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Introduction 

Mammary gland tumors (MGTs) are the most common neoplasm in intact fe-
male dogs that account for over 40% of all tumors [1,2]. Surgical resection remains 
the standard treatment for most types of MGTs, except in cases of inoperable 
highly metastatic disease and most inflammatory mammary carcinomas [1,3,4]. 
Surgical efficacy and feasibility depend on the number of tumors, tumor size, lo-
cation, and patient status [5]. Dogs in early stages of tumor progression, according 
to the TNM classification of malignant tumors, and small tumors are often treated 
effectively with surgery alone. Dogs with benign MGTs and approximately 50% of 
dogs with malignant MGTs are also treated with surgery alone [6,7]. 

The risk factors that influence the prognosis of dogs with MGTs include age, 
ovariohysterectomy (OHE) at the time of tumor resection, tumor size, TNM stage, 
and tumor histopathological type. Increased age has been associated with lower 
2-year survival rates in dogs with MGTs [8]. It has been reported that there is no 
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Original Article

Abstract

Canine mammary gland tumors are the most common neoplasms in intact female 
dogs. Approximately half of all mammary tumors are malignant, and there is a risk 
of metastasis, which is associated with a poor prognosis. This study was to evaluate 
the prognostic factors of canine mammary gland tumors and the risk factors associ-
ated with the development of malignant tumors. From 2014 to 2020, 60 dogs with 
mammary gland tumors that underwent surgical treatment were evaluated in this 
retrospective study. Tumor size, TNM stage, and histopathological results were 
prognostic factors for 2-year survival after surgery. Every 10 mm increase in tumor 
size, increased the risk of death within 2 years after surgery 1.213 times. Dogs with 
TNM stage IV or V had 8.667 fold risk of death within 2 years after surgery. The 
2-year survival rate for dogs with benign tumors was 90.2% and for malignant tu-
mors was 67.3%. Tumor size is the most important prognostic factor for canine 
mammary gland tumors. As tumor size increased by 10 mm, the risk for develop-
ment of malignant tumors increased by 1.487 times. Tumors larger than 30 mm are 
highly likely to be malignant, and metastatic evaluation and wide resection should 
be considered. 

Keywords: dogs; mammary gland tumor; risk factors; tumor size  
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prolonged survival time in dogs with OHE at the time of tumor 
resection, compared with dogs that were not spayed [9-11]; 
however, dogs treated with OHE at the time of tumor resection 
lived significantly longer than dogs treated with tumor removal 
alone [12]. Tumor size is one of the most important risk factors 
associated with the prognosis of dogs with MGTs [13-16]. Dogs 
with a low-level TNM stage lived significantly longer than dogs 
in late stage [15-18]. Metastasis to regional lymph nodes, distant 
metastasis, and TNM stage are strongly associated. Approxi-
mately 35% to 50% of canine MGTs are malignant [4] and most 
malignant tumors eventually metastasize [19]. The likelihood of 
metastasis increases when the tumor is malignant [17,20].  

Preoperative evaluation of prognosis provides the veterinari-
an with important information that may influence treatment 
planning. The purpose of this study was to evaluate the prog-
nostic factors of MGTs in dogs and to suggest appropriate 
guidelines for treatment. 

Materials and Methods 

Study population and inclusion criteria 
The medical records of dogs with MGTs that received surgi-

cal treatment at the Chungnam National University Veterinary 
Medical Teaching Hospital from 2014 to 2020 were reviewed 
and included in this study. Dogs without preoperative examina-
tion results, histological examination results, or follow-up data 
were excluded from this study. Data obtained from the medical 
records, including clinical data such as signalment, blood analy-
sis results (complete blood count, serum biochemical profile), 
and cytological examination results (fine needle aspiration), 
were included. Tumor number, size, and location were also in-
cluded. Tumor size was decided as the maximum diameter of 
the tumor among all of the MGTs for each dog. Thoracic radi-
ography and standard abdominal ultrasonography were per-
formed. Computed tomography was performed in patients with 
malignant tumors. Tumor resection was performed based on 
the diagnostic examination, and surgical techniques (lumpecto-
my, simple mastectomy, regional mastectomy, unilateral mas-
tectomy or total mastectomy) were recorded. Histopathological 
examination was performed after the tumor resection. The clin-
ical stage of the MGTs was assigned according to a modified 
version of the World Health Organization TNM staging classifi-
cation [3,21]. 

Follow-up examination 
Follow-up examinations, including physical examination and 

imaging procedures (thoracic radiography and abdominal so-

nography), were performed every 3 months after surgery. When 
follow-up examinations were not possible, data were obtained 
through telephone interviews with the owners. Follow-up data 
included local relapse, distant metastasis, and MGT-related 
death. The dogs died by metastasis, rucurrence or euthanatized 
for MGT was defined as MGT-related death. In dogs that died 
of causes unrelated to the MGTs, death was defined as censored 
data for calculating survival time. 

Statistical analysis 
The data obtained included sex, age, body weight, number of 

tumors, tumor size, TNM stage, histopathological results, surgi-
cal procedures, ovario-uterine disease, relapse, and death. Over-
all survival (OS) and disease-free period (DFP) were evaluated. 
OS was calculated from the date of surgical removal of the tu-
mor to the date of death or the last follow-up date. The DFP was 
defined as the period from tumor resection to relapse. Ka-
plan-Meier survival curve analysis was used to create catego-
ry-specific survival curves. The Cox proportional hazards mod-
el was used to estimate the effect of each factor (sex, age, body 
weight, the number of tumors, tumor size, lymph node involve-
ment, distant metastasis, TNM stage, histopathological results, 
surgical procedures, ovario-uterine disease, and OHE with tu-
mor resection) potentially associated with survival time after 
tumor resection. The Mann-Whitney test was used to investi-
gate the differences between benign and malignant tumors de-
pending on their size. Logistic regression was used to estimate 
the risk factors (sex, age, body weight, number of tumors, tu-
mor size, and ovario-uterine disease) associated with malignant 
MGTs. All statistical analyzes were performed using commer-
cial statistical software (IBM SPSS Statistics ver. 24.0; IBM 
Corp., USA). 

Results 

In this study, 69 dogs underwent tumor resection for the sur-
gical treatment of MGTs. Of those, 7 dogs that had no histologi-
cal examination and 2 dogs that had no follow-up data were ex-
cluded. A total of 60 dogs that received surgical treatment for 
MGTs between 2014 and 2020 met the criteria for inclusion in 
the study.  

The breed distribution was as follows: Beagle (n =  1), Chi-
huahua (n =  1), Cocker Spaniel (n =  4), Jindo (n =  2), Maltese 
(n =  15), miniature Pincher (n =  1), miniature Schnauzer (n =  
2), mixed (n =  8), papillon (n =  1), Pomeranian (n =  2), Poo-
dle (n =  9), Shih Tzu (n =  7), Spitz (n =  1), Welsh Corgi (n =  
1), and Yorkshire Terrier (n =  5).  
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Of a total of 60 dogs, 51 dogs (85.0%, 51/60) were intact fe-
males and 9 dogs (15.0%, 9/60) were spayed females. There 
were 36 dogs (60.0%, 36/60) with benign tumors (complex ade-
noma [n =  16], adenoma [n =  10], and benign mixed tumor [n 
=  10]) and 24 dogs (40.0%, 24/60) with malignant tumors (ad-
enocarcinoma [n =  13], carcinoma [n =  9], extraskeletal osteo-
sarcoma [n =  1], and soft tissue sarcoma [n =  1]). Of the intact 
female dogs, 32 had benign tumors and 19 had malignant tu-
mors. Of the spayed female dogs, 4 dogs had benign tumors 
and 5 dogs had malignant tumors. 

The incidences of benign and malignant tumors are summa-
rized in Table 1. The mean age of the subjects with benign tu-
mors was 10.9 ±  3.1 years (median, 11.0; range, 3.0-18.0 years) 
and mean body weight was 5.4 ±  4.2 kg (median, 3.8; range, 
2.1-24.0 kg). The mean age for malignant tumors was 11.7 ±  2.9 
years (median, 12.0; range, 2.0-16.0 years) and mean body 
weight was 5.1 ±  2.6 kg (median, 4.6; range, 2.0-11.0 kg). 

In this study, there was a significant difference between tumor 
size and histopathological tumor type (p =  0.008). The mean 

size ±  standard deviation of benign tumors was 20.0 ±  15.2 
mm (median, 15.5 mm; range, 3-60 mm) and for malignant tu-
mors, 48.7 ±  40.2 mm (median, 37.5 mm; range, 7-141 mm). 
Tumor size was correlated with malignancy (p =  0.002). 

As tumor size increased by 10 mm, the risk of developing 
malignant tumors increased 1.487 times (p =  0.004). Tumors 
larger than 50 mm had an 11.815–fold risk of developing into 
malignant tumors compared to tumors less than 30 mm (p =  
0.001). 

Tumor size, malignancy and high-level TNM stage were sig-
nificantly associated with 2-year survival after tumor resection 
(Table 2). Every 10 mm increase in tumor size, increased the 
risk of death within 2 years after tumor resection 1.213 times (p 
=  0.011). Dogs with tumors larger than 50 mm had a 5.448 
higher risk of death within 2 years after tumor resection com-
pared to those with tumors less than 30 mm (p =  0.021). In dog 
with the presence of lymph node involvement, the risk of death 
within 2 years after tumor resection increased by 8.667 times (p 
=  0.001) compared to those with no lymp node involvement, 
whereas in dogs with the presence of distant metastasis, the risk 
was increased 72.665 times (p =  0.003) compared to those with 
no distant metastasis. Dogs with high-level TNM stage (IV or 
V) were 8.667 times at risk of death within 2 years after tumor 

Table 1. Incidence of benign and malignant mammary gland tumors 
in 60 dogs

Variable
Number of dogs (%)

Benign Malignant Total
Sex
  Female 32 (62.7) 19 (37.3) 51 (85.0)
  Spayed female 4 (44.4) 5 (55.6) 9 (15.0)
Age (y) 10.9 ±  3.1 11.7 ±  2.9 11.2 ±  3.0
Body weight (kg) 5.4 ±  4.2 5.1 ±  2.6 5.3 ±  3.6
Number of tumors
  Solitary 7 (77.8) 2 (22.2) 9 (100.0)
  Double 6 (66.7) 3 (33.3) 9 (100.0)
  Multiple (≥  3) 23 (54.8) 19 (45.2) 42 (100.0)
Tumor size (mm)
  T1: <  30 29 (76.3) 9 (23.7) 38 (100.0)
  T2: ≥  30, <  50 4 (50.0) 4 (50.0) 8 (100.0)
  T3: ≥  50 3 (21.4) 11 (78.6) 14 (100.0)
TNM Stage
  I 28 (82.4) 6 (17.6) 34 (100.0)
  II 5 (62.5) 3 (37.5) 8 (100.0)
  III 3 (25.0) 9 (75.0) 12 (100.0)
  IV 0 (0.0) 5 (100.0) 5 (100.0)
  V 0 (0.0) 1 (100.0) 1 (100.0)
Ovario-uterine disease
  Spayed female 4 (44.4) 5 (55.6) 9 (100.0)
  Female: present 26 (61.9) 16 (38.1) 42 (100.0)
  Female: absent 6 (66.7) 3 (33.3) 9 (100.0)

Values are presented as number (%) or mean ± standard deviation.

Table 2. Prognostic factors associated with 2-year survival after 
surgery in 60 dogs with mammary gland tumors

p-value Hazard ratio 95% CI
Sex 0.436 0.535 0.111-2.581
Age (y) 0.183 1.176 0.926-1.493
Body weight (kg) 0.704 1.031 0.870-1.221
Number of affected mam-

mary glands
0.212 1.149 0.924-1.428

Number of tumors
  Solitary 0.866 Referent NA
  Double 0.989 50,748.756 0.000-2.007
  Multiple (≥  3) 0.957 89,401.784 0.000-3.521
Tumor size (10 mm) 0.011 1.213 1.046-1.406
Tumor size (T)
 T1: <  30 mm 0.063 Referent NA
 T2: ≥  30 mm, <  50 mm 0.669 1.644 0.169-15.990
 T3: ≥  50 mm 0.021 5.448 1.295-22.923
Regional lymph node  

involvement (N)
0.001 8.667 2.319-32.394

Distant metastasis (M) 0.003 72.665 4.453-1,185.538
TNM stage I, II, III vs. IV, V 0.001 8.667 2.319-32.394
Histopathological result 0.022 6.29 1.304-30.351
Ovario-uterine disease 0.748 1.416 0.170-11.790
OHE at tumor resection 0.535 0.535 0.000-986.226

CI, confidence interval; NA, not available; OHE, ovariohysterectomy. 
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resection compared to those with low-level TNM stage (I, II, or 
III). 

There was a significant difference in the 2-year survival rate 
between dogs with low-level TNM stage and high-level TNM 
stage (p <  0.001). The 2-year survival rate for dogs with 
low-level TNM stage was 87.8%, and 33.3% for dogs with 
high-level TNM stage (Fig. 1A). Mean survival time of dogs 
with low-level TNM stage was 22.2 ±  0.8 months, but for those 
with a progressed TNM stage was 11.2 ±  3.6 months. 

The 2-year survival rate for dogs with benign tumors was 
90.2% and for malignant tumors was 67.3% (Fig. 1B). Mean 
survival of dogs with benign tumors was 23.1 ±  0.6 months, 
but 17.7 ±  2.0 months for dogs with malignant tumors. There 
was a significant difference in the 2-year survival rate after tu-
mor resection between benign and malignant tumors (p =  
0.008). 

Of the total of 60 dogs, 17 dogs (28.3%, 17/60) died within 2 
years after tumor resection. Of the 17 dogs, 8 had benign tu-
mors. One dog with a benign tumor died due to the occurrence 
of inflammatory carcinoma. Another dog died during chemo-
therapy because of tumor relapse and lymph node metastasis. 
Six dogs with benign tumors died from unrelated causes of 
MGTs. Nine dogs with malignant tumors died within 2 years, of 
which 7 died by MGTs and 2 died from unrelated causes.  

Discussion 

This study analyzed 60 cases of canine MGTs to evaluate the 
prognosis after tumor resection. Previous studies revealed that 
the prognostic factors of dogs with MGTs are age, tumor size, 
TNM stage, and OHE at the time of tumor resection [6,8-11,13-
15,17-18, 22]. 

Approximately 35% to 50% of canine MGTs are malignant 
[6]. Similar to previous studies, the rate of dogs with malignant 
tumors was 40.0% (24/60) in the present study. One study re-
ported that the risk for incidence of malignant tumors increases 
with increasing tumor size, in the study, the mean size of benign 
tumors was 21 mm and that of malignant tumors was 47 mm 
[20]. In this study, similar results were found that the mean size 
of benign tumors was 20 mm, but that of malignant tumors was 
48.7 mm. In addition, there was a correlation between tumor 
size and the incidence of malignant tumors. Only 23.7% of tu-
mors less than 30 mm were malignant, but 50.0% of tumors be-
tween 30 mm and 50 mm, and 78.6% of tumors larger than 50 
mm were malignant. 

There have been no reports on the quantity of tumors related 
to the incidence of malignant tumors. There was no significant 
correlation between the number of tumors and malignancy in 
the present study. However, 22.2% of solitary MGTs, 33.3% of 
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Fig. 1. Kaplan-Meier analysis for 2-year survival rate of 60 dogs with mammary gland tumors after surgery according to (A) clinical 
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double MGTs, and 45.2% of multiple MGTs were diagnosed as 
malignant in this study. Considering this point, the possibility 
of malignancy could not be ruled out even for a single MGT. 
This could be the basis for early wide resection rather than sim-
ple mastectomy or lumpectomy. 

Several studies have revealed that inreased age, large tumor 
size, progressed TNM stage, and malignant tumors were related 
to poor prognosis [8,13-18,20]. Dogs with progressed TNM 
stage had shorter median survival time after tumor resection 
compared with dogs with clinical stage I, II, or III [17]. OHE at 
the time of tumor resection prolonged survival time in one 
study [12], but not in others [9-11]. 

According to several studies, the most important prognostic 
factor for canine MGTs is tumor size [13-16]. In this study, as 
the tumor size increased 10 mm, the risk of death within 2 years 
after surgery also increased 1.213 times (p =  0.011). In addi-
tion, tumor size was correlated with the development of malig-
nant MGTs. The larger the tumor size, the higher the likelihood 
of malignancy and metastasis, which are considered to affect 
the 2-year survival rate after tumor resection. 

Unlike tumor size, the side and location of affected glands 
have been reported to be unrelated to prognosis [17]. Likewise, 
in this study, the number of tumors and the number of affected 
mammary glands did not affect the incidence of malignant tu-
mors or the 2-year survival rate after tumor resection. Our re-
sults suggest that only tumor size was a risk factor associated 
with the development of malignant MGTs. 

Dogs with benign MGTs and approximately 50% of dogs with 
malignant MGTs are treated with surgery alone [6,7]. However, 
dogs that previously had MGTs have a risk of developing new 
tumors in other mammary glands. Because approximately 58% 
of dogs with MGTs relapse after surgical removal of benign tu-
mors, regional mastectomy is recommended, even with single 
tumors suspected to be benign [23]. 

In our cases, 9 dogs died due to MGTs within 2 years after tu-
mor resection: 2 dogs had benign tumors, and one of them died 
because of the occurrence of inflammatory carcinoma after sur-
gery. Another dog was diagnosed with tumor relapse and lymph 
node metastasis and died during chemotherapy. Except for 
these 9 dogs, dogs with benign tumors or without metastasis 
had a good prognosis. 

According to the results of present study, high-level TNM 
stage was closely related with the incidence of malignant tu-
mors. The larger tumor size, the more likely it is to be the ma-
lignant tumor, and the malignant tumor have the risk of metas-
tasis. Considering these points, tumor size is one of the most 
important factor associated with incidence of malignancy and 

2-year survival after tumor resection. Therefore, surgical inter-
vention in the early stages is considered to be helpful for in-
creasing the 2-year survival rate.  

In conclusion, the prognostic factors were tumor size and 
high-level TNM stage. Among these, tumor size could be an 
important criterion for the preoperative determination of ma-
lignant tumors. Because tumors larger than 30 mm are highly 
likely to be malignant, metastatic evaluation is required, and 
wide resection is recommended.  
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Introduction 

Feline panleukopenia virus (FPV), a member of the genus Protoparvovirus in 
the family Parvoviridae, is a small, non-enveloped, single-stranded DNA virus. 
The FPV genome contains approximately 5,200 nucleotides with 4 open reading 
frames (ORFs) encoding 2 non-structural proteins (NS1, NS2) and 2 structural 
proteins (VP1, VP2) [1]. The first ORF (which encodes the NS1 20.7 kDa poly-
protein) is associated with virus replication, transcription, and host cell apoptosis 
[2,3]. The second ORF (which encodes NS2 of 87 amino acids) controls capsid 
protein assembly and translation [4]. The third ORF (which encodes VP1) con-
tains the full sequence of VP2 and a 143-residue N-terminal sequence and is in-
volved in the nuclear transport of capsids and efficient cell infection [5]. The 4th 
ORF encodes VP2; this is the major capsid protein (constituting approximately 
90% of the entire capsid). VP2 controls the host range and contains several im-
portant B cell epitopes that induce protective (neutralizing) antibodies during in-
fection [6]. Of the 4 ORFs, the one encoding VP2 has been most commonly ex-
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Abstract

Feline panleukopenia virus (FPV) causes fatal leukopenia and severe hemorrhagic 
diarrhea in cats. Although FPV isolates have been reported worldwide from several 
animals, the biological and genetic features of South Korean FPVs remain unclear. 
We characterized molecularly South Korean FPV isolates. Crandell-Rees feline kid-
ney (CRFK) cells were used to isolate FPV from 60 organ homogenates. The isolates 
were confirmed to be FPVs via analyses of cytopathic effects, immunofluorescence 
studies, electron microscopy, and polymerase chain reaction. Viral genetic analyses 
used the full VP2 sequences. Eight isolates propagated in CRFK cells were con-
firmed to be FPVs. All isolates yielded viral titers ranging from 104.5 to 106.0 TCID50 

/mL 5 days after inoculation into CRFK cells and exhibited hemagglutination titers 
ranging from 27 to 212 (using pig erythrocytes). The Korean FPV isolates grew well 
in cat cells such as CRFK and Fcwf-4 cells. The FPV isolates were most similar to 
the KS42 strain isolated from a Korean cat in 2008. The FPV isolates will serve as 
useful antigens in future sero-epidemiological studies and will aid in the develop-
ment of diagnostic tools. 
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plored in terms of genetic and epidemiological characteristics. 
The VP2 protein has served as the antigen of subunit vaccines 
[6,7]. 

