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Introduction 

Pseudomonas aeruginosa is frequently isolated from canines with otitis externa 
(OE) [1,2]. This pathogen is foreign to the normal otic microflora [3], and many 
human and mammal studies have provided evidence of biofilm formation by P. 
aeruginosa [4-8]. A bacterial biofilm is an irreversible structure formed from a 
bacteria-produced extracellular polymeric matrix. Several steps are involved in the 
formation of a biofilm. Initially, planktonic bacterial cells attach to a living or non-
living surface and form a stable microcolony. A three-dimensional structure is 
constructed as the bacterial density increases. The bacterial cells can then detach 
and transfer to a new site [9,10]. Several studies have reported that bacterial bio-
film-formation can be resistant to antibiotic therapy, which results in a persistent 
and refractory inflammation stage [9-11]. Although the precise mechanisms of 
biofilm resistance to antimicrobial agents have not been investigated thoroughly, 
some studies have shown that biofilms inhibit the penetration of antibiotics into 
bacterial cells, which protect them from the host immune system [9-11]. As a re-
sult, antibiotics may be ineffective against bacteria that have formed biofilms. 
Therefore, some studies have searched for new compounds that may potentiate 
the efficacy of antibiotics against biofilms.

N-acetylcysteine (NAC) acts as a mucolytic agent and a precursor in glutathione 
biosynthesis [12-14]. Glutathione is an important modulator for the activity of an-
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Original Article

Pseudomonas aeruginosa is one of the most common pathogenic species associated 
with canine otitis externa (OE). Their resilience is achieved by forming a biofilm, which 
allows these bacteria to evade even the harshest of treatments. This study evaluated 
the in vitro synergistic efficacy of N-acetylcysteine (NAC) with different antimicrobial 
agents against P. aeruginosa isolated from dogs with OE to develop an effective treat-
ment against P. aeruginosa. The antimicrobial activity was evaluated by the minimum 
inhibitory concentration test using the microdilution method. The efficacy of antibio-
film formation was evaluated using a crystal violet stain method. The treatment solu-
tions included NAC alone, and in synergy with enrofloxacin, polymyxin B, and genta-
micin. NAC alone exhibited antimicrobial and antibiofilm abilities. On the other hand, 
the combination of NAC and the antibiotics did not show any significant synergistic 
effects against P. aeruginosa.
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tibiotics in microorganisms. Hence, NAC has been investigated 
for its capabilities in inhibiting bacterial biofilms and promot-
ing the antimicrobial activity of known antibiotics [15-20]. 

This study examined the in vitro efficacy of NAC in combina-
tion with antibiotics against the biofilm production of P. aerugi-
nosa. Fourteen P. aeruginosa isolates from canines with OE were 
tested against NAC with antibiotics commonly used as topical 
otic treatments for canine OE. 

Materials and Methods 

Bacterial isolates 
Fourteen strains of P. aeruginosa isolates from dogs with OE 

sampled at animal clinics were used in this study. Clinical sam-
ples were cultivated on blood agar and incubated aerobically at 
37°C for 24 hours. The isolation of P. aeruginosa was identified 
through 16S rRNA gene sequencing of the DNA using 27-F and 
1492R primers. The National Center for Biotechnology Infor-
mation database was searched for bacterial DNA nucleotide se-
quences and compared with the sequences obtained from the 
isolates. 

Determination of minimum inhibitory concentration 
NAC (Sigma-Aldrich, USA), enrofloxacin (Sigma-Aldrich), 

polymyxin B (Sigma-Aldrich), and a gentamicin solution (Sig-
ma-Aldrich) were dissolved in fresh trypticase soy broth (TSB; 
Kisanbio, Korea) at a starting concentration of 128 μg/mL. The 
P. aeruginosa inoculate was grown for 24 hours in a 0.5 McFar-
land suspension in TSB. 

The minimum inhibitory concentration (MIC) of NAC, en-
rofloxacin, polymyxin B, and gentamicin was measured using a 
broth microdilution assay according to the Clinical Laboratory 
Standards Institute guidelines. NAC, enrofloxacin, polymyxin B, 
and gentamicin preparations underwent serial 2-fold microdi-
lution assays. The tested NAC and antimicrobial concentrations 
were in the range of 0.125 to 64 mg/mL and 0.125 to 64 mg/mL, 
respectively. A 100 μL P. aeruginosa suspension was added to 
100 μL of each working solution in a 96-well microtiter plate 
(SPL Life Science, Korea). The plate was then incubated in a 
shaking incubator for 24 hours at 36°C ±  1°C. Positive (only 

bacterial suspension) and negative (only TSB) controls were 
also included. 

The interactions of NAC + enrofloxacin, NAC + polymyxin B, 
and NAC + gentamicin were assessed using a 2-fold serial mi-
crodilution assay (Fig. 1). The starting NAC concentration was 
128 mg/mL, whereas those of enrofloxacin, polymyxin B, and 
gentamicin were 128 μg/mL. The MICs were determined using 
the abovementioned method. 

The MIC was defined as the lowest concentration that inhib-
ited the growth of bacteria. The fractional inhibitory concentra-
tion index (FICI) was calculated to evaluate the potential syner-
gistic or antagonistic activity between NAC and antimicrobials. 
The FICI was calculated using the following formula: FICA + 
FICB =  FICI, where FICA =  MIC of drug A in combination/
MIC of drug A alone, and FICB =  MIC of drug B in combina-
tion/ MIC of drug B alone. The FICI was interpreted as follows: 
FICI ≤  0.5 =  synergism; 0.5 <  FICI ≤  no interaction; FICI >  
4.0 =  antagonism. All tests were conducted in triplicate.

Biofilm growth
Enrofloxacin, polymyxin B, and gentamicin were dissolved 

in fresh TSB at a starting concentration of 8,000 ng/mL. The P. 
aeruginosa isolates were diluted with TSB and standardized to 
contain 1 ×  105 colony forming unit/mL. The enrofloxacin, 
polymyxin B, and gentamicin preparations underwent a serial 
2-fold microdilution assay with concentrations ranging from 
7.5 to 4,000 ng/mL. A 100 μL sample of the inoculate suspen-
sion was added to each well of a 96-well microtiter plate. The 
plate was incubated for 12 hours at 35°C to 37°C. The positive 
(bacterial suspension) and negative (TSB) controls were also 
included. 

