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Introduction 

Newcastle disease (ND) is one of the most critical infectious diseases in domes-
tic and wild birds [1]. Generally, ND primarily causes acute respiratory disease; 
however, it can also lead to depression, nervous manifestations, and diarrhea [2]. 
ND virus (NDV) or Avian paramyxoviruses 1 (APMV-1) was recently classified to 
Family Paramyxoviridae, Genus Avian Orthoavulavirus and common NDV is re-
cently known as Avian Orthoavulavirus-1 (AOAV-1) [3]. Although only a single 
serotype of NDV has been found to be exist as determined using neutralizing tests 
and cross-protective analysis [4,5], the virus can be categorized into 2 major class-
es based on phylogenetic analysis of the fusion (F) gene sequence, i.e., Classes I 
and II [3]. Moreover, Kapczynski et al. [6] reported that NDV is constantly evolv-
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Abstract

Vaccination against Newcastle disease (ND) is the most effective means of con-
trolling the disease, and these vaccines are commercialized only after their safety 
and effectiveness have been verified through tests that comply with Korean Stan-
dards of National Lot Release for Veterinary Biologics. This study investigated 
whether a relatively convenient and safe serological test can be used in place of the 
challenge test using highly virulent ND virus. Hemagglutination inhibition (HI) as-
say and enzyme-linked immunosorbent assay (ELISA) were considered positive of 
log2 2 or more and cutoff value of 200 or more, respectively, in both live and inacti-
vated vaccines. However, when the antibody levels of the live and inactivated vac-
cines induced using the Ulster 2C, KBNP-C4152R2L, and K148/08 strains were 
compared, the antibody titers for inactivated vaccines were significantly higher than 
those for live vaccines in both the HI assay and ELISA. A strong positive correlation 
was observed between HI and ELISA antibody titers. The live vaccines correspond-
ed to a survival rates of ≥ 80% and the inactivated vaccines corresponded to 100% 
survival rates. This study confirmed that standard efficacy tests can serve as sero-
logical tests, and can replace the challenge test and that the vaccine approval process 
can be improved. 

Keywords: Newcastle disease; serological tests; Newcastle disease virus; vaccine ef-
ficacy; vaccines
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ing and that it can be classified into more than 21 phylogeneti-
cally distinct genotypes as per epidemiological evidence. Class I 
NDVs are genetically less diverse, are present in wild waterfowl, 
and have low virulence; in contrast, Class II NDVs are more di-
verse, frequently isolated from poultry with occasional spill-
overs into wild birds, and have a wide range of virulence. More-
over, Class II NDV can be subdivided into 21 genotypes [1,4,7]. 

Generally, virulent NDV can be defined as NDV with an in-
tracerebral pathogenicity index of ≥  0.7 in 1-day-old chicks or 
multiple basic amino acids at the cleavage site of the virus F 
protein, according to the World Organisation for Animal 
Health (OIE) [8]. NDV isolates can be classified into 3 major 
pathological types based on virulence: velogenic (high viru-
lence), mesogenic (moderate virulence), and lentogenic (low 
virulence) [9]. Velogenic NDV can be subdivided into viscero-
tropic velogenic NDV (vvNDV), which causes severe visceral 
and intestinal hemorrhage, and neurotropic velogenic NDV, 
which presents with severe neurologic clinical signs, depending 
on the clinical signs in chicken behavior [10]. ND is one of the 
damaging diseases among chickens, and it has a significant 
global economic impact worldwide [11]. Moreover, there are no 
reports of treatment of ND and no antiviral drugs are commer-
cially available. 

Vaccination against ND is the most effective means of con-
trolling the disease, and this method is practiced in most coun-
tries producing commercial and backyard poultry except Ire-
land, Norway, Switzerland or Sweden [12–14]. In Korea, vacci-
nation against ND has been mandatory in hatcheries and poul-
try farms since 2001; consequently, no ND outbreaks have oc-
curred since 2010 [15]. However, ND vaccination is still being 
used for prevention of outbreaks in the future. These vaccines 

are commercialized only after their safety and effectiveness have 
been verified through tests that comply with Korean Standards 
of National Lot Release for Veterinary Biologics [16]. Although 
vaccine validation is currently performed as a challenge test in 
chickens using the highly virulent NDV, this study investigated 
whether a relatively convenient and safe serological test can be 
used in place of the challenge test. 

Materials and Methods 

Experimental animals and NDV vaccine 
Overall, 11 NDV vaccines from 6 manufacturers were tested 

(Table 1). The age of the test animals and the dose and inocula-
tion route of the vaccines for evaluating vaccine strains were in 
accordance with the Korean Standards of National Lot Release 
for Veterinary Biologics [16] and the manufacturers’ recom-
mendations. Namely, 6 vaccine strains among 7 live vaccine 
strains were inoculated by spray route using an automatic spray 
device (SKmos2009; Samkwang, Korea) in each of the 25 1-day-
old specific-pathogen-free (SPF) chickens (Namduck SPF, Ko-
rea). The other live vaccine strains were inoculated by orally us-
ing a 1-mL syringe in 10 3-weeks-old and 10 6-weeks-old SPF 
chickens, respectively. Four inactivated vaccine strains were in-
tramuscularly injected into 25 6-weeks-old SPF chickens. All 
experiments were performed thrice, and the mean outcomes 
were considered. The vaccinated and control groups were 
placed in separate isolation units throughout the study. All pro-
cedures in this study were conducted in accordance with the In-
stitutional Animal Care and Use Committee (IACUC), APQA 
(approval ID: 2019-452). 

Table 1. Experimental design with live and inactivated Newcastle disease vaccines

Type of vaccine NDV strain Pathotype Dose(log10EID50)
a) Manufacturer Inoculation route

Live B1 l 6.5 F Drinking water
CBU2179 l 6 D Spray
KBNP-C4152R2L a 6 C Spray
PHY.LMV.42 a 6 E Spray
NDRL0901 a 6 D Spray
K148/08 a 6 A Spray
Ulster 2C a 5.0–6.0 B Spray

Inactivated KBNP-C4152R2L a 9.5 C IM
K148/08 a 9.5 A IM
Ulster 2C a 8.5 B IM
Lasota l 9.0–9.5 A IM

NDV, Newcastle disease virus; l, lentogenic; a, asymptomatic; IM, intramuscular injection.
a)50% Percent egg infectious dose.
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Serum collection 
To detect NDV antibodies, blood samples from the different 
groups administrated with the live (n =  10/group) and inacti-
vated (n =  10/group) NDV vaccines were collected at 2 and 3 
weeks after immunization, respectively, based on Korean Stan-
dards of National Lot Release for Veterinary Biologics [16]. Se-
rum was separated and subjected to heat-induced inactivation 
at 56°C for 30 min. The samples were stored at –20°C until fur-
ther analysis. 

Challenge experiment 
The vvNDV strain Kr005 was used as the challenge virus in 

this study [17]. To determine the concentration of Kr005, 50% 
egg infectious dose (EID50) was measured using the Reed-
Muench method [18]. Virus challenge involved intramuscular 
injection of Kr005 (1 ×  105 EID50/0.5 mL) at 2 and 3 weeks after 
the administration of live and inactivated vaccines, respectively. 
The challenged chickens were observed daily for clinical signs, 
mortality for 2 weeks. 

Hemagglutination inhibition assays 
Hemagglutination inhibition (HI) assay was performed using 

U-bottomed 96-well microtiter plates as recommended by the 
OIE manual of standard diagnostic tests [8]. The assay was per-
formed using 4 hemagglutination units of the NDV LaSota an-
tigen. The endpoint was the reciprocal of the highest serum di-
lution that completely inhibited hemagglutination. HI titers 
were also expressed as log2.

Enzyme-linked immunosorbent assay 
Indirect enzyme-linked immunosorbent assay (ELISA) was 

conducted to detect NDV antibodies in the serum samples us-
ing a commercial ELISA kit (MEDIAN Diagnostics Inc., Korea) 
according to the manufacturer’s instructions. An absorbent 450-
nm filter was used to calculate the sample-to-positive (S/P) ra-
tio of each sample using an ELISA microplate reader (Molecular 
Devices, USA). The presence or absence of antibodies against to 
NDV was determined by correlating the absorbance value of 
the sample to the positive control mean, and positive was indi-
cated by an S/P ratio of >  0.2. The ELISA titer (log titer) was 
calculated as 1.8 (log S/P) + 3.56. 

Statistical analyses 
GraphPad Prism ver. 9.0 (GraphPad Software Inc., USA) was 

used for all statistical analyses. To compare the serological re-
sponse and analyze the relationship between the antibody titers 
and the survival rate, independent-sample t-test and Pearson 
two-tailed analysis were performed. A p-value of <  0.0001 was 
considered statistically significant. 

Results 

Serological response the SPF chickens to NDV vaccine 
The serological response of the chickens to the vaccine strains 

is presented in Fig. 1. The HI assay results revealed that the 
mean antibody titers against the live vaccine strains ranged 
from log2 4.7 ±  1.6 to log2 6.4 ±  1.7, whereas those against the 

Fig. 1. Serological responses between chickens vaccinated with 2 Newcastle disease virus (NDV) groups, live and inactivated NDV vac-
cines. Hemagglutination inhibition (HI) titers (A) and enzyme-linked immunosorbent assay (ELISA) titers (B) were determined as the 
means antibody value and ± standard deviation (SD). Significant differences of antibody levels between live and inactivated vaccines are 
indicated by asterisk (p < 0.0001). Data represent the mean ± SD of 3 independent experiments.
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inactivated vaccine strains ranged from log2 8.7 ±  1.0 to log2 9.7 
±  0.8. For both live and inactivated vaccines, antibody titers 
were considered positive of log2 2 or more. ELISA revealed that 
the mean antibody titers against the live and inactivated vaccine 
strains ranged from 3,655 ±  3,741 to 6,601 ±  2,297 and from 
8,860 ±  3,101 to 12,338 ±  2,016, respectively. All values ex-
ceeded the manufacturer’s positive cutoff value of 200. Howev-
er, when the antibody levels of the live and inactivated vaccines 
induced using the Ulster 2C, KBNP-C4152R2L, and K148/08 
strains were compared, the antibody titers for inactivated vac-
cines were significantly higher than those for live vaccines in 
both the HI assay and ELISA (p <  0.0001). 

Correlation between HI and ELISA titers 
The correlation between HI and ELISA antibody titers is pre-

sented in Fig. 2. A strong positive correlation was observed be-
tween HI and ELISA antibody titers (Pearson correlation coef-
ficient r, 0.7622; 95% confidence interval, 0.7290–0.7918; p <  
0.0001). 

Relationship between serological responses and protection 
levels 

The relationship between antibody titers and survival rates is 
presented in Fig. 3. According to Korean Standards of National 
Lot Release for Veterinary Biologics, a vaccine is considered ef-
fective when the survival rates after vaccination with live and 
inactivated vaccines are ≥  80 and ≥  90%, respectively [16]. The 
mean HI and ELISA titers for live vaccines ranged from log2 3.1 
to log2 9 and 2,316 to 11,965, respectively, corresponding to a 
survival rates of ≥  80%. Further, the mean HI and ELISA titers 
for inactivated vaccines ranged from log2 7 to log2 11.4 and 

6,808 to 16,838, respectively, both of which corresponding to 
100% survival rates. 

Discussion 

All NDVs are of the same serotype and therefore, have similar 
antigenic properties; this results in a uniform immune response 
regardless of the vaccine strain. Both live and inactivated NDV 
vaccines have been widely used globally to contain the econom-
ic threat posed by ND outbreaks [6,19]. In Korea, national effi-
cacy trials have been conducted to ensure that vaccines against 
ND are safe and effective in generating a protective immune re-
sponse in chickens [16]. To safely manage vvNDV as a chal-
lenge virus, biosafety level 3 facilities must be developed and 
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utilized by 2023; however, in reality, this is difficult because of 
problems of cost and lack of facilities in Korea [20]. Therefore, 
this study investigated whether the efficacy of the vaccines 
could be evaluated using a more convenient and safe serological 
test than the challenge test. 

In this study, all 11 vaccines, including 7 live vaccines and 4 
inactivated vaccines, achieved the positive criterion of values of 
log2 2 or higher in the HI assay and values exceeding the posi-
tive cutoff value of 200 in ELISA. Moreover, the HI and ELISA 
antibody titers generated by the inactivated vaccines were sig-
nificantly higher than those generated by the live vaccines. In-
activated vaccines are generally produced as oil adjuvants to en-
able stimulation for a relatively long time, and they tend to in-
crease the level of humoral antibodies in the blood after intra-
muscular administration [21]. Moreover, adjuvants can effec-
tively stimulate immunity by inducing antibody production, 
and high antibody titers can protect against morbidity or mor-
tality associated with NDV infection [21]. 

