, which is 
generally consulted maximum dose that would not cause pul-
monary toxicity in small animals. In case 2, bleomycin was in-
jected as 0.5 to 1.0 mg/cm3 intratumorally, at a concentration of 
3 mg/mL. And after whole ECT sessions were terminated, toc-
eranib was administered at the dose of 2.75 mg/kg on a Mon-
day–Wednesday–Friday (MWF) schedule. In case 3, bleomycin 
was administered intratumorally at a dose of 0.5 mg/cm3 in the 
1st and 2nd session, and 1 mg/cm3 in the 3rd session. Five min-
utes after the injection of the chemotherapy agent, 8 biphasic 
pulses were administered to all patients in 0.1 sec intervals, an 
amplitude of 1,000 V/cm, and at a frequency of 1 Hz.

Results

Treatment response and tolerance
In the first patient, the tumor volume had decreased to 0.29 

cm3 after 1 week. After 2 weeks of the session, the tumor was 
evaluated to be in a complete remission. The patient has re-
mained in complete remission over 10 months. 

The second patient was rechecked every week. Six weeks af-
ter all ECT sessions were terminated, the tumor volume was re-
duced to 2.2 cm3. The patient did not show any adverse effect 
except bleeding from the root of incision teeth, and it disap-
peared after incision teeth were extracted. Her appetite recov-
ered and body weight was gained. She achieved partial response 
for about 3 months but was found dead one morning in the 
owner’s house. The exact cause of death was not identified be-
cause necropsy was not performed at the owner’s request. How-
ever, we regarded the obstruction of her airway by tumor 

Fig. 2. Computer tomography of case 2. The mass was evaluated 
as invasive to nasal cavity area, lysed the bone. The patient had a 
problem with chewing. (A) Pre-contrast, bone window, transverse 
view. (B) Pre-contrast, bone window, dorsal view. (C) Pre-contrast, 
soft tissue window, transverse view. (D) Pre-contrast, soft tissue 
window, dorsal view. (E) Post-contrast, delayed phase, transverse 
view. (F) Post-contrast, delayed phase, dorsal view.
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growth as the major cause of death. 
The volume of the tumor of the third patient decreased to 

29.8 cm3 after 2 sessions of ECT. However, it increased to 31.9 
cm3 after the 3rd session and the patient showed adverse effects 
like skin necrosis, swelling, and flare of the treated region. The 
tumor was evaluated as a progressive disease. The skin necrosis 
was so severe that the ECT sessions were terminated. The pa-
tient was evaluated to be in a progressive disease state. The nec-
rotized skin became broader over time, and incrustation start-
ed. The patient did not show any pain, but it took about 4 
months to be healed. He was bright and very active. After one 
year, the dog was still alive and the patient’s general condition 
was well maintained.

Discussion

ECT is being used as an adjuvant treatment of human cuta-
neous and subcutaneous tumors. There are also veterinary 
studies that have described the efficacy of ECT in various cuta-
neous, oral, and inoperable tumors of dogs, cats, and horses [2-
12]. Electrical pulses administered to the tumor changes the 
permeability of the cell membrane. This leads to increased in-
tratumorous concentration of the injected chemotherapy agent 
leading to cell death. ECT rarely causes systemic adverse effects 
[13-15]. It is easy to administer and only needs low doses of 
medicine [16-19].  

The anticancer drugs used with ECT are bleomycin, cispla-

Fig. 3. Computer tomography of case 3. (A) Transverse, pre-contrast. (B) Transverse, post-contrast, artery phase. (C) Transverse, post-
contrast, portal phase (D) Transverse, post-contrast, delayed phase. (E) Abdomen, dorsal reconstruction view. (F) Abdomen, sagittal 
reconstruction view.
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tin, doxorubicin, and mitoxantrone where bleomycin and cis-
platin are the most commonly used [15-20]. In the cases de-
scribed above, bleomycin was ideal as a cytostatic medicine be-
cause it is regarded as the cornerstone of ECT and its efficacy is 
amplified about 700-fold when administered with electroper-
meabilization. The evaluation of efficacy of electric pulses 
would be easier than with the other cytotoxic agents [15-18]. 

In our study, ECT reduced the size of the tumors through all 
sessions and can be applied repeatedly in case of recurrence. It 
dramatically reduces tumor size in the first session, but the re-
duction rate of tumor size decreased gradually while the ses-
sions were repeated. Most cells that are actively dividing are 
sensitive to the chemotherapeutic agent and affected at the first 
session, leading to quick cell death. Cells that are not actively 
dividing and insensitive cells are less affected and remain alive 
while ECT sessions are being repeated. Moreover, bleomycin is 
transported by diffusion when injected intratumorally. Bleomy-
cin is a hydrophilic medicine that would not diffuse efficiently 
nor would be sufficiently transported to cause cell death in cas-
es with large and/or irregular neoplasms. However, more re-
search is needed to understand the exact mechanism of tumor 
reduction when it is repeatedly applied. 

The main side effect is pain in the area where the electrode 
touches the skin. Some patients have muscle contractions 
during the treatment. Infection in the area of treatment is rare. 
An ulcerated, swollen, or painful treatment area with or with-
out discharge, change of skin color are also known as common 
adverse effects of ECT. In our study, pain and edema of the af-
fected area appeared to be a side effect in all cases. After the 
procedure, the swelling was relieved by applying an ice pack 
and disappeared within 3 days. The pain was controlled with 
tramadol was prescribed at a dose of 2 mg/kg twice a day for 7 
days when the patient was in pain after ECT. There is no gener-
ally accepted treatment that could prevent or relive the adverse 
effects of ECT. As general medication about pain and wound, 
all patients were treated with local lidocaine injection before 
ECT and ice pack after ECT, but they were not effective to pre-
vent or relieve adverse effect including pain and edema. In case 
3, the patient had a severe ulcer in the treated area. The ulcer 
was located over the entire affected area, and the pain did not 
seem severe despite widespread ulceration. The ulcer had dis-
charge, which disappeared after two weeks. After months, the 
ulceration was totally recovered. The patients’ owners were sat-
isfied with the treatment because the pain and edema quickly 
disappeared and although the ulcer took three months to heal, 
the patient did not complain of serious discomfort. It can be a 
great advantage if you apply ECT with proper adjuvant treat-

ment because it has no systemic adverse effects. 
To the best of the authors’ knowledge, the third case is the 

rare example of administering ECT to an intraperitoneal tu-
mor. It was applied with ultrasonography guidance. While ECT 
was usually very effective in cutaneous or subcutaneous tumor, 
it did not appear to be curative in an abdominal cavity mass. In 
cases of a large abdominal mass, only a limited part of the tu-
mor can be approached via cutaneous injection method, unless 
ECT is performed while the patient is in surgery or laparotomy. 
Furthermore, even if bleomycin was diluted with 0.9% normal 
saline in 3 mg/mL as previous studies, the total volume of bleo-
mycin was excessive. It made injecting the total amount of drug 
to the tumor difficult in cases 1 and 2. In case 3, the tumor had 
such compacted tissue such that administering medicine was 
so difficult that we had to apply high pressure to inject drug in-
tratumorously.

In conclusion, ECT is relatively easy to administer, can be 
performed by veterinarians without specialized training, and 
shows less systemic adverse effects. Therefore, it is expected to 
be a choice of alternative therapy that will have an antitumor 
effect while avoiding systemic adverse effects, particularly 
when the tumor is sensitive to ECT, such as cutaneous or sub-
cutaneous tumor in dogs.
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Original Article

Opuntia ficus-indica has traditionally been used in prevention and treatment of various 
diseases such as diabetes mellitus. The current study was performed to determine 
whether Opuntia ficus-indica is associated with diabetes. Diabetic rat models were in-
duced with streptozotocin (STZ). This study divided rats into 1 day (short-term) and 4 
consecutive weeks (long-terms) of daily administration. These groups were subdivided 
into four groups each other for assessment of blood glucose level as follows: Group 1, 
untreated rats given distilled water; Group 2, untreated rats given Opuntia ficus-indica; 
Group 3, STZ-induced diabetic rats given distilled water; Group 4, STZ-induced diabet-
ic rats given Opuntia ficus-indica. Blood glucose level was measured for one day and 
four weeks. In addition, serum markers of alanine aminotransferase (ALT), aspartate 
transaminase (AST), cholesterol, and creatinine were determined, and total protein tri-
glycerides were measured at four weeks. Blood glucose level was highest in both 
groups (Group 3 and Group 4) at 30 minutes and two weeks and gradually decreased 
in a time-dependent manner. The difference in blood glucose among the four groups 
was significant (p < 0.05). Additionally, the levels of ALT, AST and triglycerides were 
significantly decreased by Opuntia ficus-indica.

Keywords: Opuntia; diabetes mellitus; blood glucose; alanine transaminase; aspartate 
aminotransferases

Introduction

The Cactaceae family is reported to contain about 130 genera and nearly 1,500 
species. It is distributed in arid and semiarid environments, particularly during 
prolonged dry spells. Due to efficient use of water, the carbon dioxide fixation 
pathway of cacti called crassulacean acid metabolism (CAM) allows greater con-
version of water to dry matter [1,2]. The Cactaceae family is widely distributed in 
Mexico and in all American hemispheres, Africa, the Mediterranean basin, Aus-
tralia, and India [3]. The cactus Opuntia ficus-indica, commonly known as prickly 
pear, belongs to the family Cactaceae and produces nutritionally rich and sweet 
fruits. The prickly pear cactus is a member of the Opuntia genus and also is 
known as the nopal, tuna, and sabra. Its fruits and stems are eaten due to richness 
of elements including fiber, minerals, vitamins, fatty acids, sugars, polyphenols, 
and flavonoids. It is also used in various products including food, fodder for cat-
tle, raw material for preparing plywood, soap, dyes, adhesives and glue, and cos-
metics such as shampoo, cream, and body lotions [1-4].
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Diabetes mellitus (DM) is a disease that seriously threatens 
human health, with more than 200 million people suffering 
from the disease worldwide. The World Health Organization 
(WHO) estimates that the number of patients with diabetes 
will exceed 360 million by 2030 [5]. In the United States, the 
diabetic population is expected to comprise one-third of all 
adults by 2030 [6]. DM is an insistent metabolic disorder char-
acterized by hyperglycemia, hypertriglyceridemia, and hyper-
cholesterolemia [7]. In particular, chronic elevation of blood 
glucose can cause not only DM, but also various diseases such 
as kidney failure, blindness, stroke, heart attack, and death [8]. 
Treatments for diabetes include diet therapy, exercise therapy, 
and pharmacotherapy including α-glucosidase inhibitors, insu-
lin, sulphonylurea, biguanide, and troglitazone. Despite recent 
efforts to treat DM, drug treatment is an imperfect therapy 
with side effects. In recent reports, some plants such as hemero-
callidea corm, Sanguis draxonis, and Opuntia ficus-indica 
showed possibility for treatment of DM [9]. 

Opuntia ficus-indica has traditionally been used to manage 
conditions including diabetes, lipid disorders, cancer, inflam-
mation, ulcers, and reduced blood glucose level [10,11]. How-
ever, scientific knowledge about and the specific functions of 
Opuntia ficus-indica are unclear. 

The aim of this study was to investigate the correlation be-
tween Opuntia ficus-indica and DM and to suggest the possibil-
ity of Opuntia ficus-indica use in prevention and treatment of 
DM.

Materials and Methods

Plant
The Opuntia ficus-indica utilized for purposes of the current 

study was purchased from Cactus Infusion Corporation (Ko-
rea). The fruit of Opuntia ficus-indica was extracted by high 
pressure and stored at 4°C until use.

Animals
Sprague-Dawley rats weighing 200 to 250 g were selected and 

used for this study. They were housed in standard environmen-
tal conditions (12:12 h light/dark cycle, 25°C ±  3°C, 40% to 
60% humidity). All experimental designs and procedures were 
approved by the Institutional Animal Care & Use Committee 
of The Catholic University of Korea (YEO2017310102FA). 

DM was induced experimentally in rats using streptozotocin 
(STZ) (Sigma SO130; USA) dissolved in 0.4 M sodium citrate 
buffer (pH 4.5) injected into the abdominal cavity (65 mg/kg 
body weight) [12]. After injection, rats were allowed to stabilize 

for seven days. At eight hours of fasting, blood glucose concen-
tration was measured. Blood glucose level greater than 250 mg/
dL was considered diabetic. 

This study divided rats into 1 day (short-term) and 4 consec-
utive weeks (long-terms) of daily administration. These groups 
were subdivided into four groups (n =  6 per group) each other 
for assessment of blood glucose level as follows: Group 1, un-
treated rats given distilled water; Group 2, untreated rats given 
Opuntia ficus-indica; Group 3, STZ-induced diabetic rats given 
distilled water; Group 4, STZ-induced diabetic rats given 
Opuntia ficus-indica.

Analysis of food and water intake, body weight gain, and 
blood glucose

The food and water intakes of individual rats were measured 
daily. Body weight was evaluated each week. Blood was collect-
ed from the tail vein, and blood glucose was measured with a 
blood glucose monitoring device (GDoctor; Allmedicus Co., 
Korea). The experiments were conducted three weeks after the 
animal model was established.

Biochemical assays
At four weeks, the rats fasted for 12 hours before blood sam-

ples were collected. Blood was collected from the inferior vena 
cava of the animals and contained in SST Vacutainers (Becton 
Dickinson, USA). Plasma was centrifuged at 3,000 rpm for 15 
minutes and then analyzed with a biochemical measuring in-
strument (HITACHI 7180; Japan) for albumin, alanine amino-
transferase (ALT), aspartate transaminase (AST), cholesterol, 
creatinine, total protein, triglycerides, high-density lipoprotein 
(HDL), low-density lipoprotein (LDL), and uric acid.

Statistical analysis
All statistics were carried out using IBM SPSS Statistic soft-

ware version 22.0 (IBM Corp., USA). All analyses were repli-
cated a minimum of three times. Data are expressed as mean ±  
standard deviation, and comparisons among data were carried 
out using Student t-test or repeated measures ANOVA followed 
by Tukey’s test. Mean values were considered to significantly 
differ at p <  0.05.

Results

Effects of Opuntia ficus-indica on body weight and food and 
water consumption

Table 1 shows body weight and food and water intake of the 
tested rate. A significant decrease in body weight was observed 



Role of Opuntia ficus-indica extracts in diabetic rats

https://doi.org/10.14405/kjvr.2021.61.e6  3 / 6

in STZ-induced diabetic rats and STZ-induced diabetic rats in-
gesting Opuntia ficus-indica. Food and water intake significant-
ly increased in STZ-induced rats and STZ-induced diabetic rats 
ingesting Opuntia ficus-indica compared to untreated rats (p <  
0.05). However, food intake significantly decreased in STZ-in-
duced diabetic rats ingesting Opuntia ficus-indica compared to 
STZ diabetic rats (p <  0.05).

Effects of Opuntia ficus-indica on blood glucose in the rats 
with DM

Blood glucose level tests were conducted for experimental 
groups, and the results are presented in Fig. 1 and 2. Fig. 1 
shows the level of blood glucose during the four weeks with/
without Opuntia ficus-indica. STZ-induced diabetic rats had 
the highest blood glucose at two weeks. In particular, STZ-in-
duced diabetic rats ingesting Opuntia ficus-indica had lower 
blood glucose at four weeks than at baseline. Fig. 2 shows the 
level of blood glucose during the one day after ingesting glu-
cose with/without Opuntia ficus-indica. The group treated with 
Opuntia ficus-indica had a lower blood glucose level than the 
group treat with distilled water at 30 minutes. In addition, the 
group treated with Opuntia ficus-indica showed greater reduc-
tion in blood glucose with time. Blood glucose level in rats in-
gesting Opuntia ficus-indica significantly decreased (p <  0.05). 

Assay of serum markers
The results of group analysis are presented in Table 2. This 

study analyzed albumin, AST, ALT, cholesterol, creatinine, total 
protein, triglyceride, HDL, LDL and uric acid levels. The levels 
of ALT, AST, and triglycerides were significantly reduced (p <  
0.05).

Discussion

Drugs are very important in treating disease. However, drug 
treatments can cause side effects and are an annoyance as a dai-
ly preventive measure. Interest in the health benefits of foods 
this has increased to beyond the basic nutritional benefits to 

Table 1. Body weight and food and water intakes of all experimental groups at 4 weeks

Parameter Group 1 Group 2 Group 3 Group 4
Body weight (g) 336.83 ±  11.18 341.50 ±  13.11 224.50 ±  9.62* 288.17 ±  14.13*
Water intake (mL rat -1 day -1) 25.83 ±  3.69 29.90 ±  1.87 91.67 ±  16.36* 79.17 ±  13.99*
Food intake (g rat -1 day -1) 37.14 ±  0.45 44.19 ±  4.46 60.51 ±  6.60* 48.16 ±  6.76*

Values are presented as mean ± standard deviation. 
Group 1, normal control given distilled water; Group 2, normal control given Opuntia ficus-indica; Group 3, streptozotocin (STZ)-induced diabetic rats 
given distilled water; Group 4, STZ-induced diabetic rats given Opuntia ficus-indica.
*p < 0.05.

Fig. 2. Level of blood glucose in rats at 1 day. Values are expressed 
as mean ± standard deviation. Group 1, normal control given 
distilled water; Group 2, normal control given Opuntia ficus-indica; 
Group 3, streptozotocin (STZ)-induced diabetic rats given distilled 
water; Group 4, STZ-induced diabetic rats given Opuntia ficus-
indica. *p < 0.05. 
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disease prevention. Plant-derived agents are of interest as they 
may be less toxic and have fewer or weaker side effects than 
synthetic agents [13]. 

Fig. 1. Level of blood glucose in rats over four weeks. Values are 
expressed as mean ± standard deviation. Group 1, normal control 
given distilled water; Group 2, normal control given Opuntia ficus-

indica; Group 3, streptozotocin (STZ)-induced diabetic rats given 
distilled water; Group 4, STZ-induced diabetic rats given Opuntia 

ficus-indica. *p < 0.05.
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A recent study demonstrated growing concern about natural 
products and healthy foods, and research has increased regard-
ing prevention and treatment of multiple diseases. The health 
benefits of various plants as well as the positive effects of their 
components have also been studied [14].  

This study tested the effect of Opuntia ficus-indica on DM, as 
it has been reported to decrease blood glucose [10]. Several 
studies have demonstrated that Opuntia ficus-indica may be as-
sociated with treatment of several illnesses such as metabolic 
syndrome and renal, inflammatory, neoplastic, and neuronal 
diseases [15-18]. In particular, Opuntia ficus-indica has been 
shown to effectively treat DM through a significant decrease in 
serum glucose values after ingestion [5,19]. 

Opuntia ficus-indica prevented the diabetogenic effect of type 
1 and 2 diabetic rats. This is possibly due to the presence of an-
tioxidant compounds. Fat-soluble vitamins of cactus pear seed 
oil prevent diabetes in mice. Tocopherol has an antioxidant and 
anti-inflammatory activities and plasmatic antioxidant capacity 
and decreases LDLs [20]. Opuntia ficus-indica demonstrated 
antioxidant properties such as improved superoxide dismutase 
(SOD), reduced glutathione (GSH) and increased 2-diphe-
nyl-1-picryl-hydrazl (DPPH) radical scavenging activity and 
exhibited free radical scavenging activity. In addition, AST, 
ALT, alkaline phosphatase (ALP), and malondialdehyde 
(MDA) were reduced, and hemoglobin, protein, and liver gly-
cogen increased in diabetic rats after use. In particular, rich 
gallic acid in fruit reduces DNA damage and buffer free radical. 
In histopathological tests, pancreas tissue showed regeneration 
of beta cells upon treatment with Opuntia ficus-indica [20]. 

This study showed significant associations between Opuntia 
ficus-indica and ALT, AST, and triglycerides. Liver function 

tests are commonly used in clinical practice to screen for liver 
disease and include serum aminotransferase, ALP, bilirubin, al-
bumin, and prothrombin time. In particular, aminotransferases 
such as ALT and AST are key enzymes for liver function. Chron-
ic mild elevation of transaminases is frequently found in diabetic 
patients [21-23]. Opuntia ficus-indica is associated with lipid 
metabolism, particularly decreased triglycerides [5]. This might 
be due to the role of the pectin in Opuntia ficus-indica. Pectin 
interferes with lipid absorption and reduces cholesterol [24,25]. 
The restoration of serum AST and ALT to their normal levels 
after administration of Opuntia ficus-indica may be due to re-
vival of insulin secretion. This might be due to hepatoprotec-
tive effects of these antioxidants against hepatotoxic effect and 
may be due to the inactivation of cytosolic AST [20]. This study 
revealed that elevated levels of AST, ALT and triglycerides acid 
in diabetic rats were significantly reduced by Opuntia ficus-in-
dica. 

Our study did not conducted histopathological investigation. 
Because the histopathological examination by Opuntia ficus-in-
dica have been observed in several reports. Histopathological 
examination of pancreatic β-cells showed regeneration of 
β-cells in group of rats that treated with Opuntia ficus-indica at 
repeated dose [20]. 

This study showed that Opuntia ficus-indica affected DM rats 
compared to controls. The researchers analyzed blood glucose 
level and the levels of several serum factors in DM rats and 
controls after feeding them Opuntia ficus-indica. Blood glucose 
level was measured at certain times after fasting, and serum 
blood level was measured after sacrifice. 