The interaction of NAC + enrofloxacin, NAC + polymyxin B, 
and NAC + gentamicin were assessed using a 2‒fold serial mi-
crodilution assay. The starting concentration of NAC was 4 mg/
mL, whereas those of enrofloxacin, polymyxin B, and gentami-
cin were 4 μg/mL. 

After incubation, the contents in each well were aspirated, 
and each well was washed three times with 250 μL of phos-
phate-buffered saline (Sigma-Aldrich). The adherent biofilms 
were fixed with 200 μL of 99% methanol (Duksan Science, 

Fig. 1. Design of the first row of a 96-well plate (N-acetylcysteine concentration [mg/mL], antimicrobial concentration [mcg/mL]). P, only 
bacterial suspension, N, trypticase soy broth.

1 2 3 4 5 6 7 8 9 10 11 12

64, 64 32, 32 16, 16 8, 8 4, 4 2, 2 1, 1 0.5, 0.5 0.25, 0.25 0.125, 0.125 P N
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Seoul, Korea) for 15 minutes and stained with 200 μL of 0.1% 
crystal violet for 5 minutes at room temperature. The excess 
stain was discarded and rinsed with running distilled water. The 
microtiter plates were then dried at room temperature for 15 to 
30 minutes, and the crystal violet bound to the cells was redis-
solved with 160 μL of 33% acetic acid (Sigma-Aldrich). The op-
tical density (OD) of each well was measured using a microplate 
reader (Multiskan Sky; Thermo Scientific, USA) at a wavelength 
of 570 nm (OD570). The measurements were performed in trip-
licate and repeated three times. The biofilm production results 
were divided into four categories based on the criteria reported 
by Stepanović et al. [21]: no, weak, moderate, and strong bio-
film. 

Statistical analysis 
The results from the triplicate experiments are presented as 

the mean ±  standard error. The differences in the growth of the 
biofilm exposed to antimicrobial agents with or without NAC 
were compared using a Mann-Whitney test using SigmaPlot for 
Windows version 12.0 (Systat Software, USA). p-values <  0.05 
were considered significant. 

Results 

Susceptibility of P. aeruginosa isolates to NAC and antimi-
crobial agents 

Fourteen P. aeruginosa colonies were isolated from canine 

OE. The MICs of enrofloxacin, polymyxin B, gentamicin, and 
NAC for P. aeruginosa were 2 to 16 μg/mL, 4 to 32 μg/mL, 2 to 
32 μg/mL, and 4 to 8 mg/mL, respectively. The MICs for enro-
floxacin, polymyxin B, and gentamicin with NAC for P. aerugi-
nosa were 1 to 4 µg/mL, 1 to 4 µg/mL, and 2 to 4 µg/mL, respec-
tively. Table 1 lists the synergy assays using the MICs.

Interpretation of biofilm production 
By applying the criteria of Stepanović et al. [21], P. aeruginosa 

isolates were categorized into the following group: eight isolates 
(57.1%) were strong biofilm producers; five isolates (35.7%) 
were moderate biofilm producers; only one isolate (7.2%) was a 
weak biofilm producer. 

Figs. 2-4 present the antibiofilm effects of NAC when com-
bined with antibiotics. At higher concentrations, biofilm forma-
tion was inhibited significantly using NAC combined with each 
antibiotic.

Discussion 

P. aeruginosa is a common pathogen that is associated with 
canine OE [1,2]. It acquires antimicrobial resistance through its 
ability to form biofilms [6,8,22]. According to previous studies, 
P. aeruginosa isolated from dogs with OE showed various rates 
of biofilm production, ranging from 40% to 95% [6-8]. In this 
study, 14 P. aeruginosa otic isolates with biofilm formation po-
tency were used to evaluate the antibacterial and antibiofilm ef-

Table 1. Number of synergistic, indifferent, or antagonistic interactions for the susceptibility to N-acetylcysteine (NAC) with antibiotics

Clinical isolates

Combinations
NAC + enrofloxacin NAC + polymyxin B NAC + gentamicin

MIC NAC (mg/mL)/
enrofloxacin (µg/mL) FICI (interpretation) MIC NAC (mg/mL)/

polymyxin B (µg/mL) FICI (interpretation) MIC NAC (mg/mL)/
Gentamicin (µg/mL) FICI (interpretation)

1 4/8 0.75 (I) 8/8 1 (I) 2/8 5 (A)
2 8/8 1 (I) 8/8 1 (I) 2/8 5 (A)
3 8/8 0.5 (S) 8/8 1 (I) 4/8 1.5 (I)
4 8/8 1 (I) 16/8 0.75 (I) 4/8 1.5 (I)
5 >  64/8 0.53 (I) >  64/8 1.06 (I) 8/8 2 (I)
6 32/4 0.625 (I) 64/4 1.06 (I) 64/4 1.03 (I)
7 16/4 1.25 (I) 64/4 1.06 (I) 4/4 2 (I)
8 32/8 0.625 (I) 64/8 0.56 (I) 4/8 1.5 (I)
9 16/8 0.75 (I) 16/8 0.75 (I) 64/8 0.56 (I)
10 32/8 0.625 (I) 8/8 0.5 (S) 64/8 0.56 (I)
11 32/8 1.25 (I) 8/8 1 (I) 32/8 0. 625 (I)
12 8/4 1.25 (I) 16/4 1.25 (I) 4/4 2 (I)
13 >  64/4 0.515 (I) 16/4 1.25 (I) 32/4 1.125 (I)
14 >  64/8 1.03 (I) 8/8 1 (I) >  64/8 1.06 (I)

MIC, minimum inhibitory concentration; FICI, fractional inhibitory concentration index; I, no interaction; A, antagonism; S, synergism.
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ficacy of NAC. Before evaluating the abilities of NAC, P. aerugi-
nosa were classified into three groups according to Stepanović 
et al. [21]: weak, moderate, and strong biofilm producers. In 
previous reports with the same criteria used in the present 
study, the distribution across all three groups was similar [6,8]. 
Pye et al. [6] reported that P. aeruginosa produced 21.2% (7/33) 
weak, 45.5% (15/33) moderate, and 33.3% (11/33) strong bio-
films. Chan et al. [8] showed that the total percentages of weak, 

moderate, and strong P. aeruginosa biofilms were 31.6% (6/19), 
36.8% (7/19), and 31.6% (6/19), respectively. In the present 
study, more than half of the isolates (57.1%) were strong biofilm 
producers; only one isolate was a weak biofilm producer. The 
higher rate of strong or moderate biofilm producers was be-
cause P. aeruginosa had been isolated from dogs at a veterinary 
hospital, as they presented with recurrent or refractory canine 
OE.