In contrast, lentogenic NDV strains are widely used as live 
vaccines in young birds aged 1–14 days; these vaccines block 
infection by inducing early immunity through cellular, local 
mucosal, and humoral immune responses [12]. The biggest ad-
vantage of live vaccines is that they can be administered through 
various routes, such as through drinking water, spray, or eye 
drops, and are suitable for mass distribution, resulting in ex-
tremely low costs from production to administration [6,12]. 
NDV comprises an envelope containing the hemaggluti-
nin-neuraminidase (HN) protein that allows the virus to bind 
to host cells and the F glycoprotein that promotes the fusion of 
the envelope to host cells [6]. Antibodies against HN play a role 
in blocking virus attachment, and antibodies against the F gly-
coprotein inhibit virus fusion with host cell membranes, mak-
ing them the primary targets for immune responses [22,23]. In 
this study, these antibody titers of the ND vaccine strains dis-
played different trends in the HI assay and ELISA, as previously 
described [24,25]. This is because the HI assay only detects an-
tibodies against the HN protein, whereas the ELISA uses the 
whole virus as antigen, thus potentially allowing the detection 
of antibodies against any protein on the NDV particle [26,27]. 
Moreover, Thayer et al. [28] reported that ELISA could detect 
antibodies that did not act as protective antibodies or less ana-
lyze the role of HN in antibody induction. 

However, it is impossible to unequivocally state whether this 
significant difference is attributable to strain characteristics. 
This is because although commercial vaccines contain verified 
vaccine strains, the composition differs. In addition, chickens 
vaccinated against ND produce IgM, IgY, and IgA antibodies as 

part of the immune response [29]. Antibodies are detected in 
blood 6 days after inoculation, reaching peak levels at 3 to 4 
weeks resulting in high titers [30,31]. 

In this study, the results of the HI assay and a ready-made 
ELISA displayed a strong positive correlation, as previously de-
scribed [32]. However, Marquardt et al. [33] reported no cor-
relation between HI assay and ELISA. The results in this study 
also found that the number of positive samples was higher in 
the HI assay than in ELISA. In total, 0.4% of HI-negative sera 
samples (HI titer <  log2 2) were positive on ELISA, whereas 
1.7% of HI-positive sera samples were negative on ELISA (ELI-
SA titer <  200). The results of HI assay differed from those of 
ELISA, and it is different from what is known that the specifici-
ty of ELISA is higher than the HI assay [32]. This discrepancy 
between the 2 assays may be related to the aforementioned sen-
sitivity characteristics. Moreover, because commercial ELISA 
kits have different antigens for each product, differences in sen-
sitivity and specificity between kits must also be considered. 
Chickens vaccinated using live and inactivated vaccines exhibit-
ed survival rates of >  80% and 100%, respectively. Thus, this 
study found a strong correlation between protection against 
challenge infection and serological titers, which is consistent 
with the results of previous studies [34–36]. This study con-
firmed that standard efficacy tests can serve as serological tests, 
and can replace the challenge test and that the vaccine approval 
process can be improved through shortening the trial periods, 
considering animal welfare concerns, and reducing costs. 
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Introduction 

Nanomaterials play important roles in medicine, industry, and environmental 
sustainability [1,2]. Many experiments have been conducted in the field, including 
using nanoparticles as drug-carrying nanoparticles that deliver and transport me-
dicinal drugs to treat cancer cells [3]. Nanomaterials have attracted considerable 
interest, especially in biological and medical applications, as several medications 
have poor efficacy. Various in vivo and in vitro treatment strategies with nanopar-
ticles are useful because the scale of nanoparticles is close to biological molecules 
and forms [4]. On the other hand, nanoparticles may provide an alternative to an-
tibiotics and inhibit pathogens [5]. Nanoparticle research has led to various appli-
cations that have improved productivity in poultry and animals [6,7]. The increas-
ing resistance of microbes to many antibiotics has prompted researchers to use 
nanotechnology as a new solution. One of the most important nanoparticles to 
date is zinc oxide. Zinc oxide nanoparticles have low toxicity. In addition, they are 
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Abstract

In the study, zinc oxide nanoparticles (ZNOPs) at concentrations of 20, 40, and 60 
mg/kg were tested for their antimicrobial action against the oocysts of Eimeria 
tenella. The oocysts of E. tenella were isolated from the feces of broilers received at 
the veterinary hospital in Diwaniyah Province and initially diagnosed by compound 
optical microscopy. The oocysts were confirmed molecularly by polymerase chain 
reaction targeting the ITS1 gene with a molecular weight of 409 bp. The results in 
the first week showed that ZNOP concentrations of 20 and 40 mg/kg possess vari-
ous activities against E. tenella, while 60 mg/kg was the most effective in reducing 
excreted oocysts compared to the positive control and amprolium group, along with 
the appearance of mild symptoms and a mortality rate of 0.8%. In the second week 
of infection, excreted oocysts and mortality rates generally decreased in all treated 
groups. A comparison of all groups showed that the 60 mg/kg ZNOP-treated group 
had a significantly lower number of excreted oocysts, and all birds in this group re-
covered during the second week of infection. These findings revealed the prospect 
of using ZNOPs against E. tenella in challenging situations of the appearance of re-
sistance to anticoccidial agents. 

Keywords: ZnO nanoparticles; broilers; Eimeria tenella; Iraq  
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an antimicrobial, a growth enhancer, a nutritional supplement 
for humans and animals, an immunostimulant, and a catalyst 
for phytochemical reactions [8,9]. 

Eimeria tenella is an intracellular parasite that has a signifi-
cant effect on poultry. The infections lead to malabsorption, di-
arrhea, and bleeding. Coccidiosis can be controlled through the 
preventive use of anticoccidial drugs. Eimeria vaccines are 
available, but their use is limited to a proportion of the interna-
tional poultry industry because of production restrictions and 
high cost [10–12]. Coccidiosis is one of the important parasitic 
diseases and one of the difficult problems facing poultry farm-
ing in Iraq and the world because it causes significant economic 
losses despite the development of various means to limit its 
spread, such as good management, methods of improving 
breeding, and preventing chicks from eating mature oocysts 
through use of sterilizers. Nevertheless, most of them have not 
been proven effective [13,14]. Therefore, this study examined 
the anti-parasitic activity of zinc oxide nanoparticles (ZNOPs) 
against E. tenella-infected broilers. 

Materials and Methods 

Diagnosis of E. tenella oocysts 
Oocysts were obtained from infected broiler specimens im-

ported to a veterinary hospital in Al-Diwaniyah Province, 
where the stools were placed in a 2.5% potassium dichromate 
solution. Flotation was then performed by adding saturated sa-
line (saturated sodium chloride) to float the oocysts. 

A hemocytometer was used to calculate the number of oo-
cysts used to infect the broiler with E. tenella, as described else-
where [15,16]. Oocysts were counted in the boxes designated for 
counting white blood cells. The total number of oocysts was di-
vided by eight to obtain the average per square, then multiplied 
by 10,000 to produce the number of oocysts in one milliliter.  

Account of oocysts in 1 mL = 
Account of oocysts in 8

 × 10,000 

         

The diagnosis of the parasite was confirmed by a convention-
al polymerase chain reaction (PCR) using a pair of primers for 
the gene internal transcribed spacer-1 (ITS-1) (ITS1-F: AG-
CAGGTAGTCGTCGGTGTT ITS1-R AGCAAAGTTCCAAG-
CAGCAT), with a molecular weight of 409 bp based on Hami-
dinejat et al. [17]. The DNA was extracted using a Stool Ge-
nomic DNA Extraction Kit (Bioneer, Korea) according to the 
manufacturer’s protocol, and the concentration and purity of 

the extracted DNA were measured using a Nanodrop spectro-
photometer. The PCR mix was prepared using AccuPower Pre-
mix Kit (Bioneer) according to the manufacturer’s instructions. 
Electrophoresis was carried out using 1.5% agarose gel to read 
the PCR results. 

Preparation of ZNOPs 
This compound was purchased as ready-made oxide from 

Sky Spring Nanoparticles Inc. in the form of a white to light yel-
low powder with a purity of 99.8% and a size of 10 to 30 nm. 

The nanocomposite (ZnO nanoparticles) was prepared in the 
form of a stock solution, where 5 g of ZNOPs were dispersed in 
100ml of distilled water and sterilized in an autoclave. The col-
loid was mixed using an ultrasonic homogenizer for 15 min-
utes, and concentrations of 20, 40, and 60 mg/kg were prepared 
and kept in a refrigerator until used in the experiment. 

Experiment animals 
One hundred twenty-day-old broilers were obtained from the 

Diwaniyah hatchery (Turkish Rose strain), and all the chicks 
were reared on the floor with bedding from one day old until 
the end of the trial period. All groups of broilers were subjected 
to the same environmental conditions from feeding and light-
ing as well as a preventive health program. 

Infection of the animals 
Before infection, stool samples were collected daily for 21 

days to check for the absence of E. tenella oocyst. Similarly, the 
clinical signs were observed daily. At 21 days, the experimental 
animals were divided into six groups, with 20 birds per group. 
G1 was left as a negative control group (without infection) and 
was given distilled water. G2 was dosed with 50,000 mature oo-
cysts and left as a positive control (group infected). G3, G4, G5, 
and G6 were dosed with 50,000 oocysts. The feces were exam-
ined from the day after the infection until the oocysts appeared 
in their feces (4–6 days). Subsequently, G3 was dosed with am-
prolium drug (150 ppm), and G4, G5, and G6 were dosed with 
20, 40, and 60 mg/kg of ZNOPs, respectively, for 14 days. An 
experimental infection with E. tenella was induced at 21 days 
old and dosed orally using gavage. Drugs were given daily orally 
for two weeks at the concentrations mentioned above.  

Statistical analysis 
A completely randomized design was adopted as the experi-

mental laboratory design, in addition to comparing the means 
using the least significant difference test to determine the sig-
nificant differences at the p ≤  0.05. 
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Ethical approval 
All procedures conducted in animal studies were in accor-

dance with the ethical standards of the institution at which the 
studies were conducted. The current study was approved by the 
Committee of the Department of Biology, Faculty of Education, 
University of AL-Qadisiyah (approval number: 345 in 3/6/2021). 

Results 

The diagnosis of the oocysts of E. tenella (Fig. 1), which was 
used in the experimental infection, DNA was extracted from 
stool samples taken from infected broilers imported to the vet-
erinary hospital and subjected to PCR to confirm the diagnosis 
of the oocysts of E. tenella (Fig. 2). Of the 150 stool samples, 100 
were positive for E. tenella ITS-1 gene (prevalence rate, 66.6%). 

During the first week of infection, no pathological symptoms 
or fecal oocysts were observed in the negative control group 
(G1) (Table 1). On the other hand, birds in the E. tenella-infect-
ed group (G2) showed severe disease symptoms manifested by 
lethargy, general weakness, severe bloody diarrhea, and reduced 
feed consumption. Furthermore, G2 has a mortality rate and 
oocyst count of 10% and 6,080 oocysts, respectively. Compared 
to G2, amprolium-treated E. tenella-infected group (G3) 
showed mild symptoms, a reduced number of oocysts, and a 
mortality rate of 1.6%, whereas the ZNOP-treated-E. tenella-in-

fected groups exhibited dose-dependent anticoccidial activity. 
G4 (20 mg/kg ZNOP group) showed similar symptoms to G2 
and an oocyst count and mortality rate of 3,000 and 7.5%, re-
spectively. In contrast, G5 (40 mg/kg ZNOP group) had moder-
ate disease symptoms, a slight decrease in the number of oo-
cysts, and a 3% mortality rate, while G6 (60 mg/kg ZNOP 
group) showed mild symptoms and a significantly reduced oo-
cyst number (p <  0.05) and a 0.8% mortality rate. 

Similarly, the second week of infection also indicated a de-
crease in the number of oocysts raised during the second week 
in the anticoccidial group and the groups treated with the three 
nano concentrations, with a decrease in the mortality rates of 
birds (Table 2). The concentration of 60 mg/kg recorded a clear 
superiority and a significant decrease (p ≤  0.05) in the number 
of oocysts excreted in the litter compared to all other groups, 
and all birds of this group recovered during the second week of 
infection. Weight changes (weakness) were observed visually 
only in the group infected with E. tenella (positive control), 
while groups treated with ZNOPs showed a normal weight and 
were close to the negative group (not infected). 

Discussion 

Recent research in the poultry industry indicates that adding 
zinc to the diet plays a vital role in the following: the growth of 

Fig. 1. Eimeria tenella oocyst isolated from infected broiler chick-
ens. (A) Unsporulated oocysts. (B) Sporulated oocyst.

AA BB

2,000 bp
1,000 bp

500 bp
100 bp

409 bp

Fig. 2. Polymerase chain reaction product of the ITS-1 gene of 
Eimeria tenella electrophoresis. M, ladder; 1-14, representative 
samples.