FPV is transmitted oronasally and fecally. FPV strains have 
been reported in the Felidae and (globally) in wild animals, in-
cluding raccoons, monkeys, and tigers [8,9]. The clinical signs 
of FPV infection in cats include a high fever, anorexia, vomit-
ing, and hemorrhagic diarrhea; about half of all infected ani-
mals die [10]. Virus neutralization, hemagglutination inhibi-
tion, and enzyme-linked immunosorbent assays of canine par-
vovirus (CPV) have been used to detect anti-FPV antibodies in 
cat sera [11,12]. The methods of diagnosing FPV infection in-
clude isolation of the virus, immunofluorescence, a one-step 
immunochromatographic assay, enzyme-linked immunosor-
bent assay, and polymerase chain reaction (PCR) [13]. Al-
though FPV infections were identified in South Korean cats in 
2011 [14,15], isolation of the virus and genetic analyses are 
lacking. 

In this study, we isolated 8 FPV isolates from naturally infect-
ed cats via 5 cycles of viral propagation in Crandell-Rees feline 
kidney (CRFK) cells. Here we define the biological features of 
the isolates and sequence their VP2 genes. 

Materials and Methods 

Samples 
In total, 60 samples (5 lungs, 6 spleens, 5 brains, 4 kidneys, 4 

livers, 3 hearts, 10 intestines, and 23 fecal samples) from 22 cats 
sent to the Animal and Plant Quarantine Agency of South Ko-
rea were used. Viruses were isolated from samples between 
March 2017 and October 2019. A 10% (w/v) homogenate of 
each sample (in Dulbecco’s modified Eagle’s medium [DMEM]) 
was centrifuged to remove tissue debris. All samples were 
passed through a 0.45-µm-pore syringe to remove bacteria. 

Virus isolation, cell tropism, and titration 
Samples (200 µL) were added to actively growing CRFK cells 

(the ATCC CCL-94 line) in 24-well plates, followed by incuba-
tion at 37°C for 1 hour. The media were removed, and 1 mL 
amounts of fresh DMEM with 5% (v/v) fetal bovine serum was 
added to each well. The plates were incubated under 5% (v/v) 
CO2 at 37°C for 5 days. The supernatants of cells exhibiting cy-
topathic effects (CPEs) were harvested and added to fresh 
CRFK cells (the second passage). If no CPE was observed after 
5 days, samples were considered negative for the virus. To ex-
plore cell tropism, we added one (FPV19D01) of the 8 FPV iso-
lates containing 103.0 TCID50/mL to 6 cell types growing in 25 

cm2 flasks: CRFK, Fcwf-4 (ATCC, CRL2728), BHK-21 (ATCC, 
CCL-10), A72 (ATCC, CRL-1542), Madin-Darby canine kidney 
(MDCK; ATCC, CCL-34), and Vero (ATCC, CCL81) cells. Af-
ter incubating for 5 days, each flask was frozen and thawed 3 
times. Viral titers were determined with an indirect fluores-
cence assay based on the Spearman-Karber method and the re-
sults expressed as TCID50/mL. 

Identification of FPV isolates via immunofluorescence 
assay (IFA)

CRFK cells infected with the 8 isolates containing 103.0 
TCID50/mL in 96-well plates were fixed in cold 80% (v/v) ace-
tone for 15 minutes, washed 3 times with phosphate-buffered 
saline (PBS), exposed to a mouse anti-CPV antibody (Median 
Diagnostics, Korea) at 37°C for 1 hour, and then exposed to a 
fluorescein isothiocyanate-conjugated goat anti-mouse immu-
noglobulin (Ig) G + IgM antibody (KPL Laboratories, USA). 
After being washed with PBS, CRFK cells were examined under 
a fluorescence microscope; cells evidencing intranuclear fluo-
rescence were considered infected with FPV. 

Hemagglutination assay 
The hemagglutination assay (HA) assay was described previ-

ously [16]. Briefly, FPV isolates were serially diluted (in 2-fold 
steps) in 50 µL amounts of Sorensen buffer (pH 6.0) in a 96-
well U-form microplate. Then 50 µL amounts of 0.6% (w/v) pig 
erythrocytes with 0.1% (w/v) bovine serum albumin in So-
rensen buffer were added, followed by incubation at 4°C for 1 
hour. The HA titer was the reciprocal of the highest FPV isolate 
dilution exhibiting an HA reaction.  

Electron microscopy
Details of the electron microscopy (EM) were described pre-

viously [16]. Briefly, 2 FPV isolates (FPV19D01 and FPV19D02) 
propagated in CRFK cells were concentrated with polyethylene 
glycol (PEG) 8000 (Sigma-Aldrich, USA). The PEG-precipitat-
ed pellets were dissolved in TNE buffer (100 mM Tris-HCl, 100 
mM NaCl, and 1 mM EDTA; pH 7.6) at 5% of the original vol-
ume. Two samples were placed atop 1.25 mg/mL cesium chlo-
ride (CsCl) layers in centrifuge tubes and centrifuged at 100,000 
×  g for 2 hours. The clear bands evident between the 1.25 and 
1.45 mg/mL CsCl layers were transferred to dialysis cassettes 
and dialyzed overnight against PBS to remove residual CsCl. 
The dialyzed samples were placed into Vivaspin tubes (Sartori-
us, Germany) and centrifuged at 3,500 ×  g for 15 minutes; the 
supernatants were collected [17]. 
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PCR, sequencing, and phylogenetic analyses 
We extracted genomic DNA from the 8 FPV isolates using a 

DNA extraction kit (Bioneer, Korea) according to the manufac-
turer’s instructions. The DNA was subjected to PCR in terms of 
both diagnosis and cloning. Table 1 lists the primer sets used to 
diagnose FPV and the 3 sets used to amplify portions of the 
VP2 gene. The reaction mixture in the One-Step PCR kit (Bi-
oneer) consisted of 5 µL denatured DNA, 1 µL of each primer 
(50 pmol/µL), and 43 µL distilled water. A thermal cycler (Ana-
lytik Jena, Germany) was used to perform 40 cycles of denatur-
ation, annealing, and extension (95°C for 30 seconds, 52°C for 

30 seconds, and 72°C for 30 seconds, respectively), with a final 
10 minutes extension at 72°C. 

Approximately 10 µL of each PCR product was loaded onto 
2.0% (w/v) agarose gel and subjected to electrophoresis for 30 
minutes. Three PCR products (each representing a portion of 
the VP2 gene) were purified with a gel extraction kit and ligat-
ed into pGEM-T Easy Vector (Promega, USA) in accordance 
with the manufacturer’s instructions. PCR product insertions 
in plasmids were verified via digestion with EcoRI (Bioneer). 
Two plasmids per gene were sent to Macrogen (Korea) for se-
quencing. Three partial VP2 nucleotide sequences were deter-
mined and ligated to form the full VP2 gene. Details of the 
phylogenetic tree and the alignment were described previously 
[17]. 

Results 

Isolation and biological characterization of FPV isolates 
Of the 60 samples, 8 generated CPEs are characterized by the 

destruction of infected cells (Fig. 1A-H). The 8 virus isolates 
were designated FPV17D01, FPV17D02, FPV18D01, FP-
V19D01, FPV19D02, FPV19D03, FPV19D04, and FPV19D05. 
CRFK cells infected with the 8 FPV isolates were fixed in cold 
acetone and stained with mouse monoclonal antibodies against 
CPV. Fluorescence was observed in the nuclei of CRFK cells 

Table 1. Primers used to amplify the feline panleukopenia virus VP2 
gene

Primer Oligonucleotide sequence (5′-3′) Target  
gene

Size of the  
amplicon

FVPDF GAG CAT TGG GCT TAC CAC CA VP2 793 bp
FPVDR GGA TTC CAA GTA TGA GAG GC
FPVSF1 CCA ACT AAA AGA AGT AAA CC 708 bp
FPVSR1 TGG TTG GTT TCC ATG GAT AAA AAC C
FPVSF2 AGA TAG TAA TAA TAC GCC ATT T 719 bp
FPVSR2 TTT TGA ATC CAA TCT CCT TCT GGA T
FPVSF3 ACA GGA GAA ACA CCT GAG AGA TTT A 736 bp
FPVSR3 CCT ATA TCA AAT ACA AGT ACA ATA

FPV, feline panleukopenia virus.

Fig. 1. Identification of feline pan-
leukopenia virus (FPV) based on 
cytopathic effects (CPEs) and data 
from a fluorescence assay. CPEs in 
Crandell-Rees feline kidney (CRFK) 
cells infected with the (A) FPV17D01, 
(B) FPV17D02, (C) FPV18D01, (D) FP-
V19D01, (E) FPV19D02, (F) FPV19D03, 
(G) FPV19D04, and (H) FPV19D05 
isolates. Intranuclear fluorescence in 
CRFK cells infected with the (I) FP-
V17D01, (J) FPV17D02, (K) FPV18D01, 
(L) FPV19D01, (M) FPV19D02, (N) 
FPV19D03, (O) FPV19D04, and (P) FP-
V19D05 isolates. Scale bar: 100 µm.
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Fig. 2. Titers of 8 feline panleukopenia virus (FPV) isolates grown in Crandell-Rees feline kidney (CRFK) cells as revealed by (A) immuno-
assay and (B) hemagglutination assay (HA). FPV19D01 isolates exhibited the highest titers (106.0 TCID50/mL) 4 days after the inoculation 
of CRFK cells; the HA titer (pig blood cells) was 212.
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Fig. 3. Cell tropism of the FPV19D01 isolate in several cell lines. 
FPV19D01 propagated in CRFK and Fcwf-4 cells from cats. CRFK, 
Crandell-Rees feline kidney; MDCK, Madin-Darby canine kidney; 
FPV, feline panleukopenia virus.

(Fig. 1I-P), which confirmed that the 8 isolates were FPVs. The 
growth features of all isolates were evaluated. Of the 8 isolates, 
FPV19D01 and FPV19D02 exhibited the highest viral titers of 
106.0 TCID50/mL (Fig. 2A). The HA titers of the 8 isolates (de-
termined using pig blood cells) ranged from 27 to 212 (Fig. 2B). 
All FPV isolates were inoculated into CRFK, Fcwf-4, BHK-21, 
A72, Vero, and MDCK cells. CRFK and Fcwf-4 cells infected 
with FPV developed viral titers of 106.0 and 104.5 TCID50/mL, 
respectively. By contrast, BHK-21, A72, Vero, and MDCK cells 
did not exhibit intranuclear fluorescence, which indicated an 
absence of viral replication (Fig. 3). Therefore, cat-derived cells 
were optimal for isolating FPV. Based on the FPV growth pat-
terns, 2 isolates (FPV19D01 and FPV19D02) were propagated 
and harvested 5 days post-inoculation (PI), followed by EM. 
FPV19D01 and FPV19D02 viral particles from infected CRFK 
cells purified via CsCl density gradient ultracentrifugation were 
spherical and 20 to 30 nm in diameter and thus were typical 
Parvoviridae (Fig. 4).  
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A B

Fig. 4. Transmission electron micrographs of purified (A) FP-
V19D01 and (B) FPV19D02. The viral particles were 20 to 30 nm in 
diameter, which is typical of the Parvoviridae. Scale bar: 100 nm.

1,000 bp →
500 bp → 1,000 bp →

500 bp →

← 793 bp

A B

Fig. 5. (A) Analyses of 8 feline panleukopenia virus (FPV) isolates 
via polymerase chain reaction. (B) Products of the expected sizes 
(793 bp) confirmed that all 8 isolates were FPVs. M, 1 kb ladder; 
lane 1, FPV17D01; lane 2, FPV17D02; lane 3, FPV18D01; lane 
4, FPV19D01; lane 5, FPV19D02; lane 6, FPV19D03; lane 7, FP-
V19D04; lane 8, FPV19D05. Amplification of portions of the VP2 
gene of FPV19D01 as an example isolate. M, 1 kb ladder; lane 9, 
first fragment of FPV19D01 (708 bp); lane 10, second fragment of 
FPV19D01 (719 bp); lane 11, third fragment of FPV19D01 (736 bp).

Genetic characterization of the 8 FPV isolates
DNA extracted from the 8 FPV isolates was subjected to 

PCR. All PCR products were 793 bp in length, which confirmed 
that they originated from FPV (Fig. 5A). Three PCR products 
from each of the 8 FPV isolates were cloned to determine the 
sequences of the entire VP2 genes. Restriction enzyme diges-
tion was used to confirm successful cloning. As shown in Fig. 
5B, the 3 PCR products from FPV19D01 were 708, 719, and 
736 bp in size on 2.0% (w/v) agarose gels, which verified that 
the isolate was indeed an FPV. The entire VP2 gene of FPV fea-
tures 1,755 nucleotides encoding 585 amino acids. Comparative 
analyses of the complete VP2 genes of the 8 isolates revealed se-
quence homologies of 99.5% to 99.9% (Table 2). The VP2 genes 
were compared to those of 26 FPVs and 8 CPVs logged in Gen-
Bank; we explored the genetic relationships of our isolates and 
those of other FPVs. As shown in Fig. 6, our 8 FPV isolates 
were closely related to the KS42 strain (99.9% homology) isolat-
ed in Korea in 2008. Phylogenetic analyses revealed that our 8 
FPV isolates fell into FPV group 3. The VP2 amino acid se-
quences from the 8 FPV isolates and the CPV strains were 

aligned with sequences from 5 FPV strains (K2, K3, K4, K50, 
and KS42). As shown in Table 3, the FPV18D01 and FPV19D05 
isolates featured different amino acids (e.g., asparagine and iso-
leucine at positions 465 and 582 of the VP2 gene, respectively). 
The VP2 amino acid differences at position 103 (Val → Ala) and 
564 (Asn → Ser) made it possible to discriminate FPV and CPV 
strains. 

Discussion 

FPV is a highly contagious viral pathogen that causes leuko-
penia and severe hemorrhagic diarrhea in cats [14]. FPV infec-
tions have been principally detected in the Felidae. However, 
such infections have rarely been reported in other animals, such 
as raccoons, foxes, cheetahs, wild leopard cats, or badgers [15,16]. 
Although cats of all ages are susceptible to FPV, young cats that 
lack maternal antibodies or that have not been vaccinated ex-
hibit mortality rates of at least 50%. Although clinical symptoms 

Table 2. Divergence of the VP2 gene among 8 isolates of Korean feline panleukopenia virus

Divergence Homology of nucleotide sequence among 8 Korean FPV
Isolate FPV19D01 FPV17D01 FPV17D02 FPV18D01 FPV19D05 FPV19D02 FPV19D03 FPV19D04
FPV19D01 99.9 99.7 99.7 99.6 99.5 99.8 99.8
FPV17D01 0.1 99.8 99.7 99.6 99.6 99.8 99.8
FPV17D02 0.3 0.2 99.6 99.5 99.7 99.7 99.8
FPV18D01 0.3 0.3 0.4 99.6 99.5 99.9 99.8
FPV19D05 0.4 0.4 0.5 0.4 99.6 99.7 99.6
FPV19D02 0.5 0.5 0.3 0.5 0.4 99.7 99.7
FPV19D03 0.2 0.2 0.3 0.1 0.3 0.3 99.9
FPV19D04 0.2 0.2 0.3 0.2 0.4 0.3 0.1

FPV, feline panleukopenia virus.
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Fig. 6. Phylogenetic analyses based on the full VP2 genes of feline panleukopenia virus (FPV) and canine parvovirus (CPV). Phylogenetic 
trees were constructed from nucleotide sequences using the neighbor-joining method. The 8 Korean FPV isolates fell into the G3 group. 
The accession numbers were written before the name of CPV or FPV strains. The accession numbers of QIACPV1403 and QIACPV1404 de-
posited in GenBank were KP893077 and KP893078.

(vomiting and bloody diarrhea) and one-step immunochroma-
tography assays have greatly aided in the diagnosis of FPV in-
fections, few reports have isolated of FPVs from Korean cats [8]. 
Here we isolated FPVs from 60 samples from 22 dead cats. All 

isolates were FPVs based on CPEs and the results of immuno-
fluorescence assay, EM, and PCR assays. 

Two feline cell lines (CRFK and Fcwf-4) were susceptible to 
FPV; non-feline lines (BHK-21, A72, Vero, and MDCK) were 
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Table 3. Differences in amino acid sequences between the VP2 protein of FPV isolates and that of CPV strains

FPV strain
Amino acids of, and their positions in, the VP2 gene

Remarks
80 103 297 300 426 465 555 564 582

K2 Lys Val Ser Ala Asn Gly Val Asn Val
K3 Lys Val Ser Ala Asn Gly Val Asn Val
K4 Lys Val Ser Ala Asn Gly Val Asn Val
K50 Gln Val Ser Ala Asn Gly Val Asn Val
KS42 Lys Val Ser Ala Asn Gly Val Asn Val
FPV17D01 Lys Val Ser Ala Asn Gly Val Asn Val G3
FPV17D02 Lys Val Ser Ala Asn Gly Val Asn Val G3
FPV18D01 Lys Val Ser Ala Asn Asp Val Asn Val G3
FPV19D01 Lys Val Ser Ala Asn Gly Val Asn Val G3
FPV19D02 Lys Val Ser Ala Asn Gly Val Asn Val G3
FPV19D03 Lys Val Ser Ala Asn Gly Val Asn Val G3
FPV19D04 Lys Val Ser Ala Asn Gly Val Asn Val G3
FPV19D05 Lys Val Ser Ala Asn Gly Val Asn Ile G3
CPV2 Arg Ala Ser Ala Asn Gly Val Ser Val
CPV2a Arg Ala Ser/Ala Gly Asn Gly Ile Ser Val
CPV2b Arg Ala Ala Gly Asp Gly Val Ser Val
CPV2c Arg Ala Ala Asp Glu Gly Val Ser Val

FPV, feline panleukopenia virus; CPV, canine parvovirus.

not. FPV thus preferentially replicates in feline cells. CRFK cells 
were optimal for isolating FPV, which suggests that FPV uses 
the feline transferrin receptor to enter cells [18,19]. The feline 
cell tropism of FPV limits its range to cats. We evaluated the bi-
ological characteristics of 8 FPV isolates; the viral titers reached 
104.5 to 106.0 TCID50/mL 5 days PI, and the HA titers ranged 
from 27 to 212. All FPV isolates thus evidenced relatively low vi-
ral and HA titers; this may reflect biological adaptation to 
CRFK cells. EM of 2 FPV isolates revealed a morphology typical 
of FPV: FPV19D01 and FPV19D02 viral particles were of similar 
size and shape to parvoviruses isolated from a dog in Brazil [20]. 