NAC used alone was effective in inhibiting bacteria. Most 
combinations of NAC with antibiotics displayed different inter-
actions against P. aeruginosa except for four isolates. The rate of 
synergistic interactions was similar to a previous study, but the 
rate of antagonistic interactions was lower [20]. Almost all com-
binations against P. aeruginosa were similar. 

The OD values of biofilm stained with crystal violet were 
measured at 570 nm to evaluate biofilm growth. When the 
combination of antibiotics and NAC was given to the isolates, 
the OD values were decreased significantly compared to antibi-
otics alone. The antibiofilm effect of NAC was maximized 
dose-dependently. 

During biofilm formation, the planktonic bacteria attach to 
the surface and construct a three-dimensional structure [11,23]. 
The diffusion of antibiotics into a biofilm becomes challenging 
once the bacteria form a biofilm from a strong extracellular 
polymeric matrix. In addition, the biofilm thickness also influ-
ences the efficacy of antibiotics [9,10]. Thus, reducing the num-
ber of planktonic bacterial and inhibiting thick biofilm forma-
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Fig. 2. Antibiofilm activity of N-acetylcysteine (NAC) against 
Pseudomonas aeruginosa. The units for the concentration of the 
test solution are μg/mL (enrofloxacin) and mg/mL (NAC). *p < 
0.05, †p < 0.01, ‡p < 0.001. OD, optical density; N, negative control 
(trypticase soy broth with enrofloxacin and NAC).

Fig. 3. Antibiofilm activity of N-acetylcysteine (NAC) against 
Pseudomonas aeruginosa. The units for the concentration of test 
solution are μg/mL (gentamicin) and mg/mL (NAC). *p < 0.05, †p < 
0.01, ‡p < 0.001. OD, optical density; N, negative control (trypticase 
soy broth with gentamicin and NAC).

Fig. 4. Antibiofilm activity of N-acetylcysteine (NAC) against 
Pseudomonas aeruginosa. The units for the concentration of the 
test solution are μg/mL (polymyxin B) and mg/mL (NAC). *p < 0.05, 
†p < 0.01. OD, optical density; N, negative control (trypticase soy 
broth with polymyxin B and NAC).
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tion are key processes for controlling the biofilm resistance to 
antibiotic agents. Although NAC is usually used as a mucolytic 
agent in clinics, several studies have shown that this molecule 
has antibacterial and antibiofilm effects against various micro-
organisms [5,14,15,17-19]. In the present study, the combina-
tion of NAC and antibiotics did not have a significant synergis-
tic effect against P. aeruginosa. On the other hand, NAC alone 
produced a sufficient decrease in bacterial number. Hence, 
NAC inhibited biofilm formation when combined with antibi-
otics. 

The antimicrobial and antibiofilm activities of NAC in com-
bination with antimicrobials against P. aeruginosa have been 
studied [16,17,20]. The present study assessed the in vitro effi-
cacy of NAC combined with enrofloxacin, polymyxin B, and 
gentamicin against P. aeruginosa isolated from dogs with OE. 
NAC inhibited planktonic bacterial cells and biofilm formation. 
The results revealed the efficacy of NAC against the 14 P. aeru-
ginosa isolates evaluated. Almost all strains were strong or mod-
erate biofilm producers. In clinical practice, enrofloxacin, poly-
myxin B, and gentamicin are antibiotics commonly used as top-
ical treatments for canine OE. Thus, the addition of NAC to 
common topical solutions for canine OE could be considered a 
valid and more efficient option against P. aeruginosa otic infec-
tions.  
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Introduction 

Zika virus (ZIKV) is a mosquito-borne virus that was first isolated in 1947 from 
a febrile sentinel rhesus monkey in the Zika Forest in Uganda [1]. ZIKV belongs 
to the Flavivirus genus that is classified in the Flaviviridae family along with den-
gue virus (DENV), yellow fever virus, West Nile virus, and Japanese encephalitis 
virus. A single-strand positive-sense RNA virus, ZIKV, is composed of a 5′-UTR 
(~107 nucleotides), a 10.2 kb open reading frame (ORF), and a 3′-UTR (~428 nu-
cleotides), giving a total genome of 11 kb. The ORF encodes three structural pro-
teins (C, prM, and E) and seven nonstructural proteins (NS1, NS2A, NS2B, NS3, 
NS4A, NS4B, and NS5) [2,3]. 