The results of the present study indicate that Opuntia fi-
cus-indica could reduce blood glucose and serum AST, ALT, 

Table 2. Serum biochemical parameters at 4 weeks

Group 1 Group 2 Group 3 Group 4
Albumin (g/dL) 2.92 ±  0.02 2.85 ±  0.17 2.33 ±  0.13 2.16 ±  0.03
ALT (U/L) 33.25 ±  1.55 34.25 ±  3.45 203.2 ±  27.33* 145.5 ±  31.65*
AST (U/L) 120.7 ±  21.0 135.90 ±  1.8 377.6 ±  59.11* 170.52 ±  47.21*
Cholesterol (mg/dL) 139.15 ±  1.05 108.50 ±  15.7 94.43 ±  7.25 113.5 ±  8.18
Creatinine (mg/dL) 0.51 ±  0.01 0.47 ±  0.04 0.58 ±  0.03 0.58 ±  0.06
Total protein (g/dL) 7.39 ±  0.06 6.71 ±  0.26 6.15 ±  0.06 5.83 ±  0.1
TG (mg/dL) 109.15 ±  0.65 105.2 ±  4.8 200.33 ±  110.86* 148.59 ±  21.32*
HDL (mg/dL) 41.01 ±  1.22 33.12 ±  2.89 37.65 ±  1.2 43.28 ±  3.04
LDL (mg/dL) 10.30 ±  0.56 8.36 ±  0.33 9.23 ±  1.1 11.94 ±  1.29
UA (mg/dL) 1.72 ±  0.14 1.58 ±  0.17 0.34 ±  0.01 0.87 ±  0.13

Values are presented as mean ± standard deviation. 
Group 1, normal control given distilled water; Group 2, normal control given Opuntia ficus-indica; Group 3, streptozotocin (STZ)-induced diabetic rats 
given distilled water; Group 4, STZ-induced diabetic rats given Opuntia ficus-indica; ALT, alanine aminotransferase; AST, aspartate transaminase; TG, 
triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; UA, uric acid. 
*p < 0.05.
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and triglycerides levels, indicating its potential as a treatment 
for DM. Opuntia ficus-indica might be a better alternative than 
drugs in managing DM in terms of cost and side effects. The 
limitations of this study are that the results were not tested for 
dose and/or time dependency, and only one animal species was 
tested. Further study of Opuntia ficus-indica is recommended 
in both animal and clinical studies. In addition, research using 
a larger sample size and longer experimental period is needed.
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Original Article

Introduction

Toceranib phosphate, a small molecule tyrosine kinase inhibitor, is commonly 
used in veterinary oncology. Receptor tyrosine kinases (RTKs) are good candi-
dates for targeted molecular treatment as they play important roles in cell survival 
and proliferation and are dysregulated in a diverse range of malignancies through 
overexpression, activating mutations, and autocrine activation loops [1]. Toceran-
ib inhibits both normal and mutated RTKs by competitive inhibition of adenos-
ine triphosphate binding, which is need to phosphorylation and downstream sig-
naling. The targets of toceranib are split-kinase family elements such as the FMS-
like tyrosine kinase-3, KIT, vascular endothelial growth factor receptor 2, and 
platelet-derived growth factor receptor β, in a similar manner to sunitinib malate, 
another small-molecule inhibitor of RTKs [2,3]. Toceranib has not only antitu-
mor but also antiangiogenic effects, and therefore has the potential to treat vari-
ous tumor types [1,4-6]. 

Toceranib was approved by the Food and Drug Administration for the treat-
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The purpose of this retrospective study was to provide additional data on the use of 
toceranib in a wide variety of tumor types in small breed dogs, especially < 8 kg (ex-
cept 5 dogs). This was a retrospective study of 31 dogs with malignant tumors treated 
with a 2.5 mg/kg median dose of toceranib (Palladia; Zoetis, USA) on a Monday–
Wednesday–Friday schedule. Clinical benefit was observed in 13 of 15 dogs (86.7%, 3 
with complete response, 4 with partial response, 6 with stable disease) with gross dis-
ease. Distant metastasis, response to treatment, and treatment setting were signifi-
cantly associated with survival time. Negative prognostic factors were multiple che-
motherapy and distant metastasis (affecting progression-free survival [PFS]), surgery, 
regional enlarged lymph nodes, underlying disease, and toxicity (affecting median sur-
vival time [MST]). Positive prognostic factors were epithelial and round cell tumor (af-
fecting PFS), epithelial tumor, microscopic disease, no evidence of disease response, 
and stable disease (MST). In conclusion, a clinical benefit from toceranib treatment 
was noted in most of the dogs with gross disease in our study. This study suggested 
that the toceranib is probably selective treatment to various tumor types in small 
breed dogs.
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ment of canine mast cell tumors (MCTs) in 2009. Its safety and 
activity were first assessed in a Phase 1 clinical trial involving a 
total of 57 dogs with a variety of tumors [5]. In this study, 31 
dogs had an objective response (54.4%; 6 with complete re-
sponse [CR], 10 with partial response [PR], and 15 with stable 
disease [SD]), demonstrating the potential biological activity of 
toceranib. The highest response rate was observed in 22 dogs 
with MCTs (59.1%, 13/22), including 11 dogs with KIT muta-
tions (90.9%, 10/11) and sarcomas, carcinomas, melanomas, 
and myeloma also responded to the treatment [5]. Various re-
ports have described the evaluation of toceranib [7,8]. Apart 
from MCTs [6,9], off-label uses have been described in a vari-
ety of tumors, including those of epithelial origin (apocrine 
gland anal sac adenocarcinoma [AGASA] [10,11], squamous 
cell carcinoma [SCC] [12], hepatocellular carcinoma [13], nasal 
carcinoma [11], thyroid carcinoma [14], and mammary gland 
tumor [15]), mesenchymal origin (osteosarcoma [OSA] 
[11,16,17], gastrointestinal stromal tumor [GIST] [18], and 
melanoma [5]), and round cell origin (lymphoma [19]). In one 
study that reported toceranib’s use in the treatment of solid tu-
mors (AGASA, OSAs, thyroid carcinoma, and head and neck 
carcinoma), a clinical benefit was observed in 63/85 (74.1%) 
dogs [11]. 

Studies evaluated prognostic factors for the application of to-
ceranib to general tumors were not enough and no cases were 
previously applied to majority of small breed dogs. Therefore, 
the purpose of the following retrospective study was to provide 
additional data on the use of toceranib in a wide variety of tu-
mor types in small breed dogs, especially <  8 kg (except 5 
dogs). This study describes the responses of toceranib treat-
ment to various tumors, which has been reported for the first 
time in republic of Korea.

Materials and Methods

Case selection and treatment procedures 
The client-owned dogs in this study were treated at the Vet-

erinary Medical Teaching Hospital College of Chungnam Na-
tional University or local referral veterinary clinics in Korea be-
tween January 2016 and September 2020. Medical charts with 
the owner’s consent to the use of patient information prior to 
medical care were used in this study. Authors declare no IA-
CUC or other approval was needed for our study. We identified 
dogs that received diagnoses of malignant tumors by reviewing 
the medical records, from which we also recorded signalment 
(age, sex, and breed), physical examination, complete blood 
count (CBC), serum biochemistry profile, urinalysis, diagnos-

tic imaging, histopathological assessment, toceranib dose and 
schedule (interval and duration), concomitant medications, 
and follow-up information including adverse events (AEs) and 
response to treatment. Lymph node (LN) assessment was per-
formed in all patients through ultrasonography (US) and dis-
tant metastasis was evaluated by computed tomography (CT). 
In addition, the basal conditions of all patients were recorded 
before the treatment began. Dogs were excluded from the study 
(n =  7; 6 epithelial origin and 1 mesenchymal origin) if they 
were treated with toceranib for less than 28 days because it is 
difficult to assess the effects in short courses of treatment, as 
has been previously reported in solid tumors (except round cell 
populations) [1,16]. 

Re-evaluations, including physical examination, CBC, serum 
biochemistry, and urinalysis, were performed within a month 
of starting toceranib (usually within two weeks). Tumors were 
restaged based on direct measurement of gross mass or imag-
ing (radiography, US, or CT) and this continued up to every 3 
months periodically until toceranib ceased. 

Toceranib (Palladia; Zoetis, Florham Park, NJ, USA) was ad-
ministrated at a dose of 2.4 to 2.9 mg/kg which causes sufficient 
target inhibition and the treatment schedule was on a Monday–
Wednesday–Friday basis in most dogs. In some cases, the dose 
and schedule were adjusted depending on patient’s condition 
[20]. In the case of symptoms of toxicity (lethargy, weight loss, 
inappetence, diarrhea, vomiting, fever, syncope), toceranib was 
discontinued until side effects improved, and then re-adminis-
tration began with a dose reduced by 0.5 mg/kg. 

Most of dogs (20/31) with surgical removal of tumor burden 
or biopsy were confirmed by histopathological examination. 
The surgical margin, mitotic count, and vascular invasion of 
tumor were evaluated for each malignant tumor according to 
the histopathology report. Some dogs (11/31) were tentatively 
diagnosed by cytology based on fine needle aspiration in most-
ly MCTs (6 of 11). Toceranib was administrated first by the 
choice of owner who was burdened with surgery or intravenous 
injection of antitumor drug or by the presence of distant me-
tastasis or to prevent recurrence after surgery. Vinblastine and 
prednisolone with or without lomustine were used as the first 
dugs for MCT treatment and replaced or combined with tocer-
anib due to side effects, no treatment response or recurrence of 
tumor. Also, electrochemotherapy was applied to gross tumor 
(relapsed or not) with toceranib. At the time of treatment, 10 
dogs had other existing underlying diseases.

Response to therapy 
The response to therapy was assessed in 31 dogs using diag-
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nostic images (radiographs, US, or CT) and direct measure-
ment of the tumor diameter if possible. The responses of gross 
(macroscopic) tumors in dogs without surgical intervention or 
with recurrence of resected tumor were defined as CR (com-
plete regression of the target tumor, no new lesions), PR (partial 
regression of the target tumor, ≥ 30% decrease in the longest 
diameter of the target tumor, no new lesions), progressive dis-
ease (PD, >  20% increase in the longest diameter of the target 
tumor, progression of nontarget lesions and new lesions), or SD 
(SD, decrease of the target tumor of less than 30% or increase 
of the target tumors of less than 20%, no progression of nontar-
get lesions and no new lesions for at least 10 weeks) [21]. The 
responses of tumors in dogs with microscopic disease after sur-
gical intervention were defined as no evidence of disease (NED, 
at initiation of treatment, no relapse) or PD (metastasis or re-
currence of tumor that has been surgically removed or presence 
of new lesions). 

Progression-free survival (PFS) was defined as the time from 
the initiation of toceranib to PD or death from any cause. The 
median survival time (MST) was defined as the time from ini-
tiation of toceranib to death from any cause. If the dog was 
alive at the time of writing this manuscript, the survival time 
was calculated using the last date recorded in the medical notes. 

PFS and MST were assessed in the total population (31 dogs) 
by reviewing the medical records. Clinical benefit was deter-
mined by response to treatment and was defined as CR or PR 
of any duration, or SD for at least 10 weeks in dogs with gross 
disease.

Assessment of AEs 
All dogs receiving toceranib were evaluated by physical ex-

amination, CBC, serum biochemistry, and urinalysis before 
treatment and then at intervals that gradually increased from 2 
weeks to 1 to 3 months if AEs were not found. All AEs were 
classified by the attending clinician according to the Veterinary 
Co-operative Oncology Group’s common terminology criteria 
for AEs (VCOG-CTCAE v1.1) [22]. Multiple selection was al-
lowed for each dog. For gastrointestinal AEs, supportive care 
included antiemetics, antidiarrheal agents, and gastric pro-
tectants. When neutropenia occurred, prophylactic antibiotics 
were prescribed until the next evaluation.

Statistical analysis 
The Kaplan–Meier method was used to examine PFS and 

MST according to the studied characteristics of the dogs. Medi-
an PFS could not be estimated as tumors recurred in nine dogs 
(29.0%). Therefore, mean PFS was used. Cox regression analy-

sis was performed to determine factors affecting the recurrence 
of tumor or death after initiation of toceranib treatment. Vari-
ables were selected by a backward elimination method. All sta-
tistical analyses were performed using IBM SPSS Statistics for 
Windows, version 25.0 (IBM Corp., USA). A p-value of <  0.05 
was considered statistically significant.

Results

Study population
Thirty-one dogs with tumors were treated with toceranib ei-

ther alone or in combination with metronomic chemotherapy, 
surgery, or both for the study period. The population included 
21 female dogs (18 spayed) and 10 male dogs (8 castrated). 
Fourteen different breeds were presented (Table 1). The medi-
an age was 13 years (range, 6 to 18 years) and the median body 
weight was 5 kg (range 2.3 to 42 kg). The types of tumor char-
acterized in the study population consisted of epithelial tumors 
(n =  12), mesenchymal tumors (n =  10), and round cell tu-
mors (n =  9). The majority of the dogs (51.6%) were treated 
with toceranib in the absence of evidence of mass after surgical 
resection of a tumor. The remaining dogs (48.4%) were treated 
in the presence of primary tumor, metastasis, recurrent tumor, 
or a combination thereof. Metastasis located in distant organs 
was present in only 3 dogs (9.7%) at initiation of toceranib, but 
14 dogs (45.2%) had enlarged LNs around the target tumor. 
Detailed patient characteristics are presented in Table 2. 

Overview table with following information for each dog en-
rolled in the study was described in the supplement.

Table 1. Summary of breeds included in this study (n = 31)

Breed Number of dogs Percentage (%)
Maltese 8 25.8
Shih Tzu 5 16.1
Mixed 5 16.1
Yorkshire Terrier 2 6.5
Miniature Pinscher 2 6.5
Miniature Schnauzer 1 3.2
Golden Retriever 1 3.2
Labrador Retriever 1 3.2
Welsh Corgi 1 3.2
Bichon Frise 1 3.2
Jindo 1 3.2
Beagle 1 3.2
Poodle 1 3.2
Pug 1 3.2
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Treatments 
The median dose of toceranib used in treated dogs was 2.5 

mg/kg (range, 2.2 to 3 mg/kg). Most dogs (87.1%, 27/31) were 
administered toceranib three days per week (Monday–Wednes-
day–Friday), but one dog was administered toceranib every 
second day and three dogs two days per week (Monday–Thurs-
day). 

Nineteen dogs (61.3%) underwent surgery before initiation 
of treatment. In four of these dogs, regional enlarged LNs re-
moved during surgery were confirmed to have metastases by 
histopathology. An additional ten dogs had regional enlarged 
LNs suspected to have metastases after CT or US. Three dogs 
(9.7%) had distant metastasis of lungs or abdominal carcino-

matosis. Histopathologic details such as margin and mitotic 
count were well characterized (Table 3). There was no vascular 
invasion of tumor in any of the dogs examined. 

Of the 31 dogs in the study population, 21 were treated solely 
with toceranib and 10 were treated with other chemotherapies 
during toceranib treatment. Other chemotherapy agents in-
cluded electrochemotherapy with bleomycin (0.3 mg/kg), in-
tratumor injection (n =  3; SCC, intraperitoneal liposarcoma, 
MCT), vinblastine (n =  3; MCTs), carboplatin (n =  1; SCC), 
prednisolone (n =  5; four MCT, one MGT), and non-steroidal 
anti-inflammatory drugs (n =  2; SCC, MGT).

Table 2. Patient characteristics and additional tumor information (n = 31)

Parameter
Type of tumor

Number of dogs (%)
Epithelial (n =  12) Mesenchymal (n =  10) RCT (n =  9)

Sex
 Intact female 2 1 0 3 (9.7)
 Spayed female 8 5 5 18 (58.1)
 Intact male 0 1 1 2 (6.5)
 Castrated male 2 3 3 8 (25.8)
Surgery
 Yes 9 7 3 19 (61.3)
 No 3 3 6 12 (38.7)
Margin (n =  19)
 Complete* 3 3 0 6 (31.6)
 Incomplete 6 4 3 13 (68.4)
Mitotic figure (n =  19)
 <  10 (/10 high per field) 7 4 2 13 (68.4)
 ≥  10 (/10 high per field) 2 3 1 6 (31.6)
Disease setting
 Gross 5 3 7 15 (48.4)
 Micro 7 7 2 16 (51.6)
Distant metastasis
 Present† 0 2 1 3 (9.7)
 Absent 12 8 8 28 (90.3)
Regional enlarged LN
 Yes‡ 6 3 5 14 (45.2)
 No 6 7 4 17 (54.8)
Chemotherapy
 Sole 9 8 4 21 (67.7)
 Multiple§ 3 2 5 10 (32.3)
Underlying disease
 Yes 5 2 3 10 (32.3)
 No 7 8 6 21 (67.7)

RCT, round cell tumor; LN, lymph node. 
*Complete margin was defined by the histopathology report. 
†Metastasis includes regional lymph nodes or lungs, confirmed by histopathology and computed tomography.
‡Enlarged lymph nodes (mesenteric, superficial etc.) suspected of metastasis were detected around the tumor. 
§Multiple chemotherapy means using not only toceranib but also prednisolone, non-steroidal anti-inflammatories, or other medication.
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Treatment outcome 
Clinical benefit was observed in 13 of 15 dogs (86.7%; 3 with 

CR, 4 with PR, 6 with SD) with gross disease. The remaining 
two dogs (13.3%) had PD (Table 3). Of the 13 dogs for which 
toceranib treatment showed benefit, 11 presented prolonged 
clinical benefit (median 35 days; range, 7 to 490 days) from ces-
sation of toceranib to death or last date reported. 2 dogs in 
these groups were expired during toceranib treatment; 1 had 
PR, which then turned to PD, and 1 with SD died due to dete-
rioration from toceranib-related side effects. The 16 dogs 
(51.6%) with microscopic disease were defined as having NED 
at the initiation of toceranib treatment. Seven dogs with NED 
had PD during toceranib treatment or after discontinuation of 
toceranib. 

In the 31 treated dogs, the toceranib-related mean PFS and 
median MST were 471 and 199 days, respectively, based on the 
Kaplan–Meier product of survival time (Fig. 1). Distant metas-
tasis was significantly associated with PFS (p <  0.05). Response 
to treatment and treatment setting (macro- or micro-scopic) 
were significantly associated with MST (p <  0.001 and p <  0.05, 

respectively). The median MSTs for dogs with CR, PR, SD, and 
PD were 311, 133, 187, and 156 days, respectively. The mean 
PFS and median MST were 440 and 290 days, respectively, for 
dogs that underwent surgery and 450 and 154 days, respective-
ly, for dogs that did not undergo surgery. The mean PFS and 
median MST were 315 and 199 days, respectively, for dogs with 
mesenchymal tumors, 588 and 311 days, respectively, for dogs 
with epithelial tumors, and 421 and 156 days, respectively, for 
dogs with round cell tumors. The mean PFS and median MST 
were 410 and 290 days, respectively, for dogs with microscopic 
disease, compared with 463 and 169 days, respectively, for dogs 
with gross disease. The mean PFS and median MST were 389 
and 169 days, respectively, for dogs that received multiple che-
motherapeutic drugs, compared with 463 and 289 days, respec-
tively, for dogs that received toceranib alone. The mean PFS 
and median MST were 90 and 187 days, respectively, for dogs 
with distant metastasis, compared with 493 and 220 days, re-
spectively, for dogs with no distant metastasis. The mean PFS 
and median MST were 224 and 169 days, respectively, for dogs 
with regional enlarged LNs, compared with 553 and 289 days, 

Table 3. Clinical benefits of toceranib administration in 15 dogs with gross disease

Clinical benefit No clinical benefit
CR PR SD, greater than 10 weeks SD, less than 10 weeks PD

All dogs with gross disease (n =  15) 3 4 6 0 2
Disease setting at treatment initiation
 Primary gross disease (n =  12) 1 3 6 0 2
 Recurrence after surgery (n =  3) 2 1 0 0 0

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Fig. 1. (A) Kaplan–Meier progression free survival curve based on the time of toceranib initiation (mean 471 days, range 370-571); (B) 
Kaplan–Meier median survival time curve based on the time of toceranib treatment initiation (median 199 days, range 89-309). All censored 
dogs are marked with a cross.
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respectively, for dogs which did not have regional enlarged 
LNs. The mean PFS and median MST were 425 and 187 days, 
respectively, for dogs with underlying disease, compared with 
413 and 289 days, respectively, for dogs without underlying dis-
ease. The mean PFS and median MST were 469 and 289 days, 
respectively, for dogs with symptoms of toxicity to toceranib, 
compared with 388 and 199 days, respectively, for dogs without 
toxicity to toceranib (Table 4).

Prognostic factors 
Multiple factors were assessed for their influence on progno-

sis using a multivariable Cox proportional hazard model for 
PFS (Table 5) and MST (Table 6). Multiple chemotherapy and 
distant metastasis (in PFS) and surgery, regional enlarged LN, 
underlying disease, and toxicity (in MST) negatively affected 
prognosis. Conversely, epithelial and round cell tumors and 

Table 4. Progression-free survival (PFS) and median survival time (MST) based on the Kaplan–Meier method

Variable Number of dogs
Kaplan–Meier method (d)

PFS* MST
Mean SE 95% CI Median SE 95% CI

Total 31 470.8 51.3 (370.3, 571.3) 199.0 56.3 (88.6, 309.4)
Sex
 F/SF 21 417.7 46.3 (326.9, 508.4) 220.0 69.1 (84.5, 355.5)
 M/CM 10 417.8 91.2 (239.1, 596.6) 187.0 34.0 (120.4, 253.6)
Surgery
 Yes 19 439.7 64.1 (314.0, 565.4) 290.0 56.9 (178.5, 401.5)
 No 12 450.1 49.1 (353.8, 546.4) 154.0 23.0 (109.0, 199.0)
Type of tumor
 Mesenchymal 10 315.4 63.6 (190.8, 439.9) 199.0 6.0 (187.3, 210.7)
 Epithelial 12 558.7 62.7 (435.8, 681.7) 311.0 132.8 (50.7, 571.3)
 RCT 9 420.8 65.6 (292.1, 549.4) 156.0 22.4 (112.2, 199.8)
Tx setting
 Micro 16 410.0 69.3 (274.2, 545.8) 290.0 64.3 (163.9, 416.1)
 Gross 15 463.1 41.4 (382.0, 544.2) 169.0 25.7 (118.6, 219.4)
Tx response
 PD 9 - - - 156.0 23.7 (109.5, 202.5)
 SD 6 - - - 187.0 36.1 (116.1, 257.9)
 PR 4 - - - 133.0 32.0 (70.3, 195.7)
 CR 3 - - - 311.0 - -
 NED 9 - - - 656.0 0.0 -
Chemotherapy
 Multiple 10 388.6 66.5 (258.3, 518.9) 169.0 45.0 (80.8, 257.2)
 Sole 21 463.2 63.9 (337.9, 588.4) 289.0 81.1 (130.1, 447.9)
Distant metastasis
 Yes 3 90.3 39.5 (13.0, 167.7) 187.0 0.0 -
 No 28 493.0 52.4 (390.2, 595.7) 220.0 65.4 (91.8, 348.2)
Regional enlarged LN
 Yes 14 224.1 39.0 (147.7, 300.6) 169.0 11.0 (147.5, 190.5)
 No 17 552.6 53.5 (447.7, 657.6) 289.0 57.9 (175.5, 402.5)
Underlying disease
 Yes 10 424.5 90.1 (247.9, 601.1) 187.0 39.5 (109.5, 264.5)
 No 21 412.8 47.7 (319.3, 506.4) 289.0 54.9 (181.4, 396.6)
Toxicity
 Yes 14 469.1 45.4 (380.1, 558.2) 289.0 73.3 (145.4, 432.6)
 No 17 388.4 74.6 (242.1, 534.7) 199.0 51.3 (98.5, 299.5)

SE, standard error; CI, confidence interval; F, female; SF, spayed female; M, male; CM, castrated male; RCT, round cell tumor; Tx, treatment; PD, progressive 
disease; SD, stable disease; PR, partial response; CR, complete response; NED, no evidence of disease; LN, lymph node. 
*Median PFS could not be estimated as nine dogs (29.0%) had tumor recurrence. Therefore, mean PFS was used.
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duration of toceranib (in PFS) and epithelial tumors, micro-
scopic disease, NED, SD, and duration of toceranib (in MST) 
positively affected prognosis. 

In dogs that underwent surgery, none of the examined fac-
tors were significantly associated with MST (Table 7).