Real-time and multiplex PCR have been used to detect FPV 
and differentiate it from CPV [21]. PCR amplification of partial 
VP2 genes from FPV isolates yielded bands of the expected size 
(793 bp), which confirms that all 8 isolates were FPVs. 

Although CPV evolution (driven by positive selection) has 
led to the emergence of new antigenic variants (such as CPV-
2, CPV-2a, CPV-2b, and CPV-2c), FPV has evolved principally 
via random genetic drift and maintains its host specificity [22]. 
In the time since the identification of FPV in Korean cats, sys-
tematic analyses of FPV VP2 gene evolution have been lack-
ing. We phylogenetically analysed recent FPV isolates in terms 
of mutation status. Phylogenetic analyses of the FPV VP2 gene 
revealed the evolutionary relationships and genetic variation 
among the FPVs [8,14,15]. Aligning the full VP2 nucleotide 
sequences from the 8 FPV isolates revealed that they were 
99.5% to 99.9% similar. Phylogenetic analyses revealed 3 clus-

ters of FPV strains clearly distinct from the CPV-2 strains; our 
8 FPV isolates belonged to cluster G3. Six of the isolates were 
closely related to the KS24 strain isolated in South Korea in 
2008. The high-level similarity in the VP2 gene among South 
Korean FPV isolates suggests that FPV does not vary tempo-
rally or geographically.  

Key amino acid substitutions in VP2 allow CPV to be classi-
fied into several genotypes (termed CPV-2a/b/c). The geno-
types of CPV-2 variants are generally based on different amino 
acids at positions 297, 300, 426, and 555 of VP2 [23]. The resi-
due changes in VP2 that rendered it different from the FPV of 
CPV-2 occurred at positions 80, 90, 93, 103, 323, 564, and 568 
[8]. Note that we found amino acid substitutions in the VP2 of 
FPV18D01 and FPV19D05 at positions 465 and 582, which in-
dicates that a comparison of the full genomic sequences of the 2 
FPV isolates is required, because such changes may affect FPV 
antigenicity. Although FPV strains cannot be genotyped via 
analyses of VP2, the differences in amino acids 103 and 564 dis-
tinguish FPV from CPV. 

In conclusion, we isolated and confirmed 8 FPVs from natu-
rally infected cats using HA, FA, EM, and PCR. CRFK cells 
were optimal for isolating FPV. The 8 isolates exhibited more 
than 99.5% VP2 gene homology. The FPV VP2 amino acid se-
quence data will aid in future research. More Korean FPV iso-
lates from naturally infected cats will improve diagnosis and al-
low for the creation of an FPV vaccine strain. Further studies 
on the virulence of FPV isolates in cats are required. 
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Introduction 

Image quality in radiography is defined by spatial resolution, contrast, and noise 
[1]. Spatial resolution is the ability to distinguish between 2 adjacent small objects 
or the distinct edge in the image, which is referred to as sharpness [1,2]. Spatial 
resolution depends on various factors, such as the size of the focal spot, patient’s 
motion, and crystal size in the intensifying screen [3]. 

A decrease in focal spot size results in a smaller penumbra when other factors 
such as the object-image distance, and focal spot-film distance (FFD) remain un-
changed [4,5]. 

The power loading limitations in small focal spots require reduction in the tube 
current to approximately one-fourth of the size used with the corresponding large 
focal spots [6]. Consequently, the lower X-ray tube currents are associated with 
longer exposure time, which may increase the likelihood of blurred motion in ra-
diographic images [6,7]. The motion unsharpness can be minimized by asking the 
patient to remain still or hold the breath [7], which is almost impossible in case of 
dogs and cats. Additionally, compared with a large focal spot, the heat generated 
during X-ray production dissipates within the smaller area, in which repetitive 
thermal damage can induce pitting of the focal area surface [4,8]. 

The physical impact of focal spot size on radiographic exposure is undisputed 
[4]. However, there is a paucity of evidence supporting the relationship between 
these effects and clinical radiographic image quality [4], especially in veterinary 
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Abstract

The aim of this prospective study was to investigate the effects of focal spot size of 
X-ray tube on sharpness of clinical radiographic images of dogs and cats. Radio-
graphic images of 24 stifle joints, 15 carpi, 18 lumbar spines, 61 thoraxes, and 47 ab-
domens of 102 dogs and 4 cats were obtained in the present study, using 2 X-ray 
tubes with nominal focal spots of 2.0 mm and 0.6 mm, respectively. The sharpness 
of specific anatomical structures in all the images of 5 projections was assessed. The 
radiographic sharpness of various anatomical structures of lumbar spine and cortex 
of stifle with fine focal spot was increased significantly compared with broad focal 
spot images. In addition, the blurred motion was significantly higher in the fine fo-
cal spot images of thorax. In conclusion, our study suggests that a selective use of 
fine foci for imaging of lumbar spine or cortex of stifle enhanced radiographic 
sharpness. 
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medicine. 
The aim of this study was to investigate the impact of specific 

focal spot sizes on the anatomical details of radiographic images.  

Materials and Methods  

Animals recruitment 
The study was performed in dogs and cats undergoing radio-

graphic evaluation at the Veterinary Medical Teaching Hospitals 
of Gyeongsang National University from September 27, 2017 to 
December 5, 2017. This study was a randomized, single-blind 
trial comparing image quality. All procedures were approved 
(GNU-170227-D0006) by the Institutional Animal Care and 
Use Committee at Gyeongsang National University. Radiogra-
phy involved at least one of the following 5 anatomic regions: 
stifle, carpus, lumbar spine, thorax, and abdomen. Radiograph-
ic images of 31 stifle joints, 16 carpal joints, 18 lumbar spines, 
61 thoraxes and 81 abdomens with broad focal spot size (BFSS) 
and fine focal spot size (FFSS), respectively, were obtained from 
102 dogs and 4 cats. 

Radiographic examination 
Two X-ray tubes were used to acquire BFSS and FFSS images. 

BFSS images were taken with E7239X Rotanode Toshiba X-ray 
tube (Toshiba Electron Tubes and Devices Company, Japan) con-
taining a nominal focal spot size of 2.0 mm. FFSS images were 
taken with E7252X Rotanode Toshiba X-ray tube (Toshiba Elec-
tron Tubes and Devices Company) containing a nominal focal 
spot size of 0.6 mm. Both X-ray tubes carried the tungsten-rheni-
um-molybdenum alloy targets with a target diameter of 74 mm. 

All radiographic images were acquired using a Konica com-
puted radiography system (Regius model 190; KONICA Mi-
nolta, Japan). All radiographic parameters including mAs, kVp, 
FFD, and postprocessing were identical to both examinations. 

The mediolateral projections of right stifles were obtained at 
90° flexion, including the full length of femur and tibia. The 
dorsopalmar projections of right carpus were obtained includ-
ing the full length of humeri and distal phalanges. The lateral 
projections of the lumbar spine included 2 to 3 caudal thoracic 
spines. The right lateral projections of the thorax were acquired 
on peak inspiration. The right lateral abdominal radiographs 
were obtained on expiration and entire abdomen was included 
on the radiograph. 

Image evaluation 
Image criteria for each projection were based on anatomical 

details to evaluate the sharpness of BFSS and FFSS images. The 

criteria are shown in Table 1. All resulting DICOM images were 
reviewed with a DICOM view (RadiAnt DICOM Viewer ver. 
4.6.9; Medixant Inc., Poland) and were evaluated by a single ob-
server (S.J.). The observer scored individual criteria using a 
4-point scale. The scoring system for each criteria was graded as 
1, ill defined; 2, poorly defined; 3, acceptable; 4, well defined 
(Fig. 1). 

For all thorax images, motion blur evaluation was also per-
formed using a 3-point scale as follows: 1, structure not visible 
and/or complete evaluation not possible; 2, structure visible but 
evaluation limited; and 3, structure clearly visible, complete 
evaluation possible. 

Statistical analysis 
All statistical analysis was performed using commercial sta-

tistical software (IBM SPSS Statistics for Windows ver. 25.0; 
IBM Corp., USA). The intraobserver variability was calculated 
using intraclass correlation coefficient (ICC) [8,9], formula with 
a confidence interval of 95% to evaluate intraobserver reliability 
of all BFSS image criteria. ICCs >  0.75 were considered excel-

Table 1. Criteria for evaluating the sharpness of stifle, carpus, lum-
bar spine, thorax and abdomen radiographic images

No. Criteria
Stifle image criteria

1  Sharply defined patella ligament
2  Sharply defined infrapatellar fat pad
3  Sharply defined extracapsular fascial stripe caudal to joint capsule
4  Sharply defined popliteal lymph node
5  Sharply defined cortical outlines
6  Sharply defined trabecular pattern

Carpus image criteria
1  Sharply defined cortical outlines
2  Sharply defined trabecular pattern

Lumbar spine image criteria
1  Sharply defined endplate surface
2  Sharply defined intervertebral joint space
3  Sharply defined intervertebral foramen
4  Sharply defined cortical outlines
5  Sharply defined trabecular pattern

Thoracic image criteria
1  Sharply defined border of the heart
2  Sharply defined margin of main bronchus
3  Sharply defined vascular pattern of the lungs
4  Sharply defined lung parenchyma and interstitium

Abdominal image criteria
1  Sharply defined serosal margin of internal organs
2  Sharply defined abdominal wall
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lent, 0.4 <  ICCs <  0.75 were between fair and good, ICCs <  
0.4 were poor. The mean ±  standard deviation of image scores 
was calculated for each criterion. The Wilcoxon signed rank test 
was utilized to assess the statistical differences in mean scores of 
each criterion between BFSS and FFSS. Values of p <  0.05 were 
considered significant. 

Results 

Seven of the 31 stifle joints and one of the 16 carpal joints 
were excluded because of orthopedic devices (n =  4), trauma (n 
=  1), and moderate bony proliferation (n =  3). 

Among the 54 images of abdomen, 7 were excluded due to: 
severe constipation (n =  2), peritoneal effusion (n =  2), ab-
dominal hernia (n =  1), splenectomy (n =  1), and pancreatitis 
with focal peritonitis (n =  1). Among the 81 images of thorax, 
20 were excluded because of: severe cardiac enlargement (verte-
bral heart scale >  10.5) with or without pulmonary edema (n =  
12), pleural effusion (n =  3), suspected lung nodule (n =  1), 
moderate bronchial mineralization (n =  2), peritoneal-pericar-
dial diaphragmatic hernia (n =  1), and suspected mediastinal 
mass (n =  1). All feline radiographs were excluded for the 
above reasons. As a result, the BFSS and FFSS images of 24 sti-
fles, 15 carpi, 18 lumbar spines, 61 thoraxes, and 47 abdomens 
were assessed in dogs. 

Intraobserver reliability of the evaluation 
The ICCs for intraobserver reliability are shown in Table 2. 

Intraobserver reliability was fair to good (n =  13) and excellent 
(n =  6) based on most criteria including motion blur, while the 
lung parenchyma and interstitium showed poor intraobserver 
reliability. 

Comparison of sharpness between BFSS and FFSS images 
Significant differences were only found between BFSS and 

FFSS for all criteria of lumbar spine and cortical bone of stifle (p 
<  0.05) (Figs. 2, 3). No statistically significant differences were 

Fig. 1. Evaluation of trabecular pattern of carpus using a 4-point scale. (A) 4 points: well defined trabecular pattern; (B) 3 points: accept-
able trabecular pattern; (C) 2 points: poorly defined trabecular pattern; (D) 1 point: ill defined trabecular pattern.

A B C D

Table 2. Evaluation of intraobserver reliability using intraclass cor-
relation coefficient

Criteria no. Intraclass correlation coefficient Classification
Stifle
 1 0.80 Excellent
 2 0.86 Excellent
 3 0.74 Between fair and good
 4 0.77 Excellent
 5 0.65 Between fair and good
 6 0.78 Excellent
Carpus
 1 0.81 Excellent
 2 0.63 Between fair and good
Lumbar spine
 1 0.72 Between fair and good
 2 0.42 Between fair and good
 3 0.7 Between fair and good
 4 0.48 Between fair and good
 5 0.74 Between fair and good
Thorax
 1 0.77 Excellent
 2 0.45 Between fair and good
 3 0.6 Between fair and good
 4 0.35 Poor
Motion blur 0.74 Between fair and good
Abdomen
 1 0.74 Between fair and good
 2 0.66 Between fair and good
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found based on any single criterion for carpus, thorax and ab-
domen (p <  0.05). 

Comparison of motion blur between BFSS and FFSS images 
of thorax 

A significant difference in motion blur was detected between 
BFSS and FFSS (p <  0.05). Visibility was reduced due to higher 
motion blur in FFSS images than in BFSS images (Fig. 4). 

Discussion 

Focal spot sizes are characterized as “actual”, “effective” and 
“nominal” focal spots. The actual focal spot is a radiographic 
target viewed from a position perpendicular to the target sur-
face [4,10]. The effective focal spot is the focal spot area project-
ed perpendicularly onto the image receptor [4,11]. The nominal 
size is the effective focal spot size as stated by the manufacturer 
[4]. Although the effective focal spot sizes of 2 X-ray tubes used 
in this study were not measured quantitatively, BFSS and FFSS 
were based on the nominal size. 

In this study, the intraobserver reliability of most criteria 
ranged between fair and good (n =  13) and excellent (n =  6). 
However, the thorax criterion of lung parenchyma and intersti-
tium showed a significantly poor reliability (ICC =  0.35). The 
reproducibility of radiographic evaluation for lung parenchyma 
and interstitium was poor. The subjective interpretation of tho-
racic radiography limits reproducible and reliable evaluation. 

Furthermore, due to the distribution of blood vessels, lymphat-
ics, and bronchi, the radiological appearance of the pulmonary 
interstitium is very heterogeneous, which complicated the eval-
uation. 

A smaller focal spot size yields higher spatial resolution and 
better radiographic images [2] due to the finite size of the focal 
spot [12]. Since the physical and mathematical impact of focal 
spot size on geometric unsharpness is well known, X-ray sourc-
es with a fine focus are preferably used for small body parts, 

Fig. 2. Comparison of mean criteria scores for stifle images at 
each focal spot size. Each value represents the mean ± standard 
deviation. Single asterisk (*) indicates statistically significant 
difference at p < 0.05. Criteria: no. 1, sharply defined patella lig-
ament; no. 2, sharply defined infrapatellar fat pad; no. 3, sharply 
defined extracapsular fascial stripe caudal to joint capsule; no. 4, 
sharply defined popliteal lymph node; no. 5, sharply defined corti-
cal outlines; no. 6, sharply defined trabecular pattern. BFSS, broad 
focal spot size; FFSS, fine focal spot size.

Fig. 3. Comparison of mean criteria scores for lumbar spine im-
ages at each focal spot size. Each value represents the mean ± 
standard deviation. Single asterisk (*) indicates statistically signif-
icant difference at p < 0.05. Two asterisks (**) indicate statistically 
significant difference at p < 0.01. Criteria: no. 1, sharply defined 
endplate surface; no. 2, sharply defined intervertebral joint space; 
no. 3, sharply defined intervertebral foramen; no. 4, sharply de-
fined cortical outlines; no. 5, sharply defined trabecular pattern. 
BFSS, broad focal spot size; FFSS, fine focal spot size.

Fig. 4. Comparison of mean visibility scores of thoracic images at 
each focal spot size. Reduced visibility due to motion was higher 
in fine focal spot size (FFSS) images. Single asterisk (*) indicates 
statistically significant difference at p < 0.05. Each value rep-
resents the mean ± standard deviation. BFSS, broad focal spot 
size.
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particularly extremities, to enhance the image resolution of tra-
becular patterns [4,9]. In humans, the quality of clinical imag-
ing was improved when fine focal spots were reported in previ-
ous studies of magnification mammography and lymphangiog-
raphy [13,14]. However, one study assessing the sharpness of 
specific anatomical structure in radiographic images of the hu-
man ankle, knee, thoracic spine and lumbar spine found no sta-
tistically significant differences between FFSS and BFSS images 
[4]. In this study, compared with BFSS images, the stifle with 
FFSS images showed significant differences in the sharpness of 
cortical bone. However, for carpus, the statistical analyses did 
not reveal any significant differences between the 2 foci. In par-
ticular, the lumbar spine with FFSS revealed significantly better 
image quality in all criteria than BFSS, most likely due to the 
longer object-film distance (OFD) of the lumbar spine com-
pared with stifle or carpus. As thickness of body part increases, 
OFD increases, creating a wider penumbra [9]. The use of BFSS 
tube may magnify this penumbra, resulting in a significant re-
duction in the sharpness of lumbar spine images with BFSS. 

In this study, the thoracic and abdominal radiographic imag-
es did not reveal any differences between the 2 foci for any sin-
gle criterion. In humans, a previous study reported that abdom-
inal computed tomography (CT) scan with fine focus (0.6 ×  0.7 
mm) revealed significantly clearer margin of organs and lesions 
compared with the standard focus (1.1 ×  1.2 mm) CT scan 
[15]. This finding might be attributed to the inherent advantag-
es of CT scan such as tomographic nature and higher contrast 
resolution [16]. In the absence of significant differences be-
tween all soft tissue criteria of stifle as well as thorax and abdo-
men, the analysis of soft tissue sharpness using small foci is of 
limited benefit. 

Thoracic radiographs should be acquired at peak inspiration 
to minimize motion artifacts and optimize pulmonary contrast 
[17]. Use of a fine focal spot entails longer exposure time than a 
broad focal spot [7], which might lead to motion blur and result 
in poor image quality [6,7]. In this study, although all radio-
graphic images of thorax were intended to be acquired at peak 
inspiration, the statistical analyses revealed further reduction in 
the visibility of FFSS images compared with BFSS images. 

In conclusion, this study demonstrates that the fine foci im-
prove radiographic sharpness of various anatomical structures 
of lumbar spine and stifle cortex. However, assessing the soft 
tissue margin with fine foci has no clear benefit, and may in-
crease the likelihood of motion in thoracic radiography. 

Based on this study, the selective use of fine foci may facilitate 
the diagnosis of veterinary cases. 
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서론 

Disulfiram (DSF)은 60년 이상 알코올의존증 치료제로 사용되었다[1]. 알코올 섭취 

후, 에탄올은 alcohol dehydrogenase에 의해 acetaldehyde로 전환되고, aldehyde de-
hydrogenase (ALDH)에 의해 acetate로 대사된다. DSF는 ALDH의 효소 활성을 억제

하여 체내에서 acetaldehyde를 축적시키고, 이는 두통, 어지러움, 홍조 등의 불쾌한 증

상을 유발하여 알코올 섭취를 제한시킨다[2]. 한편 최근에는 DSF를 항암제로 활용하기 

위한 연구가 다양한 각도에서 진행되고 있다[3]. 