In the past, ZIKV infection was not regarded as a major threat to public health 
because it induced only mild clinical symptoms such as rash, fever, and headache 
[4]. However, in 2013, ZIKV began to attract attention as a massive outbreak oc-
curred in French Polynesia [5,6]. In 2015, cases of severe ZIKV infection were re-
ported in Brazil and other South American countries inducing Guillain–Barré 
syndrome and microcephaly in newborns [7-10]. In addition, ZIKV detection in 
nonserum body fluids such as semen, saliva, and urine suggests direct hu-
man-to-human infection [11,12]. As of mid-2019, ZIKV infection had spread to 
87 countries and the Aedes aegypti vector detected in 61 countries. Despite the 
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Original Article The mosquito-borne pathogen Zika virus may result in neurological disorders such as 
Guillain–Barré syndrome and microcephaly. The virus is classified as a member of the 
Flaviviridae family and its wide spread in multiple continents is a significant threat to 
public health. So, there is a need to develop animal models to examine the pathogen-
esis of the disease and to develop vaccines. To examine the clinical profile during Zika 
virus infection, we infected neonatal and adult wild-type mice (C57BL/6 and Balb/c) 
and compared the clinical signs of African-lineage strain (MR766) and Asian-lineage 
strain (PRVABC59, MEX2-81) of Zika virus. Consistent with previous reports, eight-
week-old female Balb/c mice infected with these viral strains showed no changes in 
body weight, survival rate, and neurologic signs, but demonstrated increases in the 
weights of spleens and hearts. However, one-day-old neonates showed significantly 
lower survival rate and body weight with the African-lineage strain than the 
Asian-lineage strain. These results confirmed the pathogenic differences between Zika 
virus strains. We also evaluated the clinical responses in neonatal and adult mice of 
different strains. Our findings suggest that these are useful mouse models for charac-
terization of Zika virus for vaccine development. 

Keywords: Zika virus; models; animal; Zika virus strains; signs and symptoms; infec-
tions
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global spread of ZIKV, no effective vaccine has yet been devel-
oped [13].  

ZIKV is classified into two main lineages, Asian or African, 
based on the phylogenetic classification of ORF sequences [14-
16]. After the initial detection of ZIKV in Africa, Asian strains 
spread rapidly to the Pacific islands and the American continent 
in 2015 and 2016 [4,12,17-19]. The infectivity and pathogenici-
ty of ZIKV are not understood fully, but studies suggest that the 
African-lineage strain tends to induce more fetal loss and fewer 
birth defects than the Asian-lineage strain [20,21]. At the amino 
acid level, the two lineages show differences in 75 to 100 resi-
dues of the 3,424 amino acid sequence. This difference between 
amino acid sequences makes a difference in virus phenotype. 
For example, SV0127-14 strain, which originated in Thailand, 
differs by five amino acids from the CPC-0740 strain originat-
ing in the Philippines; this difference results in phenotypic dif-
ferences both in vitro and in vivo [22]. It is possible that suscep-
tibility to ZIKV can be determined by the original mosquitoes 
vector (Aedes aegypti and Aedes albopictus): studies have shown 
that ZIKV transmitted via Brazilian mosquitoes was less infec-
tious than strains transmitted by vectors in the Dominican Re-
public and the United States, which suggests that the virulence 
might be controlled by viral adaptation to the host [23,24]. 

Because ZIKV does not replicate efficiently in the presence of 
type I interferon (IFN), various ZIKV profiling studies have 
used immunocompromised mouse models such as A129 (type I 
IFN receptor knockout [KO]), interferon regulatory factor 
(IRF)3/5/7 triple KO, or AG129 (type I and II IFN KO) [25]. 
These mice models provide useful data, but these mice strains 
are limited in use compared to the wild type mice strains be-
cause they are expensive. Therefore, in our study, we utilized 
neonatal and adult immunocompetent mice to develop a mouse 
model which is less expensive and broad strange of application. 
And using these mouse models, we compared the virulence of 
Asian-lineage and African-lineage strain of ZIKV. 

Materials and Methods 

Mice 
Balb/c (female, 8 weeks old) and C57BL/6 (female, 8 weeks 

old) mice were purchased from Orient Bio Inc. (Korea). Neona-
tal Balb/c and C57BL/6 mice (one day old) were bred from ho-
mozygous breeding pairs. Mice were housed in the Animal 
Laboratory Center of Kangwon National University under a 12-
hour light–dark cycle and given free access to food and water. 
This work was approved by Institutional Animal Care and Use 
Committee of Kangwon National University (approval number: 
KW-180319-1). 

ZIKV strains and cell culture 
The following ZIKV strains provided by BEI Resources (Manas-

sas, VA, USA) were used in this study: MR766 (BEI Resources No. 
NR-50065), PRVABC59 (BEI Resources No. NR-50240), and 
MEX2-81 (BEI Resources No. NR-50280) (Table 1). Sequences 
of these ZIKV strains were downloaded from NCBI PubMed 
and aligned using Basic Local Alignment Search Tool (BLAST) 
(Table 2). Vero and Vero 76 cell lines were purchased from the 
American Type Culture Collection (Bethesda, MD, USA). Vero 
cells were incubated in 5% CO2 at 37°C using Minimum Essen-
tial Medium (MEM-α) (Gibco, USA) containing 10% fetal bo-
vine serum (FBS) (GenDEPOT, USA) and Vero 76 cells (ATCC, 
CRL-1587) were incubated in 5% CO2 at 37°C using Dulbecco’s 
Minimal Essential Medium (DMEM) (GenDEPOT) containing 
10% FBS, until they formed monolayers. Vero cells were infect-
ed with PRVABC59 and MEX2-81 strain at a multiplicity of in-
fection (MOI) of 0.01, and then incubated in MEM-α contain-
ing 2% FBS. Vero 76 cells were infected with MR766 strain at 
an MOI of 0.01 and incubated in DMEM containing 2% FBS. 
Viral samples were concentrated by ultrafiltration and purified 
using a Capto™ Core 700 column (GE Healthcare, Sweden). 
Titers of virus stocks were quantified by plaque assay of both 
cell lines.  

Table 1. Zika virus strains used in this study

Location Isolate CPE (day) Titer (PFU/mL) TCID50/mL Inoculation dose (TCID50/mouse)
African lineage Uganda MR766 4 3.5 ×  107 107.8 106.8

Asian lineage Mexico MEX2-81 6 5 ×  105 108 106

Puerto Rico PRVABC59 5 4 ×  106 108.3 106.3

CPE, cytopathic effect; PFU, plaque-forming unit.