Adverse events 
AEs occurred in 14/31 (45.2%) of the dogs treated with toc-

eranib. The categories, grades (1 to 3), and incidence rate per 
category of these AEs are described in Table 8. There were no 
grade 4 or 5 AEs observed in any dogs. The majority of the AEs 
was grade 1 (54.0%) and categorized as biochemical (39.7%) or 
gastrointestinal (28.6%) AEs. Most of the gastrointestinal AEs 
(8/14) were classified as low grade (grades 1 to 2) and were 
managed quickly by supportive therapy with discontinuation of 
toceranib. In 6/14 (42.9%) dogs, toceranib administration was 
discontinued due to AEs (3 biochemical: increased blood urea 
nitrogen and creatinine; 2 hematologic: 1 neutropenia and 1 
anemia; 1 gastrointestinal).

Discussion

This retrospective study describes the responses of toceranib 
treatment to various tumors, which has been reported for the 
first time in republic of Korea. The biological effect of toceranib 
on various types of tumors was evaluated in mostly small breed 
dogs. Most of the treated dogs with gross disease (48.4% of the 
total cohort) presented with clinical benefit (86.7%). This treat-
ment response is consistent with previous studies [10,11,18]. 
Most previous reports tested the effect of toceranib on one type 
of tumor while our study supports the use of toceranib in vari-
ous types of tumor. There have been few studies of the relation-

ship between tumor type and prognosis, but our study shows 
that epithelial tumors have a low recurrence rate and a high 
survival rate. In the previous studies assessing toceranib, clini-
cal benefits have mainly been shown in epithelial tumors (‘-car-
cinoma’) and MCTs [1,6,10,11,13,14,18]. Conversely, few stud-
ies have reported effects on mesenchymal tumors such as GIST, 
OSA, injection site sarcoma, and histiocytic sarcoma, and these 
studies were limited by small populations [11,18,23-25]. Muta-
tions in c-KIT, an important factor which is the target of 

Table 5. Prognostic factors based on Cox proportional hazard model for progression-free survival (PFS)

Variable† PFS
HR 95% CI p-value

Surgery 69.06 (0.86, 5,560.44) 0.06
Type of tumor
 Epithelial 0.02 (0.00, 0.68) 0.03*
 RCT 0.01 (0.00, 0.61) 0.03*
Chemotherapy 42.66 (1.83, 991.88) 0.02*
Distant metastasis 663.52 (2.87, 153,515.22) 0.02*
Regional enlarged LN 4.88 (0.48, 49.67) 0.18
Duration of administration 0.97 (0.95, 1.00) 0.02*
Toxicity 0.11 (0.01, 2.03) 0.14

HR, hazard ratio; CI, confidence interval; RCT, round cell tumor; LN, lymph node. 
†Reference category: surgery (no = 0), type of tumor (mesenchymal = 0), chemotherapy (sole = 0), distant metastasis (no = 0), regional enlarged LN (no 
= 0), toxicity (no = 0).
*p < 0.05.

Table 6. Prognostic factors based on Cox proportional hazard model 
for median survival time (MST)

Variable† MST
HR 95% CI p-value

Surgery 91.62 (1.17, 7,149.10) 0.04*
Type of tumor
 Epithelial 0.02 (0.00, 0.62) 0.03*
 RCT 0.30 (0.02, 3.50) 0.33
Tx setting 0.00 (0.00, 0.05) <  0.01**
Tx response
 SD 0.00 (0.00, 0.05) <  0.01**

 PR 0.09 (0.00, 3.18) 0.19
 CR 0.00 (0.00, 1.91) 0.07
 NED 0.02 (0.00, 0.41) 0.01*
Regional enlarged LN 6.86 (1.05, 44.87) 0.04*
Duration of administration 0.97 (0.95, 1.00) 0.03*
Underlying disease 17.27 (2.00, 149.06) <  0.01**
Toxicity 22.07 (1.85, 263.21) 0.01*

HR, hazard ratio; CI, confidence interval; RCT, round cell tumor; Tx, 
treatment; SD, stable disease; PR, partial response; CR, complete response; 
NED, no evidence of disease; LN, lymph node; PD, progressive disease. 
†Reference category: surgery (no = 0), type of tumor (mesenchymal = 0), 
Tx setting (gross = 0), Tx response (PD = 0), Regional enlarged LN (no = 0), 
underlying disease (no = 0), toxicity (no = 0). 
*p < 0.05, **p < 0.01.
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ceranib. A previous report showed that PR and SD were posi-
tive factors of prognosis [9]. Since our study involved 31 dogs 
and was limited to three centers, a direct comparison with pre-
vious retrospective studies may not be appropriate. However, 
the following points may explain why the effect of PR on prog-
nosis found in our study differed from that in other studies. In 
our study, a total of four dogs (one with SCC, and three with 
MCT, stage 3) that experienced PR all died of each tumor, and 
their median MST was 133 days. Of these, the first responded 
to secondary toceranib treatment after several trials with other 
chemotherapies, but had recurrence two weeks before death 
and the patient’s condition was deteriorated quickly. The sec-
ond dog also experienced recurrence two weeks before death 
from a distant metastasis (carcinomatosis). The third dog ini-
tially showed PR, but the tumor continued to increase, and 
leading to PD. The fourth was already in a state of relapse after 
surgery when toceranib was initiated. Therefore, the dogs that 
experienced PR all showed rapid relapse and deterioration of 
patient’s condition even though a clinical benefit from the 
treatment was recorded. Overall, the fact that our study had 
conditions differing from the earlier report needs to be fully 
considered and interpreted. 

small-molecule tyrosine kinase inhibitors in veterinary medi-
cine, have been found in MCTs (grades 1 to 3) in dogs, and in 
GIST and mammary gland tumor (grades 2 to 3) in dogs and 
humans [15,26-28]. In our study, dogs with epithelial tumors 
with sufficient clinical evidence had the highest representation 
(12 of 31 dogs, 38.7%) and showed clinical benefit from tocer-
anib treatment, including two dogs with CR. 

Using a Cox regression analysis, we identified that NED or 
SD response to treatment had a significantly positive effect on 
prognosis (in MST). Unexpectedly, CR and PR did not have a 
significant effect on prognosis, despite the clinical benefit of to-

Table 8. Adverse events (AEs) in dogs treated with toceranib (45.2% of the total study cohort)  

Category Term
Number*

Incidence rate† (% in dogs with observed AEs)
Grade 1 Grade 2 Grade 3

Constitutional Lethargy 1 2 . 6.3 (3.1)
Weight loss 1 . .

Gastrointestinal Inappetence 2 3 1 28.6 (12.9)
Diarrhea 2 3 .
Vomiting 2 2 .

Hematologic Neutropenia 6 1 . 20.6 (9.3)
Lymphopenia . . .
Anemia 5 1 .

Biochemical Increased ALT activity 2 2 1 39.7 (17.9)
Increased ALP activity 1 2 2
Increased BUN 4 . 3
Increased Creatinine 4 3 1

Renal Proteinuria 1 . 1 3.2 (1.4)
Cardiovascular Syncope . . 1 3.2 (1.4)

Hypertension 1 . .
Dermatologic Alopecia 1 . . 3.2 (1.4)

Hyperpigmentation 1 . .
Total (number) 34 19 10
Total (%) 54.0 30.2 15.8 100.0 (45.2)

ALT, alanine aminotransferase; ALP, alkaline phosphatase; BUN, blood urea nitrogen.
*Number includes overlap selection. 
†Incidence rate was defined as percentage of occurrence on the category among all adverse events and after that percentage in the brackets indicates 
occurrence on dogs in which AEs were observed.

Table 7. Prognostic factors based on Cox proportional hazard model 
for median survival time (MST) in the group that underwent surgery  

Variable*
MST

HR 95% CI p-value
Mitotic count 1.02 (0.98, 1.07) 0.33
Margin 0.20 (0.02, 2.26) 0.19
Distant metastasis 0.00 (0.00, -) 0.99
Regional enlarged LN 2.01 (0.35, 11.46) 0.43

HR, hazard ratio; CI, confidence interval; LN, lymph node. 
*Reference category: margin count (incomplete = 0), distant metastasis 
(no = 0), regional enlarged LN (no = 0).
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munohistochemistry [31]. 
In conclusion, a clinical benefit of toceranib treatment was 

noted in the majority of the 15 dogs with gross disease in our 
study (86.7%). In the 31 treated dogs, the toceranib-related 
mean PFS was 471 days and the median MST was 199 days. 
Complex chemotherapy and distant metastasis (PFS), surgery, 
regional enlarged LN, underlying disease, and toxicity (MST) 
were negative prognostic factors. Our results provide additional 
information about the clinical efficacy of toceranib and suggest 
that the toceranib is probably selective treatment to various tu-
mor types in small breed dogs. Further study is required to 
evaluate its clinical activity in a large number of small breed 
dogs.
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Original Article

The purpose of this retrospective study was to describe cases of feline intermediate- 
to high-grade alimentary lymphoma regarding signalment, clinical presentation, labo-
ratory findings, response to therapy (modified 25-week University of Wisconsin–Madi-
son [UW-25] vs. COP [cyclophosphamide, vincristine, prednisone]), toxicosis, and out-
comes and to identify prognostic factors. Sixteen cats were treated with chemothera-
py protocols. Response rates and survival did not differ statistically between the two 
protocols. The progression-free interval (PFI) and median survival time (MST) in cats 
achieving a response to therapy were longer than in those with no response [NR] 
(complete remission [CR] vs. partial remission [PR] vs. NR; PFI, 124 vs. 49 vs. 12 days, p 
< 0.001; MST, 361 vs. 118 vs. 16 days, p < 0.001). Clinical stage was another prognos-
tic factor for PFI and MST. The PFI and MST in cats in stage I were longer than in those 
in other stages (PFI, 107 days vs. 30 days; MST, 193 days vs. 54 days). Hematologic and 
gastrointestinal toxicosis was mostly low grade. In comparing the modified UW-25 
protocol with the COP protocol, there was not much difference in the number of neu-
tropenic episodes and grade levels.

Keywords: lymphoma; gastrointestinal neoplasms; cats; antineoplastic protocols

Introduction

Alimentary lymphoma (AL) is the most common intestinal neoplasm in cats 
[1-9]. AL comprises a group of diseases present in the gastrointestinal (GI) tract, 
with mesenteric lymph node and hepatosplenic involvement [1,3]. Although the 
tumor can be solitary, diffuse forms throughout the intestine are more common 
[3]. There is no consistent sex bias [3,4,10,11]. Based on the results of histopathol-
ogy and immunohistopathology, most feline AL can be classified as one of the 
following three types: 1) low-grade alimentary lymphoma (LGAL), 2) intermedi-
ate- or high-grade alimentary lymphoma (I/HAL), and 3) large granular lympho-
ma. These different subtypes of lymphoma share clinical signs related to GI disor-
ders, commonly as hyporexia, weight loss, vomiting, and diarrhea [1,12-14]. No 
difference has been reported in clinical symptoms for each subtype; however, I/
HAL tends to progress more acutely [1,4,12,15-17].

Treatment protocols for feline AL are variable, but the most common regimens 
are COP-based (cyclophosphamide, vincristine, prednisolone, or prednisone) or 
CHOP-based (cyclophosphamide, doxorubicin, vinca alkaloid, prednisolone, or 
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prednisone). However, gold standard chemotherapy protocol 
does not currently exist [4,6,15,18-26]. 

The median survival time (MST) differs between the sub-
types of lymphoma. The MST of LGAL cats is approximately 1.5 
years, whereas that of I/HAL cats treated with multiagent chemo-
therapy is approximately 4 to 6 months with poor prognosis 
[4,7,10,15,22-24,27]. In addition, response rates and the durabili-
ty of response for cats with I/HAL treated with combination pro-
tocols are generally not as good as in cats with LGAL. LGAL pa-
tients have more than 80% response rates, whereas HGAL pa-
tients have a 50% to 65% response rate [10,11,16-18,20-21,23-
26,28-30]. In particular, several recent retrospective studies have 
reported on the response of COP and modified 25-week Univer-
sity of Wisconsin–Madison (UW-25) protocols in cats with I/
HAL and demonstrated a good response (response to modified 
UW-25 and COP protocols: 62% and 92.4%; MST of modified 
UW-25 and COP, 97 and 112 days, respectively) [11,31].

The following prognostic factors have been reported to be as-
sociated with AL: feline leukemia virus (FeLV) antigenemia, 
grade, treatment response, hypoalbuminemia, and body weight. 
However, the most consistent prognostic factor is the complete 
remission (CR) to treatment [10,11,16,17,22,29,30,32].

There is a paucity of studies examining I/HAL. Because the 
modified UW-25 protocol was developed only recently, to our 
knowledge, there are no studies that evaluated toxicosis in a 
modified UW-25 protocol and no research that compared the 
treatment response between the modified UW-25 and COP 
protocols in cats with I/HAL. The purpose of this retrospective 
study was to describe cases of feline I/HAL regarding signal-
ment, clinical presentation, laboratory findings, response to 
therapy (modified UW-25 vs. COP), toxicosis, and outcomes 
and to identify prognostic factors.

Materials and Methods

Case selection
Sixteen cats met the inclusion criteria. We reviewed the med-

ical records of cats examined for I/HAL at four institutions, 
namely, Chungnam National University, Beaksan Feline Medi-
cal Center, Korea Animal Medical Center, and Sungsim Animal 
Medical Center, from 2017 to 2020. Cats with a histologically 
and cytologically confirmed diagnosis of I/HAL were the sub-
ject of this study. Cats with all gross diseases surgically removed 
were allowed to be included.

Data collection

Patient variables
Collected data were as follows: age, sex, clinical signs at the 

time of diagnosis, physical examination findings, hematologic 
data, FeLV, and feline immunodeficiency virus (FIV) testing, 
thoracic and abdominal radiography, abdominal ultrasound, 
date of diagnosis, method of diagnosis, clinical stage, date of 
treatment, response to treatment, date of progression, date of 
death, cause of death, and adverse events experienced during 
treatment.

Treatment and outcome 
Cats were treated with chemotherapy protocols, including 

the modified UW-25 or COP protocol. The COP protocol was 
based on standard doses and intervals [33] and did not exclude 
patients with a slight modification from chemotherapy (e.g., 
dose intensity). The modified UW-25 protocol included com-
bination chemotherapy with vincristine, l-asparaginase, cyclo-
phosphamide, doxorubicin, and prednisolone and was based 
on the report published by Collette et al. [11]. In addition, a 
slight deviation from the protocol (e.g., the omission of l-aspar-
aginase) did not result in exclusion from this group. 

Complete blood count (CBC) was conducted before each 
treatment. Biochemistry profiles were conducted when the cats 
showed symptoms associated with toxicosis or other clinical 
signs. 

Exclusion of cats from the response and survival assessment 
as follows: received no treatment, treated with a chemotherapy 
protocol other than the modified UW-25 or COP protocol as 
the first line, their medical records were incomplete.

Response assessment
Cats were objectively evaluated for response to treatment us-

ing periodic ultrasonography. Cats were classified based on 
treatment response as follows: CR, 100% reduction in the size 
of all measurable disease; partial remission (PR), >  50% but <  
100% reduction in the size of all measurable disease; and no re-
sponse (NR), <  50% reduction in size or an increase in the size 
of overall measurable disease.

Toxicity assessment 
Results of CBC toxicity as well as GI toxicosis were recorded 

during treatment. Neutropenic episodes were graded according 
to Veterinary Cooperative Oncology Group-Common Termi-
nology Criteria for Adverse Events (VCOG-CTCAE) v1.1 [34]. 
Because of the nature of this retrospective study, the grading of 
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GI toxicity according to VCOG-CTCAE v1.1 was not available. 
Adverse events due to GI toxicity were rated using the follow-
ing criteria: grade 0, none; grade 1, inappetence, vomiting, and 
diarrhea that was transient or responsive to dietary manage-
ment; grade 2, inappetence, vomiting, and diarrhea necessitat-
ing medical treatment; grade 3, inappetence, vomiting, and di-
arrhea necessitating medical treatment and postponement of 
chemotherapy; and grade 4, inappetence, vomiting, and diar-
rhea necessitating medical treatment, hospitalization, and post-
ponement of chemotherapy. The attending clinician classified 
these events as reported in a previous study [21,35].

Statistical analysis 
Study endpoints were tumor progression and patient death. 

The progression-free interval (PFI) was defined as the time be-
tween treatment and disease progression. Survival time was de-
fined as the time between treatment and death related to lym-
phoma. PFI and MST were determined using the Kaplan–Mei-
er product limit analysis. Cats alive at the time of their last fol-
low-up examination or that died for reasons other than lym-
phoma were censored. 

We used univariate Cox forward regression analysis (followed 
by multivariate Cox forward regression analysis if multiple in-
fluential factors were identified) to evaluate the following vari-
ables for their independent influence on PFI and MST: age, sex, 
body weight, clinical stage, FeLV/FIV status, presence of dys-
pnea, weight loss, lethargy, vomiting at diagnosis, presence of 
anemia at diagnosis, and CBC and chemistry profiles at diag-
nosis. We used univariate logistic regression analysis and mul-
tivariate analysis when appropriate to analyze the influence of 
the above factors on whether each cat reached CR. A p-value of 
<  0.05 was considered significant. All statistical analyses were 
conducted using IBM SPSS Statistics for Windows, version 25.0 
(IBM Corp., USA).

Results

Patient population 
Sixteen cats met the requirements for entry into this retro-

spective study. All cats had either a cytologic or histopathologic 
diagnosis of I/HAL and were treated with chemotherapy (10 
with the modified UW-25 protocol and 6 with the COP proto-
col). Breeds included Russian Blue (6), Persian (4), Domestic 
Short Hair (2), Devon Rex (1), American Short Hair (1), Turk-
ish Angora (1), and mixed (1). The median age was 9.5 years 
(range, 4 to 16 years), and the median body weight was 3.9 kg 
(range, 2.5 to 6.9 kg). Eleven of the 16 cats were castrated 

males, and the other five were spayed females. Thirteen of the 
16 cats presented with clinical signs of hyporexia, 11 with 
weight loss, 11 with lethargy, 10 with vomiting, and three with 
diarrhea. Six cats had FeLV and FIV testing reported. One cat 
was positive for FeLV. No patient was positive for FIV.

On the day of diagnosis, six of the 16 cats had anemia (hema-
tocrit <  30%). The median hematocrit in all cats was 35% 
(range, 14.3% to 44.9%). Eight cats were neutrophilic (range, 
11.1 to 26.9 K/μL), and five were thrombocytopenic (42 to 126 
K/μL). 

In the chemistry profiles, azotemia was detected in four cats, ele-
vated liver gamma-glutamyl transferase values were reported in 
one cat, and hypoalbuminemia was reported in one cat (Table 1).

Diagnosis and clinical staging 
Nine cats were diagnosed with I/HAL by biopsy of a lymph 

node or GI mass, and the other seven cats underwent diagnosis 
by fine-needle aspiration. 

Seven cats had other organ involvement besides the alimen-
tary tract. However, additional tests for staging were not com-
pletely performed in some cases. Nine cats had tumors local-
ized to the GI tract. Therefore, all cats were classified into one 
of the following two categories: stage I and other.

Treatment response
Sixteen cats were available for the evaluation of treatment re-

sponse and survival analysis. Three cats were censored during 
the survival analysis. Two patients were still alive and in remis-
sion. These cats were in CR at the time of analysis. One cat died 
of heart failure unrelated to lymphoma while in NR. Two cats 
were excluded because of denial of treatment and one for in-
complete medical records. Rescue therapy was used in five of 
16 cats. Three of these cats were treated with lomustine 
(CCNU), one with L-asparaginase, and one with doxorubicin.

Ten cats received a modified UW-25 protocol, and six cats 
received a COP protocol. The distribution of the response all 
16 patients was as follows: CR, five (31.3%); PR, six (37.5%); 
and NR, five (31.3%). The overall response rate (CR + PR) was 
68.8%. The median PFI (MPFI) was 49 days (range, 9 to 824 
days), and the MST was 100 days (range, 9 to 824 days) (Fig. 1). 

Of the cats treated with a modified UW-25 protocol, two 
(20.0%) achieved a CR, four (40.0%) achieved a PR, and four 
(40.0%) did not respond to treatment. The overall response rate 
(CR + PR) for a modified UW-25 protocol was 60.0%. Among 
cats receiving a modified UW-25 protocol, the MPFI and MST 
were 35 days (range, 9 to 824 days) and 65 days (range, 9 to 824 
days), respectively. However, of the cats treated with a COP 
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Table 1. Results of univariate analysis of factors predicting treatment response and survival in felines with I/HAL among all 16 cats

Variable Distribution (n =  16) p (PFI) p (MST) p (CR) p (response)
Age (y) 9.5 (4-16) 0.273 0.198 0.55 0.110
Sex 0.303 0.331 0.613 0.519
 FS 5 (31.3)
 MC 11 (68.8)
Body weight (kg) 3.9 (2.5-6.9) 0.863 0.853 0.45 0.764
Clinical signs
 Hyporexia 13 (81.3) 0.162 0.185 0.361 0.999
 Weight loss 11 (68.8) 0.217 0.313 0.519 0.613
 Lethargy 11 (68.8) 0.465 0.33 0.519 0.999
 Vomiting 10 (62.5) 0.492 0.702 0.889 0.889
 Diarrhea 3 (18.8) 0.242 0.518 0.931 0.931
FeLV/FIV status
 FeLV positive (n =  6) 1 (16.7) 0.469 0.967 1 1
 FIV positive (n =  6) 0 (0)
 Unknown 10 (62.5)
Complete blood count
 Hematocrit (%) 35 (14.3-44.9) 0.339 0.137 0.639 0.623
 Anemia 6 (37.5) 0.698 0.353 0.889 0.889
 Neutrophilia 8 (50.0) 0.302 0.287 0.129 0.129
 Thrombocytopenia 5 (31.3) 0.108 0.11 0.112 0.999
Biochemistry profile
 Azotemia 4 (25.0) 0.514 0.306 0.756 0.756
 Elevated liver values 1 (6.3) 0.306 0.326 1 1
 Hypoalbuminemia 1 (6.3) 0.351 0.348 1 1
Stage 0.005 0.007 0.999 0.07
 I 7 (43.8)
 Other 9 (56.3)
Response to therapy
 CR vs. PR vs. NR <  0.001 <  0.001 NA NA
 Response vs. NR <  0.001 <  0.001 NA NA
Chemotherapy
 Modified UW-25 vs. COP 0.156 0.267 0.223 0.344
 L-asparaginase 0.367 0.221 0.344 0.344

Values are presented as median (range) or number (%). 
I/HAL, intermediate- or high-grade alimentary lymphoma; PFI, progression-free interval; MST, median survival time; CR, complete remission; FS, female 
spayed; MC, male castrated; FeLV, feline leukemia virus; FIV, feline immunodeficiency virus; PR, partial remission; NR, no response; NA, not applicable; 
modified UW-25, modified 25-week University of Wisconsin–Madison; COP, cyclophosphamide, vincristine, prednisone.

protocol, the response rate was as follows: CR, three (50.0%); 
PR, two (33.3%); and NR, one (16.7%). The overall response 
rate (CR + PR) for the COP protocol was 83%. In the cats re-
ceiving a COP protocol, the MPFI and MST were 116 days 
(range, 30 to 602 days) and 172 days (range, 54 to 602 days), re-
spectively (Table 2). There was no statistically significant differ-
ence in response rate, PFI, or survival time between the two 
protocols (Fig. 2). 