DSF의 항암효과는 유방암[4-6], 폐암[7], 교모세포종[8], 대장암[6] 등에서 연구되었
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Abstract

Disulfiram (DSF) is a marketed drug to treat patients with alcohol dependence by 
inhibiting aldehyde dehydrogenase. Over the last few decades, DSF has been shown 
to have anticancer effects through different mechanisms. Moreover, this effect can 
be elevated when used with copper (Cu). Subsequent studies have been conducted 
on various cancers, but few on lymphoma. This study investigated the anticancer 
effects of DSF on lymphoma and how this effect changed when treated with Cu. 
DSF synergistically decreased the metabolic activity of EL4 lymphoma cells when 
combined with Cu. At 1 µM of DSF alone, the metabolic activity of EL4 cells de-
creased by 49% compared to the control, whereas it decreased by 87% with a DSF + 
CuCl2 treatment. Rhodamine 123 and 2’,7’–dichlorofluorescein diacetate staining 
showed that DSF induced the reduction of the mitochondrial membrane potential 
and promoted the production of reactive oxygen species. In particular, the com-
bined treatment of DSF + Cu induced cell death based on multiple assays, including 
annexin V-fluorescein isothiocyanate/propidium iodide staining. Overall, DSF has 
anticancer effects on lymphoma cells and exhibits synergistic effects when com-
bined with Cu. This study provides some valuable information to broaden the use 
of DSF in clinics and basic research. 

Keywords: disulfiram; copper; lymphoma cells; anticancer effect; repurposing drug  
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으며, reactive oxygen species (ROS) 생성[4], proteasome 활성 억

제[5], nuclear factor-kappa B [6]나 mitogen-activated protein ki-
nase [9]와 같은 신호전달 체계를 조절하는 등의 다양한 항암 기전

이 알려졌다. 특히 copper (Cu)와 결합되었을 때는 DSF의 항암효과

를 증대시켰다[6,8,9]. 

다양한 암에서 DSF의 항암효과가 연구되고 있는 가운데, 림프종

에 관한 연구는 아직 부족하다. 본 연구에서는, EL4 세포를 이용하

여 T 림프종에 대한 DSF의 항암효과와 작용기전을 알아보았다. 이

를 위해, EL4 세포에 DSF를 농도 별로 처리한 후 세포의 핵 형태를 

관찰하였고, EL4 세포의 대사활성도, 미토콘드리아 막 전위(mito-
chondria membrane potential, MMP), ROS 관련성 등을 측정하

였다. 또한, DSF과 Cu를 함께 처리하여 Cu가 DSF의 효능에 미치

는 영향도 알아보았다.  

재료 및 방법

세포주와 시약

EL4 세포주(mouse lymphoma cell line)는 한국세포주은행(Ko-
rean Cell Line Bank)에서 구입하였다. DSF는 Sigma-Aldrich 

(USA)에서 구입하였으며, dimethyl sulfoxide (DMSO; Sigma-Al-
drich)에 녹인 후 사용하였다. DMSO 사용농도는 DSF 10 µM의 경

우 1% (v/v)를 사용하였으며, 나머지 모든 DSF 처리군에서는 0.1% 

(v/v) 이하로 사용하였다. Cu2+ 처리를 위해 CuCl2 (Sigma-Aldrich)

를 멸균 증류수에 녹여 사용하였다. 

세포배양과 물질처리

EL4 세포는 10% fetal bovine serum, 100 U/mL penicillin/

streptomycin, 2 mM L-glutamine을 포함한 RPMI 1640 배지에서

37°C, 5% CO2의 조건으로 배양하였다. 6-, 24- 또는 96-well cul-
ture plate (ThermoFisher Scientific, USA)에 분주한 뒤, DSF과 

CuCl2를 농도 별로 처리하여 배양한 후 분석하였다. 

EL4 세포의 대사활성도 측정

1 × 105 cells/mL 농도의 EL4 세포에 DSF를 농도 별로 처리하

고, CuCl2 1 µM을 추가하여, 96-well culture plate에서 3일 동안 

배양하였다. 배양 후 세포의 대사활성도 측정을 위해 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT, 

Sigma-Aldrich) 용액을 0.5 mg/mL 농도로 넣고 4시간 동안 37°C, 

5% CO2에서 처리하였다. 세포에 의해 환원된 formazan product 
(crystal violet)을 용해시키기 위해 10% sodium dodecyl sulfate 

용액을 넣어 2시간 동안 반응시켰다. 그 후 microplate reader 
(ThermoFisher Scientific)를 이용하여 흡광도(570 nm)를 측정하

였다. 

Hoechst 33342 염색을 이용한 EL4 세포 핵 관찰 

세포 핵 모양의 관찰을 통해 세포사를 확인하기 위해 EL4 세포의 

핵을 염색하였다. 2 × 105 cells/mL 농도의 EL4 세포에 DSF를 농

도 별로 처리하고 CuCl2 1 µM을 추가하여, 24-well culture plate에
서 2일 동안 배양하였다. 세포에 Hoechst 33342 (Sigma-Aldrich) 

용액을 2.5 μg/mL 농도로 처리하여 37°C에서 10분간 염색하였다. 

그 후 형광현미경(ZOE Fluorescent Cell Imager; BIO-RAD, 

USA)을 이용해 관찰하였다. 

세포사 측정

세포의 세포사 측정을 위해 annexin V-fluorescein isothiocya-
nate (FITC)와 propidium iodide (PI) 용액으로 염색하였다. 2 × 

105 cells/mL 농도의 EL4 세포에 DSF를 농도 별로 처리하고 CuCl2 

1 µM을 추가하여, 24-well culture plate에서 2일 동안 배양하였다. 

배양이 끝나면 annexin V binding buffer (ThermoFisher Scientif-
ic)로 세척 후 annexin V-FITC (BD Bioscience, USA)를 2 µg/mL 

농도로 처리한 다음 상온, 암실의 조건에서 10분간 반응시켰다. PI 
용액은 분석 5분 전 0.1 µg/mL 농도로 처리하였다. LSRFortessa 

flow cytometer와 FlowJo software (BD Bioscience)를 이용하여 유

세포분석하였다. 

ROS 관련성 분석 

1 × 105 cells/mL 농도의 EL4 세포에 DSF과 3 mM N-ace-
tyl-L-cysteine (NAC, Sigma-Aldrich)을 처리한 후 96-well cul-
ture plate에서 3일 동안 배양하였다. NAC는 ROS의 inhibitor로, 

ROS의 관련성 분석을 위해 사용하였다. 배양 후 대사활성도 측정방

법으로 MTT assay를 이용해서 분석하였다. CuCl2가 ROS의 생성

에 미치는 영향을 알아보기 위해 2',7'-dichlorofluorescin diacetate 
(DCFDA; Sigma-Adrich)를 이용하여 유세포분석을 하였다. 

DCFDA는 ROS에 의해 2',7' -dichlorofluorescin (DCF)으로 산화

되어 측정된다. 2 × 105 cells/mL 농도의 EL4 세포에 DSF과 CuCl2

를 처리하여 2일 동안 배양하였다. 배양이 끝나면 인산완충액으로 

세척한 후 DCFDA를 10 µM 농도로 처리하였다. 37℃에서 30분간 

반응시킨 후 유세포분석 염색용액으로 세척한 뒤 분석하였다. 유세

포분석은 LSRFortessa flow cytometer와 FlowJo software를 이용

하였다. 

MMP 측정

2 × 105 cells/mL 농도의 EL4 세포에 DSF를 농도 별로 처리하고 

CuCl2 1 µM을 추가하여, 6-well culture plate에서 2일 동안 배양하

였다. MMP 측정을 위해 Rhodamine 123 (Sigma-Aldrich) 용액을 

0.1 µg/mL 농도로 처리한 후 상온, 암실의 조건에서 30분 간 반응

시켰다. LSRFortessa flow cytometer와 FlowJo software를 이용하

여 유세포분석하였다.  
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통계분석

MTT assay에 대한 결과는 평균 ±  표준편차로 나타냈으며, ordi-
nary two-way ANOVA (GraphPad Prism; GraphPad Software, 
USA)를 통해 유의성을 확인하였다. ns는 유의성이 없음을, *, **, 

***, ****는 각각 대조군과 비교하여 p <  0.05, 0.01, 0.001, 0.0001
임을 나타낸다. #은 같은 DSF 농도에서 NAC 처리 유무에 따른 처리

군 간의 p값을 나타내며, 개수에 따른 유의성 정도는 위와 동일하다.

결과

EL4 세포에 대한 DSF와 CuCl2의 대사활성도 감소 효과

DSF 단독 또는 DSF + CuCl2 (1 μM) 처리군에서 EL4 세포의 대

사활성도 변화를 알아보기 위해 MTT assay를 시행하였다(Fig. 1). 

분석 결과 DSF의 모든 농도(0.01-10 µM)에서 DSF 단독에 비해 

DSF + CuCl2 처리군이 낮은 대사활성도를 나타냈다. 특히 DSF 1 

µM에서 대조군과 비교했을 때 DSF 단독은 49%, DSF + CuCl2 처

리군은 87%의 대사활성도 감소를 보였다. DSF 단독처리군의 경우 

0.01 µM에서 대사활성도가 약간 감소하였지만 유의하지 않았고, 

10 µM에서는 대사활성이 거의 보이지 않았다. 이는 DSF가 0.01 

µM 이하의 농도에서는 sub-cytotoxic하다는 것을 나타낸다. Half 
maximal inhibitory concentration (IC50)을 계산한 결과 DSF 단

독은 1.02 µM, DSF + CuCl2 처리군은 0.25 µM으로, DSF 단독에 

비해 CuCl2와 함께 처리했을 때 세포독성이 약 4배 증가하였음을 

알 수 있었다. 

DSF와 CuCl2에 의한 세포사 증가

세포핵의 형태학적 관찰을 통해 세포자멸사가 일어나는지 확인하

기 위해 Hoechst 33342과 PI로 세포를 염색하였다(Fig. 2A). 살아

있는 세포(파란색)와 죽은 세포(붉은색과 분홍색)를 색깔로 구분하

여 분석하였다. DSF 단독처리군은 대조군과 죽은 세포의 수가 비슷

하였고, CuCl2와 함께 처리했을 때는 DSF 0.1 µM + CuCl2에서 현

저하게 죽은 세포의 비율이 높았다(Fig. 2B). 또한 annexin 

V-FITC/PI 염색 후 유세포분석을 실시하여 세포사를 단계별로 분

석하였다(Fig. 2C). Necrosis (annexin V-/PI+), early apoptosis 
(annexin V+/PI-), late apoptosis (annexin V+/PI+)로 구분하였

다. DSF 0.1 µM에 비해 DSF 0.1 µM + CuCl2에서 early apoptosis
와 late apoptosis가 더 증가했다. 특히 DSF 0.1 µM + CuCl2처리군

은 전 실험군에서 viable cell (annexin V-/PI-)의 비율이 가장 낮았

다. 이를 통해 DSF는 CuCl2에 의해 EL4 세포의 세포사를 더욱 증진

시킬 수 있음을 알 수 있었다. 

DSF에 의한 EL4 세포의 MMP 감소

MMP는 미토콘드리아의 기능을 유지하기 위한 필수조건이다. 유

세포분석에서 forward scatter/side scatter에 근거하여 debris로 추

정되거나 죽은 세포는 배제한 후 살아있는 세포들을 gating하여 

MMP 값을 측정했다(Fig. 3). DSF 0.1 μM + CuCl2 (1 μM)에서 

fluorescence intensity 평균값은 가장 현저히 낮았는데, 대조군에 

비해 48% 낮았다. DSF 0.02 μM 농도와 0.1 μM 농도 모두에서 

CuCl2 (1 μM)를 함께 처리했을 때가 DSF 단독처리군보다 평균값

이 40% 낮았다. DSF를 CuCl2와 함께 사용할 경우 EL4 세포의 미토

콘드리아 기능을 효과적으로 억제할 수 있음을 확인했다. 

DSF에 의한 항암효과에서 ROS의 관련성

DSF의 항암효과에서 ROS가 어떻게 관련되는지 알아보기 위해 

ROS의 inhibitor 중 하나인 NAC를 사용하였다. DSF의 처리 농도

범위(0-10 µM)에서 DSF 단독처리군보다 DSF와 NAC를 함께 처리

했을 때 세포의 대사활성도가 높은 것으로 보아, ROS가 DSF로 처

리된 EL4 세포의 대사활성도를 낮추는 사실을 알 수 있었다(Fig. 

4A). 하지만 DSF + CuCl2 (1 μM) 처리군에 NAC를 더해 반응시키

면 DSF의 모든 농도에서 세포의 대사활성도가 매우 떨어졌다(Fig. 

4B). DSF + CuCl2 처리군의 ROS 생성량을 알아보기 위해 DCFDA
를 이용하였다. DSF 또는 CuCl2 처리군은 대조군에 비해 ROS 생성

량이 증가했다(Fig. 5). 

고찰

DSF는 60년 이상 알코올의존증 치료제로 사용되어 왔다[1]. 이후 

DSF가 알코올의존증 치료제로 사용되는 기전과는 다른 기전으로 

항암작용을 한다는 연구도 진행되었다[4-6]. 또한 대규모로 4,910종
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Fig. 1. Effect of disulfiram (DSF) and CuCl2 on the metabolic ac-
tivity of EL4 cells. EL4 cells (1 × 105 cells/mL) were cultured in 96-
well culture plates with 0 to 10 µM of DSF with or without 1 µM 
of CuCl2. A MTT assay was performed 3 days after treatment. The 
optical density (OD) was measured at 570 nm using a microplate 
reader. The results are presented as the mean ± standard devia-
tion, and the statistical significance was performed by ordinary 
two-way ANOVA. *, **, **** indicate p < 0.05, 0.01, and 0.0001 re-
spectively compared to control EL4 (DSF 0 µM). ns, not significant.
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Fig. 2. Disulfiram (DSF) induces the apopto-
sis and necrosis of EL4 cells and is enhanced 
when treated with CuCl2. EL4 (2 × 105 cells/
mL) were cultured in 24-well culture plates 
with 0, 0.02, and 0.1 µM of DSF with or with-
out 1 µM of CuCl2 for 2 days. (A) The cells 
were double-stained with Hoechst 33342 and 
propidium iodide (PI), and the images were 
captured using a fluorescence microscope. 
Scale bar: 50 µm. (B) All cells were sorted by 
their color and converted to a percentage. (C) 
Annexin V-FITC/PI staining was performed. 
The quadrants of the dot plot indicate live 
cells (annexin V-/PI-), cells in early apoptosis 
(annexin V+/PI-), late apoptosis (annexin V+/
PI+), and necrosis (annexin V-/PI+).
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Fig. 3. Disulfiram (DSF) treated with CuCl2 reduces the mitochondria membrane potential of EL4 cells. EL4 cells (2 × 105 cells/mL) were 
cultured in 6-well culture plates and treated as described in Fig. 2. The cells were stained with a Rhodamine123 solution and analyzed by 
flow cytometry on the FL1 channel. The number in histograms indicates the mean fluorescence intensity.
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Fig. 4. Involvement of reactive oxygen species generation in the effect of disulfiram (DSF). EL4 cells (1 × 105 cells/mL) were cultured in 
96-well culture plates with 3 mM NAC and the following treatments: (A) 0 to 10 µM of DSF. (B) 0 to 10 µM of DSF with 1 µM of CuCl2. 
A MTT assay was performed after 3 days of incubation. The optical density (OD) was measured at 570 nm using a microplate reader. The 
results are presented as the mean ± standard deviation, and the statistical significance was analyzed by ordinary two-way ANOVA. ## and 
#### indicate p < 0.01 and 0.0001, respectively, compared to the groups with and without NAC in each DSF concentration.
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Fig. 5. Disulfiram (DSF) and CuCl2 enhance ROS generation. EL4 cells (2 × 105 cells/mL) were cultured and treated as described in Fig. 2. 
The cells were then treated with10 µM DCFDA for 30 minutes and analyzed by flow cytometry on the FL1 channel. The number in the 
histograms indicates mean fluorescence intensity.

지녔다. 이러한 DSF의 항암효과는 Cu와 함께 처리됐을 때 더욱 증

강되며, 다양한 암에서 DSF와 Cu의 항암효과에 대한 연구가 이루

어졌다[8,9]. 본 연구에서는 악성 T 림프종에서 이를 연구하였다.

DSF의 모든 농도(0.01-10 µM)에서 DSF 단독에 비해 DSF + 

CuCl2 처리군이 더 낮은 대사활성도를 보였다(Fig. 1). CuCl2의 유

무에 따른 차이는 DSF 1 µM에서 가장 컸다. DSF + CuCl2의 세포

활성도 저하에 대한 작용기전을 분석하기 위해 세포사 여부, 미토콘

드리아 기능 등을 분석하였다. Hoechst 33342는 건강한 세포막을 

관통하여 DNA를 파란색으로 염색한다[11]. 반면 PI는 건강한 세포

막을 통과하지 못하고 손상된 세포의 염색체를 빨강색으로 염색한

다. Hoechst 33342/PI 염색을 통해 DSF와 CuCl2를 함께 처리했을 

때 세포사가 가장 증가했다 (Fig. 2). 또한 Annexin V/PI 염색을 통

해 세포사를 단계적으로 나누어 수치화 했으며, DSF 0.1 µM + 

CuCl2에서 살아있는 세포 수가 가장 낮은 사실을 확인했다. 

세포사의 기전으로 MMP와 ROS의 관련성을 알아보았다. 

Rhodamine 123은 미토콘드리아의 세포막을 통과하는 형광염료로, 

정상세포에서는 미토콘드리아 내에 축적되지만, 손상된 MMP를 가

진 세포에서는 축적되지 않는다[12]. ROS는 미토콘드리아의 전자전

달계에서 정상적으로 생성되는 과산화물(peroxide) 등을 말하며, 증

가된 ROS는 세포자멸사 조절 단백질(apoptosis regulatory protein)

의 발현에 관여하여 세포사를 일으킨다[13]. 두 가지 기전연구를 통

해 DSF가 MMP의 감소와 ROS의 생성을 유도하였고, CuCl2를 함

께 처리했을 때 세포사가 증가한 것으로 보아 상승효과가 있다는 사

실을 알 수 있었다. 또한 NAC를 이용한 ROS 생성량 분석에서 DSF 

+ CuCl2 처리군의 대사활성도가 DSF의 모든 농도에서 매우 떨어졌

는데, 이는 CuCl2 + NAC가 세포독성 작용을 나타낸 것으로 판단된

다[14]. 또한 골수종세포에서 DSF 단독에 비해 DSF와 Cu를 함께 

사용했을 때 JNK 신호전달이 활성화되었다[9]. 향후 EL4 세포에서

도 Cu의 상승효과와 관련된 신호전달에 대한 연구가 필요하다. 

본 연구에서 DSF + Cu의 항암효과를 확인했음에도, DSF가 항암

제로 개발되는 데에는 몇 가지 단점이 있다. DSF는 혈액(pH 7.4) 내

에서 반감기가 1-1.5분으로 매우 짧아[15], 혈액에서 대사되는 과정

에서 항암능력이 떨어질 수 있다. 다양한 암에서 항암제가 표적장기

에 효과적으로 침투하고 오래 머물게 하기 위해 nanoparticle로 

packaging하여 생체에 적용하는 방법이 연구되고 있다[16,17]. 따라

서 DSF도 단독 또는 DSF + Cu를 새로운 drug delivery system 

(DDS)으로 접근할 필요가 있다. 이번 연구에서 DSF의 T 림프종에 

관한 항암효과가 in vitro에서 확인되었으므로, 향후 DSF의 in vivo

DSF 0 µM
+ CuCl2 1 µM 

588

DCFDA

DSF 0 μM DSF 0.02 μM DSF 0.1 μM 

DSF 0.02 μM
+ CuCl2 1 µM 

DSF 0.1 μM
+ CuCl2 1 µM 

2538 2087

2619 2660 1883
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에서 항암효과에 대한 연구와 림프종에 DSF 또는 DSF + Cu를 효

과적으로 전달할 수 있는 DDS 연구가 필요하다. 
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In 2013, there were 4,958 reported cases of food poisoning. This number nearly 
doubled in 2016 to reach 7,162 cases, according to the Statistical Yearbook of Food 
and Drugs. This indicates a drastic increase in illnesses derived from food poison-
ing. The prevalence of food poisoning was evaluated for its causative bacteria and 
it was found that pathogenic bacillus and Salmonella accounted for approximately 
20% of all cases of food poisoning [1]. 