Table 1. Comparison of the effects of ZNOPs on Eimeria tenella-infected birds at one week post-infection

Groups No. of birds Concentration (mg/kg) Rate of oocyst (/mL) Mortality rate (n, %)
G1 20 Water distilled 0 0
G2 20 5 ×  104 oocysts 6,080a) 12 (10)
G3 20 Amprolium 1,000 2 (1.6)
G4 20 ZNOPs, 20 3,000 9 (7.5)
G5 20 ZNOPs, 40 1,800 4 (3)
G6 20 ZNOPs, 60 500 1 (0.8)
Total 120

ZNOP, zinc oxide nanoparticle; G1, negative control; G2, untreated and infected group; G3, amprolium-treated-E. tenella-infected; G4, 20 mg/kg 
ZNOP-treated E. tenella-infected; G5, 40 mg/kg ZNOP-treated E. tenella-infected; G6, 60 mg/kg ZNOP-treated E. tenella-infected.
a)p < 0.05 indicates a significant difference compared to the untreated and infected group (G2).
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bones, muscles, feathers, and skin; increasing the bioavailability 
of zinc; weight gain and improving the efficiency of food con-
version, In addition, zinc is necessary for the activity of approx-
imately 250 to 300 enzymes and participates in many enzymatic 
functions and metabolism in the body [18–20]. Furthermore, it 
increases IgY production and the total number of lymphocytes 
and improves immune responses in general [21,22]. It is prefer-
able not to use high concentrations of ZNOPs because Zn is 
toxic when it exceeds the required level [23]. 

Dosing of the positive control group with oocysts to E. tenella 
led to the emergence of clinical symptoms represented by the 
general weakness of the bird, decline in growth, and the absten-
tion of some infected birds from eating feed and water, as well 
as severe bloody diarrhea. Bloody diarrhea results from a dam-
aged capillary vessel in the ceca due to the penetration of spores 
and the development of the parasite during the schizogony 
phase in the epithelial tissue of the cecum [24–27]. 

The current study showed that the broilers infected with the 
oocysts of E. tenella, which were subsequently dosed at 20 mg/
kg of ZNOPs solution during the first week, did not achieve a 
positive result in reducing the number of oocysts excreted in the 
stools. Most of the infected birds suffered from symptoms simi-
lar to those of the positive control group, in addition to the oc-
currence of death in birds of this group. When comparing this 
group with the anticoccidial group, anti-coccidiosis reduced the 
number of oocysts excreted by acting as an antibiotic that killed 
the developmental stages in the life cycle of the parasite.  

At 40 mg/kg ZNOPs, there was a slight reduction in the num-
ber of oocysts excreted in the stool. Birds of this group showed 
satisfactory symptoms, but the symptoms were less severe than 
the positive control group. By contrast, 60 mg/kg revealed a sig-
nificant decrease in the number of oocysts thrown into the litter 
and a mortality rate of 0.8%. 

The results also showed a decrease in the number of oocysts 
excreted during the second week in the anticoccidial group and 
the treated groups with the three ZNOP concentrations, with a 
decrease in mortality. The 60 mg/kg concentration showed 
clear superiority and a significant decrease (p ≤  0.05) in the 
number of oocysts excreted in the litter compared to the other 
groups. All birds in this group recovered during the second 
week of infection. 

The reason for the decrease in the oocysts in the broilers at 60 
mg/kg of ZNOPs during the second week can be explained by 
the ZNOPs weakening the development of this parasite before 
the inactive oocysts were formed. This finding agrees with 
Dkhil et al. [28], 2015, regarding the effects of ZNOPs in signifi-
cantly reducing oocyst excretion in the stool of Eimeria papilla-
ta-infected mice. These results may be explained by the ability 
of ZNOPs to weaken the development of the parasite before the 
inactive oocysts were formed or possibly the ability of ZNOP to 
cross the gastrointestinal tract and be distributed further in the 
blood and in the target organs, which in turn leads to increased 
immune responses and resistance to infection [29]. 

In addition, research has indicated that ZNOPs act as liver 
protective agents in rabbits infected with coccidiosis [30]. Re-
cently, ZNOPs and L-carnitine were reported to have anti-neu-
rological bilharziasis effects in infected mice [31]. Furthermore, 
Bafundo et al. [32] showed that zinc utilization use is dimin-
ished by Eimeria acervulina infection. General weakness was 
observed visually in the group infected with E. tenella (positive 
control) while groups treated with the ZNOPs showed a normal 
weight, similar to the negative group. Hence, the findings ob-
tained from this study present a promising scenario for using 
ZNOPs as an effective alternative for treating coccidiosis. Zinc 
oxide nanoparticles play a role in reducing the incidence of coc-
cidiosis, especially at 60 mg/kg. 

Table 2. Comparison of the effects of ZNOPs on Eimeria tenella-infected birds at two weeks post-infection

Groups No. of birds Concentration (mg/kg) rate of oocyst (/mL) Mortality rate (n, %)
G1 20 Water distilled 0 0
G2 20 5 ×  104 oocysts 9,060a) 2 (1.6)
G3 20 Amprolium 250 0
G4 20 ZNOPs, 20 1,600 1 (0.8)
G5 20 ZNOPs, 40 350 0
G6 20 ZNOPs, 60 20 0
Total 120

ZNOP, zinc oxide nanoparticle; G1, negative control; G2, untreated and infected group; G3, amprolium-treated-E. tenella-infected; G4, 20 mg/kg 
ZNOP-treated E. tenella-infected; G5, 40 mg/kg ZNOP-treated E. tenella-infected; G6, 60 mg/kg ZNOP-treated E. tenella-infected.
a)p < 0.05 indicates a significant difference compared to the untreated and infected group (G2).
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Neuronal ceroid lipofuscinosis (NCL) is a group of inherited neurodegenerative 
lysosomal storage diseases in humans and animals and is characterized by appar-
ently normal development followed by progressive deterioration in cognitive and 
motor functions, blindness, seizures, respiratory impairment, and premature 
death in most cases [1,2]. The diagnosis of NCL can be established through clini-
cal signs, magnetic resonance imaging (MRI), histopathological findings, and 
gene sequencing used to probe mutated genes, including CLN10, CLN5, CLN12 
and CLN8 [3,4]. However, gene sequencing is not generally conducted in veteri-
nary medicine due to few studies on NCL diagnosis. Massive lysosomal accumu-
lation in neurons and neuronal loss are reported to be representative pathological 
features of NCL [5]. Reported MRI lesions of the NCL include cerebral and cere-
bellar atrophy, mild hyperintensity of the cerebral white matter, cortical thinning, 
and thalami hypointensity on T2-weighted images [6]. Although several treat-
ments, including enzyme replacement, stem cell and gene therapies, and pharma-
cological treatment, have been used to treat dogs with NCL, their prognosis is 
usually poor [7,8]. 

A 2-year-old spayed female Border Collie presented with loss of vision, as evi-
denced by her bumping into walls, and progressive behavioral changes including 
aggression toward the owner. Decreased response to food from the age of 5 
months and descending stairs incorrectly from the age of 1 year were identified 
through history taking. In addition, aggressive behavior of trying to bite the owner 
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Case Report

Abstract

A 2-year-old spayed female Border Collie presented with visual deficits and behav-
ioral changes. Neurological examination revealed bilateral menace response deficit 
with a normal pupil light reflex. Cerebral cortical thinning, cerebral sulci and cere-
bellar fissure widening, ventriculomegaly, and cerebral atrophy were observed on 
magnetic resonance imaging (MRI). Histopathology revealed fluorescent lipopig-
ment accumulation in the cerebrum, and the dog was diagnosed with neuronal 
ceroid lipofuscinosis. This is the first case report describing the changes in clinical 
signs, MRI findings, and histopathologic changes in neuronal ceroid lipofuscinosis 
in Korea. 

Keywords: dogs; lysosomal storage diseases; neuronal ceroid-lipofucinoses; con-
genital abnormalities; aggression
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accompanied by failure to recognize the owner was observed 
during the first visit. Mild increased intraocular pressure (right 
eye, 21 mmHg; left eye, 23 mmHg) and bilateral menace re-
sponse deficit with normal pupil light and dazzle reflexes were 
identified through ocular examination. However, no abnormal 
findings were observed on electroretinography or examination 
of the optic fundus. No abnormalities were observed in the 
blood analysis. Bilateral menace response deficit was the only 
abnormal finding on neurological examination. 

Based on these results, neurolocalization was observed in the 
forebrain, particularly in the occipital lobe. MRI (1.5-Tesla unit, 
Signa Creator; GE Healthcare, USA) was performed to confirm 
forebrain abnormalities, and generalized cerebral cortex thin-
ning was observed. Mild-to-moderate dilation of the mesen-
cephalic aqueduct and moderate ventriculomegaly of the third, 
fourth, and lateral ventricles were also observed (Fig. 1A). Ven-
triculomegaly was identified when the right and left ventri-
cle-to-brain height ratios were 37.4% and 29.9%, respectively. 
Moderate dilated cerebral sulci were observed with hyperinten-
sity on T2-weighted imaging and hypointensity on fluid-attenu-
ated inversion recovery and T1-weighted imaging. The cerebel-
lum was moderately small, and mild-to-moderate widening of 
the cerebellar fissure was observed on T2-weighted imaging 
(Fig. 1B). No abnormal findings were detected in the optic 
nerve or chiasm. Results of cerebrospinal fluid analysis, includ-
ing cytology and polymerase chain reaction for infectious 
pathogens (Bartonella spp., Blastomyces dermatitidis, Coccidiosis 
spp., Cryptococcus spp., Histoplasma capsulatum, Canine dis-
temper virus, West Nile virus, Borrelia burgdorferi, Neospora 
spp., and Toxoplasma gondii) were normal. 

Prednisolone (Solondo; Yuhan, Korea) 0.5 mg/kg, furosemide 

(Lasix; Handok, Korea) 1 mg/kg, gabapentin (Neurontin; Pfizer, 
USA) 20 mg/kg twice daily, and omeprazole (Ramezole; Hanmi, 
Korea) 10 mg/kg once daily were administered orally to treat 
ventriculomegaly. The dog was euthanized with the owner¹s 
consent despite a slight improvement in aggressive behavior af-
ter 2 weeks of treatment. 

After necropsy was performed, the dog’s brain was fixed with 
10% formalin and stained with hematoxylin and eosin (H&E) 
(Fig. 2A), autofluorescence (Fig. 2B), and periodic acid-Schiff 
(PAS) (Fig. 2C). Immunohistochemistry was performed using 
antibodies directed against lysosomal-associated membrane 
protein 1 (ab24170, LAMP-1; Abcam, UK) (Fig. 2D). H&E 
staining showed that neuronal cells comprised abundant bright 
intracytoplasmic storage materials. Some of the cytoplasm of 
the neurons was distended by storage products, and those com-
pressing the nuclei were observed by H&E staining. A moderate 
decrease in the number of granular layers and Purkinje cells 
was observed. According to autofluorescence staining, neurons 
throughout the brain had abundant autofluorescent inclusions. 
Positive storage material in the cytoplasm of neurons stained 
variably with magenta with PAS. The cytoplasm of the neurons 
stained for LAMP-1. In summary, the dog was diagnosed with 
NCL based on these histopathological findings. 

To the best of our knowledge, canine NCL has not yet been 
reported in Korea. The present report describes the clinical 
signs and MRI and histopathological findings of NCL in a Bor-
der Collie. 

NCL is a disease that involves the accumulation of ceroid li-
pofuscin in the brain. Deposition of ceroid lipofuscin affects the 
cerebral and limbic systems [9]. Lesions in the frontal lobe and 
internal capsule projections result in unawareness of the owner, 
slow learning, and pacing. Behavioral changes may occur if the 
disease occurs due to organophosphorus deposition in the tel-
encephalon or diencephalon [9]. Lesions in the temporal lobe 
cortex, limbic system, and hypothalamus can lead to aggression 
and bizarre behavior and feeding disorders [9]. Behavioral ab-
normalities, such as loss of interest in play, begin at 15 months 
of age but usually manifest a few months later (at approximately 
18 months of age) at an early stage [10]. Visual disorders are 
unambiguous, and behavioral abnormalities increase in severity 
in the middle stage (19 to 23 months of age) [11]. Convulsive 
seizures and motor disorders occur at the late-to-terminal stag-
es due to a wide spectrum of brain dysfunction (older than 22 
months of age) [11]. 