Both the PFI and MST were considerably longer in cats re-
sponding to treatment (CR or PR) than in those not respond-

ing to treatment (p <  0.001). The MPFI for cats with CR was 
124 days (range, 99 to 824 days), in comparison with 49 days 
(range, 30 to 130 days) for PR and only 12 days (range, 9 to 30 
days) for NR. Cats achieving a CR had an MST of 361 days 
(range, 107 to 824 days), a PR of 118 days (range, 40 to 386 
days), and an NR of 16 days (range, 9 to 54 days) (Fig. 3). 

Factor analysis indicated that staging was the only factor that 
affected PFI and MST. The stage I group had a longer PFI and 
MST than the other stage groups (stage I vs. others; PFI, 107 
days vs. 30 days; MST, 193 days vs. 54 days). The other factors 
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Fig. 1. Kaplan-Meier survival curve of 16 cats with intermediate- or high-grade alimentary lymphoma. (A) Progression-free interval and (B) 
survival time.
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Table 2. Response rate, remission, and survival duration in cats I/HAL treated with the modified UW-25 or COP protocol

Modified UW-25 (n =  10) COP (n =  6) Total (n =16)
Response (n, %)
 CR 2 (20.0) 3 (50.0) 5 (31.3)
 PR 4 (40.0) 2 (33.3) 6 (37.5)
 NR 4 (40.0) 1 (16.7) 5 (31.3)
Median progression-free interval (d)
 Overall (CR + PR + NR) 35 (9-824) 116 (30-602) 49 (9-824)
   CR 462 (99-824) 124 (107–602) 124 (99-824)
   PR 40 (30-58) 107 (83-130) 49 (30-130)
   NR 11 (9-16) 30 12 (9-30)
Median survival time (d)
 Overall (CR + PR + NR) 65 (9-824) 172 (54-602) 100 (9-824)
  CR 593 (361-824) 193 (107-602) 361 (107-824)
  PR 91 (40-143) 268 (150-386) 118 (40-386)
  NR 14 (9-34) 54 16 (9-54)

I/HAL, intermediate- or high-grade alimentary lymphoma; modified UW-25, modified 25-week University of Wisconsin–Madison; COP, cyclophosphamide, 
vincristine, prednisone; CR, complete remission; PR, partial remission; NR, no response. 

were not statistically significant for PFI or MST. No other vari-
ables examined were predictive of achieving CR or treatment 
response (Table 1).

Toxicosis
There were 14 neutropenic events. Nine episodes were docu-

mented in 10 patients receiving the modified UW-25 protocol 
and five episodes in six patients receiving the COP protocol. 
The median number of episodes per cat was 0.5 (range, 0 to 5). 
Eight cats (five in the modified UW-25 group and three in the 
COP group) had no neutropenic episodes. Neutropenia was 
grade 1 in 71.4% (n =  10), grade 2 in 7.1% (n =  1), grade 3 in 

14.3% (n =  2), and grade 4 in 7.1% (n =  1). In groups receiv-
ing the modified UW-25 protocol, the number of neutropenic 
episodes was six in grade 1, one in grade 2, and two in grade 3. 
In groups receiving the COP protocol, there were four neutro-
penic episodes in grade 1 and one in grade 4. The distribution 
of the neutropenic events in cats treated with the modified 
UW-25 protocol was none after treatment with vincristine and 
L-asparaginase, seven with vincristine, one with cyclophospha-
mide, and one with doxorubicin. The distribution of the neu-
tropenic events in cats treating with the COP protocol were 
three events after treatment with vincristine and cyclophospha-
mide and two events with vincristine (Table 3). 
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There were 25 adverse events of GI toxicity documented 
among all 16 cats (15 in patients receiving the modified UW-25 
protocol and 10 in the COP protocol). The median number of 
events per cat was 1 (range, 0 to 8). Five cats (three in the modi-
fied UW-25 group and two in the COP group) had no episodes 
of GI toxicity. The number of adverse events of GI toxicity was 
grade 1 in 52.0% (n =  13), grade 2 in 36.0% (n =  9), grade 3 in 
8.0% (n =  2), and grade 4 in 4.0% (n =  1). In 10 cats treated 

with the modified UW-25 protocol, four episodes occurred after 
induction treatment with vincristine and l- asparaginase, seven 
with vincristine, three with cyclophosphamide, and one with 
doxorubicin. In the groups treated with the COP protocol, sev-
en episodes occurred after therapy with cyclophosphamide and 
vincristine and three after vincristine (Table 3). 

Regarding weight change during the treatment and follow-up 
period, eight cats (50.0%) maintained their weight, four cats 
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Fig. 3. Kaplan–Meier curve of 16 cats with intermediate- or high-grade alimentary lymphoma treated with chemotherapy. (A) 
Progression-free interval (PFI) and (B) survival time. The blue line indicates cats achieving complete remission (CR), the red line indicates 
cats achieving partial remission (PR), and the green line indicates cats that had no response to treatment. A significant difference was 
detected in PFI and survival time between response groups (PFI: p < 0.001; median survival time: p < 0.001). NR, no response.

Fig. 2. Kaplan–Meier curve of 16 cats with intermediate- or high-grade alimentary lymphoma. (A) Progression-free interval (PFI) and (B) 
survival time. The blue line indicates cats receiving a cyclophosphamide, vincristine, prednisone (COP) protocol; the red line indicates cats 
receiving a modified 25-week University of Wisconsin–Madison (UW-25) protocol. There was no significant difference in PFI or survival 
time between the two protocols (PFI: p = 0.142; median survival time: p = 0.260).
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(25.0%) experienced a weight reduction of >  10% of their base-
line weight, and four cats (25.0%) gained weight of >  10%. 
Weight change did not influence the remission and survival 
times in the statistical analysis.

Discussion

The clinical features of these 16 cats with I/HAL were com-
parable with those described in other reports. The median age 
of cats with I/HAL was 9.5 years, which is consistent with the 
recently noted shift in age ranges [17,36]. Hyporexia (81.3%), 
weight loss (68.8%), lethargy (68.8%), and vomiting (62.5%) 
were the most common clinical signs reported in the present 
study. This is similar to previous reports of AL, except for diar-
rhea (19% vs. 70% to 90%) [1,12-14]. Siamese have a higher risk 
of developing lymphoma. However, they represent a low per-
centage of AL. No Siamese cats are included in this study. In re-
cent studies, Siamese cats also represented a low percentage in 
AL [1,2,7,37]. This may reflect the risk in Siamese cat developing 
AL is low [14,16,17,36]. Another possibility is that, because of the 
small sample size in this study, Siamese may not be included in 
the breed. Although most cases in other papers appear to be Do-
mestic Short Hair, the Russian Blue breed accounted for the larg-
est percentage of cats in this paper [1,2,7,37].

In addition, the cats with I/HAL in this report were mostly 
males (11/16), and if the same proportion of females and males 
visited the hospital, the results might suggest that males ap-
peared to be overrepresented. However, data on the proportion 
of male and female cats that presented to each institution were 
not available, and because of the small sample size of this study, 
this result should be interpreted with caution. 

Neutrophilia (50.0%), anemia (37.5%), and thrombocytope-
nia (31.3%) were common findings in the present study. These 

results were also seen in other reports [1,4,14,15,38]. 
The overall combined response rate to the modified UW-25 

and COP chemotherapy protocols was 69%, and 31% of pa-
tients achieved a CR, findings that are similar to the results of 
other studies [10,11,16,17,22,30]. The CR rate achieved with 
the modified UW-25 protocol was 20%, which is comparable 
with that of another study (25%) [11]. The observed CR rate in 
cats receiving the COP protocol (50%) was higher than what 
has previously been reported (32%) [4]. The overall PFI and 
MST in treated cats were 49 and 99 days, respectively. The PFI 
and MST with the modified UW-25 protocol were 35 and 65 
days, respectively, which was shorter than that reported by an-
other study (50 and 85 days, respectively) [11]. The observed 
PFI and MST in cats receiving the COP protocol (116 and 172 
days) were longer than in a previous study (MST, 50 days; PFI 
was not mentioned) [4]. These data show that the prognosis of 
cats with intermediate- to high-grade lymphoma is poor. There 
was no statistically significant difference in CR rate, PFI, or 
MST between the two protocols. This result raises doubts about 
the utility of doxorubicin. However, the small number of cases 
might have reduced the probability of detecting a difference 
between the two protocols. There was little information associ-
ated with both protocols in feline I/HAL. A future investigation 
that includes a larger group of cats is required to confirm these 
findings.

We examined only a few prognostic factors in this study. 
Treatment response is one of the most consistent factors in fe-
line lymphoma studies [3,11,17]. Cats that responded to thera-
py experienced significantly longer PFI and MST. Therefore, 
the evaluation of the treatment response is important for pre-
dicting prognosis. Clinical stage was also determined to be a 
prognostic factor for PFI and MST. Cats in stage I had longer 
PFI and MST than those in other stages (PFI, 107 vs. 30 days; 

Table 3. Toxicosis in 16 cats with I/HAL receiving chemotherapy

Toxicosis Total number of events Median number per cat (range) Grade (n, %)
Number of events after treatment

Modified UW-25 COP
Asp/Vinc Vinc Ctx Doxo Ctx/Vinc Vinc

Neutropenia 14 0.5 (0-5) 1 (10, 71.4) 0 7 1 1 3 2
2 (1, 7.1)
3 (2, 14.3)
4 (1, 7.1)

GI toxicosis 25 1 (0-8) 1 (13, 52.0) 4 7 3 1 7 3
2 (9, 36.0)
3 (2, 8.0)
4 (1, 4.0)

I/HAL, intermediate- or high-grade alimentary lymphoma; modified UW-25, modified 25-week University of Wisconsin-Madison; COP, cyclophosphamide, 
vincristine, prednisone; Asp, asparaginase; Vinc, vincristine; Ctx, cyclophosphamide; Doxo, doxorubicin; GI, gastrointestinal.
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in Russian Blue. Feline I/HAL was distributed in age with 4 to 
16 years and had prevalence in old age. I/HAL treated with 
multiagent chemotherapy had a poor prognosis (MPFI, 49 
days; MST, 100 days). There was no statistically significant dif-
ference in treatment response and survival between the modi-
fied UW-25 and the COP protocol. Hematologic and GI toxi-
cosis during treatment with these two protocols were mostly 
low grade. There was no significant difference between two 
protocols. In this study, clinical stage and treatment response 
were prognostic factors in cats with I/HAL.
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Introduction 

Canine pancreatitis is a relatively common disorder that can result in a wide 
variety of clinical signs, and in severe cases, multiple organ failure. The mortality 
rate among dogs with pancreatitis remains high, ranging from 27% to 58% [1,2]. 
Typical clinical signs of canine pancreatitis include anorexia, vomiting, nausea, 
abdominal pain, abdominal distension, melena, and hematochezia. 

A definitive diagnosis of canine pancreatitis requires histopathologic confirma-
tion, but because of the invasiveness of obtaining pancreatic biopsies, and the 
possible existence of highly localized disease that may be missed with a single bi-
opsy [3], this procedure is performed infrequently. Controversy exists regarding 
the sensitivity and specificity of diagnostic tests used for the diagnosis of pancre-
atitis. There is no diagnostic gold standard for canine pancreatitis. Thus, the diag-
nosis is often made using a combination of clinical signs, physical examination 
findings, elevated serum amylase and lipase values, elevated pancreatic-specific 
enzyme activities, increased canine pancreatic lipase immunoreactivity, ultraso-
nographic and computerized tomographic findings, gross lesions, and histo-
pathologic results [4-6]. 

In human medicine, the classification of auto-immune pancreatitis exists [7], as 
well as proposed criteria for its diagnosis [8]. It is important to distinguish be-
tween pancreatitis and auto-immune pancreatitis in order to formulate a thera-
peutic strategy for its management in human medicine [9,10].

Over the past two decades, studies have defined auto-immune pancreatitis in 
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docrine, hepatobiliary, renal, hematopoietic, cardiac, respiratory, 
and gastrointestinal disease. Any other significant abnormalities 
were recorded in the concurrent disease column as well. 

Clinical laboratory test results 
A complete blood cell count (Procyte® DX Hematology ana-

lyzer; IDEXX) and serum biochemistry profile (Catalyst One 
chemistry analyzer; IDEXX) were performed to evaluate the 
systemic health of the dogs. A commercially available kit for 
measuring canine pancreatic lipase immunoreactivity (SNAP® 
cPL Test) was used to screen for the presence of pancreatitis. A 
c-reactive protein (CRP) assay (LifeAssays® Canine CRP test kit 
and VetReader; LifeAssays, Sweden) was also performed to 
look for evidence of inflammation. 

Measurement of serum IgG4 concentrations 
Blood samples were collected in heparin rinsed syringes, stored 

in Ethylenediaminetetraacetic acid (EDTA)-coated tubes, and 
centrifuged at 200×g for 15 minutes at 4°C. Serum samples were 
diluted 1:2 in phosphate-buffered saline (PBS) according to the 
protocol provided by the enzyme-linked immunosorbent assay 
(ELISA) kit manufacturer (MyBioSource, USA). Serum or 
standards (100 nL of each) were added to the ELISA kits, which 
employed the competitive enzyme immunoassay technique uti-
lizing a polyclonal anti-IgG4 antibody and an IgG4–Horseradish 
Peroxidase (HRP) conjugate. The assay sample and buffer were 
incubated together with the IgG4-HRP conjugate on a pre-coat-
ed plate for 1 hour at 37°C. The product of any non-specific 
binding was washed away, and substrates A and B were added to 
the wells. The absorbance was measured at 450 nm. The absor-
bance and concentration of canine IgG4 were found to be posi-
tively correlated. The IgG4 concentration in each sample was 
then interpolated from this standard curve.

Statistical analyses 
Statistical tests were performed using commercially available 

software (IBM SPSS Statistics version 23.0; IBM Corp., USA). 
All values were expressed as the mean ±  standard deviation 
(SD). The Welch two sample t-test was performed to assess un-
equal variance in the two groups. The Pearson’s product-mo-
ment correlation test was performed to identify an association 
between the two variables. The chi-squared test was performed 
to assess two categorical variables. For all analyses, statistical 
significance was determined at a value of p <  0.05.

humans as an immune-mediated inflammatory process [11,12]. 
According to the Japanese Pancreas Society and the Korean Bil-
iary Tract Pancreas Society, elevated serum levels of immuno-
globulin G4 (IgG4) are a biochemical hallmark of auto-im-
mune pancreatitis, and therefore, diagnostic for the disease [13-
16]. 

In recent veterinary studies, the distinctive clinical and histo-
logical appearance of canine chronic pancreatitis was found to 
be similar to human auto-immune pancreatitis [3,17-19]. 
Chronic pancreatitis in English Cocker Spaniels shows a pre-
dominance of IgG4+ plasma cells in sections of the pancreas 
and kidneys [20]. This suggests that the IgG4 response may 
prove to be a useful marker for the diagnosis of pancreatitis and 
concurrent immune-mediated disease. 

In veterinary medicine, it is well known that the levels of IgG 
subtypes are higher in sick dogs than in healthy dogs [21]. Un-
til recently, there was no report of the relationship between ca-
nine pancreatitis and serum IgG4 levels. In this study, we aimed 
to measure serum IgG4 levels in cases with canine pancreatitis, 
and to evaluate the value of IgG4 in the diagnosis of pancreati-
tis in dog with immune-mediated disease.

Materials and Methods

Study animals
The medical records of client owned dogs that visited Chon-

nam National University Veterinary Medical Teaching Hospital 
(CNVMTH) (Gwangju, Korea) between December 2016 and 
June 2018 were retrospectively reviewed to identify twenty-four 
dogs that had been diagnosed with pancreatitis. The pancreati-
tis group included dogs whose initial clinical signs included ab-
dominal pain, vomiting, anorexia, diarrhea, melena, and/or he-
matochezia. Dogs from this group were selected for the study if 
they also possessed at least one of the following three criteria: 
elevated serum lipase or amylase activities; increased pancre-
as-specific enzyme activity, such as an abnormal SNAP canine 
pancreatic lipase immunoreactivity assay (cPL) (SNAP® cPL 
Test; IDEXX, USA); ultrasonographic (ProSound Alpha 7; Hi-
tachi Aloka Corporation, USA) evidence of pancreatitis, such 
as an enlarged and hypoechoic pancreas, pancreatic edema, or 
hyperechoic peripancreatic fat. 

The healthy group included five healthy beagle dogs. There 
were no remarkable findings in clinical signs and blood screen-
ing tests with SNAP cPL kit. 

Epidemiologic characteristics of the all dogs such as age, 
breed, and sex were recorded. Concurrent diseases were cate-
gorized according to the organ system involved including en-
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Analysis of serum CRP levels 
The CRP in this study was elevated in all 24 dogs with pan-

creatitis. Mean levels of serum CRP in canine pancreatitis and 
healthy groups were 65.2 ±  53.44 mg/L (range, 20 to 210) and 
5.0 ±  0 mg/L respectively.

Serum IgG4 concentrations in the pancreatitis group and 
the healthy group 

To assess the value of serum IgG4 concentration in identify-
ing dogs with pancreatitis, we evaluated this concentration in 

Results

Animals
Twenty-four dogs were diagnosed with pancreatitis during 

the study period. These were represented by the following 8 
breeds: Yorkshire Terrier (n =  8); Shih Tzu (n =  6); Miniature 
Schnauzer (n =  3); Maltese (n =  2); and one each of Beagle, 
Miniature Pinscher, and Pomeranian. Fourteen dogs (58.3%) 
were male, and ten dogs (41.7%) were female. The mean age of 
the dogs was 12.5 ±  2.86 years (range, 6 to 17 years). There 
were no statistically significant differences between the survival 
and non-survival groups regarding breed, body weight, sex, or 
age. Selected characteristics of the groups are shown in Table 1. 

Five beagle dogs were healthy group. The mean age of the 
beagles was 3.6 years. All beagle dogs were intact male. Con-
current diseases that were identified in the dogs with pancreati-
tis are listed in Table 2. The dogs were affected by disease in at 
least one of the following categories: endocrine (n =  16, 
66.7%), renal (n =  8, 33.3%), oncologic (n =  7, 29.2%), uro-
genital (n =  6, 25.0%), cardiovascular (n =  5, 20.8%), hepato-
biliary (n =  4, 16.7%), immune-mediated (n =  4, 16.7%, [n =  3, 
immune mediated hemolytic anemia; n =  1, immune mediated 
thrombocytopenia]), and neurologic (n =  3, 12.5%). In addi-
tion, there were isolated cases of a thrombus, dermatitis, post-
operative complications, ricin intoxication, and gastrointestinal 
foreign body. Only one dog in the study had no concurrent dis-
ease.

Table 1. Epidemiologic characteristics of 24 dogs with pancreatitis

Signalment
Total (n =  24)

n (%)
Sex
 Intact male 0 (0)
 Castrated male 14 (58.3)
 Intact female 2 (8.3)
 Spayed female 8 (33.3)
Age (y)
 <  5 0 (0)
 5-10 4 (16.7)
 >  10 20 (83.3)
Breed
 Yorkshire Terrier 8 (33.3)
 Shih Tzu 6 (25.0)
 Miniature Schnauzer 3 (12.5)
 Maltese 2 (8.3)
 Poodle 2 (8.3)
 Others* 3 (12.5)

*Others: Beagle, Miniature Pinscher, Pomeranian.

Table 2. Concurrent diseases identified in the dogs diagnosed with 
pancreatitis

Category Specific disease n
Endocrine 16

Hyperadrenocorticism 12
Diabetic ketoacidosis 3
Diabetes mellitus 1

Renal 8
CKD 5
Renal calculi 2
Acute renal failure 1

Oncologic 7
Hepatic tumor 4
Abdominal mass 3

Urogenital 6
Urinary tract infection 4
Cystic calculi 1
Pyometra 1

Cardiovascular 5
Chronic heart failure 5

Hepatobiliary 4
Hepatitis 2
GB mucocele 2

Immune-mediated 4
IMHA 2
IMT 1
IMN 1

Neurologic 3
IVDD 3

Others 9
Thrombosis 3
Dermatitis 2
Postoperative complication 2
Ricin intoxication 1
GI foreign body 1

Without complicating disease 1

CKD, chronic kidney disease; GB mucocele, gallbladder mucocele; IMHA, immune-
mediated hemolytic anemia; IMT, immune-mediated thrombocytopenia; IMN, 
immune-mediated neutropenia; IVDD, intervertebral disk disease.
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healthy dogs and in dogs with pancreatitis. Serum IgG4 con-
centration was evaluated in all 24 dogs diagnosed with pancre-
atitis and in 5 healthy dogs. Serum IgG4 with a cut-off value 
ranging from 0 mg/mL to 10 mg/mL was detected using an 
ELISA assay. The range and mean ±  SD of IgG4 concentrations 
in serum samples from dogs in the pancreatitis and healthy 
groups are displayed in Fig. 1. The mean serum IgG4 concen-
trations in the canine pancreatitis and healthy groups were 2.89 
±  3.52 mg/mL (range, 0.38 to 10) and 0.90 ±  0.40 mg/mL 
(range, 0.43 to 1.43), respectively. Dogs in the pancreatitis 
group had serum IgG4 concentrations that were significantly 
higher than those in the healthy group (Fig. 1).

Analysis of recurrent pancreatitis in the elevated IgG4 
group

To analyze the correlation between relative factors and the 
risk of recurrent pancreatitis in dogs with elevated IgG4 con-
centrations, the relative diseases for each dog were reviewed 
(Table 3). In 20 of the 24 dogs with pancreatitis, the serum 
IgG4 concentrations were elevated. The serum IgG4 concentra-
tions measured within the normal range in only 4 of the affect-
ed dogs. In Table 3, total cases indicates the 20 dogs with elevat-
ed IgG4 concentrations. Of these 20 dogs, 6 were cases with re-
current pancreatitis. The following concurrent diseases were 
represented in this study, with each of the dogs with recurrent 
pancreatitis being affected by at least one: hyperadrenocorti-
cism (n =  1); diabetic mellitus (DM) and diabetic ketoacidosis 
(DKA) (n =  3), and immune-mediated disease (n =  3). The 
recurrence rate of pancreatitis in the dogs with DM and DKA 
in this study was 75.0% (3/4). The recurrence rate of pancreati-
tis in the dogs with immune-mediated disease was 100% (3/3). 
Among dogs with elevated serum IgG4 concentrations, there 
was no significant difference in risk of recurrence among those 
with the following concurrent diseases: renal (p >  0.05), hyper-
adrenocorticism (p >  0.05), oncologic (p >  0.05), cardiovascu-
lar (p >  0.05), DM and DKA (p >  0.05), hepatobiliary (p >  
0.05), urogenital (p >  0.05), neurologic (p >  0.05), and postop-
erative complications (p >  0.05). Serum IgG4 concentrations 
were found to be higher in dogs with pancreatitis and concur-
rent immune-mediated disease; a significant difference in the 
risk of recurrence was also found in these dogs (p <  0.05).