Table 2. Alignment of African and Asian Zika virus isolates

Isolate MR766 MEX2-81 PRVABC59
African lineage MR766 89.1† 89†

Asian lineage MEX2-81 96.8* 99.6†

PRVABC59 96.6* 99.7*

*Nucleotide comparison. 
†Amino acid comparison.
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ZIKV infection in mice  
Eight-week-old Balb/c female mice were inoculated subcuta-

neously with each strain of ZIKV (MR766 or MEX2-81), or 
phosphate-buffered saline (PBS) as a negative control. Eight-
week-old Balb/c female mice were inoculated subcutaneously 
with two strains of ZIKV (106.8 TCID50/mouse of MR766 or 106 
TCID50/mouse of MEX2-81) or PBS as a negative control. One-
day-old Balb/c and C57BL/6 mice were inoculated subcutane-
ously with each strain of ZIKV (106.8 TCID50/mouse of MR766, 
106 TCID50/mouse of MEX2-81, or 106.3 TCID50/mouse of PRV-
ABC59), or PBS as a negative control. Adult mice were moni-
tored until 7 days post infection (dpi) to assess survival rate, 
weight loss, and abnormal behavior. At 7 dpi, mice were eutha-
nized with CO2 and the weights of organs including heart, lung, 
liver, brain, and pancreas were measured. Neonatal mice were 
monitored until 20 dpi to assess survival rate, weight loss, and 
abnormal behavior. Animals were allocated a score (0-3) [22] 
based on the most severe clinical sign observed: normal appear-
ance (0); staggering walk, wide stance, or paralysis of hind leg 
(1); 25% weight loss or labored breathing (2); death (3). 

Plaque-forming unit assay 
Vero and Vero 76 cells were infected with log dilutions of 

ZIKV (10-1 to 10-5 dilution) in MEM-α or DMEM containing 
10% FBS followed by addition of a 1% agar overlay. After 5 to 7 
days, cells were fixed with 8% buffered formalin (in PBS) and 
stained with 1% crystal violet. Measurements of plaque diame-
ter were made using ImageJ software. Virus titers were calculat-
ed by multiplying the plaque count by the virus dilution and di-
viding by the infection volume, and expressed as plaque-forming 
units (PFU)/mL. Each sample was assayed in duplicate. 

Statistical analyses 
Statistical analysis was performed using GraphPad Prism (ver. 

5.0; GraphPad Software, USA). The significance of changes in 
plaque diameter, and mouse body and organ weights were ana-
lyzed using one-way analysis of variance. A p-value <  0.05 was 
considered significant. 

Results 

Genetic (phylogenetic) analyses and characterization of 
ZIKV in vitro 

First, we evaluated the virulence of African-lineage strain 
(MR766) and Asian-lineage strain (MEX2-81, PRVABC59)  
(Table 1) and compared their nucleotide and amino acid se-
quences using BLAST alignment (Table 2). For the nucleotide 

sequence, the African-lineage strain showed approximately 89% 
similarity to the Asian-lineage strain, whereas the amino acid 
sequences were approximately 96% identical. As expected, more 
than 99% similarity was confirmed between the two Asian-lin-
eage strain (Table 2). To examine whether the changes in se-
quence affected the basic phenotype, we evaluated the charac-
teristics of each strain. When we infected Vero cells with serially 
diluted ZIKV, the African-lineage strain (MR766) induced a cy-
topathic effect (CPE) at 4 dpi while that for the Asian-lineage 
strain (PRVABC59, MEX2-81) CPE occurred 1 to 2 days later. 
Similarly, the African-lineage strain induced larger plaques (1.6 
±  0.6 mm) than the Asian-lineage strain (PRVABC59, 1.2 ±  
0.5 mm; MEX2-81, 0.9 ±  0.2 mm) (Fig. 1). These findings con-
firmed that the African-lineage strain is more cytopathic than 
the Asian strains in vitro. 

CPE (day) Titer (PFU/mL) TCID50/mL
MR766 4 1.4 × 106 106.3

MEX2-81 6 5 × 105 107.5

PRVABC59 5 4 × 106 107.8
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Vero cell monolayers 5 days post infection (dpi). Cells were fixed 
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were made using ImageJ software (B). Statistical analysis **p < 
0.01, ***p < 0.001. CPE, cytopathic effect; PFU, plaque-forming 
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Clinical profile of ZIKV infection in adult mice 
Next, we infected 8-week-old female Balb/c to evaluate ZIKA 

virulence in immunocompetent mice. Infected mice showed no 
loss in body weight, neurologic signs, pathology, or fatalities 
(Fig. 2A and B). This is consistent with the findings of previous 
studies that reported few clinical signs and low susceptibility in 
immunocompetent hosts. However, we observed a significant 
increase in spleen weight and size compared to the PBS inocu-
lated group in infected immunocompetent mice, indicating an 
active immune response to ZIKV infection (Fig. 2C). 

African lineage infection suppressed the growth of neonatal 
mice 

Because the adult immunocompetent mice showed minor 
clinical signs but indications of an active immune response in 
lymphoid organs, we attempted to boost the systemic response 
by infecting neonatal mice in which the immune system had 
not yet developed. In both Balb/c and C57BL/6 neonates, infec-
tion with the African-lineage strain caused a decrease in body 
weight around 6 dpi and the mice died by 7 dpi. By contrast, 
Balb/c neonates infected with the Asian-lineage strain showed 
milder symptoms and all survived up to 20 dpi (Fig. 3A and C). 
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However, C57BL/6 neonates infected with PRVABC59 showed 
a decrease in body weight from day 5 to day 10 with 40% mor-
tality by 15 dpi; the MEX2-81 strain did not induce any clinical 
signs by 20 dpi (Fig. 3B and D). These results confirm that the 
African-lineage strain is more virulent than the Asian-lineage 
strain, and showed that C57BL/6 neonates were more suscepti-
ble than Balb/c neonates, which could be related to their more 
dominant T helper (Th)1 responses [26]. 