NCL in a Border Collie was first defined in Australia in the 
1980s, and a sporadic case of the disease was also reported in 
the USA in the 1990s [12]. Behavioral changes, motor abnor-

Fig. 1. Representative magnetic resonance imaging of the fore-
brain atrophy of a Border Collie with neuronal ceroid lipofuscino-
sis. (A) Enlarged lateral and third ventricles (arrows) are identified 
in T2-weighted imaging of a transverse section at the level of the 
hypothalamus. (B) Small interthalamic adhesion (asterisk) and 
cerebellar sulci widening (arrowhead) are identified in T2-weight-
ed imaging of the midsagittal section at the level of the intertha-
lamic adhesion.
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malities, and blindness were observed in the affected dogs. In 
this case, clinical symptoms, including aggressive behavior, 
movement impairment, and visual defects, started between 18 
and 20 months of age. These findings indicate that this clinical 
form of NCL strongly resembles those previously reported in 
Australia and Japan [11,12]. 

On MRI examination, ventricular enlargement and dilated 
cerebral and cerebellar sulci are common observations in dogs 
with NCL. These distinctive observations imply atrophy of the 
forebrain [6]. Similar changes have been observed in other lyso-
somal diseases, such as GM1 gangliosidosis and GM2 ganglio-
sidosis in dogs [13,14]. The brain atrophy commonly progresses 
into a specific and severe change at the middle stage in NCL but 
as a secondary and mild change in the late-to-terminal stage in 
other lysosomal diseases. Therefore, brain atrophy may be help-
ful as an adjunct to the diagnosis of NCL. 

NCL can be confirmed through detection of lipofuscin auto-
fluorescence, H&E staining, PAS staining, and immunohisto-
chemistry for LAMP-1. Despite the varying clinical course and 
ages of onset, all forms of NCL have unifying pathomorpholog-
ical features. In this case, lipofuscin autofluorescence under ul-

traviolet light was observed. It is known that PAS is resistant to 
lipid solvents in the cytoplasm of most nerve cells and, to a less-
er degree, in many other cell types [7]. Storage material consist-
ing of lipid in the cytoplasm of neurons was identified in this 
case. LAMP-1 positivity in immunohistochemistry indicated 
alterations in this protein in the lysosome membrane. H&E 
staining, revealed inclusion bodies in the Purkinje cell cyto-
plasm, confirming that the cells had expanded and nuclei were 
compressed by the inclusion bodies. Additionally, the number 
of Purkinje cells had decreased. It was possible to confirm that 
the storage material stained with PAS in the cytoplasm. LAMP-
1 was also detected in the cytoplasm. 

Based on these results, the dog in this case report was diag-
nosed with NCL. However, the genotype could not be con-
firmed because no genetic testing was performed. Genetically, 
14 types of abnormalities are classified, and among them, 8 
types show neurological symptoms similar to human NCL [15]. 
In dogs, the causative mutation has been identified in many 
breeds, including the American Bulldog (CLN10), Border Col-
lie (CLN5), English Setter (CLN8), Tibetan Terrier (CLN12), 
and Australian Shepherd mix (CLN8) [4]. Therefore, consider-

Fig. 2. (A) Neuronal cells contain abundant bright intracytoplasmic storage materials (arrow) (hematoxylin and eosin). Bar = 20 μm. (B) 
Neurons throughout the brain have abundant autofluorescent inclusions (autofluorescence). Bar = 50 μm. (C) Positive storage material 
(arrow) in the cytoplasm of neurons (periodic acid-Schiff stain). Bar = 20 μm. (D) The cytoplasm of neurons shows staining against lyso-
somal-associated membrane protein 1 (arrow). Bar = 50 μm.
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ing the Border Collie breed in this case, the cause of NCL was 
presumed to be a CLN5 mutation. 

This is the first report to describe the MRI and histopatholog-
ical features of NCL in a dog in Korea. NCL is a rare lysosomal 
storage disease in dogs that is relatively rare in veterinary medi-
cine. The limitations of MRI should be recognized, and for de-
finitive diagnosis, histological evaluation and gene sequencing 
are essential. Additionally, the mechanism by which NCL oc-
curs is not clearly understood; therefore, further studies are re-
quired to elucidate this pathological mechanism. 
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Myelolipomas (MLPs) are benign tumors of rare occurrence in domestic ani-
mals and are more frequently described in humans. This neoplasm has been re-
ported in the adrenal glands, spleen, and liver of aged humans, primates, domestic 
animals, and other mammalian and avian species [1]. In humans and primates, 
MLP occurs most frequently in the adrenal gland, while the hepatic form is the 
most frequent in small animals, mainly in domestic and wild felines. MLP has 
been described in other organs, including the adrenal glands and spleen in dogs 
[2,3]. Although its etiology is unclear, various origins have been described, includ-
ing chromosomal translocations [4] and metaplastic changes in reticuloendotheli-
al cells of blood capillaries in response to several stimuli (e.g., necrosis, infection, 
or stress) [5] or a hamartomatous proliferation [6]. MLP has been described in 
several dog breeds, including Sheltie and Cardigan Welsh corgi. On the other 
hand, there are no associations of breed or gender predisposition because of the 
very few case reports. [2,6,7]. 

Histopathologically, MLP is composed of normal-appearing mature adipocytes 
accompanied by intermingled myeloid cells, including mature and immature cells 
of the granulocytic, erythrocytic, and megakaryocytic series [3]. MLP is listed in 
the group of mesenchymal and stromal tumors of the adrenal cortex according to 
the latest update of World Health Organization on endocrine tumors [8]. The 
clinical signs observed in dogs with splenic MLP are varied and nonspecific; they 
include anorexia, vomiting, abdominal distension, weight loss, and prostration 
[7,9]. Abnormalities of the size and shape of the spleen are often identified in dogs 
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Case Report

Abstract

Splenic myelolipoma is a rare tumor in dogs with an unclear origin. A male 13-year-
old Schnauzer dog was presented because of a bump on the left side of the abdo-
men. Clinical examination and abdominal ultrasound revealed a mass in the spleen. 
A total splenectomy was carried out, and histopathology revealed a splenic myeloli-
poma. Before surgery, the patient showed high serum alanine aminotransferase lev-
els, which returned to normal eight months after the resection. Unfortunately, the 
postoperative follow-up showed increased serum cholesterol and triglyceride levels, 
suggesting liver compromise. This is the first report of a splenic myelolipoma in 
Colombia. 

Keywords: spleen; myelolipoma; Schnauzer  
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by abdominal palpation, diagnostic imaging, or exploratory 
laparotomy [2]. Macroscopic splenic lesions do not allow for 
discerning the malignant or benign character of this neoplasm, 
and its definitive diagnosis is obtained by histopathological 
analysis [10]. Splenic masses are more common than diffuse 
splenomegaly in dogs, whereby a splenectomy is performed to 
remove these masses most of the time [9]. The present report 
describes the clinical presentation and histopathology findings 
of a splenic MLP in a Schnauzer canine. 

A 13-year-old male Schnauzer, weighing 10 kg, was referred 
for a lump in the abdomen. On physical examination, abdomi-
nal palpation revealed a non-painful mass of hard consistency 
in the middle portion of the abdominal wall (mesogastrium). 
Abdominal ultrasound revealed a hypoechoic mass without vi-
sualization of the liver. Therefore, laboratory tests and explor-
atory laparotomy were recommended. Before surgery, a com-
plete blood count, blood biochemistry, coagulation tests, and 
partial urine analysis were performed. The biochemical profile 
revealed an elevation in alanine aminotransferase (ALT) (395 
IU/L; reference range, 10 to 109 IU/L), but it was decided to 
perform an exploratory laparotomy. 

The laparotomy revealed protrusions, diffuse parenchymal 
involvement, and a mass in the spleen. A total splenectomy was 
performed, and the mass removed was sampled for histopatho-
logical analysis. The sample was fixed in 10% buffered formalin 
and stained with hematoxylin and eosin. Postoperative medica-
tion included cefadroxil (20 mg/kg, per oral [PO], every 12 
hours for 10 days), metronidazole oral suspension (20 mg/kg, 
PO, every 12 hours for 7 days), meloxicam (0.1 mg/kg, PO, ev-
ery 24 hours for 6 days), and tramadol (2 mg/kg, PO, every 12 
hours for 6 days). 

Eight days after surgery, the patient was admitted to the clinic 
as the owner reported two episodes of vomiting and anorexia. A 
replacement fluid therapy with 0.9% normal saline (630 mL,  
intravenous [IV], every 4 hours), omeprazole (1 mg/kg, IV), 
and maropitant (1 mg/kg, subcutaneous) was established. The 
next day, the owner reported that the patient was normal, with-
out vomiting and with a recovered appetite. 

Clinical laboratory tests were performed two months after 
surgery. The serum biochemistry revealed high ALT levels 
(565.5 U/L; reference range, 10 to 109 U/L). Therefore, a thera-
peutic plan was established, which consisted of vitamin E (400 
IU/PO for 30 days), silymarin (50 mg/PO for 15 days), prednis-
olone (0.5 mg/kg/PO for 5 days), then 0.25 mg/kg/PO for four 
continuous days, then the same dose every 48 hours in two dos-
es and then every 72 hours for two doses. In addition, a medi-
cated diet was suggested for dogs with liver problems (Hill’s l/d; 

Hill’s Pet Nutrition, Inc., USA). Four months after surgery, the 
ALT levels remained high (300 U/L; reference range, 10 to 109 
U/L) but lower than previous tests. The administration was re-
instated with vitamin E at the same dose and a medicated diet. 
Eight months after the procedure, there was a decrease in ALT 
level (83.2 U/L; reference range, 10 to 109 U/L), but the choles-
terol (8.31 nmol/L; reference range, 2.85 to 7.76 nmol/L) and 
triglycerides (7.63 nmol /L; reference range, 0.6 to 1.2 nmol/L) 
levels were increased, which contributed to a diagnosis of liver 
damage. 

Histopathological analysis of the spleen mass revealed a 
mixed neoplastic process, where adipose cells had mixed with 
hematopoietic cells in various stages of myeloid and erythroid 
differentiation (Fig. 1). There was an absence of capsule and the 
quantitative predominance of adipose tissue over myeloid. His-
topathological diagnosis was a splenic MLP. 

MLPs are usually solitary, slow-growing neoplasias composed 
of well-differentiated adipocytes and hematopoietic tissue with 
myeloid, erythroid, and megakaryocytic cells [11]. In dogs, 
MLPs have been reported in the adrenal glands, spinal cord, 
and eyes [2,6]. In the present study, a splenic MLP was found in 
a 13-year-old canine, an unusual finding and one of the few cas-
es in the country. This type of tumor should not be confused 
with extramedullary hematopoiesis, myeloproliferative disor-
ders, and other tumors (liposarcoma, angiomyolipoma, and ter-
atoma) [5,7]. Therefore, a definitive diagnosis of MLP was made 
by histopathology because of its representative features. 

These neoplasms commonly affect older dogs [7], similar to 
the present patient. In dogs, there are no specific clinical signs 
associated with MLP, and it has an incidental diagnosis when 
found at ultrasound, laparotomy, or post-mortem examination 
[6]. In this case, the dog showed an abdominal mass confirmed 
by ultrasound and an elevation of serum ALT. In patients with 
MLP, elevated liver enzymes have been associated with hepato-
toxic injury, chronic anemia, cholestasis, and diffuse hepatocellu-
lar injury [2,7]. In this case, the increase in the hepatic enzyme 
ALT may be associated with nonspecific reactive hepatitis be-
cause of the neoplastic process in the spleen. Inflammatory pro-
cesses have been reported in the spleen due to neoplasms [12], 
and there is an association between the liver and the spleen, in 
which there is a metabolic exchange and cell migration. Hence, 
this intersection of immunity, pathogen clearance, and metabo-
lism can contribute to liver injury [13]. In the same way, the me-
tastasis of MLP to the liver cannot be discarded, but there was no 
ultrasonographic and anatomic evidence in the present case. 

In the present patient, the MLP mass was 8.47 cm, which is 
similar to the size reported ( 5 to 10 cm) in dogs [14]. At explor-
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atory laparotomy, there was no evidence of the implication of 
other organs or sign of metastasis, which agrees with the behav-
ior of this neoplasia [6]. Surgery has been described as the best 
treatment for MLPs, with a minor complication rate of 7.2% 
and a major complication rate of 1% [5] exhibiting a good prog-
nosis; partial spleen removal is recommended whenever possi-
ble. A previous report [15] described that surgical intervention 
is required in tumors larger than 7 cm because of the potential 
risk of rupture. A total splenectomy was performed in the pres-
ent patient because of the location and size of the mass.  