Discussion

Canine pancreatitis lacks a specific treatment because almost 
all cases are idiopathic, which contributes to a relatively high 

Fig. 1. Serum immunoglobulin G4 concentrations in the canine 
pancreatitis group and the healthy group. Data are presented as 
mean ± standard deviation values of two groups. The mean serum 
immunoglobulin G4 (IgG4) concentrations in the canine pancreatitis 
and healthy groups were 2.89 ± 3.52 mg/mL (range, 0.38 to 10) and 
0.90 ± 0.40 mg/mL (range, 0.43 to 1.43), respectively.

Table 3. Analysis of recurrent pancreatitis in the elevated IgG4 group

Relative diseases Total cases (n) Recurrent cases (n) Recurrent (%) Univariate analysis p
Renal 10 0 0 0.0558
HAC 8 1 12 0.6171
Oncologic 7 0 0 0.1948
Cardiovascular 6 0 0 0.2763
DM, DKA 4 3 75 0.0578
Immune-mediated 3 3 100 0.0126*
Hepatobiliary 3 0 0 0.7216
Urogenital 3 0 0 0.7216
Neurologic 1 0 0 1.0
Post-operative complication 1 0 0 1.0

IgG4, immunoglobulin G4; HAC, hyperadrenocorticism; DM, diabetic mellitus; DKA, diabetic ketoacidosis.
*Significance set at p < 0.05.
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mortality rate [1]. Recent studies in humans have classified au-
toimmune pancreatitis as a type in which the pathogenesis in-
volves autoimmune mechanisms [10-12,16,22]. Over the past 
decade, many studies have been performed evaluating the cri-
teria and algorithms used for the diagnosis of auto-immune 
pancreatitis in humans; the findings have been applied world-
wide by a consensus of expert opinion [10-12,16,23]. It has 
been validated that elevated serum IgG4 concentrations may be 
used for the diagnosis of auto-immune pancreatitis in humans 
[10].

Therefore, the objective of this study was to evaluate the val-
ue of serum IgG4 concentrations in pancreatitis in dog with 
underlying diseases including immune-mediated disease (auto-
immune diseases), and in doing so, to determine its usefulness 
in determining appropriate therapeutic strategies. 

This study describes the process involved in the identifica-
tion of dogs with pancreatitis at the teaching animal hospital 
over a 19-month period. The medical records were reviewed, 
and the epidemiologic characteristics, clinical signs, analyses of 
concurrent diseases, results of laboratory testing, and ultraso-
nographic findings were recorded. 

In this study, all 24 dogs diagnosed with pancreatitis received 
an abnormal result on the SNAP cPL test [24]. Pancreas-specif-
ic lipase has been assessed in the diagnosis of canine pancreati-
tis in many studies [25,26]. However, it is not able to differenti-
ate acute or chronic disease process. In fact, it is obscure to di-
agnose pancreatitis which show acute or chronic with clinical 
appearance and disease progression in the clinic. The present 
study investigated canine pancreatitis with clinical signs and 
positive reaction on canine pancreas-specific lipase. This retro-
spective study focused on the etiology and their mechanism 
based on diagnosis of pancreatitis which is not noted if it is 
chronic or acute. It is a limitation of the study and further stud-
ies like pancreas biopsy using laparoscopy and immune-histo-
pathology are needed. 

The acute phase reactant, CRP, is currently the gold standard 
serum marker for predicting the severity of disease in human 
pancreatitis [23]. Much attention in veterinary medicine has 
recently been focused on the measurement of circulating CRP, 
in the diagnosis and prognostication of acute and chronic in-
flammatory conditions [27]. Serum CRP concentrations in this 
study were elevated in all 24 dogs with pancreatitis which is 
consistent with previous reports [27,28]. The results of this 
study are consistent with those of a previous study [3] wherein 
the elevation of CRP is associated with various inflammatory 
diseases. In human medicine, CRP is considered to be one of 
the most important prognostic factors for pancreatitis and is a 

factor for determining the severity score according to the Japa-
nese guidelines for the management of acute pancreatitis. Thus, 
the serial measurement of CRP concentration needs to be in-
cluded in previous studies [3,28,29], examining prognostic fac-
tors for pancreatitis in dogs. 

In human medicine, examination of patients with auto-im-
mune pancreatitis has revealed a high incidence of hyperglobu-
linemia and increased serum IgG4 levels [10]. This study has 
shown that the mean serum IgG4 concentrations of dogs in the 
pancreatitis group were significantly higher than those of dogs 
in the healthy group. In this study, the sensitivity and specificity 
of serum IgG4 concentrations for the diagnosis of canine pan-
creatitis 83.3% and 75%, respectively. 

One study in humans describes the sensitivity and specificity 
of elevated serum IgG4 concentrations in the diagnosis of au-
to-immune pancreatitis as being 76% and 93%, respectively [27]. 
Based on previous human studies, elevated serum IgG4 concen-
trations are a characteristic of auto-immune pancreatitis, which 
is supported by the results obtained in this study [30,31].

We found that the outcome was significantly correlated with 
the presence of elevated serum IgG4 concentrations in dogs 
with immune-mediated diseases and recurrent pancreatitis. 
The serum IgG4 concentration was higher in dogs with pan-
creatitis accompanied by immune-mediated disease. The re-
currence rate of pancreatitis in dogs with immune-mediated 
disease was 100% in this study. Human auto-immune pancre-
atitis is a disease concept that was proposed in Japan, and the 
auto-immune process is believed to be involved in its onset [30-
35]. 

Therefore, auto-immune pancreatitis may be an IgG4-medi-
ated disease [15]. Immunological examinations of patients with 
auto-immune pancreatitis have revealed a high incidence of 
hyperglobulinemia and increased serum immunoglobulin G 
concentrations, and IgG4 levels in particular [10]. 

This is the first known study to evaluate serum IgG4 concen-
trations in dogs with pancreatitis. Our study revealed that an 
elevation in serum IgG4 concentration alone is not sufficient to 
make the diagnosis of auto-immune pancreatitis. This study 
has several limitations, including a limited number of cases and 
the lack of a histological confirmation of the diagnosis of ca-
nine auto-immune pancreatitis. In addition, other conditions, 
for example, concurrent diseases should separately evaluate the 
effects on IgG concentration. The present study had not inves-
tigated serum IgG concentration in other conditions without 
pancreatitis in dogs. Finally, we had not evaluated any change 
of serum IgG in each recurrent case. 

In the future, the elevation in serum IgG4 concentrations 
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needs to be confirmed on pancreatic histopathology and im-
munostaining. Further studies are needed to resolve the limita-
tion of the study.
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Original Article

The levels of aflatoxin (AFT) and ochratoxin (OCT) were assessed at different seasons in 
raw materials, different feed manufacture processing stages, and animal feeds in feed 
mills in Korea implementing the hazard analysis and critical control point (HACCP) 
system. Two hundred samples were collected in all four seasons from five feed mills 
implementing the HACCP system and examined for AFT and OCT contents. The AFT 
and OCT levels were analysed by using HPLC method to provide information on raw 
material and product stage. The AFT content of raw ingredients in the spring season 
was highest in corn gluten (3.84 ppb) and lowest in corn (1.82 ppb) The AFT content of 
corn was highest in the winter season (2.17 ppb). The content of OCT in wheat was 
highest in the winter season. The amounts of AFT and OCT at processing stages were 
higher than in the raw materials or feed. In particular, AFT content was higher in the 
transfer stage (3.88 ppb) than in the mixing (2.86 ppb) or filling stages (3.45 ppb) in 
the summer season. The means of AFT and OCT level in laying hen feed was 3.41 ppb 
and 1.14 ppb for broiler feed, respectively. The means of AFT and OCT level in and 
broiler feeds was 3.44 ppb and 1.17 ppb for broiler feed, respectively.

Keywords: mycotoxins; aflatoxins; ochratoxins; HACCP; safety

Introduction

The provision of safe and high quality feeds to domesticated animals is neces-
sary for the health of the animals and for production of safe livestock products for 
consumers. Feed safety depends on a succession of factors: cultivation practices 
in countries producing raw materials, storage conditions for materials after pro-
duction, marine transportation, harbor storage, storage at the feed mill, cleanli-
ness of the manufacturing equipment, and storage conditions of the finished 
products [1]. In particular, raw materials are easily contaminated with fungi that 
can produce mycotoxins when stored at high moisture levels [2,3]. In a feed mill, 
if the raw materials have high moisture contents, they are highly likely to be con-
taminated with zearalenone; a low moisture content is associated with an in-
creased likelihood of aflatoxin (AFT) contamination [4,5]. Mycotoxin greatly af-
fects livestock productivity. Feeding animals a diet heavily contaminated with 
AFT can damage their livers, decrease productivity, affect the quality of eggshells 
in chickens, and reduce carcass quality [6]. AFT also increases the incidence of 
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animal disease [7]. Ochratoxin (OCT) in feed is released be-
cause of contamination by Aspergillus or Penicillium and has 
been reported to cause a negative effect on productivity mainly 
by inducing tumors in the kidneys of pigs and chickens [8]. 
Mycotoxin has an enormous impact on human health as well 
as on livestock. In 1993, AFT was designated as a first-level car-
cinogen and OCT was designated as a second-level carcinogen 
by the International Agency for Research on Cancer [9]. 

The deleterious effects of mycotoxin on animal and human 
health have increased the need for monitoring and manage-
ment of feed production. In Korea, the safety of feed is con-
trolled on the basis of the Feed Control Act. However, in order 
to secure the safety of the feed, it was necessary to implement a 
system that systematically manages all processes in the feed 
mill. In most countries, good manufacturing practice (GMP) 
systems have been implemented and are operated in feed mills 
to ensure production of safe feed. However, feed mills in Korea 
are implementing a more stringent hazard analysis and critical 
control point (HACCP) system than the GMP system [10,11]. 
The HACCP system seeks to control biological, chemical, and 
physical hazards that may result from processes in the feed 
mill, animal farm, slaughterhouse, meat processing center, and 
meat market [12,13]. The goal of implementing the HACCP 
system is to manage potential hazards through prerequisite 
management program and risk analysis program during food 
or feed production with a focus on prevention rather than 
end-product testing [14]. Evaluations in the feed mill under the 
HACCP system are systematically managed to include all pro-
cessing stages from storage of raw materials to delivery of prod-
ucts. In particular, the system focuses on the management of 
mycotoxin contamination, such as AFT, which can occur in the 
feed mill [10,11]. The HACCP system has the potential to have 
a large effect on the safety of feed produced in Korea. However, 
little study has been made of mycotoxin levels of raw materials, 
production stages, and finished products under the HACCP 
system. Therefore, this study was conducted to evaluate the ef-
fectiveness of the HACCP system on controlling mycotoxin 
levels and seasonal variations in mycotoxin contents of raw 
materials, during the production stages, and in the finished 
products.

Materials and Methods

Sampling
Eighty raw material samples (5 samples in each season for 

corn, soybean meal, wheat, and corn gluten) were collected 
from feed mills for analysis of AFT and OCT content. Sixty as-

sociated samples (5 attached samples in each season at the mix-
ing, transfer and filling stages) were collected from the process-
ing stages to analyze mycotoxin. AFT and OCT levels in broiler 
and laying hen feeds were assessed in all four seasons using 60 
samples. All samples were ground with a grinding mill to pro-
duce a homogeneous particle size and stored in a plastic bag in 
a freezer at -20°C until analysis. Samples were collected at five 
different feed mills from January to December 2019.

AFT extraction
Twenty-five grams of the sample was added to 2.5 g of sodi-

um chloride (Duksan Pure Chemicals Co. Ltd., Korea) and ex-
tracted with 100 mL of acetonitrile:water (86:14, v/v) (J.T. Bak-
er., USA) by blending at high speed for 5 minutes and then fil-
tered through Advantec No. 1 filter paper (WhatmanTM Maid-
tone, UK). Five ml of the filtrate sample was diluted with 20 mL 
of distilled water and passed through an immunoaffinity col-
umn (IAC) (Vicam Nixa, USA). AFT was eluted from the col-
umn by applying 1.5 mL of methanol and the extract was con-
centrated under nitrogen in a water bath at 50°C. Then, 200 μL 
of trifluiacetic acid (Sigma-Aldrich, USA) and 800 μL of mobile 
phase (20% acetonitrile) were added and then derivatized for 
20 minutes. The derivatized solution was filtered through a 0.45 
μm filter (Milipore, USA) and the filtrate was analyzed.

OCT extraction
After extraction and filtration as described for AFT, 5 mL of 

the filtrate was mixed with 50 mL of phosphate buffered saline 
and filtered through a glass microfiber. Ten milliliters of the fil-
trate was added to 70 mL acetic acid and passed through an 
IAC. The sample was eluted from the column by passing 
through 1.5 mL methanol. The eluted sample was concentrated 
under nitrogen in a water bath at 50°C. The residues were 
re-dissolved in 1 mL of the mobile phase, i.e., acetonitrile:wa-
ter:acetic acid (47:51:2, v/v/v).

Quantitative analysis of mycotoxin by HPLC
The AFT and OCT standards were obtained from Sigma-Al-

drich. Mycotoxin levels of samples were analyzed using an 
HPLC (Agilent 1200 series; Agilent, USA) with a μ-Bondapak 
C18 column (Waters Co. Ltd., USA) equipped with a fluores-
cence detector. The flow rate of the mobile phases for AFT were 
H2O:methanol:acetonitrile (66:19:25, v/v/v), and for OCT were 
acetonitrile:phosphoric acid (1:1, v/v), and then 0.96 mL/min 
(AFT) and 0.70 mL/min (OCT). All solvents used for the 
preparation of the mobile phase were of HPLC grade and ob-
tained from J.T. Baker. Excitation and emission wavelengths of 
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338 and 425 nm, respectively, were used to detect AFT, and 327 
and 462 nm, respectively, for OCT. The quantification and de-
tection limits of ATF in the 5 raw material and 2 feed samples 
were 0.5 to 1.4 μg/kg and 1.8 to 5.5 μg/kg, respectively. In addi-
tion, OCT were 0.3 to 1.3 μg/kg and 1.7 to 4.5 μg/kg, respec-
tively.

Statistical analysis
Statistical analysis was carried out using the Statistical Analy-

sis System [15]. The effects of seasons and sample origin and 
timing (raw materials, samples from processing stages and feed 
samples for broiler and laying hens) on AFT and OCT contents 
were tested by ANOVA. Duncan's multiple range test was used 
to confirm significant differences among the mean values of 
the treatment. Statistical significance was set at p <  0.05.

Results

Seasonal AFT and OCT levels of feed ingredients
Table 1 shows the results of monitoring AFT levels of corn, 

soybean meal, wheat, and corn gluten, which are commonly 
used as ingredients for producing animal diets. Most of these 
were imported from various countries and supplied to animal 

farms after processing in Korea. AFT content in the dietary in-
gredients was highest for corn gluten. In particular, mean AFT 
content of corn gluten imported in spring was 3.84 ppb, which 
was significantly higher than that of corn, soybean meal, and 
wheat (p <  0.05). The AFT content of corn was low in summer 
and significantly higher in winter (p <  0.05). The lowest AFT 
level for soybean meal was 2.09 ppb and the highest was 3.35 
ppb. The AFT content of wheat ranged from a minimum of 
1.44 ppb to a maximum of 2.54 ppb. Corn gluten had the high-
est AFT levels among feed ingredients with a minimum of 3.05 
ppb and a maximum of 4.65 ppb during the year (Table 1). 

The variations in OCT levels among different dietary ingre-
dients (corn, soybean meal, wheat, corn gluten) at different 
seasons are shown in Table 2. Overall, OCT levels were highest 
in spring and lowest in summer. OCT levels varied seasonally 
in the order spring >  winter >  autumn >  summer. The level 
of OCT in wheat imported in the spring season (2.79 ppb) was 
significantly higher than at other seasons (p <  0.05).

Seasonal AFT and OCT levels of processing stages
AFT levels at different stages of feed production are present-

ed in Table 3. In general, AFT levels were higher during the 
processing stages than in the dietary ingredients or finished 

Table 1. AFT level of raw materials and seasonal variations in feed mill implementing the HACCP system

Season
AFT level (ppb)

SEM p-value
Corn Soybean meal Wheat Corn gluten

Spring 1.82**,†† 2.09** 2.54*,** 3.84* 0.29 0.038
Summer 1.47††† 2.37 1.44 3.30 0.30 0.066
Autumn 1.70††† 3.28 2.48 4.65 0.69 0.538
Winter 2.17† 3.35 2.36 3.05 0.23 0.217
SEM 0.09 0.26 0.31 0.62
p-value 0.006 0.215 0.632 0.853

AFT, aflatoxin; HACCP, hazard analysis and critical control point; SEM, standard error of the mean.
*,**Significant difference in same row.
†,††,†††Significant difference in same column. 

Table 2. OCT level of raw materials and seasonal variations in feed mill implementing the HACCP system

Season
OCT level (ppb)

SEM p-value
Corn Soybean meal Wheat Corn gluten

Spring 1.45 1.82 2.79† 1.89 0.26 0.358
Summer 0.96 1.05 1.08†† 0.93 0.07 0.906
Autumn 1.01 1.08 1.28†† 1.19 0.08 0.658
Winter 1.08 1.39 1.54†† 1.30 0.12 0.667
SEM 0.09 0.18 0.24 0.23
p-value 0.182 0.088 0.020 0.556

OCT, ochratoxin; HACCP, hazard analysis and critical control point; SEM, standard error of the mean.
†,††Significant difference in same column.
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products. The highest levels were found at the transfer stage 
(Table 3). AFT levels were significantly higher in the transfer 
stage compared to other processes in the summer (p <  0.05). 
For the mixing and filling stages, the level of AFT increased in 
the order spring >  winter >  autumn >  summer, although 
these differences were not significant. For the transfer stage, 
AFT levels increased in the order spring >  winter >  summer 
>  autumn. Overall, AFT levels among the processing stages 
were highest in spring for transfer process (4.22 ppb).

Changes in OCT levels among processing stages and seasons 
are shown in Table 4. Average OCT level was lower than AFT 
level at all stages and seasons. Changes in OCT content among 
stages and seasons were not significant. However, the process-
ing stage with the highest level of OCT was the transfer stage, 
as was also the case for AFT. The highest OCT level was found 
in spring and the lowest in summer, although the differences 
were not significant. OCT levels in the transfer stage were 2.30 
ppb in spring, 2.22 ppb in summer, and 1.80 ppb in autumn 
and winter.

Seasonal AFT and OCT levels of poultry feed
Seasonal changes in AFT and OCT levels in feeds for laying 

hens and broilers are shown in Table 5. The mean AFT level in 
laying hen feed was 3.41 ppb and for broiler feed was 3.44 ppb. 
Seasonal variations in AFT contents in the two feeds were simi-

lar. The highest levels of AFT were found in spring in both 
feeds, but there was no statistically significant difference. The 
lowest levels of AFT were found in summer. Mean OCT con-
tent of laying hens and broiler feeds were 1.14 ppb and 1.17 
ppb, respectively. The highest OCT levels in laying hen and 
broiler feeds were found in the spring and the lowest in au-
tumn, but the differences were not significant.

Discussion 

AFT and OCT tolerance levels and statute
The Feed Control Law of Korea sets the allowable level of 

AFT in feed at 10 ppb for lactating cows, calf, piglet, and chick, 
20 ppb for adult animals, and 50 ppb for raw materials. For 
OCT, the legal limits are 200 ppb for feed and 250 ppb for raw 
materials [10,11]. The FDA recommends a maximum level of 
AFT in raw materials of 300 μg/kg in cotton, 300 μg/kg in corn 
used for beef cattle, 200 μg/kg in corn used for fattening pigs, 
20 μg/kg in corn used for lactating cows, and 20 μg/kg for other 
raw materials [16]. According to the results of our study, the 
levels of AFT and OCT in the raw ingredients of the feeds were 
1.82 and 1.45 ppb for corn, 2.77 and 1.34 ppb for soybean meal, 
2.20 and 1.67 ppb for wheat, and 3.71 and 1.33 ppb for corn 
gluten, respectively. In the case of corn gluten, the mycotoxin 
content was higher than in raw materials due to the higher pro-

Table 3. AFT levels of processing stages and seasonal variations in feed mill implementing the HACCP system

Season
AFT level (ppb)

SEM p-value
Mixing Transferring Filling

Spring 3.40 4.22 3.82 0.19 0.248
Summer 2.86** 3.88* 3.45*,** 0.18 0.037
Autumn 3.06 3.49 3.52 0.18 0.578
Winter 3.21 3.89 3.66 0.19 0.382
SEM 0.14 0.17 0.11
p-value 0.630 0.552 0.738

AFT, aflatoxin; HACCP, hazard analysis and critical control point; SEM, standard error of the mean.
*, **Significant difference in same row. 

Table 4. OCT levels of processing stages and seasonal variations in feed mill implementing the HACCP system

Seasons
OCT level (ppb)

SEM p-value
Mixing Transferring Filling

Spring 1.87 2.30 1.82 0.13 0.263
Summer 1.96 2.22 1.82 0.13 0.522
Autumn 1.49 1.80 1.70 0.24 0.890
Winter 1.87 1.80 1.65 0.18 0.911
SEM 0.14 0.15 0.16
p-value 0.711 0.539 0.983

OCT, ochratoxin; HACCP, hazard analysis and critical control point; SEM, standard error of the mean.
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tein content [17]. The AFT content of edible corn produced in 
Nigeria is 3.0 to 138 mg/kg [18], and the AFT content of corn 
purchased at local shops in Kenya was up to 46,400 μg/kg [19]. 
In Japan, which imports most of its corn from the US (as does 
Korea), the AFT content is around 1 to 2 ppb [20]; this is simi-
lar to the results in our study. OCT and AFT contents of soy-
bean meal and corn produced as raw materials for poultry feed 
in the Slavonski area of Europe are 38.78 g/kg and 20.00 g/kg, 
respectively; these levels are much higher than those in other 
regions [21]. In the present study, AFT and OCT contents were 
higher in winter and spring than in summer. Sugiyama et al. 
[20] and Ismail et al. [22] reported that the AFT content of 
corn imported in January was higher than in corn imported in 
June. Dragacci and Fremy [23] also found that AFT content of 
raw milk in the winter season was higher than in the summer 
season; this result is similar to the results of this study.