Clinical signs of Asian lineage infection in neonatal mice 
Microcephaly is the main pathology induced by ZIKV when 

it attacks neural progenitor cells. This is associated with various 
neurological disorders because of abnormal neurogenesis, neu-
ron development, and neural gene expression [27]. We evaluat-
ed the neurologic signs in infected mice. Balb/c neonates infect-
ed with MEX2-81 strain showed no clinical signs by 20 dpi, but 
C57BL/6 neonates infected with MEX2-81 strain, half showed 
neurologic symptoms such as hind leg paralysis by 13 dpi. Balb/
c neonates infected with PRVABC59 strain showed symptoms 

including imbalance and a wide stance at around 10 dpi, but 
only one of those mice showed paralysis of hind leg after 11 dpi. 
However, C57BL/6 mice infected with PRVABC59 showed 
more severe neurologic signs and weight loss from 11 dpi, and 
40% of infected neonates died by 15 dpi (Fig. 4). Although the 
impact of the Asian strain is minimal, our results suggest that 
Asian strains are also sufficiently virulent to cause significant 
clinical signs when they infect neonatal mice. 

Discussion 

Continuous ZIKV outbreaks have been a public health issue 
for the last several decades, and the possibility of epidemic re-
emergence of ZIKV requires the development of a vaccine. Al-
though a number of studies have suggested new vaccine strate-
gies, it is still required to develop improved animal models for 
the accurate evaluation of such vaccines. Thus, our study sug-
gests the possibility of a new, less complicated animal model for 
ZIKV evaluation. We infected adult and neonatal immunocom-
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petent mice with Asian-lineage and African-lineage strain. 
Then, we observed their susceptibility and clinical signs in re-
sponse to infection using different combinations of viral lineage, 
mouse strain, and mouse age. 

In humans, the NS5 protein of ZIKV inhibits type I IFN re-
sponses by neutralizing signal transducer and activator of tran-
scription (STAT) 2 signaling. However, this viral protein does 
not bind to mouse STAT2, thus allowing normal type I IFN re-
sponses [28]. Therefore, the majority of ZIKV profiling studies 
have used type I IFN-deficient mice such as A129 (type I IFNR 
KO), IRF 3/5/7 triple KO, and AG129 (type I and II IFN KO) 
[25]. These mice models provide useful data, but these mice 
strains are expensive and have narrow range of applications due 
to immunological defects. 

The stage of central nervous system development in murine 
neonates is comparable with that of a human midterm fetus 
[29]. Furthermore, these neonates are very susceptible to infec-
tion with neurotropic viruses including Herpes, Borna virus, 
Tacaribe arenavirus, and chikungunya virus, which are associat-
ed with meningoencephalitis [30-33]. A previous report pro-
posed an animal model to monitor clinical progression, virus 
distribution, neuropathology, and immune responses after 
Asian ZIKV infection of C57BL/6 neonates [25]. In the current 
study, we improved this mouse model by adding the Balb/c 
mouse strain and using both African-lineage and Asian-lineage 
strain. It is obvious that type I IFN-deficient mice develop se-
vere clinical signs, but incomplete immunoregulatory mecha-
nisms in these strains may skew our understanding of the 
pathophysiology of the disease due to impaired IFN response. 
In addition, previous studies on the pathology of flavivirus sug-
gest that pathogenicity may be determined not only by the ef-
fect of the virus but also by the immune response elicited by the 

virus [32,34]. Therefore, characterizing the clinical changes oc-
curring in immunocompetent hosts will clarify the pathogenic 
mechanism of ZIKV [26]. 

Consistent with the findings of previous studies, we observed 
no significant changes in body weight, survival rates, and neu-
rologic signs when adult mice were infected with various ZIKV 
strains. However, we observed that the infection resulted in in-
creased weight and size of hearts and spleens. Infection with 
other arboviruses such as chikungunya virus and DENV in-
duced myocardial effects, and it is possible that ZIKV also in-
vaded cardiac cells [35]. In addition, the increase in splenic size 
suggests the occurrence of an active immune response in adult 
mice, even those without clinical signs or changes in body 
weight. It would be informative to investigate the presence of 
virus in their peripheral tissues. 

Next, we compared the susceptibility of mice to African-lin-
eage and Asian-lineage strain of ZIKV by infecting neonatal 
mice in which development of the immune system is incom-
plete. Previous studies reported higher levels of birth defects 
and fetal loss from infection with African-lineage strain com-
pared with the Asian-lineage strain, which might indicate great-
er pathogenesis during pregnancy [20,21]. Consistent with this, 
our results show that the African-lineage strain (MR766) affect-
ed all mice but that the Asian-lineage strain (PRVABC59 and 
MEX2-81) did not affect survival rates, although they induced 
neurologic symptoms. This means that the African-lineage 
strain (MR766) is highly virulent and pathogenic strain com-
pared to the Asian-lineage strain (PRVABC59 andMEX2-81) in 
mice models. Also, our studies are in line with previous obser-
vations that ZIKV induces a neurodestructive inflammatory re-
sponse by activation of cerebral cytotoxic CD8+ T cells [25]. 

It has been suggested that the amino acid sequence of ZIKV 
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can determine its pathogenicity and virulence. A recent study of 
the ZIKV/Hu/S36/Ciba/2016 strain reported that the size of 
plaques was affected by changes in amino acid sequences. For 
example, viruses with adenine at position 796 (230Gln) formed 
small plaques but if adenine was replaced with guanine (230Arg), 
this induced large plaques [36]. The three ZIKV strains used in 
our study are all 230Arg, but it is possible that the 3.2% to 3.4% 
variation in amino acid sequence changed viral growth and 
plaque size. Thus, we speculate that the amino acid modifica-
tions were responsible for the differential clinical effects, such as 
mortality seen with the African-lineage strain and the neuro-
logic signs caused by the Asian-lineage strain. Therefore, a 
deeper understanding of genetic modulation in ZIKV is essen-
tial for vaccine improvement. 