MLPs are uncommon to rare neoplasms in dogs [6] with no 
specific clinical signs. The diagnosis can be achieved with an ul-
trasound examination and histopathology analysis. An evalua-
tion of post-surgical biochemical alterations can help improve 
the therapeutic management and the animal's prognosis. Here, 
a clinical case of a splenic MLP in a 13-year-old Schnauzer was 
reported, being the first histopathological report of this pathol-

ogy in Colombia. 
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Fig. 1. Splenic myelolipoma of a canine. (A) A mixed, non-encapsulated neoplastic growth was observed, predominantly adipocytes 
with clusters of hematopoietic cells in various stages of myeloid and erythroid differentiation (arrow), with a benign expansive growth 
pattern. Scale bar = 1,000 µm. (B) Tissue of rounded mature adipocytes with a large translucent vacuole within the cytoplasm, differen-
tiated intercellular boundaries, elongated nucleus towards the periphery (arrowheads), mild cellular pleomorphism, anisocytosis, and mild 
anisokaryosis. Scale bar = 100 µm. (C) Presence of mild generalized hemosiderosis (asterisks), angiogenic and myxoid proliferation. Scale 
bar = 10 µm. (D) Multifocal moderate mixed-type inflammation with lymphocytes, plasma cells, and neutrophils. Scale bar: 10 µm. Inset: 
myeloid blastic cell. Scale bar = 5 µm. (A–D) Hematoxylin-eosin.
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Case Report

Abstract

A 12-year-old intact male Dalmatian dog presented hyporexia and vomiting for 1 
week. Blood analysis revealed increased liver enzyme activity. Histopathological ex-
amination of the liver confirmed chronic hepatitis with fibrosis and necrosis. Cop-
per staining revealed marked copper accumulation (2,770 ppm; normal range, 200 
to 400 ppm), prominent in the centrilobular region, and compatible with copper-as-
sociated chronic hepatitis. However, copper metabolism domain containing 1 
(COMMD1) mutation predisposing to copper accumulation in the liver tissue was 
not identified. The dog received medications but died 1 month after first visit. This 
is the first case of primary copper-associated hepatitis without COMMD1 mutation 
in a Dalmatian dog in South Korea. 

Keywords: dogs; liver; penicillamine; rhodanine

The liver is an important organ for maintaining copper homeostasis, which 
stores copper and excretes excessive copper via the biliary system [1,2]. Excessive 
accumulation of copper in the hepatocytes can cause oxidative damage and in-
flammation, leading to copper-associated hepatitis [3–6]. Copper-associated hep-
atitis is diagnosed when significant copper accumulation is identified in the cen-
trilobular areas (zone 3) on histological examination and copper concentrations 
over 1,000 ppm are confirmed in copper quantitation [7]. 

Copper-associated hepatitis can be classified into 2 broad categories, primary 
and secondary, depending on the underlying cause [4]. Primary copper-associated 
hepatitis is mainly related to genetic defects in copper metabolism and this type of 
disease has been reported in many breeds of dog, including Bedlington Terrier, 
Labrador Retriever, Doberman Pinscher, Dalmatian, West Highland White Terri-
er, and Skye Terrier [3–5]. In Bedlington Terrier, this disease was an inherited au-
tosomal recessive disorder caused by a large deletion in exon 2 of the copper me-
tabolism domain containing 1 (COMMD1) gene [1,6,8,9]. However, except for the 
Bedlington Terrier, the exact mechanisms of this disease are unknown in other 
breeds [3,10]. Recent reports of copper-associated hepatitis in dogs with no genet-
ic predisposition, such as German Shepherds and Cocker Spaniels, suggest that 
environmental exposure to unknown factors may influence the pathogenesis of 
the disease [4]. 

A few cases of copper-associated hepatitis have been reported in Dalmatians in 

http://crossmark.crossref.org/dialog/?doi=10.14405/kjvr.20220020&domain=pdf&date_stamp=2022-12-31
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North America. Recently, copper-associated hepatitis has been 
reported in Dalmatians outside of North America. However, 
the patient was only 25 months old [3]. The present report de-
scribes the clinical features of primary copper-associated hepa-
titis diagnosed, based on histopathological findings and copper 
quantitation without COMMD1 mutation, in an elderly Dalma-
tian patient in South Korea. 

A 12-year-old intact male purebred Dalmatian dog weighing 
18.35 kg presented hyporexia and vomiting for 1 week. The dog 
had no history of exposure to drugs or toxins. Jaundice of the 
sclera and skin were observed on physical examination upon 

admission. No abnormalities were observed in complete blood 
counts. Serum chemistry analysis revealed elevations in serum 
alanine aminotransferase (ALT), γ-glutamyl transferase (GGT), 
and alkaline phosphatase (ALP) activities and total bilirubin 
concentration (T-Bil) (Table 1). Abdominal radiography re-
vealed that the liver was moderately small, but no other abnor-
mal findings were observed. The liver was diffusely hyperecho-
ic, coarse, and had an irregular contour and margin on ultraso-
nographic examination (Fig. 1).  

The patient was fed a commercial prescribing diet (Royal 
Canin hepatic diet; Royal Canin, France) containing 5 mg cop-

Table 1. Sequential blood test data of the dog

Parameter At presentation (day 0) Day 3 Day 17 Day 28 Day 29 Reference intervals
PCV (%) 37.7 33.5 43.3 31.3 22.5 40-56
PLT (×  103/µL) 258 186 172 13 16 148-484
T-Bil (mg/dL) 1.9 2.5 1.9 5 NA 0.1-0.5
AST (IU/L) NA 166 80 165 NA 23-66
ALT (IU/L) 356 284 206 546 NA 21-102
GGT (IU/L) 25 24 30 49 NA 1-10
ALP (IU/L) 1,856 1,731 1,456 2,492 NA 29-97
BUN (mg/dL) 24.7 NA 13.5 101.4 NA 7-25
Creatinine (mg/dL) 2.2 NA 1.7 2 NA 0.5-1.5
Total protein (g/dL) 7.1 6.5 7.6 4.9 NA 5.4-7.1
Albumin (g/dL) 2.9 2.4 2.7 2.1 NA 2.6-3.3
Globulin (g/dL) 4.2 4.1 4.9 2.8 NA 2.7-4.4
Glucose (mg/dL) 87 NA NA 110 NA 65-118
Cholesterol (mg/dL) 244 NA NA 231 NA 135-270

PCV, packed cell volume; PLT, platelet; T-Bil, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ-glutamyl transferase; 
ALP, alkaline phosphatase; BUN, blood urea nitrogen; NA, not assessed.

AA BB

Fig. 1. Abdominal ultrasonographic images of the liver. (A) Diffusely coarse and mixed hypoechoic (black asterisk) and hyperechoic (white 
asterisk) echotexture of the liver parenchyma is observed. (B) A liver with round and irregular margin is identified (white arrow).
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per/kg dry matter. Furthermore, the dog received hepatopro-
tectants, including ursodeoxycholic acid (Ursa; Daewoong 
Pharm., Korea) 10 mg/kg twice daily, vitamin E (Grandpherol; 
Yuhan Co., Korea) 400 IU/dog once daily, and s-adenosylme-
thionine (Zentonil advanced; Vetoquinol, France) 20 mg/kg 
once daily to prevent further liver damage. After administration 
of the hepatic protectant, the serum activities of aspartate ami-
notransferase (AST), ALT, GGT, and ALP decreased, but hyp-
orexia persisted (Table 1). Ultrasound-guided liver biopsy was 
conducted under general anesthesia to diagnose the underlying 
liver parenchymal disease 4 days after the first visit. 

Histopathological findings of the liver biopsy samples exhib-
ited many inflammatory infiltrates of neutrophils, Kupffer cells, 
small mature lymphocytes, and plasma cells. The inflammatory 
infiltrates were primarily composed of neutrophils and lympho-
cytes. Furthermore, moderate fibrosis, biliary hyperplasia, and 
multifocal necrosis of hepatocellular cells confirmed chronic 
hepatitis, mainly in the centrilobular region (zone 3) (Fig. 2). 
Subsequently, rhodanine copper staining was performed and it 
revealed marked copper accumulation in the liver, which in-
volved all regions, but was most prominent in the centrilobular 
region (zone 3) (Fig. 2). The scale of copper accumulation was 
grade 5, ranging from 0 (no copper granules) to 5 (panlobular 
presence of copper granules) [11]. Quantitative analysis of cop-
per revealed 2,770 ppm (normal range, 200 to 400 ppm per dry 
weight of liver tissue), indicating excessive copper accumulation 
[6]. 

Genetic testing using polymerase chain reaction was per-
formed to identify a mutation in the COMMD1 gene, which 
was related to the copper-associated hepatitis in the Bedlington 
Terrier. However, this mutation was not observed in the present 
case. Although the cause of copper accumulation in this case 
could not be identified using genetic information, copper-asso-
ciated chronic hepatitis was diagnosed and confirmed based on 
the histological findings and copper quantitation. 

The dog was administered with 10 mg/kg D-penicillamine 

(Artamin; Ildong Pharm., Korea) twice daily as a copper-chelat-
ing agent. After 11 days of treatment with D-penicillamine, se-
rum AST and ALT levels decreased (Table 1), and no adverse 
effects were identified. The dose of D-penicillamine was in-
creased to 15 mg/kg twice daily. However, the dog showed leth-
argy, anorexia, and abdominal distension 11 days after the dose 
escalation of D-penicillamine. Additionally, pale mucous mem-
branes and purpura were observed throughout the body. Asci-
tes was detected by abdominal ultrasonography, and a total of 
1,950 ml was drained from the abdominal cavity. Ascites of the 
dog was a pure transudate (total nuclear cell counts =  80 cells/
µL, total protein concentration =  0.3 g/dL, and albumin con-
centration =  0.2 g/dL). Serum biochemical analysis revealed 
hypoalbuminemia, elevated liver enzyme activities, severely in-
creased T-Bil concentration, and azotemia (Table 1). The dog 
died the next day, approximately one month after the first visit. 
Necropsy was not conducted owing to refusal of the owner. 

Copper accumulation in the liver can result from primary 
copper accumulation due to a genetic defect in the hepatic cop-
per metabolism, or secondary copper accumulation due to 
changes in the biliary excretion of copper, or increased copper 
uptake [3,6,12]. Primary copper accumulation is commonly ob-
served in Bedlington Terriers, which have a genetic disorder in 
copper metabolism because of mutations in the COMMD1 
gene required for copper excretion [1,3,7,12]. Secondary copper 
accumulation is a result of liver diseases such as cholestasis, 
leading to impaired excretion of copper [3,6]. The region of 
copper accumulation can help to distinguish between primary 
and secondary copper accumulations [12]. The primary copper 
accumulation is prominent in the centrilobular areas (zone 3), 
whereas the secondary copper accumulation is mainly limited 
to the periportal regions (zone 1) [3,6,12]. Moreover, copper 
concentrations above 1,000 ppm in the liver are consistent with 
primary accumulation, whereas copper concentrations range 
from 400 to 1,000 ppm in secondary copper accumulation [12]. 
The precise cause of copper accumulation in Dalmatians has 

AA BB CC DD100 μm 100 μm
200 μm 100 μm

Fig. 2. Histological section of the liver. (A, B) Necrotic hepatocytes (black arrows) and inflammatory cell infiltration (asterisks). Vacuo-
lation and proliferated bile ducts are also observed. H&E, scale bar: 100 μm. (C) Moderate fibrosis is identified by blue color (asterisk). 
Trichrome stain, scale bar: 200 μm. (D) Copper granules are stained red-brown (black arrow). Rhodanine stain, scale bar: 100 μm.
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not yet been reported. However, histological evidence of copper 
accumulation in this case was prominent in the centrilobular 
areas (zone 3) and 2,770 ppm copper concentrations were con-
firmed, indicating a high probability of primary copper accu-
mulation [3,6]. 

The mean survival time of dogs with chronic hepatitis is ap-
proximately 561 days, and it has been reported that many dogs 
die from liver disease-related causes [7]. However, this patient 
died approximately one month after the first visit. The exact 
cause of death was unknown as necropsy was not performed. 
Ascites, hyperbilirubinemia, hypoalbuminemia, purpura 
throughout the body, and gastrointestinal bleeding were ob-
served in the patient before death, all of which indicate poor 
prognosis in hepatic disease [7]. Besides, liver fibrosis identified 
by histological findings in this case was also a poor prognostic 
factor [7]. In addition, the presence of a pure transudative asci-
tes with serum albumin levels greater than 1.6 g/dL can lead to 
the diagnosis of portal hypertension [13]. Therefore, these fac-
tors may have affected the shortening of the patients survival 
period. Not only the progression of chronic hepatitis but also 
the possibility of side effects such as anemia and thrombocyto-
penia due to increased D-penicillamine dose before death were 
considered. The cause of death is most likely due to the rapid 
progression of liver failure, but adverse effects of D-penicilla-
mine, gastrointestinal hemorrhage due to coagulopathy, and 
unexplained causes may also be suggested. 