AFT and OCT production in the processing facility
The AFT and OCT contents of the attached samples from 

the various stages of feed processing were higher than those of 
the raw materials and the feeds. Unfortunately, no other studies 
have examined mycotoxin contents of samples taken from feed 
processing facilities. However, in a food processing plant that 
was using corn as a raw material, the mycotoxin content of the 
corn depended on the temperature and speed of the processing 
facility [24]. The highest levels of mycotoxin are found in glu-
ten that has been processed as a raw material under high-mois-
ture conditions; mycotoxin levels vary under low moisture con-
ditions depending on whether the fungi penetrate into the inte-
rior of the material [5]. According to our results, the AFT and 
OCT contents of the attached samples from the processing 
stages were higher than those of raw materials or feeds. In this 
case, if these materials are mixed into the feed, the mycotoxin 
content of the feed may exceed the expected level. Therefore, in 
order to prevent such problems, the production facilities should 

be periodically cleaned and managed in accordance with HAC-
CP standards for feed mills.

Implementation of HACCP for the management of AFT 
and OCT in feed

We found that the mean AFT contents of laying hen and 
broiler feeds were 3.41 ppb and 3.44 ppb, respectively, and the 
mean OCT contents were 1.14 ppb and 1.17 ppb, respectively. 
Anjum et al. [17] reported that the mean AFT content of broil-
er feed was 20 ppb and the laying hen feed was 24.5 ppb. In 
general, AFT and OCT contents of poultry feeds produced in 
Korea are maintained at very low levels. When the AFT and 
OCT contents exceed 1 ppm, egg production is decreased, and 
feed efficiency is decreased at 2 ppm [25]. In addition, the com-
bination of AFT and OCT has a negative impact on egg quality 
[26]. Johnson and Parkes [27] suggested that in order to ensure 
the safety of feed, it is necessary to implement the HACCP sys-
tem, which is a management system that can identify possible 
hazards in each processing stage and prevent them in feed 
mills. In addition, Vlachou et al. [28] reported that the pre-req-
uisite program in the HACCP system implemented in feed 
mills could decrease the mycotoxin contamination level of the 
feed. In Korea, the HACCP system at the feed mill combines a 
prerequisite program and HACCP management. The prerequi-
site program includes feed mill management, feed manufactur-
ing facility management, feed manufacturing process manage-
ment, feed hygiene standard, disinfection management, per-
sonal hygiene and worker safety, feed storage and handling, 
feed transportation management, feed inspection facility, feed 
inspection standard, feed recovery procedure [10,11]. The 
HACCP principle of the feed mills HACCP system in Korea to-
tally follows the CODEX recommendation that consists of five 
preparation steps (assemble HACCP team, describe product, 
identify intended use, construct flow diagram and on-site con-
formation of flow diagram) and seven principles of HACCP 

Table 5. AFT and OCT levels of poultry feeds and seasonal variations in feed mill implementing the HACCP system

Season
AFT level (ppb)

SEM p-value
OCT level (ppb)

SEM p-value
Laying hen* Broiler† Laying hen Broiler

Spring 3.67 3.74 0.11 0.800 1.40 1.48 0.180 0.853
Summer 3.16 3.10 0.10 0.788 1.02 1.07 0.07 0.784
Autumn 3.39 3.43 0.25 0.956 0.95 0.96 0.10 0.978
Winter 3.42 3.51 0.15 0.810 1.19 1.17 0.05 0.856
SEM 0.08 0.16 0.08 0.11
p-value 0.164 0.623 0.151 0.427

AFT, aflatoxin; OCT, ochratoxin; HACCP, hazard analysis and critical control point; SEM, standard error of the mean.
*Mixed laying hen feed (35% of layer starter + 35% of layer grower + 30% of layer).
†Mixed broiler feed (50% of broiler starter + 50% of broiler finisher).
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system (conduct a hazard analysis, determine the critical con-
trol point, establish critical limits, establish a system to monitor 
control of the CCP, establish corrective action to be taken when 
monitoring indicates that a particular CCP is not under con-
trol, establish procedures for verification to confirm that the 
HACCP system is working effectively and establish documen-
tation concerning all procedures and records appropriate to 
these principles and application) [14]. Therefore, it would be 
possible to produce safer feeds by implementing the HACCP 
system in feed mills [13]. The use of the HACCP system has 
had a significant impact in Korea in reducing AFT and OCT 
contents in feed since its introduction in feed mills from 2005. 
The feed safety is one of important factor to ensure the safety of 
livestock products. Therefore, in order to secure the safety of 
feed, it is necessary to manage the feed ingredients, processing 
and storage stages. In particular, toxins produced by fungi in 
feed such as aflatoxin reduce the productivity of livestock and 
negatively affect of human health. This study was conducted to 
investigate the effects of HACCP implementation on the pro-
duction of mycotoxins in feed ingredients, processing and stor-
age of poultry feed in Korea. The results of the study showed 
that the level of mycotoxin in feed is well controlled below the 
level prescribed by the law but it can be changed according to 
the season and the environment of the feed ingredients import-
ing country. Our results here indicate that the systematic appli-
cation of the HACCP system has resulted in stable manage-
ment of mycotoxins in animal feeds.

ORCID

Seung Hee Baek, https://orcid.org/0000-0003-0737-7268 
Insik Nam, https://orcid.org/0000-0002-3785-315X 

References

1. Pestka JJ, Casale WL. Naturally occurring fungal toxins. Adv 
Environ Sci Technol 1990;23:613-638. 

2. Payne GA. Process of Contamination by Aflatoxin-Producing 
Fungi and Their Impact on Crops. In: Sinha KK, Bhatnagar D, 
editors. Mycotoxins in Agriculture and Food Safety. pp. 279-
306, Marcel Dekker Inc., New York, 1998.  

3. Dorner JW. Management and prevention of mycotoxins in 
peanuts. Food Addit Contam Part A Chem Anal Control 
Expo Risk Assess 2008;25:203-208. 

4. Meister U, Springer M. Mycotoxins in cereals and cereal prod-
ucts: occurrence and changes during processing. J Appl Bot 
Food Qual 2004;78:168-173.

5. Castells M, Marín S, Sanchis V, Ramos AJ. Fate of mycotoxins 
in cereals during extrusion cooking: a review. Food Addit 
Contam 2005;22:150-157. 

6. Haschek WM, Voss KA, Beasley VR. Selected Mycotoxins Af-
fecting Animal and Human Health. In: Haschek WM, Rous-
seaux ECG, Wallig MA, editors. Handbook of Toxicological 
Pathology. 1. 2nd ed. pp. 645-699, Academic Press, San Diego, 
2002.  

7. Bryden WL. Mycotoxin contamination of the feed supply 
chain: implications for animal productivity and feed security. 
Anim Feed Sci Technol 2012;173:134-158. 

8. Bayman P, Baker JL. Ochratoxins: a global perspective. Myco-
pathologia 2006;162:215-223.

9. International Agency for Research on Cancer. IARC Mono-
graphs on the Evaluation of Carcinogenic Risks to Humans. 
Volume 82. Some Traditional Herbal Medicines, Some Myco-
toxins, Naphthalene and Styrene. IARCPress, Lyon (France), 
2002.

10. Ministry of Agriculture; Food and Rural Affairs. Feed Stan-
dard and Specifications. Notification No. 2017-28. Ministry of 
Agriculture. Food and Rural Affairs, Sejong, 2017.  

11. Ministry of Agriculture; Food and Rural Affairs, HACCP 
Management Standard of Feed Mill. Notification No. 2019-91.  
Ministry of Agriculture. Food and Rural Affairs. Sejong, 2019.  

12. FAO. Worldwide Regulations for Mycotoxins in Food and 
Feed in 2003. Food and Agriculture Organization of the Unit-
ed Nations, Rome (Italy), 2003.

13. Baek SH, Kang SC, Lee WC, Nam IS. Effects of HACCP sys-
tem implementation on domestic livestock product plants. 
Korean J Food Sci Anim Resour 2012;32:168-173. 

14. Codex Alimentarius Commission. Food Hygiene Basic Text. 
3rd ed. Codex Alimentarius-Joint FAO/WHO Food Stan-
dards Programme, Bernan Association, Lanham, 2001.  

15. SAS. SAS/STAT Software for PC. Release 8.2. SAS Institute 
Inc., Cary (NC), 2010.  

16. Richard JL. Some major mycotoxins and their mycotoxico-
ses--an overview. Int J Food Microbiol 2007;119:3-10. 

17. Anjum MA, Khan SH, Sahota AW, Sardar R. Assessment of 
aflatoxin B1 in commercial poultry feed and feed ingredients. 
J Anim Plant Sci 2012;22:268-272.

18. Maxwell D, Levin C, Armar-Klemesu M, Ruel M, Morris S, 
Ahiadeke C. Urban Livelihoods and Food and Nutrition Se-
curity in Greater Accra, Ghana. IFPRI, Washington, 2000.  

19. Lewis L, Onsongo M, Njapau H, Schurz-Rogers H, Luber G, 
Kieszak S, Nyamongo J, Backer L, Dahiye AM, Misore A, De-
Cock K, Rubin C; Kenya Aflatoxicosis Investigation Group. 
Aflatoxin contamination of commercial maize products 

http://orcid.org/0000-0003-0737-7268
http://orcid.org/0000-0002-3785-315X
https://doi.org/10.1080/02652030701658357
https://doi.org/10.1080/02652030701658357
https://doi.org/10.1080/02652030701658357
https://doi.org/10.1080/02652030500037969
https://doi.org/10.1016/j.anifeedsci.2011.12.014
https://doi.org/10.1016/j.anifeedsci.2011.12.014
https://doi.org/10.1016/j.anifeedsci.2011.12.014
https://doi.org/10.1007/s11046-006-0055-4
https://doi.org/10.1007/s11046-006-0055-4
https://doi.org/10.5851/kosfa.2012.32.2.168
https://doi.org/10.5851/kosfa.2012.32.2.168
https://doi.org/10.5851/kosfa.2012.32.2.168
https://doi.org/10.1016/j.ijfoodmicro.2007.07.019
https://doi.org/10.1016/j.ijfoodmicro.2007.07.019
https://doi.org/10.1289/ehp.7998
https://doi.org/10.1289/ehp.7998
https://doi.org/10.1289/ehp.7998
https://doi.org/10.1289/ehp.7998


Studies on mycotoxins in feed

https://doi.org/10.14405/kjvr.2021.61.e7  7 / 7

during an outbreak of acute aflatoxicosis in eastern and cen-
tral Kenya. Environ Health Perspect 2005;113:1763-1767. 

20. Sugiyama K, Hiraoka H, Sugita-Konishi Y. Aflatoxin M1 con-
tamination in raw bulk milk and the presence of aflatoxin B1 
in corn supplied to dairy cattle in Japan. Shokuhin Eiseigaku 
Zasshi 2008;49:352-355. 

21. Puntarić D, Bosnir J, Smit Z, Skes I, Baklaić Z. Ochratoxin A 
in corn and wheat: geographical association with endemic ne-
phropathy. Croat Med J 2001;42:175-180. 

22. Ismail A, Riaz M, Akhtar S, Yoo SH, Park S, Abid M, Aziz M, 
Ahmad Z. Seasonal variation of aflatoxin B1 content in dairy 
feed. J Anim Feed Sci 2017;26:33-37.

23. Dragacci S, Fremy JM. Contamination du lait par l’aflatoxine 
M1: résultats de quinze années de surveillance. Sci Aliments 
1993;13:711-722.

24. Katta SK, Jackson LS, Sumner SS, Hanna MA, Bullerman LB. 

Effect of temperature and screw speed on stability of fumoni-
sin B1 in extrusion-cooked corn grits. Cereal Chem 1999;76: 
16-20.

25. Choudhurv H, Carlson CW, Semeniuk G. A study of ochra-
toxin toxicity in hens. Poult Sci 1971;50:1855-1859. 

26. Verma J, Johri TS, Swain BK. Effect of varying levels of afla-
toxin, ochratoxin and their combinations on the performance 
and egg quality characteristics in laying hens. Asian-Australas 
J Anim Sci 2003;16:1015-1019.

27. Johnson R, Parkes RR. Ensuring Feed Safety–A Case Study of 
the Implementation of HACCP into a Commercial Feed Mill-
ing Company. Ridley AgriProducts Pty Ltd., Victoria (Austra-
lia), 2001.

28. Vlachou S, Zoiopoulos PE, Drosinos EH. Assessment of some 
hygienic parameters of animal feeds in Greece. Anim Feed Sci 
Technol 2004;117:331-337.

https://doi.org/10.1289/ehp.7998
https://doi.org/10.3358/shokueishi.49.352
https://doi.org/10.3358/shokueishi.49.352
https://doi.org/10.3358/shokueishi.49.352
https://doi.org/10.3358/shokueishi.49.352
https://www.ncbi.nlm.nih.gov/pubmed/11259741
https://doi.org/10.1094/cchem.1999.76.1.16
https://doi.org/10.1094/cchem.1999.76.1.16
https://doi.org/10.1094/cchem.1999.76.1.16
https://doi.org/10.1094/cchem.1999.76.1.16
https://doi.org/10.3382/ps.0501855
https://doi.org/10.3382/ps.0501855
https://doi.org/10.5713/ajas.2003.1015
https://doi.org/10.5713/ajas.2003.1015
https://doi.org/10.5713/ajas.2003.1015
https://doi.org/10.5713/ajas.2003.1015
https://doi.org/10.1016/j.anifeedsci.2004.08.014
https://doi.org/10.1016/j.anifeedsci.2004.08.014
https://doi.org/10.1016/j.anifeedsci.2004.08.014




www.kjvr.org 1 / 6

2021 The Korean Society of Veterinary Science.

This is an open-access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial license (http://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestrict-
ed non-commercial use, distribution, and repro-
duction in any medium, provided the original work 
is properly cited.

Dynamics of bacterial communities in vaginas 
and feces between pre and postpartum of 
dairy cows

Jun-Kyu Son1,†, Dong-Hyeon Kim1,†, Jihwan Lee1, Sang-Bum Kim2,  
Beom-Young Park1, Myunghoo Kim3, Sungsill Lee4, Tai-Young Hur1,  
Eun Tae Kim1,*

1Dairy Science Division, National Institute of Animal Science, Rural Development Administration, 
Cheonan 31000, Korea 

2Rural Development Administration, Jeonju 54875, Korea 
3Department of Animal Science, College of Natural Resources and Life Science, Pusan National 
University, Miryang 50463, Korea 

4Division of Applied Life Science (BK21Plus) & Institute of Agriculture and Life Science, Gyeongsang 
National University, Jinju 52828, Korea 

pISSN 2466-1384 · eISSN 2466-1392
Korean J Vet Res 2021;61(1):e2
https://doi.org/10.14405/kjvr.2021.61.e2

*Corresponding author:
Eun Tae Kim 
Dairy Science Division, National Institute 
of Animal Science, Rural Development 
Administration, 114, Sinbang 1-gil, 
Seonghwan-eup, Seobuk-gu, Cheonan 
31000, Korea 
Tel: +82-41-580-3399
Fax: +82-41-580-3419
E-mail: etkim77@korea.kr

ORCID:
https://orcid.org/0000-0001-7486-5638

†These authors contributed equally to 
this study.

Conflict of interest:
The authors declare no conflict of interest. 

Received: August 26, 2020 
Revised: November 18, 2020 
Accepted: November 24, 2020

The important challenge in the livestock industry is reproductive losses, which 
can lead to economic losses. This issue has led researchers to find strategies to 
improve reproductive efficiency. One of the strategies is the microbiomes that are 
involved in the physiological functions of the host. This study focused on the mi-
crobiota in the gut and vaginas. The microbiota in the reproductive tracts has an 
intimate relationship with reproduction because the bacteria communities can af-
fect reproductive health and fertility [1]. Vaginal delivery in human studies has 
shown a positive effect on developing a newborn’s immune system as the bacteria 
pass through the vaginas, promoting the transmission of maternal microbiota [2]. 
The high diversity of bacteria as a dysbiosis can affect the establishment and 
maintenance of pregnancy [3]. This is because the metabolites produced by the 
bacterial community can affect the host and hormone production [4] and regula-
tion [5]. For example, chemical reactions through the intestinal stimulation, such 
as stress, affect the bacterial communities, and its metabolites may induce hor-
mone release [6]. In addition, the gut microbiota can degrade hormones and alter 
gene expression in the host, leading to reproductive improvement [7]. Several 
studies reported that dysbiosis in the intestinal tract increased the risk associated 
with various health issues, including inflammatory bowel disease and obesity [8]. 
Despite many studies on the significance of the bacterial communities on the re-

The reproductive tracts have an intimate relationship with reproduction because there 
are bacterial communities that can affect reproductive health. The differences in the 
bacterial community of periparturient dairy cows were investigated. Vaginal and fecal 
samples were collected seven days before and after calving, and DNA was extracted to 
sequence the V3-V4 regions of the 16S rRNA genes. In the postpartum vaginas, oper-
ational taxonomic units, Chao1, Shannon, and Simpson were decreased, and phyla Fu-
sobacteria and Bacteroidetes were increased. In summary, bacterial abundance can af-
fect the periparturient biological differences in dairy cows, suggesting a susceptibility 
to infection within one week after calving.

Keywords: vagina; feces; microbiota; prepartum; postpartum
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productive tract, including humans, there have been few cattle 
studies. In particular, studies on changing the microbial diver-
sity in vaginas are still in their infancy. Therefore, this study 
characterized the microbial diversity in the vaginas and feces of 
dairy cows and the differences between pre and postpartum.

All experiments involving animals were conducted using the 
approved animal care protocols from the Animal Care Commit-
tee Institutional Animal Care and Use Committee of the Nation-
al Institute of Animal Science, Rural Development Administra-
tion, Republic of Korea (approval number: NIAS-2019107). 
Three prepartum Holstein multiparous cows (42 ±  13.2 months 
old) were used for the experiments. All cows were moved at day-
21 before expected calving to one pen and were fed a diet once 
daily. The cows received a typical close-up diet total mixed ra-
tion (13 kg DM/cow/day, crude protein, 11.1%; neutral deter-
gent fiber, 48.2%; acid detergent fiber, 26.9%; calcium, 0.4%; 
phosphorus, 0.15%). Water was available ad libitum. All the 
samples were collected on day seven before calving (PRE) and 
day seven after calving (POST), and the differences in bacterial 
communities were analyzed. Both vaginas and fecal samples 
were collected using cotton swabs. For vagina sampling, the 
vulvar area was totally cleaned with water and then decontami-
nated with 70% (vol/vol) ethyl alcohol before sampling. A 
stainless steel collector fitted sterilized cotton-tipped swab cov-
ered with a sleeve (A.I/E.T Sanitary sheaths, L =  533 mm, 21”, 
IMV Technologies, France) to minimize contamination was in-
serted mildly into the vaginas, and a sample was collected from 
the vaginal wall. The samples were placed immediately in the 
tube (Swab Collection and Preservation System, Cat. No. 45670, 
Norgen, Biotek Corp., Canada) containing preservatives. Fecal 
samples were taken from the rectum after vaginal sampling and 

placed in 50 mL conical tubes. All the samples were stored in a 
-80°C freezer for further analysis. 

For metagenomics, DNA was extracted using the PowerSoil® 
DNA Isolation Kit (Cat. No. 12888; MO BIO, USA) according 
to the manufacturer’s protocol. The extracted DNA was further 
sequenced, processed, and analyzed by Macrogen (Macrogen 
Inc., Korea). The V3-V4 regions of the 16S rRNA gene were 
amplified by PCR using the primers containing an ILMN pre-
adapter + sequencing primer + specific locus primer: V3 
(5′-TCGTCGGCAGCGTC + AGATGTGTATAAGAGACAG 
+ CCTACGGGNGGCWGCAG-3 ′ ;  for ward) and V4 
(5′-GTCTCGTGGGCTCGGA + GATGTGTATAAGAGA-
CAGG + ACTACHVGGGTATCTAATCC-3′; reverse). The fil-
tered reads were clustered as operational taxonomic unit (OTU) 
sequences at 97% similarity using the CD-HIT-out. Chimeric se-
quences were identified and removed using rDnaTools. The se-
quences were classified using the Ribosomal Database Project. 

Statistical analyses of the biodiversity and bacterial commu-
nity were performed with samples at an even sequence depth. 

The mean Shannon and Simpson indices and the relative 
abundance of the bacterial communities (phyla and genera lev-
els) were compared using a t-test in SAS (SAS version 9.4; SAS 
Institute Inc., USA) to determine the significant differences be-
tween the PRE and POST dairy cows. A p-value of <  0.05 com-
pared to the PRE group was considered significant. 

Sequencing of the 16S rRNA genes produced 84,371 and 
71,857 reads in the vaginal and fecal samples, respectively, and 
it was rarefied across samples to the lowest sample depth. The 
OTUs, Chao1, Shannon, and Simpson, which are the microbial 
community richness and evenness as representative indices, 
showed highly diverse microbial diversity except for the vagi-

Table 1. Alpha-diversity of the vaginal and fecal microbiota using 16S rRNA gene sequence

Items PRE POST p-value
Vaginas
 Number of OTUs 610 ±  26.5 37.3 ±  1.70* <  0.01
 Chao1 660 ±  33.9 38.8 ±  1.31* <  0.01
 Shannon 7.39 ±  0.41 2.45 ±  0.40* <  0.01
 Simpson 0.982 ±  0.01 0.725 ±  0.07* 0.030
 Good's coverage 0.999 ±  0.002 1.00 ±  0.0001 0.102
Feces
 Number of OTUs 513.0 ±  29.7 554.0 ±  34.7 0.274
 Chao1 590.5 ±  42.0 650.0 ±  36.4 0.203
 Shannon 7.21 ±  0.12 7.18 ±  0.19 0.847
 Simpson 0.986 ±  0.001 0.986 ±  0.002 0.918
 Good's coverage 0.992 ±  0.004 0.994 ±  0.001 0.499

PRE, one week before calving; POST, one week after calving; OTU, operational taxonomic unit. 
*p < 0.05 compared with control group.
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nas of the POST dairy cows (Table 1). The OTUs (610 ±  26.5 
vs. 37.3 ±  1.70), Chao1 (660 ±  33.9 vs. 38.8 ±  1.31), Shannon 
(7.39 ±  0.41 vs. 2.45 ±  0.40), and Simpson (0.982 ±  0.01 vs. 
0.725 ±  0.07) in the vaginas of the POST dairy cows were sig-
nificantly lower than in the PRE cows. In contrast, in the feces, 
Chao1 ( ≥  513.0), Shannon ( ≥  7.18), and Simpson ( ≥  0.986) 
showed highly diverse microbial communities regardless of the 
sampling period. Taxonomic analysis of the reads revealed six 
main phyla (relative abundance ≥  1%) from the vaginas of the 
PRE dairy cows: Bacteroidetes (27.3 ±  3.95), Firmicutes (47.2 ±  
3.46), Tenericutes (2.42 ±  1.69), Proteobacteria (6.37 ±  3.88), 
Actinobacteria (6.79 ±  7.89), and Verrucomicrobia (2.03 ±  
1.04) (Table 2). On the other hand, the relative abundance and 
composition of these predominant phyla showed a difference 
from the vaginas of the POST dairy cows. Five main phyla 
from the vaginas of POST dairy cows included Fusobacteria 
(41.4 ±  3.07), Bacteroidetes (46.5 ±  5.81), Firmicutes (7.60 ±  
2.18), Tenericutes (1.98 ±  1.39), and Proteobacteria (1.69 ±  
1.79). In particular, in the postpartum vaginas, the relative 
abundance of Fusobacteria (0 vs. 41.4 ±  3.07) and Bacteroidetes 
(27.3 ±  3.95 vs. 46.5 ±  5.81) increased dramatically, and Fir-
micutes (47.2 ±  3.46 vs. 7.60 ±  2.18) decreased. Taxonomic 
analysis revealed 17 and seven main genera from the vaginas of 
the PRE and POST dairy cows, respectively (Table 3). Fusobac-
terium and Sneathia, as phylum Fusobacteria, and Bacteroides 
and Prophyromonas, as phylum Bacteroidetes, increased in the 

vaginas of the POST dairy cows, whereas Alistipes and Paludi-
bacter, as phylum Bacteroidetes, and Intestinimonas, Papilli-
bacter, Pseudoflavonifractor, and Flintibacter, as phylum Firmic-
utes, decreased in the vaginas of the POST dairy cows. Taxo-
nomic analysis of the reads revealed six main phyla from the 
feces of PRE and POST dairy cows except Lentisphaerae in 
POST dairy cows. Taxonomic analysis presented 16 main gen-
era from feces of PRE dairy cows and 22 main genera from fe-
ces of POST dairy cows, but there was no significant difference 
(Table 4). 