In conclusion, our infection model can be applied to investi-
gate the nature of immune responses during ZIKV infection 
and provide useful information for both vaccine development 
and selection of challenge strains. 
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Introduction 

The Reoviridae family consists of the subfamilies Sedoreovirinae and Spinareovi-
rinae. The genus Orthoreovirus in Spinareovirinae comprises five species: avian 
orthoreovirus, baboon orthoreovirus, mammalian reovirus (MRV), Nelson Bay 
orthoreovirus, and reptilian orthoreovirus [1-3]. MRVs possess 10 dsRNA seg-
ments: three large (L1-L3), three medium (M1-M3), and four small (S1-S4) seg-
ments [1]. There are four known MRV serotypes. Serotypes 1 (Lang), 2 (Jones), 
and 3 (Dearing) are categorized based on viral infectivity and hemagglutination 
activity (HA), whereas serotype 4 (Ndell) was identified using antigenic related-
ness [4]. Viral neutralization and HA are associated with segment 1 (S1), which 
encodes the σ1 and σ1s proteins. The σ1 protein is responsible for viral attachment 
to cell receptors, neutralization, and HA [5,6]. Therefore, molecular analysis of the 
S1 segment has been used to classify MRV serotypes [7,8]. 

The diagnosis of MRV infection is based on virus isolation, reverse transcrip-
tion-polymerase chain reaction (RT-PCR), and electropherotyping via polyacryl-

Isolation and identification of mammalian 
orthoreovirus type 3 from a Korean roe deer 
(Capreolus pygargus)
Dong-Kun Yang1,*, Sungjun An1, Yeseul Park1, Jae Young Yoo1,  
Yu-Ri Park1, Jungwon Park1, Jong-Taek Kim2, Sangjin Ahn2,  
Bang-Hun Hyun1 
1Viral Disease Division, Animal and Plant Quarantine Agency, Ministry of Agriculture, Food and 
Rural Affairs, Gimcheon 39660, Korea 

2College of Veterinary Medicine, Kangwon National University, Chuncheon 24341, Korea pISSN 2466-1384 · eISSN 2466-1392
Korean J Vet Res 2021;61(2):e13
https://doi.org/10.14405/kjvr.2021.61.e13

*Corresponding author:
Dong-Kun Yang 
Viral Disease Division, Animal and Plant 
Quarantine Agency, 177 Hyeoksin 8-ro, 
Gimcheon 39660, Korea 
Tel: +82-54-912-0785 
Fax: +82-54-912-0812 
E-mail: yangdk@korea.kr   

ORCID: 
https://orcid.org/0000-0001-5765-3043

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

Received: March 24, 2021 
Revised: May 19, 2021 
Accepted: May 20, 2021 

Original Article

Mammalian reovirus (MRV) causes respiratory and intestinal disease in mammals. Al-
though MRV isolates have been reported to circulate in several animals, there are no 
reports on Korean MRV isolates from wildlife. We investigated the biological and mo-
lecular characteristics of Korean MRV isolates based on the nucleotide sequence of 
the segment 1 gene. In total, 144 swabs from wild animals were prepared for virus 
isolation. Based on virus isolation with specific cytopathic effects, indirect fluores-
cence assays, electron microscopy, and reverse transcription-polymerase chain reac-
tion, only one isolate was confirmed to be MRV from a Korean roe deer (Capreolus 
pygargus). The isolate exhibited a hemagglutination activity level of 16 units with pig 
erythrocytes and had a maximum viral titer of 105.7 50% tissue culture infectious dose 
(TCID50)/mL in Vero cells at 5 days after inoculation. The nucleotide and amino-acid 
sequences of the partial segment S1 of the MReo2045 isolate were determined and 
compared with those of other MRV strains. The MReo2045 isolate had nucleotide se-
quences similar to MRV-3 and was most similar (96.1%) to the T3/Bat/Germa-
ny/342/08 strain, which was isolated in Germany in 2008. The MReo2045 isolate will 
be useful as an antigen for sero-epidemiological studies and developing diagnostic 
tools. 
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amide gel electrophoresis [7,9-11]. MRV isolation is confirmed 
by its cytopathic effects (CPEs) and immunostaining with a 
specific MRV antibody. The typical MRV form on electrophero-
typing has a 3-3-4 migration pattern [9]. Sero-surveillance of 
MRV is conducted using virus neutralization assays and en-
zyme-linked immunosorbent assays [9,12]. 

MRVs have a broad host spectrum, and many isolates have 
been reported from humans and animals worldwide. Although 
MRVs have long been considered non-pathogenic, there is evi-
dence that MRV infection in humans causes acute respiratory 
symptoms [13]. MRVs have been also associated with respirato-
ry or enteric symptoms in animals, including acute respiratory 
disease in cattle [14]. Many samples of MRV serotype 3 (MRV-
3) have been isolated from dogs, pigs, Chinese tree shrews 
(Tupaia belangeri chinensis), and civets (Paguma larvata) [7, 
9,14-18]. Experimental infection of neonatal pigs with MRV-3 
led to acute gastroenteritis and severe diarrhea within 72 hours 
of infection with 100% mortality [18]. In Korea, 10 MRVs iso-
lated from 237 pig diarrheic fecal samples were reported to be-
long to MRV-3 porcine lineage IV [10]. Although MRV-3 has 
been isolated from Korean pigs [10], there have been no reports 
on the isolation of Korean MRVs from wild animals. 

Wild animal-derived viruses such as coronavirus disease 2019 
and the highly pathogenic avian influenza virus infect humans 
and can cause death. In this study, a new MRV-3 isolate, desig-
nated MReo2045, was isolated from nasal swabs of a dead Ko-
rean roe deer (Capreolus pygargus) in 2020. Its biological and 
molecular characteristics are reported. 

Materials and Methods 

Samples and preparation 
In this study, nasal swabs were obtained from 81 water deer 

(Hydropotes inermis), 43 raccoon dogs (Nyctereutes procyonoi-
des koreensis), 16 roe deer, and four badgers (Meles meles) that 
had been sent to the Gangwon Wild Animal Rescue Center for 
treatment in 2020. Each swab was dipped in 3 mL of phos-
phate-buffered saline (PBS; pH 7.2). The samples were centri-
fuged at 2,500 ×  g for 15 minutes to remove tissue debris. The 
supernatants were filtered through a 0.45-μm syringe filter and 
used for virus isolation. 