In this case, genetic testing was performed to identify an asso-
ciation with the genetic disorder; however, the COMMD1 gene 
related to copper-associated hepatitis in the Bedlington Terrier 
was not confirmed. Many proteins are involved in copper me-
tabolism, hence, the possibility of other gene mutations could 
not be ruled out [1,5,6]. Mutations in the ATP7B gene, which 
allows copper excretion into bile, have been reported to be asso-
ciated with copper accumulation in the liver of Labrador Re-
trievers [1,2,7,10]. However, this report has a limitation that the 
test for ATP7B gene mutation was not performed in this case. 

Bedlington terriers with an identified genetic cause tend to 
start accumulating copper between 6 and 12 months of age, 
without other histological signs [1]. However, Dalmatians tend 
to be diagnosed with copper-associated hepatitis at a later age 
than Bedlington Terriers [14]. This patient was 12-year-old at 
the time of diagnosis, and the mean age of other reported Dal-
matians with copper-associated hepatitis was 6 years [14]. This 
can be considered not only the possibility of genetic factors in 
purebred Dalmatians but also the possibility of other cofactors 
involved in the expression of gene mutations or copper accu-
mulation. 

The precise cause of copper-associated hepatitis in Dalma-
tians remains to be elucidated. Therefore, further studies should 
focus on identifying the genetic basis for copper accumulation 
in Dalmatians, and additional research is needed on epidemio-
logical factors, such as environmental exposure, that may influ-
ence the expression of genetic mutations. 

There have been reports of copper-associated hepatitis in 
Dalmatians, but most of these cases occurred in North Ameri-
ca, with only a small number of cases. One such case was re-
cently reported in Japan [3,14,15]. To our knowledge, this is the 
first case of copper-associated chronic hepatitis in a Dalmatian 
dog in South Korea. Clinicians should be aware that copper-as-
sociated hepatitis should be considered as a differential diagno-
sis for primary liver disease in Dalmatians, and copper quantifi-
cation should be recommended. 
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Toxocara spp. is important gastrointestinal parasites in dogs and cats and have 
been studied with interest by not only veterinarians but also researchers in human 
medicine because of their zoonotic potential [1]. The reported infection rates in 
Western Europe vary from 3.5% to 34% for Toxocara canis in dogs and from 8% to 
76% for Toxocara cati in cats [2,3]. The definitive hosts of Toxocara spp. are mainly 
dogs and cats, and the prevalence of patent Toxocara spp. infections is higher in 
puppies and kittens than in the adult animals [3,4]. 

T. canis infection can cause gastrointestinal and respiratory symptoms, includ-
ing diarrhea, constipation, vomiting, coughing, dyspnea, and nasal discharge [1,3], 
and the degree of host damage depends on the tissues invaded [4]. 

The radiographic findings in T. cati-infected cats are primarily bronchial or/and 
interstitial infiltration in the lung [5]. On ultrasonography, the adult worms are 
detected as 2 hyperechoic lines with a hypoechoic center line, representing the 
outer walls of the worm [6]. In human medicine, the toxocariasis lesions in the 
liver and lung parenchyma have been studied using computed tomography (CT) 
[7–10]. In general, contrast medium injected intravenously is mainly excreted by 
glomerular filtration, and vicarious excretion of contrast medium (VECM) is de-
fined as excretion via an alternative route such as the biliary tract or gastrointesti-
nal tract, i.e. [11]. To the authors’ knowledge, there is no veterinary report for 
VECM to the small intestine on CT. This report describes CT images and VECM 
in a dog that was diagnosed to have T. canis infection. 

A male mixed-breed stray dog of unknown age was presented for diagnosis and 
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Case Report

Abstract

A male mixed-breed dog of unknown age was presented with a history of bloody 
diarrhea and cachexia. Toxocara canis in vomitus was identified by a parasitologist. 
Hematology revealed low hematocrit, eosinophilia, and low albumin. Computed 
tomography (CT) revealed an enlarged pulmonary artery with an irregular wall, 
micronodules in the lung, and vicarious excretion of contrast medium to small in-
testine. CT scan was helpful for identifying lung lesions and the central organs of 
larval migration and also show vicarious excretion of contrast medium to the small 
intestine in T. canis infection. 

Keywords: computed tomography; dogs; small intestine; Toxocara canis; vicarious 
excretion  

http://crossmark.crossref.org/dialog/?doi=10.14405/kjvr.20220026&domain=pdf&date_stamp=2022-12-31


https://doi.org/10.14405/kjvr.20220026

Korean J Vet Res 2022;62(4):e33  •  Sieun Park, et al.

2 / 4

treatment of diarrhea and cachexia. Two weeks earlier, the dog 
had arrived for care in a shelter, where the diarrhea was ob-
served immediately. The dog unexpectedly vomited during 
physical examination by a hospital veterinarian, and worms 
were seen in the vomitus. The worms were about 5 to 10 cm in 
length and yellowish in color. They were microscopically con-
firmed to be adult T. canis worms by a parasitologist (Fig. 1). 
The sex of the worms was identified by their size and reproduc-
tive system (female worms are 5 to 15 cm long and have a geni-
tal pore at the posterior end whereas male worms are about 5 
cm long and have a tubular testis at the posterior end). T. canis 
eggs were identified microscopically on fecal testing (Fig. 1E). A 
complete blood count revealed low hematocrit (32.2%, refer-
ence interval [RI], 37.3% to 61.7%), eosinophilia (1.67 K/μL; RI, 
0.06 to 1.23 K/μL), neutrophilia (17.67 K/μL; RI, 2.95 to 11.64 
K/μL), and monocytosis (1.75 K/μL; RI, 0.16 to 1.12 K/μL). The 
serum biochemical profile was notable for hypocholesterolemia 
(104 mg/dL; RI, 110 to 320 mg/dL) and slightly low albumin 
(2.4 g/dL; RI, 2.3 to 4.0 g/dL). 

The radiographic findings were unremarkable. Abdominal 

ultrasonography detected adult T. canis worms with the diame-
ter of 2.4 mm in the duodenum. Considering the cachexic con-
dition and low albumin, CT was performed to determine the 
distribution of the lesions caused by T. canis infection and to 
evaluate a possibility of protein losing enteropathy. CT (Alexion; 
Canon, Japan) was performed with 120 kV, 150 mA, 1 mm slice 
thickness, 0.75 seconds rotation time and 0.938 collimation 
beam pitch in sternal recumbency under general anesthesia. 
Pre-contrast imaging was acquired first, after which the arterial 
and portal venous phase images were sequentially obtained fol-
lowing 10 mL contrast medium (300 mg/mL, Omnipaque, io-
hexol; GE Healthcare, Ireland) was injection at a rate of 2 mL/
sec. The delayed phase was scanned at 10 minutes after injection 
of the contrast medium. The CT images showed dilated pulmo-
nary arteries with an irregular wall and micronodules in the 
subpleural area (Fig. 2). In the small intestine, distinct mucosal 
contrast enhancement in arterial phase and mucosal washout in 
portal phase were seen (Fig. 3). In delayed phase, most of the 
contrast medium was identified to be in the kidney, ureter, and 
urinary bladder, but also to be diffuse on the luminal surface of 

AA BB CC DD EE300 μm300 μm 300 μm 300 μm 80 μm

Fig. 1. Microphotographs of adult Toxocara canis found in vomitus (A-D, bar: 300 µm) and T. canis egg found in feces (E, bar: 80 µm). (A) 
The cervical alae at the anterior end. (B) Three large lips on the anterior end. (C) The tail end of a male T. canis worm. (D) The tail end of a 
female T. canis worm. (E) A T. canis egg.

Fig. 2. (A, B) Transverse plane computed tomography (CT) images with lung window. (A) An enlarged pulmonary vessel (arrow) with an 
irregular wall in the accessory lung lobe. (B) Micronodules are observed in the subpleural area (arrowheads). (C) Three-dimensional re-
constructed CT image. Small lung lesions are observed throughout the lung (arrows).
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the small intestine of the duodenum, jejunum, and ileum (Fig. 
3D). This CT finding was interpreted as VECM to the small in-
testine. The distribution of lesions was identified mainly in the 
lung and intestine by CT images and was consistent with the life 
cycle of T. canis. The patient was treated with an oral combina-
tion tablet containing mebendazole 100 mg and praziquantel 25 
mg once daily for 3 days. The patient’s diarrhea disappeared af-
ter 3 days of hospital care. The dog was then discharged, and 
had a good outcome when reviewed 6 months later. 

CT images of dogs infected with T. canis have not been re-
ported previously. A veterinary study documenting the imaging 
features of experimental T. cati infection and several human 
case reports were referenced when interpreting the findings in 
our patient [5–10,12]. The occurrence and distribution of le-
sions were predicted based on the histopathological characteris-
tics and life cycle of T. canis infection. The severity of lesions 
varies according to the degree of infection; however, this is diffi-
cult to judge because of the lack of a clear standard. The life cy-
cle of T. canis includes the larvae needing to complete either 
tracheal or somatic migration before they become adult worms 
in the gastrointestinal tract. T. canis eggs first appear in dog fe-
ces at 4 to 5 weeks following infection [2,3]. In our case, given 
that the adult worms in the intestine were detected both macro-
scopically and ultrasonographically and that shedding of T. ca-
nis eggs in the feces was identified during the hospitalization 
period, it is presumed that larval migration has already been 
completed and that the dog had been infected for at least 4 to 5 
weeks. Based on these findings, we predicted that CT would de-
tect parenchymal lesions consistent with the route of migration, 

e.g., the lung, liver, and intestine. Liver lesions were not detected 
in our patient. However, pulmonary lesions and atypical excre-
tion of contrast medium through the wall of the small intestine 
were identified.  

In a course of migration, the larvae reach the lung via the pul-
monary vessels and penetrate the alveoli before migrating to the 
trachea. The lesions in the pulmonary vessels and parenchyma 
appear as increased attenuation on radiographic and CT imag-
es. In human medicine, pulmonary lesions caused by T. canis 
infection can be radiographically categorized as ground-glass 
opacities, solid nodules, consolidations, or linear opacities [8]. 
The most common pattern is ill-defined ground-glass opacities, 
defined as hazy areas of increased attenuation in the lung with-
out obscuration of the underlying pulmonary vessels [8,10]. 
The pulmonary lesions tend to involve 3 or more lung lobes on 
the initial CT scan and the major location is the subpleural area 
of the lung [8]. In 2 studies, these lesions were found to have ei-
ther disappeared or migrated on follow-up CT [8,10]. Radio-
graphs of cats with experimentally induced T. cati infection 
show a diffuse bronchial-interstitial pattern and enlarged pul-
monary arteries, and these lung lesions can also be identified by 
CT [5]. The lung lesions in our case were detected on CT imag-
es but not on radiographs, as described in the previous veteri-
nary and human literature. This suggests that the lesions were 
not large enough to be detected by radiography and that CT is a 
better modality for evaluating the distribution of lesions caused 
by T. canis infection. 

To evaluate the conspicuity of the mucosal layer of the intesti-
nal wall, we compared the same intestinal segment at the same 

Fig. 3. Transverse pre-contrast (A), arterial phase (B), portal phase (C), and delayed phase 10 minutes after injection of contrast medium (D). 
Note the intraluminal appearance of contrast medium in the small intestine (arrows).
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transverse level in the different phases (Fig. 3). Typically, upon 
washout of contrast from the luminal surface, the outer gastro-
intestinal wall shows homogeneous enhancement [13]. Howev-
er, in our case, the contrast medium was seen again in the lu-
men in the delayed phase. Given that washout of contrast medi-
um was confirmed in the portal phase, the intraluminal appear-
ance of contrast medium in the delayed phase can be interpret-
ed as VECM in the small intestine. 

VECM generally occurs in the presence of impaired renal 
function [14]. VECM occurring by enteropathy has not been 
reported yet, but an iodinated contrast induced in the bowel 
was excreted via the urinary system in a human with Crohn’s 
disease [15]. In the present dog, there was no evidence of renal 
dysfunction or obstruction, and it is suspected VECM was oc-
curred by enteropathy caused by T. canis infection. However, 
histopathology was not performed in our case, and more re-
search is needed on leak of contrast through the gastrointestinal 
wall. Nevertheless, it is significant to note that delayed phase 
scans can detect VECM. Our case showed that VECM occurred 
in a T. canis-infected dog in the absence of renal dysfunction. 

The CT images in this case were helpful for identifying lung 
lesions and the central organs of larval migration and also sug-
gested the possibility of VECM in T. canis infection through 
leak of contrast medium across the intestinal barrier in the de-
layed phase. 
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Hydrops of the amnion (hydramnios) is a condition in which excessive amniot-
ic fluid is gradually accumulated in the amniotic sac during the last trimester of 
pregnancy and occurs in approximately 10% of the cases of hydrops of the fetal 
membranes in cows [1]. Hydramnios is caused by an abnormal fetus that prevents 
fetal swallowing or intestinal transport of amniotic fluid, whereas hydrallantosis is 
due to uterine abnormalities (abnormal placentation) of the dam [2]. The inci-
dence of hydramnios is rare and only few cases have been reported in buffalos 
[3,4] and cattle [5], however this condition has never been reported in Hanwoo 
cows. During late gestation, the volume of normal amniotic fluid reaches between 
3.8 and 7.6 L, however, the volume may increase to 19 to 114 L in hydramnios [1]. 
The cow with hydramnois does not show overt clinical signs due to gradual in-
crease of amniotic fluid, and the prognosis for the future reproductive perfor-
mance of the dam is generally good, whereas the fetus is invariably defective and 
fatal [6]. 