Escherichia coli and Salmonella are pathogenic bacteria that have strong links to 
the feces that causes meat contamination. Human infections are caused by the 
consumption of contaminated food products (contaminated fresh produce such as 
unwashed salad leaves or undercooked meat), drinking contaminated water, or 
spread directly from person-to-person due to poor hygiene [2]. During the evis-
ceration process, feces are exposed to meat, but considerable amounts of feces are 
already present on livestock animals at every abattoir. Specifically, E. coli O157:H7 
and Salmonella were found on the floors and entrances of holding spaces [3]. In 
particular, the contaminated hides of animals often transmit E. coli O157:H7 and 
Salmonella to the meat during the slaughtering process [4]. Direct contamination 
happens when the hides of livestock come into contact with meat, while indirect 
contamination happens within the internal environment, the space where live-
stock is kept [5]. Therefore, the level of contamination on livestock hides may be a 
public health risk factor in abattoirs and meat they produce. 

Hide contamination on livestock significantly affects the cleanliness of meat 
which is why many countries have imposed regulations relating to hides. The US 
Food Safety and Inspection Service has established the stages at which contami-
nants are present on livestock hides through their mud/fecal material scoring sys-
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Abstract

Many countries have imposed regulations relating to concerns that hide contamina-
tion will affect the cleanliness of abattoirs. However, South Korea has not indicated 
any clear criteria. The purpose of this study is to use surrogate bacteria to measure 
the contamination in abattoirs caused by contaminated cattle hides. The swab con-
tact method and plate count method are used. Surrogate bacteria are found in most 
internal environments after the final process. These surrogates remained on the 
carcass even after the final washing process. This paper is the first study in South 
Korea that use surrogate bacteria to analyze contamination levels in abattoirs. 

Keywords: Republic of Korea; abattoirs; surrogate bacteria; skin; Escherichia coli 
O157:H7
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tem. The system requires all animals to be washed either before 
they enter an abattoir or prior to hide removal [6]. Another de-
partment that enforces food safety is the European Food Stan-
dard Agency which categorizes the cleanliness of the outer sur-
face of livestock animals according to the Clean Livestock Poli-
cy. Animals that fail to meet the minimum cleanliness standards 
are rejected from abattoirs [7]. However, South Korea’s Live-
stock Products Sanitary Control Act does not have any clear 
criteria on the regulation of contamination in livestock hides. 

Surrogate bacteria are non-pathogenic microorganisms that 
grow and survive to have resistant properties comparable to 
specific pathogens; therefore, they may be used in food process-
ing establishments to simulate the effect of antimicrobial treat-
ments of the actual pathogens, without introducing a hazard 
into the environment [8]. In this study, they were chosen to fol-
low the dissemination over the abattoir from cattle hide without 
interfered by other bacteria. 

The purpose of this study is therefore to prepare a basis for 
regulation criteria and standards using surrogate bacteria to 
measure the levels of contamination of carcass as well as the in-
ternal environments of abattoirs caused by contaminated cattle 
hides. 

E. coli biotype 1 (American Type Culture Collection, USA), 
under accession numbers BAA-1427, BAA-1428 and BAA-
1430, were used in this experiment. E. coli biotype 1 was ob-
tained in a frozen state. For the stock working culture prepa-
ration, frozen vials of each bacterium were transferred to 
Tryptic Soy Broth (TSB; BD Diagnostics, USA) at 37°C for 24 
hours. 

Selectivity was needed to distinguish surrogates from E. coli 
O157:H7 or Salmonella in the abattoir. Referencing the meth-
od used by Kaspar and Tamplin [9], each strain was made re-
sistant to 100 μg/mL rifampicin (Sigma-Aldrich, USA). Ri-
fampicin-resistive strains were then named BAA-1427#, BAA-
1428#, and BAA-1430#. To strengthen the colony up to 5 
times, each strain was transferred to TSA with 100 μg/ml ri-
fampicin. The day before the experiment, BAA-1427#, BAA-
1428#, and BAA-1430# strains were transferred to a 50-mL 
TSB and incubated at 35°C for 18 ±  2 hours. 150 mL of cock-
tails of BAA-1427#, BAA-1428#, and BAA-1430# were pre-
pared before the experiment. 

Gelatin (Zeltec Co., Ltd., Korea) that is harmless to public 
health was used to mimic dirt and fecal material. This produces 
results of a higher accuracy because the desired bacteria can be 
applied without using actual dirt or fecal materials directly. The 
gelatin was prepared the day before the experiment: 20 g of gel-
atin was dissolved in 1 liter of heated 0.1% (W/V) peptone wa-

ter (PW, Peptone; Difco, USA). Then, hot gelatin matrix was 
poured into an empty hand spray container (Marolex. Sp. z o.o., 
high pressure: 0.4 MPa) and cooled it at room temperature 
(25°C) over 18 ±  2 hours. 

The study was performed at the Livestock Process Complex 
regulated by Hazzard Analysis Critical Control Points in Yeo-
ncheon. The abattoir processed up to 10 cattle and 1,700 pigs 
(on average 3 cattle and 250 pigs per 1 hour). 

Mixtures of gelatin and cocktails of E. coli biotype 1 were pre-
pared prior to carcass inoculation. The spray was shaken by 
hand to mix cocktails of E. coli biotype 1 and gelatin. The mix-
ture was then sprayed on the animal’s hide at the lairage. In this 
study, the contamination level of the cattle hide is set at 2 major 
levels. Classification of the levels were determined based on 
McEvoy et al. [10] and domestic situation: contamination af-
fecting the entire front legs, belly, flank, rump, and entire rear 
legs is set to “severe” while contamination affecting only the en-
tire front legs, rump, and entire rear legs is set to “moderate.” 
The average application time was 20 to 24 seconds for the “se-
vere” level, and 17 to 19 seconds for the “moderate” level. After 
every application, 100 cm2 of the cattle hide surface was 
swabbed to make the monitoring easier (Table 1). Whirl-Pak 
with sterile sponge (Nasco, USA) was used as the swab. Only 5 
cattle hides were collected per day. 

The study used Whirl-Pak with sterile sponge in all swabs 
performed on cattle carcasses. Just prior to sampling, 20 mL of 
0.1% (W/V) PW was injected into the sealed Whirl-Pak. Areas 
of 200 cm2 on the front legs, brisket, and rear legs were swabbed 
by sterile sponge (3.8 cm [width] ×  7.6 cm [length] ×  1.5 cm 
[thickness]). Sampling processes included de-hiding and final 
washing. To prevent any overlap of sampling and accuracy, 
samples were always performed at the left side of the carcasses. 

The Whirl-Pak with sterile sponge was used. Environmental 
swabs were performed a day after the experiment was complet-
ed, and immediately cleaning the abattoir. Samples were swabbed 

Table 1. The average concentration of surrogate microorganism on 
cattle hides after spraying different contamination levels (n = 15)

Severe Moderate
Day 1 7.12 ±  0.1 7.05 ±  0.07
Day 2 6.84 ±  0.08 6.78 ±  0.06
Day 3 7.28 ±  0.04 6.92 ±  0.1
Average 7.08 ±  0.08 6.92 ±  0.13

Values are presented as mean ± standard deviation. 
Severe, contamination affecting the entire front legs, belly, flank, rump, 
and entire rear legs (average application time: 20 to 24 seconds); moder-
ate, contamination affecting only the entire front legs, rump, and entire 
rear legs (average application time: 17 to 19 seconds).
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from the floor of the hook removal phase (F1), the de-hiding 
phase (F2), and between the washing and the inspection phase 
(F3) (900 cm2). Gloves were also swabbed of the workers who 
removed the hooks (G1) and who performed the de-hiding and 
evisceration processes (G2). The shackles used to suspend cattle 
were also swabbed. 

Samples were kept refrigerated until microbiological exam-
ination. These were performed within 20 hours after sampling. 
Appropriate decimal dilutions were prepared with 0.1% PW 
and were plated onto TSA with 100 μg/ml rifampicin. TSAs 
with 100 μg/mL rifampicin were incubated at 37°C for 24 hours. 

The data was expressed as mean and standard deviation of 
the log10 value. The study used GraphPad Prism 5.01 (GraphPad 
Software Inc., USA) for the statistical analysis and graph formu-
lation. Two-way ANOVA and Bonferroni post-tests were used 
in the analysis of data. Significant differences were defined as p 
<  0.05. 

In our analysis, the floor of the rear-hook exchange process 
showed the most contamination compared to the other floor 
surfaces (Table 2). The high contamination is because the car-
cass sticks during the hook exchange process longer than it 
does the other processes. There is also a higher chance of gela-
tin removal, which is the substitute for feces in this study, due 
to increased hide movement during hook exchange. Moreover, 
even though gelatin was only placed on the surface of the hide, 
surrogates were found on the floors, even after the hide was re-
moved. This proves that in addition to contamination through 
livestock hides, cross-contamination also happens on the floor 

surfaces. 
The study then compared the level of contamination between 

the gloves worn by workers who exchanged rear hooks and 
those worn by workers assigned to evisceration and hide re-
moval (p <  0.05). It was found that the former had higher con-
tamination levels, and the level of glove contamination did not 
differ according to the level of hide contamination (p ≥  0.05). 
This is not surprising since, in the rear-hook exchange process, 
direct contact between the rear legs and gloves is inevitable. The 
gloves are therefore highly contaminated during this process, 
and while cross-contamination occur when the gloves make 
contact with carcass during the pre-hide removal process. A 
previous study showed a consistent result indicating that work-
ers’ gloves move microorganisms from the hide and feces of 
livestock animals to carcass, and when the level of microorgan-
isms on the workers’ gloves before and after de-hiding process 
was compared, a significant increase in glove contamination af-
ter the process was evident [10,11]. The level of shackle con-
tamination varied according to hide contamination and the dif-
ference was not significant. Surrogates were found in the shack-
le used to hang the carcass, which clearly indicates that 
cross-contamination may occur with the shackles as medium. 

Moreover, it was found that carcass contamination from the 
“severe” level was significantly higher than that from the “mod-
erate” level (p <  0.05), and that surrogates remained on the car-
cass even after the final washing process (Table 3). This same 
finding is consistent with a previous study, which indicated that 
the difference in the degree of contamination on the surface of 

Table 2. Prevalence of surrogate bacteria in the internal environment of the abattoir

Contamination levels
Sites

F1 F2 F3 G1 G2 S
Severe 7.9 ×  103 6.0 ×  102 5.0 ×  102 2.0 ×  104 7.9 ×  102 2.9 ×  102

Moderate 8.5 ×  103 7.0 ×  102 6.0 ×  102 1.9 ×  104 3.6 ×  102 3.2 ×  102

Values are presented as mean. F1, F2 and F3 were expressed as CFU/900 cm2. G1, G2 and S were expressed as CFU/unit.
F1, the floor of the hook removal phase; F2, the floor of the de-hiding phase; F3, the floor between the washing and the inspection phase; G1, gloves 
from the worker performing the removal of hooks; G2, gloves from worker performing the de-hiding and evisceration; S, shackle.

Table 3. Prevalence of surrogate bacteria at the carcasses

Part
Class

Severe Moderate
AHO AFW AHO AFW

F 9.2 ×  10 ±  6.5 ×  10 9.6 ×  10 ±  3.8 ×  10 6.4 ×  10 ±  4.7 ×  10 6.6 ×  10 ±  3.4 ×  10
B 7.3 ×  103 ±  4.8 ×  103 9.0 ×  102 ±  4.9 ×  102 4.4 ×  103 ±  1.9 ×  103 3.5 ×  102 ±  1.2 ×  102

R 9.3 ×  103 ±  7.4 ×  103 1.2 ×  103 ±  5.7 ×  102 9.0 ×  103 ±  4.0 ×  103 9.7 ×  102 ±  2.6 ×  102

All counts are expressed as CFU/200 cm2. Values are presented as mean ± standard deviation. 
AHO, after hide opening; AFW, after final washing; F, front legs; B, brisket; R, rear legs.
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cattle in lairage impacted carcass contamination at the last 
slaughtering process [10]. Moreover, E. coli O157:H7 on the cat-
tle hide contaminated the carcass as it moved through the 
slaughtering process. 87% of the samples are positive before 
evisceration, 57% of the samples were positive after eviscera-
tion, and 17% of the samples were positive during post-slaugh-
tering process [12]. According to the results from carcass swabs, 
significantly higher contamination was found in the rear legs, 
regardless of the level of hide contamination and process order 
(p <  0.05). This agrees with the results of a previous study, 
which showed that in all 3 abattoirs, contamination of the rear 
legs after the initial slaughtering process and final washing pro-
cess was significant when compared with other parts of carcass 
[13]. After the de-hiding process, brisket contamination on a 
“severe” level was found to be significantly higher than that on a 
“moderate” level (p <  0.05). This higher contamination level 
might be related to the direct contact between the hide and the 
carcass during the de-hiding process [14]. When 0.5 to 2 kg of 
hide and meat touch each other’s surface for 2 seconds, the rate 
of contamination was only at 0.5-0.00002%, indicating that 
there are other factors involved in addition to direct contact be-
tween hide and meat [15]. In short, the spread of contamination 
from the hide to the carcass is primarily due to the following 
contributing factors: the worker’s gloves, the worker’s expertise 
in performing the job, and the degree of hide contamination. 
Since this study reproduced feces and dirt on hide using gelatin, 
further study is needed to explore the distribution of hide con-
tamination when the carcass and the internal environment are 
in dry sate. A significant difference was found between “severe” 
and “moderate” levels at the front legs and chest after final 
washing (p <  0.05). This finding deviates from that of a previ-
ous study which measured the level of microorganisms for each 
process and found that contamination was highest in the rear 
legs when measured after the hide pre-treatment process and 
similarly in the chest when measured after evisceration and 
hide removal [14]. The cause might be this study used surro-
gates that could only be tracked from the hide. In contrast, pre-
vious studies measured contamination based on various con-
taminants, such as intestinal ruptures that occurred during the 
slaughtering process. High contamination of brisket at severe 
level is indicative of poor hygiene during hide opening, which 
eventually leads to carcass contamination. Since it only takes 
the slightest contact to contaminate an entire part of the carcass, 
care must be taken to prevent the contamination from the hide 
to the meat, and a countermeasure plan must be established in 
South Korea in particular. As far as is known, this is the first 
study using gelatin and surrogate bacteria to inoculate cattle 

hide in South Korea. This study provides initial data to help un-
derstand cross-contamination with pathogenic bacteria inside 
abattoirs caused by the contamination level of livestock hides. 
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Canine mammary gland tumor (MGT) is the most common neoplasia, ac-
counting for 50% to 70% of all tumors in intact female dogs [1]. Most malignant 
tumors are comprised of epithelial tumors or carcinomas [2]. Malignant MGT 
rarely occurs in dogs aged younger than 5 years of age, and the mean age of dogs 
with MGT is from 9 years to 11 years [1]. Dogs may present with nonspecific 
signs, and those with inflammatory carcinoma present with extensive inflamma-
tion of the involved mammary glands with edema and pain [3]. In general, MGT 
metastasizes to the regional lymph nodes and lungs and more distant metastatic 
sites, such as the liver, spleen, bone, kidney, and brain; however, skin metastasis is 
rare [1,4]. To date, only 4 reported cases of skin metastasis have been reported in 
dogs with MGT [4-6]. 

Although MGT is easily detected through physical examinations, radiography, 
ultrasonography, computed tomography (CT), fine-needle aspiration of the re-
gional lymph nodes, and biopsy could be performed to evaluate metastasis [1,3]. 
The ability to detect pulmonary metastasis is improved due to the use of CT which 
contributes to the diagnosis of early-stage disease [3]. Most MGT metastasis oc-
curs within 1 year of the initial surgery [3]. Surgical removal of the affected tissues 
remains the most accepted treatment for MGT [1]. Surgical excision alone yields 
unsatisfactory results in patients with lymphatic invasion due to high recurrence 
[7]. Several prognostic factors, including age, tumor size and stage, clinical signs, 
lymph node involvement, histopathologic type, and the presence of hormone re-
ceptors, have been identified [4,7]. The present study described the clinical mani-
festation, diagnostic imaging findings, treatment, and prognosis in a dog with cu-
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Case Report

Abstract

An 8-year-old spayed female, mixed dog presented multiple, bloody exudative skin 
lesions on the bilateral flank which spread 1 week after mastectomy for treatment of 
mammary gland tumor (MGT). Multiple, ill-marginated, irregular, and heteroge-
neously thickened cutaneous and subcutaneous lesions and enlarged lymph nodes 
were identified in ultrasound and computed tomography. Histopathological exam-
ination confirmed adenocarcinoma with lymphatic invasion presumed to be meta-
static MGT. Clinical signs improved after chemotherapy but died after 1 month. 
This study suggests that cutaneous metastasis be considered for differential diagno-
sis of cutaneous lesions in dogs with a history of MGT, although skin metastasis 
from MGT is rare. 
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taneous metastasis of MGT. 
An 8-year-old spayed female, mixed dog was referred to the 

Veterinary Medical Teaching Hospital of Kyungpook National 
University for skin lesions. The patient was diagnosed with 
MGT at a local veterinary clinic and underwent mastectomy 
and ovariohysterectomy 6 weeks later. Palpable skin lesions on 
the bilateral flank were detected at the time of surgery and 
spread of multiple skin lesions presented on the bilateral flank 1 
week after operation. The patient’s lesions did not improve even 
after 1 month of anti-inflammatory treatment for the skin le-
sions. Painful, crust, bloody exudate, and multifocal nodules of 
skin lesions were identified upon physical examination (Fig. 
1A). Complete blood work revealed leukocytosis (20.4 k/μL; 
reference interval [RI], 6.1 to 18.3 k/μL), neutrophilia (13.9 k/
μL; RI, 3.6 to 12.5 k/μL), and hypercalcemia (14.2 mg/dL; RI, 9.3 
to 12.1 mg/dL). Thoracic and abdominal radiographs revealed 
irregular, thickened skin margins on the bilateral and ventral 
thoracoabdominal walls (Fig. 1B). On ultrasound, multiple cu-
taneous and subcutaneous lesions appeared diffuse and ill-mar-
ginated with heterogeneous echogenicity (Fig. 1C). In addition, 
irregular, heterogeneous enlarged bilateral medial iliac lymph 
nodes were identified. 

CT examination was performed with a 32-multislice CT sys-
tem (Alexion; Canon Medical Systems, Japan) for the precise 
evaluation of skin lesions and metastasis of MGT. The patient 
was positioned in dorsal recumbency on the CT table under 
general anesthesia. The scanning parameters were as follows: 
120 kV, 150 mA, 3.0 mm slice thickness, and 0.75 seconds rota-
tion times. A contrast study was performed after an intravenous 
administration of 600 mgI/kg iohexol (Bonorex 300 injection; 
Daehan Pharm, Korea) injected for 20 seconds using an autoin-

jector (A-60; Nemoto Kyorindo Co., Japan). Postcontrast CT 
images of the arterial, portal-venous, and delayed phases were 
obtained 20, 45, and 90 seconds after injection, respectively. 
Multifocal, irregular, and heterogeneously hyperattenuating 
thickened cutaneous and subcutaneous lesions were showed 
with heterogeneous contrast enhancement and partial calcifica-
tion on the bilateral, ventral thoracoabdominal and left inguinal 
regions (Fig. 2A and B). In addition, enlarged, irregular and 
ovoid-shaped bilateral medial iliac and bilateral axillary lymph 
nodes with heterogeneous contrast enhancement were observed 
(Fig. 2C). No evidence of pulmonary metastasis was observed. 
The differential diagnosis for skin lesions included recurrent 
MGT, metastasis of MGT at the skin, or cutaneous inflamma-
tion with lymphadenopathy. Lesions in the left inguinal region 
were suspected to be a residual inguinal lymph node or granu-
lomatous tissue due to previous surgery. 