The most abundant bacterial phyla in the vaginas identified, 
regardless of sampling time, were Firmicutes, Bacteroidetes, Act-
inobacteria, Proteobacteria, Tenericutes, and Verrucomicrobia, 
which concurs with these being the dominant phyla in both pre 
and postpartum vaginal communities, except for Fusobacteria. 
Clemmons et al. [9] also reported that the dominant bacteria in 
the vaginas were the same, except for Fusobacteria. These phyla 
in the vaginas are most commonly in host-microbiome rela-
tionships in many species, and the ratios and relative abun-
dance are correlated with the changes in host physiology [5,10]. 
The mechanisms that describe these relationships are not well 
characterized, but there is a clear relationship between the host 
phenotype and the existence, abundance, and diversity of sev-
eral bacterial communities [5]. Increases of the phyla Fusobac-
teria and Bacteroidetes are commonly associated with bovine 
necrotic vulvovaginitis [11]. Bicalho et al. [12] reported that a 

Table 2. Impact of pre and postpartum on bacterial communities in vaginas and feces of dairy cows at the phylum level (relative abundance 
> 1%)

Items PRE POST p-value
Vaginas
 Fusobacteria 0.00 41.4 ±  3.07* <  0.01
 Bacteroidetes 27.3 ±  3.95 46.5 ±  5.81* 0.02
 Firmicutes 47.2 ±  3.46 7.60 ±  2.18* <  0.01
 Tenericutes 2.42 ±  1.69 1.98 ±  1.39 0.79
 Proteobacteria 6.37 ±  3.88 1.69 ±  1.79 0.22
 Actinobacteria 6.79 ±  7.89 0.84 ±  0.33 0.40
 Verrucomicrobia 2.03 ±  1.04 0.00 0.11
 Others 7.89 ±  2.21 0.01 ±  0.01* 0.04
Feces
 Bacteroidetes 44.8 ±  2.87 44.3 ±  2.56 0.87
 Firmicutes 36.5 ±  2.48 39.8 ±  3.68 0.36
 Proteobacteria 2.99 ±  0.50 3.02 ±  1.02 0.97
 Verrucomicrobia 2.81 ±  0.36 2.13 ±  1.07 0.47
 Spirochaetes 2.63 ±  0.79 2.62 ±  1.50 0.99
 Lentisphaerae 1.22 ±  0.33 0.71 ±  0.13 0.14
 Others 9.06 ±  0.99 7.41 ±  0.47 0.13

PRE, one week before calving; POST, one week after calving.
*p < 0.05 compared with control group.
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Overall, these results suggest that an intravaginal infection 
can occur within one week after calving, but it does not affect 
the microbial composition of feces in pre and postpartum. In 
addition, the data support the hypothesis that the bacterial 
communities in vaginas can be altered through dietary control, 
which will be tested in a future study. Despite these results, re-
search on the vaginal bacterial community is still lacking, and 
identifying the correlation between vaginal microbial changes 
and calf health will be important in future studies.
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decrease in the immunity of cows after calving might result in 
dysbiosis, and opportunistic bacteria, such as Fusobacteria and 
Bacteroidetes, which can grow and contribute to infection. The 
Fusobacteria was an unintended result, but the presence of Fu-
sobacterial infection, which was not detected in prepartum, 
was notable in this study. A previous study reported that Fuso-
bacteria originate in the feces and may susceptibly infect the 
postpartum vaginas [12]. Fusobacteria were detected in the fe-
ces regardless of pre and postpartum, suggesting that Fusobac-
teria may be an unknown external infection, not necessarily a 
fecal infection. 

Accumulated data has suggested that the composition of fe-
cal microbiota contributes to feed, environmental, and animal 
factors [13,14]. Changes in the bacterial community affect the 
production of metabolites, which in turn affects the host 
through complex interactions between the central nervous sys-
tem [15]. In the current study, although the same diet was pro-
vided regardless of pre and postpartum to reduce the effect of 
diet, there were no differences in the microbial diversity, re-
gardless of before and after calving. 

Table 3. Impact of pre and postpartum on vaginal bacterial communities of dairy cows at the genus level (relative abundance > 1%)

Phylum Genus PRE POST p-value
Fusobacteria Fusobacterium 0.00 39.5 ±  4.30* 0.01

Sneathia 0.00 2.76 ±  0.16* 0.04
Bacteroidetes Bacteroides 12.6 ±  2.03 26.6 ±  1.99* 0.02

Porphyromonas 0.13 ±  0.10 28.4 ±  8.73* 0.04
Alistipes 3.41 ±  0.37 0.00* 0.01
Paludibacter 2.08 ±  0.48 0.00* 0.03
Parapedobacter 1.4 ±  0.65 0.00 0.09
Paraprevotella 1.14 ±  0.85 0.00* 0.20

Proteobacteria Sphingomonas 1.29 ±  1.73 0.01 ±  0.01 0.40
Escherichia 0.09 ±  0.08 1.39 ±  1.93 0.44
Luteimonas 2.14 ±  1.92 0.16 ±  0.21 0.28

Actinobacteria Micrococcus 1.56 ±  1.58 0.05 ±  0.05 0.31
Dietzia 4.09 ±  5.45 0.02 ±  0.02 0.40

Firmicutes Intestinimonas 7.01 ±  1.79 0.00* 0.03
Staphylococcus 2.26 ±  2.57 0.01 ±  0.01 0.34
Papillibacter 6.47 ±  0.93 0.00* 0.01
Oscillibacter 1.54 ±  0.59 0.00 0.07
Streptococcus 0.65 ±  0.35 0.01 0.12
Helcococcus 0.01 ±  0.01 3.26 ±  2.20 0.17
Pseudoflavonifractor 3.17 ±  0.78 0.00* 0.03
Flintibacter 2.16 ±  0.64 0.00* 0.04

Verrucomicrobia Akkermansia 2.02 ±  1.05 0.00 0.11
Tenericutes Ureaplasma 2.38 ±  1.69 1.99 ±  1.40 0.81
Others Others 42.4 ±  4.59 5.58 ±  0.71* 0.01

PRE, one week before calving; POST, one week after calving.
*p < 0.05 compared with control group.
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Short Communication

Equine piroplasmosis (EP) is a tick-borne protozoal disease in which horses, 
mules, donkeys, and zebras are infected with the hemoprotozoan parasites, Babe-
sia caballi or Theileria equi from blood-sucking ticks [1,2]. EP causes serious eco-
nomic damages, showing hemolytic anemia and associated systemic illness [1]. 
Furthermore, EP has been an obstacle to international trade as the disease desig-
nated by World Organization for Animal Health [3-5]. EP is an endemic disease 
prevalent in the tropical and subtropical regions and in some temperate regions 
[1,2]. It has predominantly been reported in Asia, South and Central America, 
Africa, Southern Europe, and some parts of southern USA [1,2].

EP antigen diagnosis is performed by microscopic examination and polymerase 
chain reaction (PCR), and the antibody diagnosis is performed by indirect fluo-
rescent antibody test, competitive enzyme-linked immunosorbent assay (cELI-
SA), and complement fixation test [1]. Because of the reliability of the test and the 
convenience of mass testing, antigen diagnosis by PCR and antibody diagnosis by 
cELISA are mainly used [2]. EP in the Republic of Korea (ROK) was 0.9% T. 
equi-positivity from three provinces during 2007-2010 [3,4]. Climate change is 
having a significant impact on the increase in ticks and tick-borne diseases [2]. 
There is a need to investigate changes in the infection status of EP according to 
Korean Peninsula warming. In this study, we monitored the EP infectious status 
in ROK during 2016-2017, using PCR for antigen detection and cELISA for anti-
body detection. Subsequently, phylogenetic analysis was used to compare the ge-
netic relationships.

Horse blood and serum samples were collected as a part of the health manage-

Equine piroplasmosis (EP) is caused by Babesia caballi and Theileria equi infection. We in-
vestigated antigen and antibody of EP in horses in the Republic of Korea during 2016-
2017. Antigen and antibody of T. equi was detected 0.06% (1/1,650). Phylogenetic 
analysis of 18S rRNA revealed that the T. equi was highly homologous with the strains 
from China, Mongolia, and Spain. Two Theileria spp. were also detected and highly ho-
mologous with T. buffeli, T. luwenshuni, and T. orientalis.
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the laboratory where they were stored at -20°C until identifica-
tion by microscopic morphology on a cold table using standard 
keys [7]. 

During 2016-2017 in ROK, one of 1,650 horses (0.06%) was 
confirmed T. equi antigen and antibody (Table 2). In addition, 
Theileria spp. was found in 2 of the 1,650 horses (0.12%), which 
showed seronegative for T. equi and B. caballi antibody test. We 
collected a total of 62 ticks in T. equi-positive horse ranch, which 
were 52 ticks (2 nymphs and 50 larvae) in 2016 and 10 ticks (10 
larvae) in 2017. All of them were Haemaphysalis longicornis, in 
which EP pathogens were not detected. 

The antibody titer of T. equi-positive horse at the first test 
was 54.63 %I. The second and third test of it were performed at 
4 months and 1 year later, in which T. equi-antibody titers were 
showed 56.79 %I and 67.33 %I, respectively. At that time, we 
have also tested for 5 co-breeding horses with T. equi-positive 
horse in Ulsan at the same time to bleed T. equi-positive horse. 
No antibodies of T. equi or B. caballi were found in the other 5 
co-breeding horses. 

Three of 1,650 horses (0.18%) were Babesia/Theileria duplex 
PCR-positive, which were from Ulsan, Gyeonggi-do, and Gyeo-
ngsangbuk-do, respectively (Tables 1 and 2). Of them, T. equi 
PCR-positive sample (17H107) was from Ulsan, in which T. equi 
antibody was also detected (Table 2, Fig. 1A). The 18S rRNA 
gene from 17H107 exhibited the highest genetic homology with 
two strains in ROK (HM229407, HM229408) (Fig. 1A). Com-
pared with those of other countries, 17H107 showed highly ho-
mologous with the strains in Chinese (KF559357) and Spanish 
(AY534882) horse blood and the strain in Mongolian horse 
ticks (JQ657703) (Fig. 1A).

Two Theileria spp., 1st _427 and 2nd _128, were also detected 
(Fig. 1B). The Theileria spp. were similar to T. buffeli derived 
from cattle and T. luwenshuni derived from deer in ROK. And, 
those were highly homologous with T. luwenshuni, T. orientalis, 
and T. sinensis from China and T. annulata from India (Fig. 1B). 
However, two horses confirmed with Theileria spp. showed no 
clinical signs.

T. equi was found in one horse in Ulsan (35°32'60"N, 
129°18'60"E) in ROK during 2016-2017 at national level sur-
veillance (Table 2). Previously, three province surveillance of 
EP pathogens in Korea had been performed during 2007-2010 

ment program by Korean Racing Authority. This article does not 
have any studies with human participants or animals done by 
any authors. We surveyed EP antigen and antibody in blood and 
serum samples collected from 1,650 horses at 222 horse ranches 
in 6 metropolitan cities and 9 provinces in ROK (Table 1). The 
collected samples were stored at 4°C until used. Blood samples 
were tested for antigens of B. caballi and T. equi using PCR. 
DNA was extracted from the blood samples using a Maxwell 
RSC Whole Blood DNA kit (Promega, USA). DNA was eluted 
in 50 µL volumes of elution buffer and stored at -70°C until 
used. The PCR reactions included 2 µL of extracted DNA and 
10 pmol of specific primer sets (Table 1) [6], and run on a 
C1000 TouchTM Thermal Cycler (Bio-Rad, USA) (95°C for 10 
minutes followed by 35 cycles at 95°C for 1 minute, 60°C for 1 
minute, and 72°C for 1 minute; and finally 72°C for 5 minutes). 
PCR-positive samples were sequenced using Macrogen se-
quencing service (ROK). Nucleotide sequence homology 
searches were analyzed by the National Center for Biotechnolo-
gy Information (NCBI) BLAST network service and aligned 
using the MegAlign software package (Windows version 7.1; 
DNA-STAR, USA). Phylogenetic trees were generated using 
neighbor-joining algorithms and the Jukes and Cantor matrix. 
Support for topology was calculated using 1,000 bootstrap rep-
lications. Serum samples were tested for anti-B. caballi and an-
ti-T. equi antibodies by cELISA using B. caballi and T. equi anti-
body test kits (VMRD, USA), respectively. cELISA tests were 
performed according to the manufacturer’s instructions. Brief-
ly, 50 μL of serum samples and controls were loaded into the 
antigen-coated plate. After incubation, 50 μL of primary anti-
body was added to each well. And 50 μL of secondary anti-
body-peroxidase conjugate was added to each well. Finally, 
substrate solution and stop solution was consecutively added to 
each well and the ELISA plates were read on its optical density. 
Calculation of the percent inhibition (%I) was as follows: %I 
(Inhibition rate) =  100 [1 – (sample optical density [OD]/neg-
ative control OD)]. 

The ELISA positive serum (n =  1) was collected at a total of 
three times including after 4 months and 1 year later. Ticks 
were collected from the T. equi-positive horse ranch surround-
ing. Tick drag (BioQuip Products Inc.; USA) was used to col-
lect ticks. Ticks were removed from drags, and transported to 

Table 1. PCR primer sets for the detection of equine piroplasmosis

Primers Sequences (5'-3') Products size (bp) Target gene Reference
Bec-UF1 GTTGATCCTGCCAGTAGTCA Babesia caballi: 867 18S ribosomal

[6]
Bec-UR CGGTATCTGATCGTCTTCGA Theileria equi: 913 RNA gene

PCR, polymerase chain reaction.
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in ROK was almost “EP-free” status. Even though B. cabal-
li-positive horse was not found until now in Korea, the sero-
prevalence of B. caballi was also different from each country. 
The seroprevalence of B. caballi was the highest in Mongolia at 
40.1%, followed by Brazil (27.2%), China (20.1%), Japan (7%), 
and Sudan (5.1%) [11-14]. To sustain “EP-free” status in ROK, 
thorough border quarantine inspection should be conducted 
continuously and the monitoring of EP for domesticated horses 
should be performed consecutively. 

T. equi from a horse in Ulsan (17H107) exhibited the highest 
genetic homology with two T. equi in ROK (HM229407, 
HM229408) through phylogenetic analysis of 18S rRNA gene 
(Fig. 1A). Therefore, T. equi in this study was confirmed to be 
the same genotype as the previously detected Korean strain 
(Fig. 1A). Internationally, 17H107 showed highly homologous 
with the strains in Chinese (KF559357) and Spanish 
(AY534882) horse blood and the strain in Mongolian horse 
ticks (JQ657703) (Fig. 1A). In USA, EP was confirmed in hors-
es imported illegally from Mexico in 2008 [2], indicating the 
importance of EP prevention by thorough border quarantine. It 
is important to quarantine animals at national border for sus-
taining national-free status. 

Two Theileria spp. was detected in 2 horses (Fig. 1B), which 
showed the genetic similarity with 4 Theileria spp., such as T. 
buffeli, T. luwenshuni, T. orientalis, T. sinensis, and T. annulate 

[3]. In this study, T. equi was detected in Ulsan, while T. equi 
was found in Gyeonggi-do during 2007-2010 in the previous 
study (Table 2). The positive regions between two studies was 
not related epidemiologically each other. There are 15 tick spe-
cies that transmit B. caballi—7 Dermacentor spp., 6 Hyalomma 
spp., and 2 Rhipicephalus spp. [1]. And there are 14 T. equi-trans-
missible tick species, which are 4 Dermacentor spp., 4 Hyalomma 
spp., 5 Rhipicephalus spp., and Amblyomma cajennense [1]. To 
date, above EP-transmissible tick species have not been found 
in horses and horse ranches in ROK [8,9]. The collected ticks 
around the T. equi-positive horse ranch in this study were H. 
longicornis, and no EP pathogens were detected in the ticks. In 
2017, the positive rate (0.06%) of T. equi was decreased, com-
pared with that (0.9%) in 2010. This result might be due to ab-
sence of the transmissible tick species of EP pathogens in ROK 
and no transport of T. equi-positive horses. However, the artifi-
cial infection experiments have reported that the propagation 
of T. equi by H. longicornis is possible [10]. Therefore, it is 
needed consecutively to examine EP pathogens in horse ticks.

In other countries, seroprevalences of T. equi in horses were 
from 78.8% to 0.0% depending on its infection and sanitation 
status. Sudan has the highest seroprevalence at 78.8%, followed 
by Mongolia (72.8%), Brazil (34.8%), China (3.8%), and Japan 
(0.0%) [11-15]. However, no T. equi antibody-positive cases 
were found in Japan [12]. The seroprevalence (0.06%) of T. equi 

Table 2. Polymerase chain reaction and competitive enzyme-linked immunosorbent assay for equine piroplasmosis in the Republic of Korea 
between 2016 and 2017

Regions No. of farms No. of horses
No. of Ag positive by PCR No. of Ab positive by cELISA

Babesia spp. or Theileria spp. B. caballi T. equi B. caballi T. equi
Seoul 2 28 - - - - -
Incheon 2 14 - - - - -
Daegu 2 10 - - - - -
Daejeon 2 12 - - - - -
Ulsan 4 16 1 - 1 - 1
Gwangju 5 24 - - - - -
Gyeonggi-do 24 378 1 - - - -
Kangwon-do 7 96 - - - - -
Chungbuk-do 7 55 - - - - -
Chungnham-do 8 65 - - - - -
Gyeongbuk-do 21 114 1 - - - -
Gyeongnham-do 12 57 - - - - -
Jeonbuk-do 13 62 - - - - -
Jeonnham-do 8 55 - - - - -
Jeju-do 102 661 - - - - -
Others 3 3 - - - - -
Total (n, %) 222 1,650 (100.00) 3 (0.18) 0 (0.00) 1 (0.06) 0 (0.00) 1 (0.06)

Ag, antigen; PCR, polymerase chain reaction; Ab, antibody; cELISA, competitive enzyme-linked immunosorbent assay.
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Fig. 1. Phylogenetic relationship of Theileria equi and Theileria spp. from horses in the Republic of Korea. The 18S rRNA region sequences 
of T. equi and Theileria spp. in this study, 17H107 from Ulsan, 1st_427 from Gyeonggi-do, and 2nd_128 from Gyeongsangbuk-do, were 
evaluated for their evolutionary relationships with the known sequences of Theileria equi (A) and Theileria spp. (B). T. equi strains were 
classified two groups, which were Group I from Korea, China, Mongolia, and Spain, and Group II from USA, Israel, Spain, and South Africa 
(A).

A

Group I

Group II

T. equi (AY534882, Spain, Horse)

T. equi (KF559357, China, Horse)

T. equi (JQ657703, Mongolia, Horse)

T. equi (HM229407, South Korea, Horse)

T. equi (HM229408, South Korea, Horse)

T. equi (JX177673, USA, Horse)

T. equi (KX227640, Israel, Horse)

T. equi (DQ287951, Spain, Horse)

T. equi (AY150064, Spain, Dog)

T. annulata (KT367870, India, NA)

T. sergenti (HM538204, China)

T. sergenti (HM538223, China Buffalo)

T. buffeli (HM538209, China, Buffalo)

T. orientalis (HM538222, China, Buffalo)

T. annulata (KT367869, India, NA)

T. buffeli (HM538211, China, Cattle)

Nucleotide Substitutions(x100)

T. equi (Z15105, South Africa, Horse)

52.5

91.8

100.0

65.3

65.4

72.6

17H107

100.0

68.0
3.2

2 0

1.2

B

T. luwenshuni (KU554730, Chaina, Camel)
T. orientalis (KU363043, Chaina, Cattle)
T. sinensis (KX115427, Chaina, Cattle)
Theileria spp. (AB602881, Japan, Serow)
Theileria spp. (FJ668378, South Korea, Deer)
Theileria spp. (KM186956, Chaina, Goat)
Theileria spp. (LC326010, Japan, Goat)
Theileria spp. (KJ917966, Malaysia, Cattle)
Theileria spp. (KF597090, Kenya, Waterbuck)
T. luwenshuni (KU518031, Chaina, Camel)
T. luwenshuni (KU356903, South Korea, Deer)
T. luwenshuni (KU247949, Chaina, Yak)
T. luwenshuni (KP407011, Chaina, Deer)
T. luwenshuni (KC854408, Chaina, Ruminants)
T. buffeli (KX965722, South Korea, Cattle)
T. buffeli (KX965721, South Korea, Cattle)
T. annulata (KT367869, India, NA)

 1st_427
 2nd_128

T. equi (EU642511, South Africa, Horse)
T. equi (KJ573374, Brazil, Horse)
B. caballi (EU642513, South Africa, Horse)

45.5

74.5

66.2

99.8

B. caballi (KY952238, Brazil, Horse)
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694-697. 

11. Boldbaatar D, Xuan X, Battsetseg B, Igarashi I, Battur B, Bat-
sukh Z, Bayambaa B, Fujisaki K. Epidemiological study of 
equine piroplasmosis in Mongolia. Vet Parasitol 2005;127:29-
32. 

12. Elata A, Mossaad E, Satti R, Matar N, Ohari Y, Xuan X, Inoue 
N, Suganuma K. Serological and molecular detection of se-
lected hemoprotozoan parasites in donkeys in West Omdur-
man, Khartoum State, Sudan. J Vet Med Sci 2020;82:286-293. 