Fetal deformity is defined as a morphogenesis abnormality that occurs during 
intrauterine life and is observed at birth [7]. It can develop at any point during 
pregnancy and is thought to be caused by a variety of reasons, including genetics 
and environmental factors. It is known that ACAN PRKG2, EVC2, MOCS1, 
CLCN7, SLC4A2, FBN1, SLC35A3, FANC1, and LRP4/ Mefg7 gene mutations in-
fluence various types of congenital skeletal deformities [8]. Toxic plants such as 
Veratrum californicum, Wild lupins, Leucaena, and Mimosa, vitamin A deficiency, 
viral infection including Schmallenberg virus, Akabane virus and bunyaviruses, 
and parbendazole trigger congenital skeletal deformities in an environmental way 
[8]. Most representative congenital skeletal deformities are cleft palate, brachygna-
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Case Report

Abstract

A Hanwoo cow with a delayed gestation and abdominal distension was delivered 
following PGF2α injection. There was excessive amniotic fluid, and a male calf was 
delivered but died immediately. The calf had no eyes and nose, and a cleft palate on 
the upper jaw. Gross appearance and computed tomography image showed that up-
per teeth were spread out on both sides due to cleft palate in the upper jaw, and 
lower jaw and teeth were positioned upward. There were no other brain parts ex-
cept cerebellum. These findings show a rare case of hydramnios related to fetal con-
genital deformity in a Hanwoo cow. 

Keywords: delayed gestation; abdominal distension; hydramnios; fetal deformity; 
Hanwoo  
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tia achondroplasia, congenital paunch calf syndrome, complex 
vertebral malformation, arachnomelia, short spine lethal, pero-
somun acaudatus, and syndactyly [9]. 

The present case reports an example of hydramnios resulted 
from a fetal congenital deformity in a primiparous Hanwoo cow 
for the first time. 

The expected delivery date for a 2 year-old primiparous Han-
woo cow, which weighed about 400 kg and maintained on a 
Hanwoo farm in Chungcheong Province, was scheduled on 
February 24, 2022. There were no overt signs of delivery until 
March 7, 2022: there was no obvious udder enlargement and no 
evidence of straining, although the abdomen was distended ex-
cessively as in case of twins-pregnancy. Thus, the induction of 
parturition was induced with an injection of 30 mg of PGF2α, 
dinoprost tromethamine (Lutalyse; Zoetis, Belgium) on March 
7, 2022. Consequently, on March 10, 2022, the cow gave birth to 
a calf following gentle traction. At delivery, viscous and syrupy 
amniotic fluid was much more than as usual (approximately 40 
L) and the calf presented in the posterior position in birth canal. 
The delivered calf was alive for a few minutes but died immedi-
ately. The sex of calf was male, and the body weight was 20 kg. 

As for the calf ’s characteristic appearance, there were no eyes 
and nose, and there was cleft palate on the upper jaw (Fig. 1). 
The characteristic autopsy findings were as follows: the cranial 
cavity was very small and there were no other parts in the cavity 
except the cerebellum (Fig. 2A), which was connected to the 
spinal cord (Fig. 2B). 

The scan was performed using a 4-slice computed tomogra-
phy (CT) scanner (Hi Speed Qx/I; GE Medical Co., USA). CT 
images were acquired using a helical CT unit. The slice thick-
ness and interval in patient was 1.25 mm with a pitch of 1.5, us-
ing the following parameter: 100 mAS tube, 120 kV tube volt-
age, 500 mm field of view, 512 ×  512 matrix. CT images were 
reviewed using DICOM viewing software (RadiAnt DICOM 

viewer; Medixant, Poland). CT images were examined by 3-di-
mensional models and multiplanar reconstruction images. Fig. 
3 show gross appearance and CT image of facial part of the calf, 
respectively. Due to cleft palate in the upper jaw, the upper teeth 
were spread out on both sides of the face, and the lower jaw and 
teeth were positioned upward. Except edema in the adrenal 
gland and incomplete hepatic lobe differentiation, no other 
morphological abnormalities were observed in other organs. 
Likewise, autopsy findings, together with CT image showed fe-
tal deformities, especially severe abnormalities in the head. 

After the necropsy, all organ tissues were collected, and histo-
pathologic analysis was conducted. Briefly, all specimens were 
fixed in 10% neutral buffered formalin and processed routinely. 

AA BB

Fig. 1. Gross appearance of (A) a full-body calf after delivery, 
showing (B) a state of extreme deformity of head portion.
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Fig. 2. Gross findings of cranial part, which shows (A) only the 
cerebellum in cranial cavity (surrounded by arrows). (B) Brain 
shows only cerebellum (a) and spinal cord (b).

Fig. 3. (A) Gross appearance of head part during autopsy. (a) man-
dible; (b) lower teeth covered membrane, positioned upward; (c) 
upper teeth, spread out on both sides of the face. (B) Computed 
tomography image of the facial part of the calf. (a) mandible; (b) 
lower teeth, positioned upward; (c) upper teeth, spread out on 
both sides of the face.
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The paraffin blocks were sectioned to 5 μm thickness and ar-
ranged on silane-coated slides. Sections were stained with he-
matoxylin and eosin. 

Histologically, multiple organ congestion and hemorrhage 
were observed. Mucosal and submucosal layers were destroyed 
with considerable bleeding in the abomasum (Supplementary 
Fig. 1A), and mild hemorrhage was seen in the villi of the large 
intestine (Supplementary Fig. 1B). The kidney (Supplementary 
Fig. 1C) and lung (Supplementary Fig. 1D) also showed severe 
and diffuse congestion and hemorrhage. Furthermore, diffuse 
hemorrhage in the cerebellum was seen most prominently in 
white matter (Supplementary Fig. 1E). Multiple organ dysfunc-
tion and hemorrhage can occur in the asphyxiated condition in 
neonates [10], and in our case, multiple organ hemorrhage ap-
pears to be caused by sudden respiratory failure due to congeni-
tal cranial anatomical anomalies. Diffuse cerebellar meningitis 
(Supplementary Fig. 2A) and pulmonary edema (Supplementa-
ry Fig. 2B) were also found, both of which are thought to be in-
duced by asphyxia [11]. In adrenal glands, a unilateral cyst with 
a diameter of 0.8 cm consisted of epithelial lining between the 
adrenal capsule and cortex (Supplementary Fig. 3B), and mild 
adrenocortical hyperplasia (Supplementary Fig. 3D) was ob-
served compared to the normal adrenal gland on the opposite 
side (Supplementary Fig. 3A and C). It is unlikely to be a func-
tioning adrenal cyst, since functioning adrenal cysts are usually 
associated with tumors. 

The present case reports a primiparous Hanwoo cow with a 
delayed gestation, as diagnosed of having hydramnios: the cow’s 
abdomen was extended as in twins-pregnancy due to excessive 
amniotic fluid accumulation, which may be related to fetal de-
formities, mainly concentrated in the head part (aplasia of parts 
of the brain other than the cerebellum, eyes, and nose, and pres-
ence of cleft palate on the upper jaw). 

There was a prolonged gestation (~11 days) in the presented 
Hanwoo cow, which seems to be related to fetal congenital de-
formities, especially absence of pituitary gland, by which adre-
nocorticotropic hormone and cortisol were not secreted from 
the fetus. It is known that the trigger for onset of parturition is 
an increased cortisol production by the adrenal gland of fetus 
[12]. Similar abnormalities include pituitary hypoplasia in 
Guernsey cattle and bulldog calves in Dexters [13]. In addition, 
it was reported that a buffalo diagnosed of having both hydram-
nios and hydrallantois had no brain tissue in the cranial cavity 
[4]. The other visible feature in the present case was that there 
was distinct abdominal distension, as seen in the twins-preg-
nancy [13], originated from excessive accumulation of amniotic 
fluid in the amniotic sac. This condition may be associated with 

coincidental oral deformities, especially cleft palate, which 
might prevent the calf from swallowing amniotic fluid [4,13]. 
The calf ’s death immediately after delivery, while alive for a few 
minutes, was also associated with the fetal head deformities 
without nose, which made breathing impossible after the navel 
was detached. 

The present case reports a rare case of hydramnios in a prim-
iparous Hanwoo cow, that had an extended gestation (~11 days) 
and abdominal distension due to excessive accumulation of 
amniotic fluid, with distinct fetal deformities, mainly concen-
trated in the head part (absence of parts of the brain other than 
the cerebellum, eyes, and nose, and presence of cleft palate on 
the upper jaw). 
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Case Report
Abstract

We describe four cases of feline progressive histiocytosis (FPH) including three fe-
males (one intact, two spayed) and one castrated male cat, with a mean age of 5.95 
years at diagnosis. Masses were found under the skin of head, lip, neck, and vulva. 
Histologically, proliferative round cells had ovoid nuclei, foamy eosinophilic cyto-
plasm, distinct cytoplasmic processes, and numerous mitotic figures. Immunohis-
tochemically, all cases were positive for Iba1 and MHC II (Dako). One case showed 
cytoplasmic positive staining for E-cadherin. To the best of our knowledge, this is 
the first documented report of FPH in Korea. 

Keywords: cats; histiocytosis; immunohistochemistry; skin  

Histiocytic disorders are uncommon in cats compared with dogs [1–3]. In cats, 
this group of diseases is classified into pulmonary Langerhans cell (LC) histiocy-
tosis, histiocytic sarcoma (HS), and feline progressive histiocytosis (FPH) with in-
dolent behavior. The latter was initially considered a low-grade HS [1]. Among 
these histiocytic disorders, FPH is the most common and invariably begins with 
cutaneous nodules and plaques. In FPH and HS, the origin of neoplastic cells is 
considered to be interstitial dendritic cells (iDCs), while LCs are usually associated 
with pulmonary LC histiocytosis [1,2,4,5]. However, in recently reported cases of 
FPH, the neoplastic cells were positive for E-cadherin, an LC marker [6,7]. There-
fore, the origin of neoplastic cells in FPH remains controversial. FPH is common 
in middle-aged to older cats with about 7 to 17 years old [1]. The lesions are most-
ly located on the head, lower extremities, or trunk [1–3]. A predisposition to a 
particular sex and breed has not yet been reported. Several cases of FPH have been 
published worldwide; however, there are no official publications or available data 
for this particular tumor in Korea. This study describes the clinical, histopatholog-
ic, and immunohistochemical (IHC) characteristics of four cases of FPH. 

A total of 449 feline cutaneous tumors were diagnosed between January 2014 
and December 2021 at the Pathology Department of Veterinary Medicine, Jeju 
National University. Of these, four cases (0.89%) were diagnosed as FPH, which 
are reported here. Clinical data was obtained for these cases. For histopathologic 
analysis, the submitted tissues were fixed in 10% neutral buffered formalin, 
trimmed, embedded in paraffin wax, sectioned at 3 µm, and stained with hema-
toxylin and eosin. Special staining such as periodic acid-Schiff (PAS), Ziehl–
Neelsen, and toluidine blue staining was also performed for the differential diag-
nosis of possible cutaneous granulomatous inflammation and histiocytic mast cell 
tumors. IHC analyses were performed to identify the origin of tumor cells using 
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various antibodies: MHC II (1:40, monoclonal mouse, M0746; 
Dako, Denmark), Iba1 (1:1,000, polyclonal rabbit, 019-19741; 
Wako, Japan), E-cadherin (1:50, monoclonal mouse, M3612; 
Dako), CD3 (1:100, polyclonal rabbit, A0452; Dako), and Pax-5 
(1:100, monoclonal mouse, 610863; BD, USA). 

The detailed information of four cases including breed, age, 
sex, and anatomic location of the mass is summarized in Table 
1. All cases had a solitary, round, protruding mass under the 
skin (Fig. 1A). The lesions were firm and alopecic in all cases. 
The masses were whitish in color with a smooth-cut surface, 
ranging in diameter from 7 to 17 mm. The four cases also 
shared similar histopathologic characteristics: The masses all 
contained neoplastic foci and numerous abnormal round cells, 

which accumulated in the area of the superficial to the deep 
dermis (Fig. 1B). These neoplastic cells had round-to-ovoid hy-
perchromatic nuclei, foamy eosinophilic cytoplasm, and distinct 
cytoplasmic processes (Fig. 1C). The mitotic figures ranged 
from 1 to 4 per high-power field (Fig. 1D). Anisocytosis and 
anisokaryosis were mild to moderate. Many adnexal structures 
adjacent of the mass were severely atrophied, and many parts of 
the collagenous tissue in the dermis showed moderate degener-
ation. A small number of lymphocytes and neutrophils multifo-
cally infiltrated the lower part of the mass. PAS and Ziehl–
Neelsen staining did not reveal the presence of microorganisms, 
and no obvious reaction was observed in the neoplastic cells af-
ter toluidine blue staining. 