A skin lesion biopsy was performed. Histopathology revealed 
a well-demarcated, encapsulated, and densely cellular neoplasm 
composed of polygonal cells arranged in tubules and islands 
with necrotic centers supported by collagenous stroma. Aniso-
cytosis marked with apoptosis was also detected in the neoplas-
tic cells with distinct cell borders and eosinophilic cytoplasm 
containing frequent intracytoplasmic vacuoles, some consistent 
with signet ring cells. Furthermore, irregularly round nuclei 
with prominent nucleoli and stippled chromatin were found 
(Fig. 3). Based on the histomorphology of neoplasms with in-
complete lymphatic invasion and history of MGT, a diagnosis of 
highly suspicious metastatic adenocarcinoma was made. The 
patient was scheduled for chemotherapy protocol with mitox-
antrone (Mitron injection; Reyon Pharm, Korea) at 4 mg/m2 
(intravenous) every 3 weeks for 5 treatments. After the first ad-

Fig. 1. Photograph of the (A) skin lesion, (B) abdominal radiography, and (C) ultrasonography in a dog with cutaneous metastasis of 
mammary gland tumor. (A) Multiple skin lesions with crust and bloody exudates were identified on the flank. (B) Right lateral radiographs 
of the abdomen and (C) ultrasonographic images of the skin. Irregular, thickened skin margins on the bilateral and ventral thoracoab-
dominal walls are identified (arrows). The cutaneous and subcutaneous lesions showed diffuse, multiple, ill-marginated, and heteroge-
neous echogenicity (arrowheads).
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ministration, improvement in skin lesions was observed; how-
ever, the patient died before the second induction due to dys-
pnea associated with pleural effusion, which we suspected was 
caused by MGT metastasis to the pleura, 1 month after the di-
agnosis. 

Skin metastases from visceral malignancies, except for 
hemangiosarcomas, are uncommon manifestations, accounting 
for 1% to 5% of all cutaneous lesions [4,8]. In particular, skin 
metastasis in dogs with MGT has been rarely reported. There 
have been only 4 cases in dogs; among them, 3 were reported 
without a description of clinical presentations [4-6]. Only one 
of these studies revealed the clinical presentation and histo-
pathological findings. Painless, firm, round, brown, and multi-
ple skin lesions were observed without ulcerations 2 years after 
the onset of MGT [4]. Conversely, the patient in this case report 
presented clinically different skin patterns from the previous 
study. Suppurative skin lesions were identified accompanied 

with pain and spread out within a week after the first operation. 
This study described not only the clinical symptoms but also 
diagnostic imaging and histopathological findings, which will 
be useful in veterinary clinics. 

Cutaneous metastasis of MGT should be differentiated from 
that of inflammatory carcinoma because the clinical presenta-
tion of skin lesions is similar. Inflammatory carcinoma has a 
poor prognosis with a mean survival of 25 days and systemic 
illness [1,3]. Inflammatory carcinoma is a poorly differentiated 
carcinoma with widespread dermal lymphatic obstruction, 
characterized by extensive inflammation of the diffuse involve-
ment of mammary glands with edema, warmth, and pain 
[2,3,9]. Dermal lymphatic involvement is considered a hallmark 
for the pathologic diagnosis of inflammatory carcinoma [10]. 
Metastasis to the bladder and reproductive organs rather than 
to the lungs, liver, and kidneys was more commonly observed 
than noninflammatory MGT [7]. Although differences between 

Fig. 2. (A) Noncontrast and (B) postcontrast transverse abdominal computed tomography images and (C) postcontrast dorsal plane im-
age. Multifocal, irregular, and heterogeneously hyperattenuating thickening with heterogeneous contrast enhancement cutaneous and 
subcutaneous lesions on the bilateral and ventral thoracoabdominal walls were identified (arrows). Enlarged axillary lymph nodes (arrow-
heads) were observed.

Fig. 3. Histopathological section of the skin lesion. (A) A well-demarcated, encapsulated, and dense cellular neoplasm composed of po-
lygonal cells arranged in tubules and islands with necrotic centers. (B) Incomplete obstruction of the lymphatic vessel with neoplastic 
cells. H&E, scale bars: (A) 100 μm, (B) 400 μm.

A

A B

B C



https://doi.org/10.14405/kjvr.20210038

Korean J Vet Res 2022;62(1):e2  •  Hyejoon Choi, et al.

4 / 5

inflammatory carcinoma and cutaneous metastasis of MGT 
have not been fully elucidated, several differences are suspected. 
In the present case, skin lesions presented like those of inflam-
matory carcinoma; however, warmth and edema of the mam-
mary glands, which are typical characteristics of inflammatory 
carcinoma, were not identified. In addition, upon histopatholo-
gy, the lymphatic invasion was not as severe, and the cells were 
not as atypical or plugging the lymphatics, as is expected with 
the inflammatory carcinoma. Physical and histopathological 
examinations and evaluation of metastasized organs help differ-
entiate inflammatory carcinoma from cutaneous metastasis of 
MGT. 

Demonstrating the metastasis of the sentinel lymph nodes re-
ceiving the first lymphatic flow of MGT has an important prog-
nostic value. Therefore, the regional lymph nodes must be eval-
uated in patients with MGT [1,11]. Diagnostic imaging includ-
ing ultrasound and CT is useful to detect metastasis to the ab-
dominal viscera or lymph nodes and to evaluate the degree of 
tumor invasiveness [3]. In particular, indirect CT lymphogra-
phy, using an injection of contrast agent into the mammary pa-
renchyma and identifying the sentinel lymph node help analyze 
the enhancement pattern of the lymph nodes and diagnose the 
presence of metastasis [11]. Heterogenicity or absence of senti-
nel lymph node opacification is associated with metastatic inva-
sion [1,11,12]. The enhancement pattern of the lymph nodes 
was considered similar between indirect CT lymphography [11] 
and conventional contrast-enhanced CT [13]. In this study, 
postcontrast CT images showed heterogeneous enhancement of 
the enlarged bilateral axillary lymph nodes, and lymph nodes 
metastasis was highly suspected. 

A limitation of this study was that sampling for histopatho-
logical examination was performed only on skin lesions. For the 
definite diagnosis, metastasis should show histopathological 
similarities to the primary tumor to determine whether the pri-
mary tumor is of origin [14]. However, in this study, the defini-
tive diagnosis of lesions originating from the mammary gland 
was confirmed by the correlation between histopathological 
findings with evidence of lymphatic invasion and history of 
MGT. 

In summary, skin metastasis from MGT rarely occurs in 
dogs. This study described the clinical manifestation, diagnostic 
imaging findings, treatment, and prognosis in a dog with cuta-
neous metastasis of MGT and suggests the possibility that vari-
ous forms of skin metastasis may exist. Whenever patients with 
MGT accompanying cutaneous lesions, cutaneous metastasis of 
MGT should be considered as a differential diagnosis. 
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The biceps brachii muscle attaches proximally at the supraglenoid tubercle by 
means of the long tendon of origin (the origin of biceps brachii tendon). This 
crosses the shoulder joint in a sharp curve to reach the cranial surface of the hu-
merus through the intertubercular groove. In the elbow joint region, the tendon of 
insertion (insertion of biceps brachii tendon) splits into 2 parts [1]. Bicipital calci-
fying tendinopathy is defined as dystrophic calcification of the tendon of origin of 
the biceps brachii muscle [2]. 

Degenerative or traumatic conditions in dogs involving the shoulder joint may 
cause forelimb lameness associated with the biceps tendon [3]. Although tendon 
trauma or rupture may cause calcifying tendinopathy, the exact pathogenesis is 
still unclear [4]. Calcifying biceps brachii tendinopathy is rare in dogs [5]. Large 
and medium-sized dogs are mainly affected. Labrador retrievers and Rottweilers 
are particularly overrepresented [5]. Most dogs with calcifying tendinopathy are 
chronically or intermittently lame and at times are asymptomatic [6,7]. 

A diagnosis of calcifying tendinopathy can be based on a combination of physi-
cal examination, radiography, ultrasonography, computed tomography, or mag-
netic resonance imaging (MRI) [5]. A radiographic examination can reveal calcifi-
cation overlying the craniomedial aspect at the approximate position of the hu-
merus [4]. Ultrasonography is sensitive and accurate techniques for tendon evalu-
ation [8]. The most common ultrasonographic finding was hyperechoic area ac-
companied by distal acoustic shadowing [3,8]. A heterogeneous tendon pattern 
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Case Report

Abstract

A 10-year-old, spayed female, Doberman Pinscher dog presented with right fore-
limb lameness. On physical examination, painful reaction and crepitation were 
present at the right shoulder. Radiographic evaluation of the shoulder revealed 
nothing remarkable. On the ultrasonography of the right shoulder joint, 2 small 
echogenic masses accompanied by reverberation artifacts were observed in the 
right biceps tendon near its origin at the supraglenoid tuberosity. Based on these 
findings, we suspected biceps calcifying tendinopathy. Clinical signs resolved inter-
mittently after administration of nonsteroidal anti-inflammatory drug. This study 
described the ultrasonographic findings of calcifying biceps brachii tendinopathy 
which is an unusual finding in dogs. 

Keywords: biceps; calcifying; tendinopathy; ultrasonography; dogs
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and hypoechoic area around calcification may be observed in 
the calcifying tendinopathy [8]. There was evidence that the 
presence of a hypoechoic area surrounding the calcification was 
related to clinical signs of pain, suggesting an active inflamma-
tory process [8]. Ultrasonography can provide detailed infor-
mation about the size, shape, location, and presence of an in-
flammatory change surrounding the calcifying lesion [8]. For 
an accurate diagnosis of shoulder joint conditions, histopatho-
logical examination with excisional biopsy is essential [9]. This 
report describes the ultrasonographic features of calcifying ten-
dinopathy in the biceps tendon, an infrequent condition of 
shoulder joint diseases in dogs. 

A 10-year-old spayed female Doberman Pinscher dog with 
right forelimb lameness was referred to the Gyeongsang Na-
tional University veterinary medical teaching hospital. The dog 
presented having chronic and intermittent right forelimb lame-
ness over the previous 3 years. Abduction and extension of the 
right shoulder elicited a mild crepitation and painful reaction 
during physical examination. There were no remarkable find-
ings on serum chemistry values or complete blood counts. 

On survey shoulder radiographs, no specific findings were 
found in either shoulder (Fig. 1). On ultrasonography (Arietta 
70; Hitach Aloka Medical, Japan), the patient was positioned in 
left lateral recumbency, with the right forelimb uppermost and 
the shoulder slightly flexed and externally rotated and a 12 
MHz linear probe used to examine the tendons in transverse 
and longitudinal planes. Scapulohumeral joint ultrasonography 
found a well-defined linear-shaped bright echogenic mass ac-
companied by reverberation artifacts and another small echo-
genic mass in the right biceps tendon near its origin at the su-
praglenoid tuberosity. These were considered to be biceps ten-
don calcification. However, small gas could not be excluded. In 
addition, we identified an irregularly shaped, hyperechoic mass 

accompanied by distal acoustic shadowing between the biceps 
tendon and the supraglenoid tuberosity. That was consistent 
with the osteoarthritic supraglenoid tuberosity. We also saw a 
small amount of anechoic fluid beneath the tendon (Fig. 2). 
Based on the ultrasonographic examination, the tentative diag-
nosis was biceps calcifying tendinopathy. However, the possibil-
ity of biceps tenosynovitis or tendinitis could not be ruled out 
because a histopathologic examination was not performed in 
this dog. 

The dog received nonsteroidal anti-inflammatory drug (car-
profen 4.4 mg/kg single in day, per oral) for 14 days. Addition-
ally, a behavioral restriction was implemented for 6 weeks. Clin-
ical signs of right shoulder problems such as pain and lameness 
gradually improved. Ten months later, the dog expired, and this 
was presumed to be because of an underlying dilated cardiomy-
opathy. 

Calcifying tendinopathy is known to occur idiopathically in 
horses and humans, and is rare in dogs, mainly found in large 
and medium-sized dogs especially in Rottweilers and Retrievers 
[6,10]. In this case, the dog was Doberman Pinscher, which is 
large breed of dog. 

One study shows that the prevalence of calcifying tendinopa-
thy in the scapulohumeral joint in dogs is 7%, and such dogs 
present as being either chronically or intermittently lame, or as-
ymptomatic [6]. Bicipital tenosynovitis and tendon calcification 
in dogs are not always associated but may be connected from 
the standpoint of pathological processes [9]. In humans, al-
though the etiology and pathogenesis of calcifying tendinopa-
thy are not clear, it may be that tendon trauma or rupture can 
reduce the blood supply and cause hypoxia [11]. 

In dogs, radiographic imaging in the contralateral limb is use-
ful for direct comparison, and the cranioproximal-craniodistal 
view of the shoulder helps to verify brachii tendon calcification 
[12]. Calcifications overlying the craniomedial aspect of the ap-
proximate position of the humerus can been seen on radiogra-
phy [4]. In this case, only the lateral and caudocranial views 
were available, and no specific radiographic findings were iden-
tified. 

Ultrasound is known to be more accurate than radiography 
in tendon assessment [13]. In dogs, it is well known that when 
the shoulder joint is flexed, it is the easiest to assess the biceps 
brachii tendon, which is easily palpable within the bicipital 
groove of the greater tubercle of the shoulder joint. For perpen-
dicular orientation of the transducer to the tendon fibers, it is 
necessary to apply slight pressure with the transducer [3]. In 
this case, we maintained flexion of the shoulder joint and had 
no difficulty in evaluating the biceps brachii tendon. 

Fig. 1. Mediolateral radiographic view of the (A) right and (B) left 
scapulohumeral joint of the patient. No remarkable findings were 
confirmed on radiography. L, left.
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In dogs, the biceps tendon can be readily identified on ultra-
sonography as it displays dense linear, and hyperechoic fiber 
patterns. The biceps tendon is homogenous and hyperechoic 
from its origin to its musculotendinous junction. On transverse 
imaging, this tendon typically varies from a circular to a flat 
shape as it goes from its insertion distally [3]. Furthermore, dys-
trophic mineralization can be recognized as discrete, focal, re-
flective interfaces with distal acoustic shadowing in the tendon 
[3]. In this case, 2 echogenic masses were confirmed in right bi-
ceps tendon, and they were considered to be a calcification of 
the biceps tendon. 

A small accumulation of anechoic fluid is visible below the 
origin of the supraglenoid tubercle tendon, but this may also be 
seen in biceps tenosynovitis in dogs [3,9]. In this case, on ultra-
sonography, a small amount of anechoic fluid was also identi-
fied beneath the tendon near its origin at the supraglenoid tu-
berosity. Although a histopathological examination could not 
be performed, it was considered normal because it had also 
been confirmed on the contralateral limb. 

The limitation of this case is that histopathologic examination 
was not performed. However, there were no remarkable find-
ings to indicate inflammation on radiography or ultrasonogra-
phy. Thus, we assumed that tendinopathy was more likely than 
either tendinitis or tenosynovitis. Arthroscopy of the scapulo-
humeral joint may be useful for diagnosing by direct visualiza-
tion of the origin of the biceps brachii tendon and proximal in-
tertubercular groove [14]. MRI is thought to be the best diag-
nostic imaging tool for evaluating both the intra- and extraar-
ticular structures in dogs [15]. However, neither arthroscopy 
nor MRI was done in this case. 

The case described the ultrasonographic findings of calcify-
ing tendinopathy of the biceps brachii tendon. Although it is a 
rare disease in dogs, calcifying tendinopathy of the biceps bra-
chii tendon should be considered in dogs with shoulder lame-
ness and ultrasonography can be useful for diagnosis of calcify-
ing tendinopathy of the biceps brachii tendon. 
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Feline pansteatitis is a nutritional disease characterized by a marked inflamma-
tion of the fat tissue and deposition of a ceroid pigment in adipocytes, as a result 
of vitamin E deficiency [1,2]. If the diet contains low amounts of vitamin E, a bio-
logical antioxidant, dietary and body fat undergo oxidative degradation, leading to 
the formation and accumulation of reactive peroxides in cat’s adipose tissue, re-
sulting in pansteatitis [3]. The main clinical signs of pansteatitis are fever, lethargy, 
inappetence, pain on skin palpation, and subcutaneous nodular masses that may 
show a smooth or a lumpy consistence [1]. In advanced stages of the disease, af-
fected cats lose agility, are unwilling to move, and show hyperesthesia, especially 
over the back and of the abdomen [1,3]. The treatment for pansteatitis includes 
dietary changes, vitamin E supplementation, supportive therapy, and administra-
tion of corticosteroids [1-3]. Prognosis is known to be fair with treatment, but 
must be regarded as potentially poor depending on disease severity [2,3]. 

Diagnosis of pansteatitis could be confirmed by histological findings. On histo-
logical examination, firm, nodular fat tissues that contain acid-fast ceroid pig-
ment, including end-products of lipid peroxidation, were observed [2]. Although 
it is a definitive diagnostic tool for pansteatitis, histological examination is an in-
vasive test, thus, identifying fat degeneration noninvasively before biopsy could 
help in diagnosing pansteatitis. Ultrasonography has been used to identify fat 
changes in dogs and cats [4-7]. Ultrasonographic characteristics of feline panste-
atitis have been reported in one cat as hyperechoic echogenicity of the omentum 
with hypoechoic foci [5]. However, the use of ultrasonography in diagnosing and 
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Case Report

Abstract

A 7-year-old Scottish Straight cat presented with hypersalivation and generalized 
hyperesthesia. The cat was provided tuna-based food for 2 to 3 weeks before clinical 
symptoms appeared. Abdominal ultrasonography showed a heterogeneous, hypere-
choic mesentery with hypoechoic foci. Pansteatitis was tentatively diagnosed and 
the cat was treated with vitamin E, anti-inflammatory drugs, and dietary changes. 
The clinical signs and changes in mesenteric fat on serial ultrasonography resolved. 
After feeding tuna-based food again, the same clinical signs and mesenteric changes 
on ultrasound recurred, which recovered through the same treatment. This study 
suggests that ultrasonography can be useful for diagnosis and monitoring of feline 
pansteatitis. 

Keywords: cats; nutritional disease; steatitis; ultrasonography
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monitoring feline pansteatitis has not been reported. This re-
port describes the ultrasonographic findings in feline pansteati-
tis and its serial monitoring according to the treatment and 
shows the prognosis of rapidly diagnosed feline pansteatitis. 