13. Li J, Li Y, Moumouni PFA, Lee SH, Galon EM, Tumwebaze 
MA, Yang H, Liu M, Guo H, Gao Y, Benedicto B, Zhang W, 
Fan X, Chahan B, Xuan X. First description of Coxiella bur-
netii and Rickettsia spp. infection and molecular detection of 
piroplasma co-infecting horses in Xinjiang Uygur Autono-
mous Region, China. Parasitol Int 2020;76:102028. 

14. Xuan X, Chahan B, Huang X, Yokoyama N, Makala LH, Iga-
rashi I, Fujisaki K, Maruyama S, Sakai T, Mikami T. Diagnosis 
of equine piroplasmosis in Xinjiang province of China by the 

(Fig. 1B). However, those have never been observed to infect 
horses in any previous report. While T. luwenshuni and T. ori-
entalis have been reported in infected water deer and cattle in 
the ROK, respectively [16,17], there are no reports of T. sinensis 
and T. annulata among 4 Theileria spp. in ROK. Additionally, 
two horses confirmed with Theileria spp. showed no clinical 
signs. Thus, two Theileria spp. might be non-pathogenic.

In conclusion, EP by T. equi was found in ROK during 2016-
2017, showing 0.06% T. equi-positivity. It is still low prevalence, 
compared with that of during 2007-2010. Furthermore, there 
was no T. equi-transmissible tick species in surrounding of T. 
equi-positive ranch. However, the predominant tick species in 
horse, H. longicornis, can transmit T. equi experimentally. There-
fore, the monitoring of EP pathogens in horses and ticks will be 
useful for accomplishing EP-free status in ROK.
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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. 

Successful management of systemic lupus 
erythematosus with levamisole in a 
Dachshund dog 

Dong-Hyun Kim1, Hyun-Jung Han2, Jung-Hyun Kim3,* 
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Hospital, Seoul 05029, Korea 
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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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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/
μL; reference interval, 5,050-16,760/μL) and mild thrombocy-
tosis (520 ×  103/μL; reference interval, 148-484 ×  103/μL). 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 
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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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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-

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 (Treg) cells are a subset of CD4+ cells that suppress 
and inhibit autoreactive lymphocytes. Treg cells increase the 
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 Treg 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 Treg cells in the treat-
ment of SLE is also restored by levamisole [5]. To modulate Treg 

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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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).



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

Korean J Vet Res 2021;61(1):e1  •  Dong-Hyun Kim et al.

4 / 5

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. 
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Case Report

Chronic hypertrophic pyloric gastropathy is common in small, purebred, mid-
dle- to old-aged dogs [1,2]. Hypertrophic gastropathy is described as a condition 
of unknown origin but associated with Helicobacter pylori in 90% of patients in 
human medicine [3]. The breeds included Maltese, Shih-Tzu, Yorkshire Terrier, 
and Chihuahua with mean age at presentation of 8.8 years, ranging from 3 to 15 
years [1,2]. Approximately twice as many male as female dogs are affected [1], 
presenting with clinical signs such as chronic vomiting, weight loss, polydipsia, 
depression, lethargy, anorexia, and abdominal pain [2]. Definitive diagnosis of 
chronic hypertrophic pyloric gastropathy requires a full-layer biopsy of the stom-
ach, and diagnostic imaging can aid the diagnosis of chronic hypertrophic pyloric 
gastropathy [1]. But diagnostic imaging reports of hypertrophic pyloric gastropa-
thy are rare, and computed tomography (CT) reports only one case. This report 
describes a diagnostic imaging and treatment of hypertrophic pyloric gastropathy 
with Helicobacter spp. in a dog. 

A 12-year-old, castrated male, mixed dog weighing 4.85 kg was referred with a 
history of gradual abdominal distention for a year and anorexia recently. During 
physical examination, no significant findings were found except abdominal dis-
tention with serum chemistry showing hypochloremia (99 mmol/L, reference 
range 102 to 117 mmol/L). 

Abdominal radiography showed a gastric distention with fluid (Fig. 1A and B). 
Thoracic radiography showed no significant findings. Abdominal ultrasonogra-
phy revealed a solitary, pedunculated, heterogeneous mass (24.4 ×  24.5 mm) 

A 12-year-old, castrated male, mixed dog presented with a history of gradual abdomi-
nal distention for a year and anorexia recently, with abdominal radiographs showing a 
gastric pylorus distention. A solitary, pedunculated, heterogeneous mass arising from 
the mucosal layer in the pylorus with intact wall layers was identified during ultra-
sound and computed tomography. The gastric muscular layer was evenly thick. After 
surgical excision of the mass, histological examination confirmed hypertrophic pyloric 
gastropathy with polypoid growth and Helicobacter spp. infiltrating the gastric mucosal 
epithelium. This is the first reported diagnostic imaging case of hypertrophic pyloric 
gastropathy with Helicobacter spp. in a dog.

Keywords: dogs; hypertrophic pyloric gastropathy; Helicobacter; ultrasonography; diag-
nostic imaging
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mm) in craniodorsal pyloric wall with remarkable homoge-
neous contrast enhancement and normal wall layers was de-
tected (Fig. 2). A pyloric canal was narrowed (3 mm diameter 
on the sagittal plane). A splenic lymph node was round and en-
larged (6.7 ×  9.9 mm) with normal contrast enhancement and 
a cyst-like component. Muscular layer hypertrophy in the pylo-
rus and duodenum was identified. Based on radiography, ultra-
sound, and CT findings, differential diagnosis includes chronic 
hypertrophic pyloric gastropathy, gastric polyps, granuloma-
tous gastritis, and less likely a gastric tumor.

After surgical excision of the mass, hypertrophic pyloric gas-
tropathy with polypoid growth was histopathologically con-
firmed based on cystic hyperplasia of the gastric mucosal epi-

arising from the mucosal layer and protruding within the lu-
men of the pylorus with intact wall layers. An evenly thick hy-
poechoic muscular layer (4 mm) was evident (Fig. 1C and D). 

CT examination was performed using 32-multislice CT 
(Revolution; GE Healthcare, United Kingdom). The patient 
was positioned in ventral recumbency on the CT table under 
general anesthesia, having scanning parameters of 120 kV, 85 
mA, and 0.6 mm slice thickness. Contrast study was performed 
after intravenous administration of 600 mgI/kg iohexol (Bon-
orex 300 Inj.; Daehan Pharm, Korea) injected for 20 seconds 
using autoinjector (A–60; Nemoto Kyorindo Co., Japan), ob-
taining delayed phase postcontrast CT images 90 seconds after 
injection. A narrow-based, polypoid mass (13.8 ×  23.3 ×  28.9 

Fig. 1. Right lateral (A) and ventrodorsal (B) abdominal radiographs and ultrasonographic images of the stomach (C, D). Gastric distention 
(arrows) is identified. Solitary, pedunculated, heterogeneous mass arises from the mucosal layer and protrudes within the lumen in the 
pyloric lesion with intact wall layer (C, D). Pyloric muscle layer is evenly thickened (arrowheads).
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gastric emptying [1,5]. The patient in the present study was 
considered to be nonobstructive hypertrophic pyloric gastropa-
thy with nonspecific radiographic signs including mild gastric 
distension. 

Ultrasound and CT are useful for differentiating the underly-
ing disease for pyloric obstruction and grading the hypertro-
phic pyloric gastropathy [1,5]. In a previous study, hypertrophic 
pyloric gastropathy can be graded according to the distribution 
of gastric layers on histopathology and identified correlation 
histopathological findings with ultrasound [1]. Grade 1 is char-
acterized by a thickened muscular layer, while grade 2 has both 
mucosal hyperplasia and muscular hypertrophy [1]. Grade 3 is 
characterized by mucosal hyperplasia with glandular and fove-
olar hyperplasia, glandular cystic dilatation, and mucosal/sub-
mucosal inflammation [1]. The classification system has a 
bearing on the appropriate surgical management of the condi-
tion [1]. In the same study, dogs with grades 1 or 2 show at least 

thelium and infiltration of chronic-active inflammatory cells. 
Histological examination identified helical-shaped bacteria, 
Helicobacter spp., infiltrating the gastric mucosal epithelium 
(Fig. 3). After the 11-day follow-up, the dog was in good condi-
tion with no surgery complication. 

Hypertrophic pyloric gastropathy causes the obstruction of 
the pyloric lumen or restriction of the luminal dilation and 
other conditions such as gastric polyps, granulomatous gastri-
tis, tumors, pyloric foreign body, and intussusception [4]. These 
diseases’ nonspecific clinical signs include vomiting, pain, and 
distention of the upper abdomen usually after a meal [5]. Non-
obstructive hypertrophic pyloric gastropathy can be subclinical, 
when the pyloric canal is sufficiently patent, allowing gastric 
contents to empty into the duodenum despite being thickened 
[6]. Radiological findings are nonspecific for pyloric obstruc-
tion induced by hypertrophic pyloric gastropathy but can re-
veal a distended stomach with fluid or gas in the case of delayed 

Fig. 3. Histopathological section of the pyloric mass. Cystic hyperplasia of the gastric mucosal epithelium, with thickened gastric 
muscularis and broad edematous lesions, and infiltration of chronic-active inflammatory cells are identified. Helical-shaped bacteria 
infiltrate the gastric mucosal epithelium (arrows) (hematoxylin-eosin stain; A: ×50, B: ×1,000).

BA

Fig. 2. Non-contrast (A) and postcontrast transverse (B), dorsal (C) CT images of the caudal abdomen. A narrow-based, polypoid mass 
(arrows) in craniodorsal pyloric wall is identified. The wall layer of the mass is intact and shows homogeneous contrast enhancement.
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tential phenotypic alterations in canine spontaneous gastric 
polyps was investigated [13]. The presence of H. pylori seems 
to induce overexpression of cyclooxygenase-2 in the deeper 
glands of gastric polyps, leading to an increased expression of 
this enzyme through the production of proinflammatory cyto-
kines [13]. H. salomonis, H. felis, H. bizzozeronii, and H. heil-
mannii sensu stricto are the predominant gastric Helicobacter 
spp. in cats and dogs [14]. These non-H. pylori Helicobacter 
species have significant correlations with mild to moderate epi-
thelial injury and mild to moderate intraepithelial lymphocyte 
infiltration of the canine stomach [14]. Based on previous stud-
ies, Helicobacter spp. and polypoid growth are related in this 
study. 

In conclusion, an ultrasound of the gastric wall is useful for 
differentiating hypertrophic pyloric gastropathy from the other 
pyloric disease. The sonographic and CT features of hypertro-
phic pyloric gastropathy are intact wall layer and focal wall 
thickening. Helicobacter spp. in the stomach can induce hyper-
trophy or chronic inflammation. When thickened muscular 
layer with intact wall layering of the pylorus was identified on 
ultrasound and CT in dogs, chronic hypertrophic pyloric gast-
ropathy should be considered in differential diagnosis. Helico-
bacter test (such as histopathology or kit) is suggested since the 
bacteria can cause the underlying inflammation. Long-term 
antibacterial therapy is needed for eradication.
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the following symbols, in sequence: *, †, ‡, §, ||, ¶, **, ††, ††††

Draw each curve with a different kind of line (solid, dashed or 
dotted) or with a different symbol for the plotted points dot, trian-
gle and square in order of ○, ●, △, ▲, □, ■, ◑ ···. All figures 
should be created with applications that are capable of preparing 
high resolution in TIFF, JPEG or PPT files acceptable for publica-
tion. Diagrams and photographs submitted in electronic format 
must be of the following minimum resolutions:

*600 dpi for photographs or halftones only, in both B/W or color
*600 dpi for photographs or halftones with line art work as insets 

or lettering
*1200 dpi for line art work and artwork with greyscale

All kinds of figures may be reduced, enlarged or trimmed for 
publication by the Editor. The figure numbers should be appeared 
directly at the lower left corner. Symbols, arrows, or letters used in 
photographs could be possible to rearrange for journal format.

Nomenclatures, units, and abbreviations
Nomenclatures for chemicals and biochemicals, microorganism, 

and genes should follow the guidelines in the instructions to au-
thors of journals published by American Society for Microbiology. 
SI units (System International Units) should be used whenever pos-
sible. Abbreviations should be used for those recommended by IU-
PA-IUB Commission on Biochemical Nomenclature and Related 
Documents. In addition to abbreviation to SI unit, other common 
abbreviations may be used without definition and the same abbre-
viations are used for plural forms: hour(s) =  h, minute (s) =  min, 
second(s) =  sec, liter(s) =  L, mililiter(s) =  mL, meter (s) =  m, 
centimeter(s) =  cm, gram(s) =  g, miligram(s) =  mg, microliter (s) 
=  μL, micrometer(s) =  μm, micron(s) =  μm, standard deviation 
=  SD, standard error =  SE, molar =  M, mole =  mol.

6. Alteration in proof

The Korean J Vet Res provides corresponding author with galley 
proofs for their correction. Corrections should be kept to mini-

mum. The Editor retains the prerogative to question minor stylistic 
alterations and major alteration that might affect the scientific con-
tent of the paper. Fault found after publication is a responsibility of 
the authors. We urge our contributors to proofread and their ac-
cepted manuscript very carefully. The corresponding author may 
be contacted by Editorial Office, depending on the nature of cor-
rection in proof. If the proof is not returned to Editorial Office 
within 48 hours, it may be necessary to reschedule the paper for a 
subsequent issue. Extensive alteration in proof cause delays in pub-
lication.

Reprint: The author who orders reprint copies should send re-
print requests to the printing office with the corrected proofs. The 
author will be charged the reprint cost. Contact the Printing office, 
M2PI (E-mail: support@m2-pi.com), with any questions.

7. Research and publication ethics

For the policies on the research and publication ethics not stated 
in this instructions, ‘Good Publication Practice Guidelines for Medi-
cal Journals (http://kamje.or.kr/publishing_ethics.html)’, ‘Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Writing and Editing for Biomedical Publication (www.icmje.org)’ 
‘COPE flow chart (http://publicationethics.org/)’ or ‘Guidelines on 
good publication (www.publicationethics.org.uk)’ can be applied.

Animal experiments also should be reviewed by an appropriate 
committee (IACUC) for the care and use of animals. The Editor of 
Korean J Vet Res may request submission of copies of IACUC ap-
proval. Also studies with pathogens requiring a high degree of bio-
safety should pass review of a relevant committee. When the Korean 
J Vet Res faces suspected cases of research and publication miscon-
duct such as redundant (duplicate) publication, plagiarism, fraudu-
lent or fabricated data, changes in authorship, an undisclosed con-
flict of interest, ethical problems with a submitted manuscript, a re-
viewer who has appropriated an author’s idea or data, complaints 
against editors, and so on, the resolution process will follow the 
flowchart provided by the Committee on Publication Ethics (http://
publicationethics.org/resources/flowcharts). The discussion and de-
cision on the suspected cases are carried out by the Editorial Board.

Redundant publication and plagiarism: Redundant publication 
occurs when two or more papers, without full cross reference, share 
the same hypothesis, data, discussion points, or conclusions. Plagia-
rism ranges from the unreferenced use of others’ published and un-
published ideas, including research grant applications to submis-
sion under “new” authorship of a complete paper, sometimes in a 
different language. It may occur at any stage of planning, research, 
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writing, or publication: it applies to print and electronic versions. 
The Korean J Vet Res will follow the COPE flow chart (http://publi-
cationethics.org/) for settlement of any misconduct.

Authors should specify, in the cover letter, any potential overlap 
with other already published material or material being evaluated 
for publication and should also state that the submitted manuscript 
substantially differs from this other material.

Authorship: The Korean J Vet Res follows the recommendations 
for authorship by the International Committee of Medical Journal 
Editors (ICMJE, 2010, http://www.icmje.org) and the Good Publi-
cation Practice Guidelines by the Korean Association of Medical 
Journal Editors (KAMJE, 2008, http://kamje.or.kr). The Uniform 
Requirements by the ICMJE recommends authorship as follows. 
“Authorship credit should be based on 1) substantial contributions 
to conception and design, acquisition of data, or analysis and inter-
pretation of data; 2) drafting the article or revising it critically for 
important intellectual content; 3) final approval of the version to be 
published; and 4) agreement to be accountable for all aspects of the 
work in ensuring that the questions related to the accuracy or integ-
rity of any part of the work are appropriately investigated and re-
solved. Authors should meet these 4 conditions. If any persons who 
do not meet the above four criteria, they may be placed as contrib-
utors in the Acknowledgments section.

Beyond the ICMJE recommendations, the KAMJE guidelines 
suggest that all authors should make a substantial intellectual con-
tribution to the publication, the guidelines warn against authorship 
abuse, and list common types of abuse. Authorship is an important 
aspect of research publication, and all involved authors should 
agree whole contents of the document including authorship. Con-
tributors should be differentiated from authors as recommended by 
the ICMJE. The Korean J Vet Res does not correct authorship after 
publication unless any mistake has been made by the editorial staff. 
Authorship may be changed before publication but after submis-
sion when an authorship correction is requested by all authors in-
volved.

8. Research involving animals

A statement explicitly describing the ethical background to this 
study and any institutional or national ethical committee approval 
must be included within the manuscript.

Animal studies: A statement indicating that the protocol and 
procedures employed were ethically reviewed and approved, and 
the name of the body giving approval, must be included in the 
Methods section of the manuscript. We encourage authors to ad-
here to animal research reporting standards, for example the AR-
RIVE reporting guidelines (https://www.nc3rs.org.uk/arrive-guide-
lines) for reporting study design and statistical analysis; experimen-
tal procedures; experimental animals and housing and husbandry. 
Authors should also state whether experiments were performed in 
accordance with relevant institutional and national guidelines and 
regulations for the care and use of laboratory animals.

Animal ethics-based criteria for manuscript consideration: 
Manuscripts will be considered for publication only if the work de-
tailed therein:

1) Follows international, national, and/or institutional guidelines 
for humane animal treatment and complies with relevant leg-
islation

2) Has been approved by the ethics review committee at the insti-
tution or practice at which the studies were conducted where 
such a committee exists

3) For studies using client-owned animals, demonstrates a high 
standard (best practice) of veterinary care and involves in-
formed client consent

Prior to acceptance of a manuscript, to verify compliance with 
the above policies, the authors must specify in Materials and 
Methods the ethical review committee approval process and 
the international, national, and/or institutional guidelines fol-
lowed.

Animal ethics-based criteria for manuscript rejection:
1) Manuscripts and authors that fail to meet the aforementioned 

requirements
2) Studies that involve unnecessary pain, distress, suffering, or 

lasting harm to animals
3) The Editors retain the right to reject manuscripts on the basis 

of ethical or welfare concerns

9. Additional information

Publication charge: The publication fee is US$ 300 up to 3 pag-
es, and US$ 50 per additional page, indexing charge US$ 100. If a 
certificate of English proofreading is missing before submitting the 
article, English editing is carried by the journal, and the journal will 
charge the English editing fee according to the invoiced.
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Author’s checklist

☐  To proceed submission, you need to check the following. Manuscript that do not meet the guide lines mentioned below will be immedi-
ately returned to the author.

☐  An invoice will be sent to the corresponding author with galley proof of an article before publication in journal. Publication of an article 
will be delayed until the whole cost is paid.

English proofreading
☐  If the certificate for English language revision is not submitted, Authors will be charged for the English editing service.

Cover letter
☐  An acknowledgement that the manuscript has not been published is included.
☐  An acknowledgement that all authors have contributed significantly and that all authors are in agreement with the content of the manu-

script is included.
☐  An acknowledgement that all authors agree to the conditions outlined in the copyright assignment form is included.

Manuscript
☐  The manuscript should be in the following sequence: abstract, keywords, introduction, materials and methods, results, discussion, ac-

knowledgments, references, tables, and figure legends.
☐  In case of short communication and case report, do not use section heading (introduction, materials and methods, results, and discus-

sion etc.). The manuscript should be in a single section. The abstract, keywords, references are identical to that of articles.
☐  The Manuscript is typed double-spaced (including references, tables, figure legends, and footnotes) on each every side only of A4 sized 

white paper with 2.5 cm margin.
☐  Standard abbreviations are used in the list provided by the Koran Journal of Veterinary Research and spelled out in parentheses in its first 

use in the text.
☐  Page number is placed at bottom of each page.
☐  Text lines must be numbered. Each page should begin with line no. 1.

Title Page
☐  In the top margin of the first page of each paper, the kind, and field of the paper should be noted.
☐  Title is concise and informative. A running title is provided if the title exceeds 10 words.
☐  The authors’ names are listed as follows: first name, middle initial(s), and family name and the hospital or institution at which the research 

was undertaken is included.
☐  The name, full postal address, telephone and facsimile numbers and E-mail address of the author to whom correspondence should be sent, 

is provided.
☐  Authors should involve an Open Researcher and Contributor Identifier (ORCID) at the title page.
☐  Information concerning sources of financial support should be placed on the title page for blind review apart from acknowledgement.

Abstract
☐  An abstract of no more than 200 words (original article) or 100 words (short communication and case report) is described in one para-

graph under the following contents: purpose, methods, results, and conclusions.
☐  A list of keywords (5 words or less) are provided below the abstract using the Medical Subject Headings list from Index Medicus.



Body of paper
☐  Ethical guideline for human or animal study is described.
☐  Statistical method used is outlined.
☐  Drugs and chemicals are identified by generic name (manufacturer name and country are given).

References
For references editing and author's convenience, we present the sample file of references style in journal homepage (http://www.kjvr.org).
☐  References should be written in English.
☐  References should be numbered in the order they appear in the text.
☐  References are typed double-spaced on sheets separate from the text and numbered consecutively. The number of references does not 

exceed 40 in original article and 15 in short communications and case reports.
☐  Cite each listed reference in the text by number in square brackets.
☐  The style and punctuation of the references conform to the style of the recent issue of Korean Journal of Veterinary Research.
☐  Journal titles are abbreviated in accordance with the style of Index Medicus.
☐  Unpublished observations, proceedings, abstracts, websites, and personal communications are not listed as references.

Tables
☐  Arrange the data so that columns of like material read down, not across.
☐  Tables are typed double-spaced on a separate sheet, accompanied by table number and title above table and explanatory notes below.
☐  Each table is numbered according to order of citation.

Figures
☐  All figures are included.
☐  Acceptable formats for figures are TIFF, JPEG and PPT.
☐  Each figure is numbered according to the order of citation.
☐  All figures should be correctly exposed, sharply focused, and prepared in files of at least 600 dpi.
☐  Symbol, arrows, and letters are clear and of sufficient size to retain legibility when reduced by 50%.

Table and Figure legends
☐  Table and Figure legends should be written in English.
☐  Legends are typed double-spaced on a separate sheet.
☐  Symbols, arrows, and letters used to indicate parts of illustrations are identified in the legend.

Publication charge
☐  All authors recognize the publication fees.

Option
☐  Recommendation for three appropriate potential reviewer
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