IHC analysis showed that neoplastic round cells in all cases 
were strongly positive for MHC II (Fig. 2A) and Iba1 (Fig. 2B). 
In tissue samples of case 1, the neoplastic cells showed diffuse 
cytoplasmic positivity for E-cadherin (Fig. 2C). The expression 
of CD3 and Pax-5 was not detected in neoplastic cells of all cas-
es, except multifocally infiltrated lymphocytes. 

Genarally, there is no predisposition regarding age or breed in 
FPH, and the small number of cases included in this study pos-
es a limitation for the inference of any kind of predisposition. 

100 μm 50 μm 20 μm

Fig. 1. Gross and histopathologic finding. (A) Case 2. A solitary round protruding mass in the left upper lip. (B) Case 4. Neoplastic round 
cells infiltrated in the dermis without infiltration of the epidermis. H&E, scale bar: 100 µm. (C) Case 4. Neoplastic cells show round to 
oval shape and have abundant eosinophilic cytoplasm. H&E, scale bar: 50 µm. (D) Neoplastic round cells have ovoid nuclei, eosinophilic 
foamy cytoplasm, and mitotic figures (arrows). H&E, scale bar: 20 µm.
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Table 1. Information of four cases with feline progressive histiocy-
tosis

Case no. Breed Age Sex Location of lesions
1 Maine Coon cat 11 y F Vulva side
2 Siamese cat 7 y CM Left upper lip
3 Domestic short hair 2 y 8 mo SF Neck
4 Domestic short hair 3 y SF Left forehead

F, female; CM, castrated male; SF, spayed female; y, years; mo, months.

Fig. 2. Histological findings. Neoplastic round cells in all cases show positive reactions for MHC II (A) and Iba-1 (B). (C) In case 1, neo-
plastic cells show strong positive reactions to E-cadherin. Immunohistochemical, scale bars: 50 µm.

50 μm 50 μm 50 μm
AA BB CC
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However, a previous study reported that females had a greater 
prevalence of FPH compared with males [3]. Moreover, the 
masses were most common on the head and neck [1–3]. The 
anatomic location and sex of the herein studied individuals are 
similar to those in the previous studies. 

The major differential diagnoses of these cases are mycobac-
terial and fungal diseases, or round cell tumors, including his-
tiocytic mast cell tumor, plasmacytoma, and lymphoma. For the 
differential diagnosis of possible granulomatous inflammation, 
PAS and Ziehl–Neelsen staining were used. No case reacted to 
the staining; hence, infections by microbial pathogens could be 
successfully ruled out. Histological analysis showed that the cu-
taneous masses in all cats were composed of proliferated round 
cells with abundant cytoplasm. Mild-to-moderate cytological 
atypia was observed, although without epithelial involvement. 
Based on histological findings, these cases were tentatively diag-
nosed as feline round cell tumors. 

To identify the origin of tumor cells, IHC analyses were per-
formed. Using histiocytic markers in IHC analyses is a common 
method to identify the origin of tumor cells [3,4,6,7]. The skin 
includes dermal DCs and epidermal LCs [2]. Dermal DCs are 
interstitial cells that can be encountered in perivascular loca-
tions in many organs [3]. On the other hand, LCs populate the 
epidermis and epithelium of the mucous membrane. Both cell 
types express CD1, CD11c, MHC II, and Iba1; however, E-cad-
herin is not expressed in dermal DCs [2]. Iba1, a protein in-
volved in the rearrangement of the actin cytoskeleton, has pre-
viously been used to detect the subpopulations of cells of mono-
cyte/macrophage lineages in mice [8]. Iba1 is expressed not 
only in histiocytes that cause FPH and HS but also in LCs and 
dermal histiocytes of healthy individuals [9]. In contrast, plas-
macytomas, cutaneous lymphomas, and mast cell tumors do 
not express Iba1 [9]. The MHC II antibody labels B cells, acti-
vated T cells, macrophages, and antigen-presenting cells, such 
as LCs [10]. Therefore, we ruled out the following tumors: plas-
macytomas, cutaneous lymphomas, and mast cell tumors. 
E-cadherin is a glycoprotein with an extracellular amino termi-
nus that binds selectively to an identical E-cadherin amino ter-
minus on an adjacent cell. It is expressed in epithelia and organs 
derived from epithelia throughout the body [1,11]. E-cadherin 
is present on the surface of basal and suprabasal keratinocytes 
in the skin. In mice and humans, LCs have also been shown to 
express high levels of E-cadherin [11]. In this study, histiocytic 
origin of the cells was confirmed in all four cases by diffuse im-
munoreactivity for MHC II and Iba1. Among the four cases, the 
neoplastic cells of one case were also immunoreactivity for 
E-cadherin, an LC marker. In previous studies of FPH, 4/5 and 

24/26 cases were positive for E-cadherin [6,7]. Further studies 
are needed to definitively confirm the LC versus iDC origin of 
FPH. 

The initial presentation of FPH may be a solitary skin nodule, 
although multiple papules, nodules, or plaques may develop [1]. 
In FPH, a proportion of cats develop invasive expansile masses 
in the lymph nodes and internal organs, including the lungs, 
kidneys, spleen, and liver, similar to HS [1,12]. In this study, all 
cats had a solitary skin nodule and did not show any evidence 
of tumor metastasis at the time of diagnosis. Follow-up data 
were collected from cases 2 and 3. One cat died because of an 
unrelated disease for FPH 4 years after surgery. The other cat 
showed abnormal nodules in the same region where the 
FPH-related tumor had been found; however, the nodule was 
diagnosed as another type of tumor. 

The early identification of tumor types can facilitate progno-
sis and treatment. It is important to confirm the diagnosis using 
histopathological and IHC tests because feline histiocytic dis-
eases behave differently from each other [13]. To the best of our 
knowledge, this is the first retrospective study of FPH in South 
Korea. Although the occurrence of FPH is low, clinicians and 
pathologists should consider this rare entity for differential di-
agnosis of feline cutaneous tumors. 
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international peer-reviewed journal dedicated to providing to the 
advancement and dissemination of scientific knowledge concerning 
veterinary sciences and related academic disciplines. It is an interna-
tional journal indexed in the SCOPUS, AGRIS, Animal Breeding 
Abstracts, Animal Production Database, Animal Science Database, 
CAB Abstracts, CAB Abstracts Archive, CAB Direct, Dairy Science 
Abstracts, Global Health, Index Veterinarius, KCI, Nutrition Ab-
stracts and Reviews Series B: Livestock Feeds and Feeding, Pig News 
and Information, Poultry Abstracts, Protozoological Abstracts, Re-
view of Medical and Veterinary Entomology, Review of Medical and 
Veterinary Mycology, Veterinary Bulletin, VetMed Resource, and 
Veterinary Science Database. This journal is published four times 
per year (March 31, June 30, September 30 and December 31) in En-
glish or Korean by the Korean Society of Veterinary Science (KSVS) 
being distributed worldwide.

The aim of Korean J Vet Res is promotion of animal health and 
welfare by disseminating new knowledge, techniques, and regulation 
to readers for the enhancement of understanding and application of 
veterinary science. The Korean J Vet Res covers all the scientific and 
technological aspects of veterinary sciences in general, anatomy, 
physiology, biochemistry, pharmacology, microbiology, pathology, 
public health, parasitology, infectious diseases, clinical sciences and 
alternative biomedical and veterinary educational fields. 

Any author(s) affiliated with a biomedical institution may submit 
manuscripts. Full text PDF files are available on the web at http://
www.kjvr.org.

1. Editorial policy

The editor assumes that all author(s) listed in a manuscript have 
agreed with the following policy of the Korean J Vet Res on its sub-
mission. The manuscripts submitted to this journal must be previ-
ously unpublished and not be under consideration for publication 
elsewhere. The identities of referees will not be revealed under any 
circumstances. If an author(s) should be added or deleted after sub-
mission of manuscript, it is the responsibility of the corresponding 
author to ensure that the author(s) involved are aware of and agree 

to the change in authorship. The Korean J Vet Res has no responsi-
bility for such changes. All published manuscripts become the per-
manent property of the KSVS and may not be published elsewhere 
without written permission.

2. Editorial and peer review process

The Korean J Vet Res reviews all the submitted manuscripts. The 
Editor selects peer referees upon the recommendation of the Edito-
rial Board members or from the specialist database owned by the 
Editorial Board. The peer-reviewers will be blinded with respect to 
the name and their affiliations of the author(s). Typically, the scien-
tific review of manuscript is handled by an Associate Editor who se-
lects two or more investigators in the field as referees according to 
recommendation of Editor or Editorial board. If decided necessary, 
review for statistics may be additionally requested. Acceptance of 
the manuscript is decided, based on the critiques and recommend-
ed decision of the referees. A referee's decision is made as “Accept”, 
“Minor revision”, “Major revision”, and “Reject”. If there is marked 
discrepancy in the decisions between two referees or in opinions 
between the author and referee(s), the Editor may send the manu-
script to another referee for additional comments and recommend-
ed decision. Final decisions about acceptance or rejection of manu-
scripts are made by the Editor-in-Chief. The reviewed manuscript 
are returned back to the corresponding author with comments and 
recommended revisions. Name and individual decisions of the ref-
erees are not transmitted to the author. The usual reasons of rejec-
tion are insufficient originality, serious scientific flaws, poor quality 
of illustrations, improper manuscript form or absence of massage 
that might be important to the intended readers. Though the peer 
review process may in general take four to eight weeks after submis-
sion of the manuscript, more time may be need to finalize the re-
view process. Revisions are usually requested to take account of 
criticism and comments made by referees. Failure to resubmit the 
revised manuscript within eight (8) weeks is regarded as a with-
drawal. Corresponding author must indicate clearly what alterations 
have been made in response to the referees comments point by 
point. Acceptable reasons should be given for noncompliance with 
any recommendation of the referees. Once accepted, manuscripts 
will be published with acceptance order.
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3. Categories of publications

The Korean J Vet Res publishes original articles, review articles, 
short communications and case reports.

Original article: Original articles cover full reports of research 
work that must be written following the guidelines (Form of Manu-
scripts) with the minimum length that requires for precise descrip-
tion and clear interpretation of theoretical or experimental work. It 
should not exceed 3500 words from the introduction through dis-
cussion, a abstract of 200 words, 40 references, and 10 figures or ta-
bles.

Review article: Review and monographs dealing with all aspects 
of veterinary sciences will be accepted, but subject to the approval 
of the Editor-in-Chief. Authoritative and critical reviews of the cur-
rent state of knowledge are preferred. There is no prescribed layout 
for reviews, but the tables, and manner of citations should conform 
to the guidelines (Form of Manuscripts) for articles. Unsolicited re-
views will normally only be accepted under special circumstances.

Short communication and case report: Short communications 
are intended to rapidly communicate novel ideas and results in new 
and developing areas of veterinary science, but which are insufficient 
to fill the requirements of a fulllength article. Case reports deal with 
important issues to clinicians and biomedical researchers. Short 
communication and case report should not be exceed 1500 words 
from introduction through discussion, one-paragraph unstructured 
abstract of 100 words, 15 references, and 3 figures or tables. Do not 
use section heading; introduction, materials and methods, results 
and discussion should be in a single section. The references section 
is identical to that of articles. To be considered for publication in the 
Korean J Vet Res, a single case report must meet the following re-
quirements.

1) Must describe a significantly novel presentation (clear pathologi-
cal diagnosis required)

2) Must describe a clinical technique or treatment that would sig-
nificantly change the course and prognosis of the described dis-
ease (in this case more than one case recommended)

3) Must be the definite first clinical report or first case(s) of dis-
eases in a particular location with epidemiologic factor

4) Must explain the best practice pursued

Errata: The Erratum section provides a means of correcting er-
rors that occurred during the writing, typing, editing, or printing of 
a published article. Send Errata directly to the Editor-in-Chief. 
Please see a recent issue for correct formatting.

Retractions: Retractions are reserved for major errors or breach-
es of ethics that, for example, may call into question the source of 
the data or the validity of the results and conclusions of an article. 
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-

www.kjvr.orgii

http://www.kjvr.org/
http://www.kjvr.org/
mailto:synam@cbu.ac.kr
mailto:jvs@ksvs.or.kr


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 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.
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