A 7-year-old, spayed female, Scottish Straight cat presented 
with hypersalivation, generalized hyperesthesia, decreased ap-
petite, and depression. The cat had been eating homemade 
foods, mainly composed of chicken and duck meat; however, 
the cat was provided commercial canned tuna-based food (Ne-
coya, tuna-based can, natural core) with omega-3, 2 to 3 weeks 
before clinical symptoms appeared. On physical examination, 
the cat had a fever (40.4°C) and abdominal pain. A small, irreg-
ular subcutaneous nodule was palpated at the umbilical region. 
A complete blood cell count was unremarkable. Increased feline 
serum amyloid A (fSAA, 38.4 μg/mL; reference interval, 0 to 5 
μg/mL) was found at serum chemistry. Abdominal radiography 

depicted decreased serosal detail at the midabdomen (Fig. 1). 
Mottled, irregular, heterogeneous opacity of the falciform fat 
area and mildly increased opacity at the inguinal fat area were 
also detected. Abdominal ultrasonography revealed a hypere-
choic and heterogeneous mesenteric fat tissue with hypoechoic 
nodules (Fig. 2A). The pancreas was normal in size and echoge-
nicity, and there was no adjacent fat change. Intestinal wall lay-
ering and thickness was normal. There was no abdominal 
lymph node enlargement. Fat at falciform fat area showed a het-
erogeneously and mildly increased echogenicity. A subcutane-
ous nodule at the umbilical region was normal fat echogenicity 
and diagnosed as umbilical fat hernia. Pansteatitis was tenta-
tively diagnosed based on dietary history, clinical signs, radiog-
raphy, and ultrasonography. Medical treatment and dietary 
changes were prescribed during hospitalization. 

The cat was treated with vitamin E (α-tocopherol, 50 IU/kg, 

Fig. 1. Right (A) lateral and (B) ventrodorsal abdomen radiographs of a cat with pansteatitis. There is the lack of serosal detail at the mi-
dabdomen. Mottled, irregular, and heterogeneous fat area (arrow) is observed at the falciform fat region. Mildly increased radiopacity of 
the inguinal fat area (arrowhead) and the falciform fat region is also observed.

Fig. 2. Ultrasound image of the mesentery (A) on the day of pansteatitis diagnosis and (B) 1 day, (C) 3 days, and (D) 1 week later. (A) Hy-
perechoic and heterogeneous mesenteric fat (arrow) with focal hypoechoic nodules (arrowheads) is seen at the time of diagnosis. These 
changes resolved after medical management. (B) On follow-up examination after the beginning of therapy, mesenteric echogenicity de-
creased (1 day later). (C) Three days after treatment, the size and heterogeneity of mesentery decreased in comparison to the first day. (D) 
Seven days after treatment, the cat completely recovered, with homogeneous echogenicity of the mesenteric fat.

A

A B C D
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once a day [sid]) given perorally (PO) and intravenous fluids 
(lactated Ringer’s solution, 15 mL/kg/h) for approximately 1 
week. The cat also received amoxicillin–clavulanic acid (5 mg/
kg, three times a day, intravenously; Amocla; Kuhnil Pharm 
Co., Ltd., Korea) and marbofloxacin (2.5 mg/kg, twice a day 
[bid], subcutaneously; Marbocyl 2%; Vetoquinol SA, France). 
Prednisolone (0.5 mg/kg, sid, PO; Solondo; Yuhan Co., Ltd., 
Korea) was additionally administered 3 days from the first 
treatment. The diet was also changed to Hill’s prescription diet 
i/d and z/d for 1 week. Ultrasound examination was conducted 
at 1, 3, and 7 days during treatment, showing a gradual decrease 
in the heterogeneity of the mesenteric fat (Fig. 2B-D). Marked 
clinical improvement involving all signs was observed within 1 
week of treatment; thus, the cat was discharged on a continued 
course of prednisolone (0.5 mg/kg, sid, PO), amoxicillin– clavu-
lanic acid (20 mg/kg, bid, PO), and marbofloxacin (3.5 mg/kg, 
bid, PO). The owner was instructed to change the cat’s diet to 
non-fish foods and vitamin E (30 IU) daily. 

However, the owner kept feeding the same diet while giving 
medicine after discharge. The same clinical signs, including fe-
ver (39.4°C) and depression recurred, and increased fSAA (8.7 
μg/mL) was identified at serum chemistry. Abdominal ultraso-
nography revealed similar mesenteric fat degeneration, includ-
ing hyperechoic echogenicity of the mesenteric fat with hy-
poechoic nodules (Fig. 3). The cat was rehospitalized and treat-
ed for pansteatitis with the same medication and non-fish food 
diet. The clinical signs improved, and ultrasonographic features 
of the fat degeneration resolved after the treatment. At 4 months 
after continuing non-fish food diet and vitamin E, the cat re-
mained in good condition with no recurrence. 

Pansteatitis is uncommon in cats, and it is caused by diets 
containing oily fish (tuna and sardines), rich in unsaturated fat-
ty acids relative to vitamin E [2,3,5]. Other causes, such as feed-
ing primarily with liver, a varied diet with only small amounts 
of fish, pig’s brain, or commercial cat food have been reported 
[1,3,7,8]. In addition to nutritional factors, pansteatitis in cats is 
rarely described with other conditions, including abdominal in-
jury, pancreatitis, pancreatic adenocarcinoma, intestinal lesion, 
and recent surgery of trauma [4,5,9]. However, in this case, the 
cat had no history of pancreatic disease or recent abdominal in-
jury. The cat had clearly identified history of fish-based diet be-
fore clinical signs occurred, and clinical signs and mesenteric 
degeneration were improved after the dietary change. The pa-
tient was presumptively diagnosed with pansteatitis. 

Ultrasonographic characteristics of feline pansteatitis have 
been reported as hyperechoic echogenicity of the omentum 
with hypoechoic foci in one cat [5]. Similarly, in this case, hy-
perechoic and heterogeneous echogenicity and edema of the 
mesenteric fat with focal hypoechoic nodules appeared on ul-
trasonography on the day of diagnosis. Pansteatitis was suspect-
ed by identifying fat degeneration using ultrasonography with 
the patient’s dietary history and increased fSAA. Ultrasonogra-
phy could be useful in diagnosing pansteatitis because it is non-
invasive and widely practiced at most veterinary clinics. In this 
report, as the treatment progressed and clinical symptoms im-
proved, heterogeneity and echogenicity of the mesenteric fat 
and edema gradually resolved. These results suggest that ultra-
sound monitoring could help in determining the resolution or 
recurrence of pansteatitis in cats. 

Although the results of this study suggest the usefulness of ul-

Fig. 3. (A) Recurred pansteatitis and (B) recovery after the same treatment. (A) Hyperechoic echogenicity of the mesenteric fat with a 
mild hypoechoic nodule was detected at the time of pansteatitis recurrence. (B) The recheck ultrasound examination of the mesenteric 
fat showed normally hypoechoic and homogeneous echogenicity of the mesenteric fat.

A B
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trasonography for diagnosis and monitoring of feline pansteati-
tis, hyperechoic fat changes with hypoechoic areas on ultraso-
nography can be identified in other diseases, which can cause 
steatitis and fat necrosis. Ultrasonographic findings of nodular 
fat necrosis have been reported as a nodule with a hypoechoic 
center and a hyperechoic rim at the omentum [6,7]. This 
pseudocystic, mineralized has been identified as a calcified ne-
crotic mesenteric fat, also known as Bate’s body or cholestroma 
[7]. Hypoechoic nodules indicating fat necrosis and fat edema 
were identified in this case; however, calcified necrotic mesenter-
ic fat was found in neither radiography nor ultrasound examina-
tion. In addition, peritoneal effusion, has been revealed with se-
vere omental necrosis [4-6], but peritoneal effusion was not 
found in this case. In humans, fat degeneration in steatitis is de-
picted as poorly defined increased echogenicity of the mesenteric 
fat, with marked mesenteric thickening [10]. Additionally, an-
echoic pseudocystic areas indicating fat necrosis are commonly 
seen in patients with fat degeneration, similar to this case [10]. 

Pansteatitis in cats due to fish-based foods is becoming scarc-
er, because most cats are fed commercial foods [1]. In the past, 
some cat foods were prepared with fishmeal and fish oil without 
additional antioxidants, which led to the development of 
pansteatitis. However, in this case, the patient was fed commer-
cial canned tuna containing vitamin E. It is presumed that the 
amount of vitamin E or other antioxidants was insufficient to 
prevent pansteatitis [11]. Trends in nutrition for companion 
cats gained increased interest in terms of feeding alternatives of 
unconventional foods, homemade, and raw animal products. In 
addition, the practice of feeding noncommercial and conven-
tional foods is increasing [12]. 

Considering the high prevalence of unconventional feeding 
practices, clinicians must be aware of the potential risks of nu-
tritional disease occurrence and be taken to ensure a diagnosis. 

As a limitation, there was no biopsy result of fat lesions. How-
ever, before the disease onset, fish-based diet was given, and 
clinical signs improved with vitamin E administration. More-
over, the same symptoms recurred when the same diet was giv-
en after the clinical signs had resolved, highly suggesting that it 
was pansteatitis. 

In conclusion, when fever and increased fSAA appear in a cat, 
mainly fed with fish-based food, pansteatitis may be suspected. 
Ultrasound examination is meaningful for diagnosing and 
monitoring the patient before the occurrence of severe clinical 
symptoms. Therefore, ultrasonography can be used as an assis-
tive diagnostic and monitoring tool for the treatment progress 
of pansteatitis, which was determined in this case, based on the 
history and clinical signs as well as the hyperechoic echogenici-

ty of mesenteric fat with hypoechoic nodules. 
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개의 세균성 폐렴 원인균으로는 Bordetella bronchiseptica, Streptococcus equi subsp. 

zooepidemicus, Mycoplasma spp., Pasteurella multocida, Pseudomonas spp., 대장균

(Escherichia coli) 등이 있다. 대장균은 그람 음성, 장내 세균과, 통성 혐기성, 간균으로, 

임상 증상과 유전적 특징에 따라 공생균(commensal E. coli), 장내 병원성 대장균(intes-
tinal pathogenic E. coli), 장외 병원성 대장균(ExPEC, extraintestinal pathogenic E. 
coli)으로 분류할 수 있다[1]. 

공생균은 하부소화계에서 대부분 발견되지만 호흡기에서 분리되기도 한다. 일반적으

로 공생균은 숙주와 공생 관계에 있지만 고령이나 면연력이 저하되는 경우 기회감염을 

일으킬 수 있다. 장내 병원성 대장균은 병원형에 따라 장병원성대장균(enteropatho-
genic E. coli), 장출혈성대장균(enterohemorrhagic E. coli), 장독소성대장균(entero-
toxigenic E. coli), 장침입성대장균(enteroinvasive E. coli), 장관흡착성대장균(enteroag-
gregative E. coli), 광범위부착성대장균(diffusely adherent E. coli), 괴사소성대장균

강아지에서 장외 대장균 감염에 의한 치명적 폐렴 
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Case Report

Abstract

This paper describes a fatal case of pneumonia in a 14-day-old dog caused by ex-
traintestinal pathogenic Escherichia coli (ExPEC). The necropsy showed that almost 
all of left lobes of the lungs had dark-red consolidation. A histopathology examina-
tion revealed moderate acute fibrino-hemorrhagic necrotizing pneumonia with in-
tralesional bacterial colonies. Non-suppurative epicarditis, congestion in the liver, 
and necrosis in the white pulp of the spleen also were found. E. coli with cytotoxic 
necrotizing factor 1 and α-hemolysin was isolated from the lung. This case was con-
firmed to have fatal pneumonia caused by ExPEC that led to a systemic infection. 

Keywords: Escherichia coli; extraintestinal pathogenic Escherichia coli; hemorrhagic 
necrotizing pneumonia  
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(necrotoxigenic E. coli), 장부착침투성대장균(adherent invasive E. 
coli), 세포분리성대장균(cell-detaching E. coli)으로 분류된다[1]. 

장외 병원성 대장균은 요로 감염, 뇌수막염을 주로 일으키며 균혈

증, 폐렴, 패혈증 또한 야기할 수 있다. 에어로졸이나 역류한 위 내

용물 등의 이물질을 오연성으로 기관 내에 흡입하거나, 장외 병원성 

대장균이 비뇨생식기나 위장관에서 혈액을 통해 전파될 경우 장외 

병원성 대장균에 의한 폐렴을 일으킬 수 있다[1]. 예를 들어, 개와 고

양이에서 균 분리를 통해 얻은 장외 병원성 대장균과 분변에서 채취

한 대장균이 혈청형과 독성 인자를 비교하였을 때 일치하는 결과를 

보였던 연구가 있었다[2,3]. Handt 등[3]은 개를 수송할 때의 스트레

스가 개의 면역력을 감소시켰고, 설사로 인한 장벽 손상이 균혈증으

로 이어졌다는 이론을 제시했다. 

해외에서는 대장균에 의한 폐렴으로 폐사한 개에 대한 병리학적 

보고가 있다. 하지만 우리가 알기로는, 국내에서 개의 대장균성 폐

렴이 발생하지만, 병리학적 병변이 보고된 사례는 없다. 따라서 국

내에서 장외 병원성 대장균으로 인한 대장균성 폐렴 사례의 병리학

적인 병변과 이 사례에서 분리한 대장균의 특성을 보고하고자 한다. 

2019년 7월에 14일령의 포메라니안 3마리가 통증 및 호흡곤란 증

상을 보인 후 폐사하였고, 폐사의 원인을 밝히고자 1마리가 농림축

산검역본부 질병진단과에 의뢰되었다. 부검을 진행하였고, 조직검

사를 위해 림프절, 폐, 심장, 신장, 비장, 간, 십이지장, 공장, 회장, 

맹장, 결장, 뇌를 10% 중성 포르말린에 고정하여 파라핀에 포매하였

고, 2.5-3 µm 두께로 절편을 제작하였다. 제작된 절편은 hematox-
ylin & eosin (H&E) 염색을 하였다. 병원성 원인체에 의한 감염 여

부를 확인하기 위해, 5% defibrinated sheep blood agar (Asan 

Pharm. Co., Ltd., Korea)와 MacConkey agar (Becton Dickin-
son, USA)를 사용하여 폐와 흉수에서 세균 분리를 하였고, VITEK 

II system (BioMérieux, France)을 이용하여 병원균을 동정하였다. 

분리된 균의 독성 인자를 확인하기 위해 cytotoxic necrotizing fac-
tor 1 (CNF1)과 α-hemolysin (Hly A)에 대해 중합효소연쇄반응을 

하였다[4]. 바이러스 감염 여부를 조사하고자 폐에 대해 바이러스 7
종, 즉 canine adenovirus (CAV), canine herpesvirus (CHV), ca-
nine influenza virus (CIV), canine parvovirus (CPV), canine dis-
temper virus (CDV), canine coronavirus (CCV), canine parain-
fluenza virus (CPIV)에 대한 중합효소연쇄반응 검사를 진행하였다.

부검하였을 때, 흉강에 붉은 흉수가 5 mL 저류되어 있었다. 또한 

왼쪽 폐가 전반적으로 암적색으로 발적 및 경화되어 있었다(Fig. 1). 

간은 발적되어 있었고, 그 외 장기에서는 특이적인 육안소견이 없었

다. 조직병리학적 검사 시, 폐에서는 급성 섬유소-출혈성 폐렴 소견

을 보였고(Fig. 2A), 괴사성 혈관염도 관찰할 수 있었다(Fig. 2B). 또

한 혈관, 기관지 및 폐포 내강에 다수의 세균 집락이 관찰되었다

(Fig. 2C). 심외막에서는 소수의 림프구와 대식구가 침윤되어 있었

다(Fig. 2D). 비장 백수에서 림프구 괴사를 보였고(Fig. 2E), 간에서

는 심한 울혈과 동모양모세혈관의 확장을 관찰할 수 있었다(Fig. 

2F). 폐에서 대장균이 분리되었고, 분리된 대장균에서 CNF1과 Hly 

A에 대한 중합효소연쇄반응 결과, CNF1과 Hly A 둘 다 양성 반응

을 보였다(Fig. 3). 또한 CAV, CHV, CIV, CPV, CDV, CCV, 

CPIV에 대한 중합효소연쇄반응 결과, 모두 음성으로 나타났다.

이번 사례에서 의뢰된 포메라니안은 통증과 호흡곤란을 보였는

데, 포메라니안 모축이 이전에 분만한 새끼들도 동일한 증상으로 10
일령에 폐사했었다. 과거 폐사한 강아지의 폐와 신장에서 분리한 대

장균과 모축의 분변에서 분리한 대장균이 동일한 특성을 보였던 사

례가 있었다[5]. 위 사례를 참고하였을 때, 이러한 증상을 보이는 경

우 모축의 감염 여부 또한 확인하여 감염 경로를 파악할 필요가 있

지만 모축에 대한 검사는 의뢰되지 않아 진행할 수 없었다. 이후 유

사한 경우가 발생하였을 때, 모축에 대한 추가 조사를 진행할 필요

성이 있다. 

장외 병원성 대장균은 발병 기전 및 공생균과의 구분 기준에 대한 

추가적인 연구가 필요했고[6,7], 그 예로 혈청형, phylogroups, 독성 

인자 등을 이용한 연구가 있다[6]. 본 증례에서는 위 방법들 중 독성 

Fig. 1. Gross appearances of the dead dog. (A) Five milliliters of fluid with red color was contained in thoracic cavity. Black spots were in 
the lung. Liver was reddened. (B) The almost left lung showed consolidation and dark-red color. L, left; R, right.
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Fig. 2. Histopathological findings of extraintestinal pathogenic Escherichia coli infection. (A) Lung, canine. Severe necrotizing fibrino-
hemorrhagic pneumonia; Inset, damaged nuclears (black arrows) and fibrins (asterisks). H&E, scale bar: 50 µm (inset, 20 µm). (B) Lung, 
canine. Vasculitis, necrosis of endothelial cells (black arrows) with fibrin and inflammatory cell deposition. H&E, scale bar: 20 µm. (C) 
Lung, canine. Bacterial colonies in alveolar lumen (asterisks). H&E, scale bar: 20 µm. (D) Heart, canine. Deposition of lymphocytes and 
macrophages in epicardium (black arrows). Heart. H&E, scale bar: 20 µm. (E) Spleen, canine. Necrosis in splenic white pulp (black arrows). 
H&E, scale bar: 20 µm. (F) Liver, canine. Hepatic congestion with enlargement of sinusoid (asterisk). H&E, scale bar: 20 µm.

A

D

B

E

C

F

A B1 2 3

3000

3000 3000

3000

15 15

2000

2500 2500

2000
1500

2000 2000

1500

1000

1200 1200

1000
700

800 800

700

500

600 600

500

Pe
ak

 S
iz

e

Pe
ak

 S
iz

e Peak Size

Peak Size

300

400 400

200 200

300 300

100 100

300

100 100

1200

1500 1500

1200

600

1000 1000

600

400

700 700

400

200

500 500

200

1 2 3 4

Fig. 3. (A) Polymerase chain reaction (PCR) of extraintestinal pathogenic Escherichia coli (ExPEC) alpha hemolysin. Lane 1, sample (1,177 
bp); lane 2, positive control 1; lane 3, negative control. (B) PCR of ExPEC cytotoxic necrotizing factor-1. Lane 1, sample (498 bp); lane 2, 
positive control 1; lane 3, positive control 2; lane 4, negative control.
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인자를 조사하였는데, 검출된 대장균은 CNF1과 Hly A 둘 다 양성 

반응을 보였다. CNF1과 Hly A는 동일한 pathogenicity-associated 

islands에 존재하여 독성 인자에 대한 특성 분석 시 본 증례와 마찬

가지로 함께 검출되는 경우가 많다[8]. CNFs는 표적 세포의 GT-
Pases에 작용해 가수분해로서 GTP가 GDP로 바뀌지 않고 활성화 

상태로 유지되게 된다. 이로 인해 신호전달체계의 손상이 일어나고, 

액틴(actin) 세포 골격 시스템이 재구성되어 세포질 분열을 방해하

며 다핵화를 야기하게 된다[9,10]. CNFs에는 CNF1과 CNF2가 있

으며 쥐, 토끼, 기니피그에 접종했을 때 피부 괴사를 일으킬 수 있

고, 폐사까지 유발할 수 있다. CNF1은 염색체에 존재하는 유전자로 

세포의 다핵화와 비대, 둥근 형태를 야기할 수 있다[10,11]. CNF2
는 플라스미드(plasmid)에 존재하는 유전자로, CNF1에 비해 다핵

화를 덜 야기하는 반면 세포의 비대, 신장과 다형성을 유도할 수 있

다. 또한 CNF1보다 더 강력한 괴사를 야기한다[10]. Hly A는 RTX 

toxin (repeats in ToXin)의 하나로 hlyCABD 오페론(operon) 위치

에 있다[8]. 적혈구를 용해하기 때문에 이러한 명칭이 붙었지만, 상

피세포와 백혈구에도 작용한다[12]. Hly A는 숙주세포의 세포막에 

손상을 주고 용해, 괴사, 세포자연사를 통해 숙주세포의 사멸을 유

발할 수 있다[1,12]. 폐의 내피세포에 Hly을 반응시켰을 때 내피세

포의 기능에 손상이 발생하였고, 내피세포 간 틈이 증가한 연구결과

가 있었으며, Hly이 내피세포에 작은 구멍을 만들었다고 추측하였

다. 검출된 독성 인자들과 본 증례의 조직 소견 간의 직접적인 상관

관계를 검증할 수는 없지만, 위 연구결과를 참고하였을 때 본 증례에

서 발생한 폐의 혈관염에 Hly A가 영향을 끼쳤을 가능성에 대해 고

려해 볼 수 있다[13] 

CNF1이나 Hly A를 가진 대장균에 의해 폐렴이 발생하여 폐사한 

경우, 본 증례와 동일하게 부검 시 흉강에 혈액성 흉수가 저류되고, 

폐가 암적색으로 발적 및 경화되어 있는 사례가 다수 있었다

[2,3,5,14]. 조직학적 검사 시, 다수의 증례에서 공통적으로 섬유소

성 삼출물이 관찰되었고 혈관이나 폐포 격벽, 기관지 벽에서 괴사가 

관찰되었다[3,5,14]. 또한 본 증례와 마찬가지로 출혈을 동반한 사례

도 있었다[2,3]. 한 사례에서는 급성 괴사성 폐렴 외에도 간에서 간 

세포의 산재성 미세소포성 공포와 넓은 범위의 혈관 괴사, 비장과 

편도에서 림프구 괴사, 비장 적비수에서 섬유소성 괴사, 섬유소성 

출혈성 심낭염과 같은 전신 병변을 보였다[14]. 본 증례에서도 비장 

백수의 림프구 괴사와 간의 울혈 및 동모양모세혈관의 확장이 관찰

되었고, 심외막에서 림프구와 대식구 침윤이 관찰되었다. 기존 보고

를 참고하였을 때, 위와 같은 소견은 본 증례에서도 전신적으로 병

변이 진행된 것으로 보인다.

결론적으로 본 증례는 CNF1과 Hly A를 보유한 장외 병원성대장

균에 의해 급성 섬유소-출혈성 폐렴이 유발되어 폐사된 것으로 진단

되었다. 사람을 감염시키는 장외 병원성 대장균과 동물을 감염시키

는 장외 병원성 대장균은 유전적 차이를 구분하기 어려울 정도로 유

전적 특성이 비슷하여 인수공통 전염의 가능성이 있으므로 지속적

인 관찰이 필요하며, 장외 병원성 대장균에 의한 병변에 대해 추가

적인 연구가 필요하다[15]. 
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Send a Retraction and an accompanying explanatory letter signed 
by all of the authors directly to the Editor-in-Chief of the journal. 
The Editor who handled the paper and the chairman of the Editori-
al Board will be consulted.

4. Submission of manuscript

One original manuscript with one set of original figure(s) or 
table(s) should be submitted by online submission system (www.
kjvr.org).

If there is any query concerning manuscript submission, contact:

Editor-in-Chief
Prof. Sang-Yoon Nam, DVM, PhD
Tel: +82-43-261-2596
E-mail: synam@cbu.ac.kr

Editorial Office
Tel: +82-2-880-1229, Fax: +82-2-878-9762
E-mail: jvs@ksvs.or.kr

5. Manuscript format

All materials must be written in proper and clear English or Ko-
rean. The manuscript that does not meet the ‘Instructions to Au-
thors’ will be immediately returned to the author. Our preferred file 
type for manuscript submissions is Microsoft WORD format. The 
manuscript including tables and their footnotes, and figures leg-
ends, must be double-spaced using Times New Roman (12 point 
font) in A4 size (210 ×  297 mm) with a margin of at least 2.5 cm 
on every side. The copyright assignment form, cover letter and title 
page should be uploaded as a separate file. The manuscript should 
be in the following sequence: abstract, keywords, introduction, ma-
terials and methods, results, discussion, acknowledgment, conflict 
of interest, references, tables, and figure legends. The title page, ab-
stract, references, each table and figure legend should start with a 
new page. All pages must be numbered and each page should begin 
with line No. 1. All tables and figures are to be numbered consecu-
tively using Arabic numerals. Their approximate positions should 
be indicated in the appropriate margin of the typescript.

Cover letter: The corresponding author must give written assur-
ance that neither the submitted materials nor portions therefore 
have been published previously or are under consideration for pub-
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lication elsewhere. When more than one related manuscript has 
been published or is under consideration for publication by this or 
other journals, authors are required to declare this in their letter 
and to enclose copies of those publications for an editorial perusal. 
Failure to do so may lead to automatic rejection of the submitted 
manuscript. The corresponding author should certify that all listed 
authors participated meaningfully in the study and that they have 
seen and approved the final manuscript.

Title page: In the top margin of the title page of each paper, the 
field of the paper should be noted. This should contain the title of 
an article, full names of author(s) and institutional affiliation(s). If 
several authors, and institutions are listed, they should be clearly in-
dicated with which department and institution each author is affili-
ated. Authors’ academic degrees should not be included. Authors 
should involve an Open Researcher and Contributor Identifier 
(ORCID) at the title page. In separate paragraph, address for corre-
spondence, including the name of corresponding author, address 
(institutional affiliation, city, zip-code and country), telephone and 
fax number, and e-mail address, should be given. Information con-
cerning sources of financial support should be placed as an ac-
knowledgment. A running title, less than ten words, should not be 
declarative or interrogative sentences.

1) Title: Titles should be brief but informative. It is important for 
literature retrieval to include the key words in the title which 
are necessary to identify the nature of the subject matter, in-
cluding the species of the animal on which the work is done. 
Use of expressions such as “Studies on ..........” “Observation of 
.........” or “Effects of .......” should be avoided, since they are not 
sufficiently informative. Chemical formulas or abbreviations 
should not be used. Titles in the form of declarative or inter-
rogative sentences are not encouraged. Also, do not use Ro-
man or Arabic numerals to designate that the paper is one in a 
series.

2) Authors and Affiliation: Authors are urged to include their 
full names, complete with first and middle names or initials. 
Confusion often arises in the literature when authors are iden-
tified by surname and initials only. Authors' academic degrees 
should not be included. The full name of institutions and sub-
sidiary departments should be given, together with a useful 
address including postal code. If several authors and institu-
tions are listed on a paper, it should be clearly indicated with 
which department and institution each author is affiliated. The 
affiliation address in each case should be indicated by super-
script.

3) Running title: A brief running title should be provided, not to 
exceed ten words. If running title is declarative or interrogative 

sentences, it is not acceptable.

Text: The composition of each section is the followings.
1) Abstract: Abstract should be concise less than 200 words for 

original article and 100 words for short communication and 
case report and describe, in a paragraph, concisely purpose, 
methods, important results and describe conclusion of the 
study, but not repeat information already presented in the ti-
tle. It should be suitable for direct inclusion in Index Medicus/
Medline and CAB/Index Veterinarius.

2) Keywords: This is a list important terms relevant to the content 
of paper. Up to 5 keywords should be listed at the bottom of ab-
stract to be used as index terms. For the selection of keywords, 
please refer Medical Subject Heading in Index Medicus/Med-
line, or in Website, www.nlm.nih.gov/mesh/MBrowser.html

3) Introduction: This is a brief background. It is not necessary to 
include all of the background literature. Brief reference to the 
most pertinent generally is enough to inform readers with 
findings of others in the field. The specific questions to be ad-
dressed the study should also described. It should not contain 
either authors’ result and conclusion.

4) Materials and Methods: Experimentation of the experimental 
methods should be concise but sufficient for repetition by 
other qualified investigators. Procedures that have been pub-
lished previously should not be described in detail, but merely 
cited with appropriate references. However, new or significant 
modifications of previously published procedures need full 
descriptions. The sources of special chemical(s), equipment(s) 
or preparation(s) should be given along with their company 
name and country. All chemicals and reagents should be used 
a generic name but not brand name. For animal experimenta-
tion reported in this Journal, it is expected that the “Guide for 
the care and use of laboratory animals” approved by the Na-
tional Research Council(ILAR) in USA will have been ob-
served. We encourage that the ethical guidelines of animal 
welfare committee should be cited. Research on humans must 
be approved by IRB. Please refer the Declaration of Helsinki 
(www.wma.net).
The selection of observational or experimental participants 
(healthy animals or patients, including controls) should be de-
scribed, including eligibility and exclusion criteria and a descrip-
tion of the source population. Because the relevance of such 
variables as age, sex, or breed is not always known at the time of 
study design, researchers should aim for inclusion of representa-
tive populations into all study types and at a minimum provide 
descriptive data for these and other relevant demographic vari-
ables. Ensure correct use of the term sex (when reporting biolog-
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ical factors), unless inappropriate, report the sex of animals or 
cells, and describe the methods used to determine sex. If the 
study was done involving an exclusive population, for example 
in only one sex, authors should justify why, except in obvious 
cases (e.g., prostate cancer). Authors should define how they 
determined breed and justify their relevance.

5) Results: T ., grants, fellowships, and scholarships, etc.) should 
appear in the Acknowledgments. Funding agencies may have 
specific wording requirements, and compliance with such re-
quirements is the responsibility of the author. Authors are re-
sponsible for obtaining written permission to use any copy-
righted text and/or illustration.

6) Discussion: In this section, the data should be interpreted con-
cisely without repeating material already presented in the re-
sults section. It should be considered the results in relation to 
any hypotheses advanced in the introduction. This may in-
clude an evaluation of the methodology and of the relationship 
of new information to the knowledge in that field.

7) Acknowledgments: All persons who have made a genuine 
contribution and who endorse the data and conclusions may 
be included. Statements regarding sources of direct financial 
support (e.g., grants, fellowships, and scholarships, etc.) 
should appear in the Acknowledgments. Funding agencies 
may have specific wording requirements, and compliance 
with such requirements is the responsibility of the author. Au-
thors are responsible for obtaining written permission to use 
any copyrighted text and/or illustration.

8) Conflict of interest: Conflict of interest exists when an author 
(or the author's institution), reviewer, or editor has financial 
or personal relationship that inappropriately influence his/her 
actions (such relationships are also known as dual commit-
ments, competing interests, or competing loyalties). All au-
thors should disclose their conflict of interest, i.e., (1) financial 
relationships such as employment, consultancy, stock owner-
ship, honoraria, paid expert testimony, (2) personal relation-
ship, (3) academic competition, and (4) intellectual passion. 
Authors should explain why each interest may represent a 
conflict. If no conflicts exist, the authors should state this. 
Submitting authors are responsible for coauthors declaring 
their interests.
In particular, all sources of funding for a study should be ex-
plicitly stated. Disclosure form shall be same with ICMJE 
Uniform Disclosure Form for Potential Conflicts of Interest 
(http://www.icmje.org/coi_disclosure.pdf).
The Editor decides whether the information on the conflict 
should be included in the published paper. Before publishing 
such information, the Editor consults with the corresponding 

author. If the sufficient agreement with the author cannot be 
reached, the Korean J Vet Res follows the COPE flow chart 
(http://publicationethics.org/) for settlement of these issues.

9) References: The references section must include all relevant 
published works, and all listed references must be cited in the 
text. References should numbered in the order they appear in 
the text and arrange the entries consecutively. Cite each listed 
reference in the text by number in brackets. The number of 
references should be less than forty (40). In case of short com-
munication and case report, it must not exceed fifteen (15). 
Journal name should be abbreviated in accordance with the 
style of Index Medicus/Medline (www.nlm.nih.gov/tsd/seri-
als/lji.html). Follow the styles shown in the example below:

Daminet S, Croubels S, Duchateau L, Debunne A, van Gef-
fen C, Hoybergs Y, van Bree H, de Rick A. Influence of ace-
tylsalicylic acid and ketoprofen on canine thyroid function 
tests. Vet J 2003;166:224-232.

Aoshima K, Baba A, Makino Y, Okada Y. Establishment of 
alternative culture method for spermatogonial stem cells us-
ing knockout serum replacement. PLoS One 2013;8:e77715.

Brock TD, Madigan MT. Biology of Microorganism. 5th ed. 
pp. 42-59, Prentice Hall, Englewood Cliffs, 1988.

Palmer N, Jensen ML, Raine H. Tumors of Joint. In: Jubb 
KVF, Kennedy PC, Burke E (eds.). Pathology of Domestic 
Animals. 2nd ed. pp. 140-144, Academic Press, San Diego, 
1993.

Alberghina D, Amorini AM, Lazzarino G. Modulation of pe-
ripheral markers of the serotoninergic system in healthy 
horses. Res Vet Sci 2010. Epub ahead of print. doi: 10.1016/ 
j.rvsc.2010.06.023.

The following types of references are not valid for listing: unpub-
lished data, personal communication, manuscripts in prepara-
tion or submitted, pamphlets, thesis for a degree, proceedings, 
abstracts, patents, newsletters, website, in press and material that 
has not been subjected to peer review. However, article(s) that 
can be available in Medline/PubMed and SCOPUS can be used 
as reference(s).

Tables and figures
Tables should be typewritten separately from the text, double 

spaced, and each table should include a title. Figures should ordi-
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narily be original drawings. However, glossy photographs of 
line-drawing are usually satisfactory. In each original line-drawing, 
letters or numbers should be left blank because they will be typed 
in during printing. Letters or numbers should be included in the 
figures contained in a submitted manuscript along with caption for 
figures. Figures should be submitted in final size (printed 1 : 1). 
They may be printed in either single column (75 mm width) or 
double column (165 mm width) format. The size of text in figures 
should be 8~10 points, except for single letter markers which may 
be 12 points. Numbers, letters, and symbols used in multi-paneled 
figures must be consistent. Authors should place explanatory mat-
ter in footnotes, not in the heading. Explain in footnotes all non-
standard abbreviations that are used in each table. For footnotes use 
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. Scale bars should be used rather than magnification factors, 
with the length of the bar defined in the legend rather than on the 
bar itself. Diagrams and photographs submitted in electronic for-
mat 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.

Supplementary materials
Authors can submit supplementary materials for online-only 

publication when there is insufficient space to include the materials 
in the main article. Supplementary materials should be original and 
important to the understanding and interpretation of the article. As 
supplementary materials will not be edited or formatted after publi-
cation, authors are responsible for the accuracy and presentation of 
this material.

Supplementary materials should be submitted in a single Micro-
soft Word document or as a single PDF file which should include 
all relevant material (textual information, tables, figures, and refer-
ences). Each element included in supplementary material should be 
cited in the text of the main manuscript (e.g., Supplementary Table 
1, Supplementary Fig. 1, Supplementary Methods). The first page 

of the online-only document should list the number and title of 
each element included in the document.

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

All manuscripts should be prepared according to the research and 
publication ethics guidelines recommended by the Council of Sci-
ence Editors (http://www.councilscienceeditors.org/), the Interna-
tional Committee of Medical Journal Editors (ICMJE, http://www.
icmje.org/), the World Association of Medical Editors (WAME, 
http://www.wame.org/), or the Korean Association of Medical Jour-
nal Editors (KAMJE, https://www.kamje.or.kr/en/main_en). The 
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Korean J Vet Res will follow the guidelines of the Committee on 
Publication Ethics (COPE, http://publicationethics.org/) for settle-
ment of any ethical issue or misconduct.

Research ethics
Animal experiments should be reviewed by an appropriate com-

mittee for the care and use of animals (i.e., an Institutional Animal 
Care and Use Committee; IACUC). Studies with pathogens requir-
ing a high degree of biosafety should pass the review of a relevant 
committee (i.e., an Institutional Biosafety Committee; IBC). We en-
courage authors to adhere to animal research reporting standards, 
for example, the ARRIVE reporting guidelines (https://www.nc3rs.
org.uk/arrive-guidelines) for reporting study design and statistical 
analysis; experimental procedures; experimental animals, and hous-
ing and husbandry practices. For studies using client-owned ani-
mals, authors should demonstrate a high standard (best practice) of 
veterinary care that includes obtaining informed client consent. 
Manuscripts will be rejected if the manuscript or author fails to meet 
the aforementioned requirements, and the study involved unneces-
sary pain, distress, suffering, or lasting harm to animals.

All studies involving human subjects or human data must be re-
viewed and approved by a responsible Institutional Review Board 
(IRB). Authors should follow the principles embodied in the Decla-
ration of Helsinki (https://www.wma.net/policies-post/wma-decla-
ration-of-helsinki-ethical-principles-for-medical-research-involv-
ing-human-subjects/) for all investigations involving human materi-
als.

The approvals obtained for the above should be described in the 
manuscript’s Methods section. For studies of humans, including case 
reports, also state whether informed consents were obtained from 
the study participants. The Editor may request submission of copies 
of IACUC, IBC, or IRB approval documents and copies of informed 
consents from human subjects in clinical studies.

Redundant publication and plagiarism: Redundant publica-
tion occurs when two or more papers, without full cross reference, 
share the same hypothesis, data, discussion points, or conclusions. 
Plagiarism ranges from the unreferenced use of others’ published 
and unpublished ideas, including research grant applications to 
submission under “new” authorship of a complete paper, some-
times in a different language. It may occur at any stage of planning, 
research, writing, or publication: it applies to print and electronic 
versions. The Korean J Vet Res will follow the COPE flow chart (http://

publicationethics.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. Article-processing charge

The publication fee is US$ 300 up to 3 pages, and US$ 50 per ad-
ditional page, indexing charge US$ 100. If a certificate of English 
proofreading is missing before submitting the article, English edit-
ing 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.
☐  Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than on the bar itself. 
☐  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.
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* 도서관: 5만원     * 평의원: 10만원

* 임원단(이사 및 부회장): 30만원   * 임원단(이사장 및 회장): 50만원

※ 단, 회원 신규가입은 가입 첫 해만 연회비에 입회비(1만원)를 추가로 납부하여야 합니다.

<신규 가입 방법>

대한수의학회 홈페이지(http://www.ksvs.or.kr) → 신규회원 가입 → 입회원서 작성 후 회비 납부

<납부 방법>

① 계좌이체: 농협 079-01-469877(예금주: (사)대한수의학회) 계좌로 입금 

② 전자결제: 대한수의학회 홈페이지(http://www.ksvs.or.kr)에서 회원가입 후 로그인하여 '온라인 회비 & 논문게재료  
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