Virus isolation, growth kinetics, and titration 
Vero (CCL-81; ATCC, USA) cells used for virus isolation 

were cultured in Dulbecco’s modified Eagle medium (DMEM) 
supplemented with an antibiotic–antimycotic (Gibco, USA) and 
10% fetal bovine serum (FBS). After washing the confluent 

Vero cells twice with PBS, they were incubated with 100 μL of 
each filtered sample at 37°C for 1 hour. After removing the liq-
uid in the 24-well plates, 1 mL of new DMEM containing 3% 
FBS was added to each well. The cells were then incubated in a 
5% CO2 incubator at 37°C for 7 days. If the Vero cells in the sec-
ond passage did not exhibit any CPEs after 7 days, the samples 
were considered negative for virus isolation. The supernatant in 
wells of cells exhibiting CPEs was harvested and inoculated into 
newly prepared Vero cells in a six-well plate for the second pas-
sage. The growth kinetics of the MReo2045 isolate were exam-
ined three times to determine the time of fastest growth. Briefly, 
Vero cells grown in 25-cm2 flasks were inoculated with an iso-
late at 103 50% tissue culture infectious dose (TCID50)/mL and 
harvested every day for 7 days. After three freeze–thaw process-
es, the viral titers of the isolate were determined based on the 
presence of typical CPEs by aliquoting 100 μL of each virus di-
luted 10-fold in 96-well microplates and adding 100 μL of fresh 
medium containing 2 ×  105 Vero cells and 10% FBS to the 
wells. The Vero cells were observed for typical CPEs for 7 days 
post-inoculation. Viral titers as measured using the Spearman–
Karber method were expressed in TCID50/mL. 

Immunofluorescence assay 
Vero cells infected with the isolate in 96-well microplates 

were fixed with cold 80% acetone at -20°C for 20 minutes. The 
fixed cells were reacted with a mouse anti-MRV-3 antibody at 
37°C for 1 hour and stained with fluorescent isothiocya-
nate-conjugated goat-anti-mouse IgG + IgM antibodies (KPL 
Laboratories, USA) diluted 200-fold in PBS. Subsequently, the 
cells were washed three times with PBS and then examined at 
200×  under a fluorescence microscope. Specific cytopathic flu-
orescence of Vero cells with CPEs was considered to indicate 
MRV infection. 

Electron microscopy 
The isolate propagated in Vero cells was concentrated and 

purified using a previously reported method [17]. The purified 
sample was subjected to negative staining with 1% uranyl ace-
tate. Virus particles on the grid were examined under a Hitachi 
7100 electron microscope (Hitachi, Japan). 

HA assay 
After propagation of the isolate, for the HA assay, the isolate 

was serially diluted two-fold with 50 μL of PBS (pH 7.2); 50 μL 
of 0.6% erythrocytes obtained from mice (Mus musculus), pigs, 
chickens, geese, and guinea pigs were then added and incubated 
at 4°C for 1 hour. The HA titer of the isolate was expressed as 
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the reciprocal of the highest dilution of MRV that produced an 
HA reaction. 

RT-PCR, sequencing, and phylogenetic analyses 
Total genomic RNA was extracted from the isolate using an 

RNA extraction kit (Bioneer, Korea), in accordance with the 
manufacturer’s instructions. RNA of the isolate was eluted with 
50 μL of elution buffer provided in the kit. RT-PCR was per-
formed to diagnose MRV. Table 1 lists the primers used to am-
plify the partial MRV S1 and S4 genes. The reaction mixture 
(Bioneer) comprised 5 μL of denatured RNA, 1 μL of each 
primer (50 pmol), and 43 μL of distilled water. The RT-PCR cy-
cling profile consisted of complementary DNA synthesis at 
50°C for 30 minutes; 35 cycles of 95°C for 30 seconds, 50°C for 
30 seconds, and 72°C for 30 seconds; and a final 5-minute ex-
tension at 72°C. The RT-PCR products were electrophoresed on 
2.0% agarose gels containing nucleic acid staining solution for 
30 min and visualized using a Gel Doc EZ imager (Bio-Rad, 
USA). 

RT-PCR products of the partial S1 and S4 genes were purified 
for cloning via gel extraction; each product was ligated into the 
pGEM®-T Easy vector system (Promega, USA) in accordance 
with the manufacturer’s instructions. Selected white colonies 
grew in Luria-Bertani broth containing 50 μg/μL ampicillin. 
Plasmid DNA was extracted from the white Escherichia coli 
(DH5α) colonies; each DNA insert in a plasmid was identified 
via EcoR1 digestion. The genes were sequenced by Macrogen 
(Korea). The DNA sequence of each strand was cross-validated 

using the universal primers SP6 and T7 to verify the nucleotide 
sequences. The partial S1 and S4 nucleotide sequences of the 
MReo2045 isolate were analyzed with those of other MRVs ob-
tained from GenBank. Phylogenetic trees based on the partial 
S1 and S4 genes were constructed using MEGA ver. 7.0.20 
(http://megasoftware.net/). We used the bootstrap method to 
assess the reliability of the phylogenetic trees with 1,000 repli-
cates. 

Results 

Isolation and biological characterization of the isolate 
Of the Vero cells inoculated with the 144 samples, only one 

sample from a roe deer resulted in specific CPEs, which ap-
peared as the cell surface peeling off and detaching (Fig. 1A). 
The sample with specific CPEs was named MReo2045, because 
it was isolated from the 45th sample collected in 2020. Vero 
cells infected with the isolate were fixed in cold acetone and re-
acted with mouse monoclonal antibodies against MRV-3. As 
shown in Fig. 1C, specific fluorescence was observed in the cy-
toplasm of Vero cells infected with MReo2045. The growth ki-
netics were examined to determine when the isolate had the 
highest titer. As shown in Fig. 2, the highest viral titer of 105.7 
TCID50/mL was seen when the virus was harvested at 5 days af-
ter inoculation. HA assays were performed with five erythro-
cyte types (Table 2). The isolate was able to agglutinate only pig 
erythrocytes. Based on the MReo2045 growth kinetics, a virus 
antigen for electron microscopy (EM) was prepared via sucrose 

Table 1. Primers used for reverse transcription-polymerase chain reaction to amplify the segment 1 (S1) and S4 gene sequences of the iso-
late

Name of primers Oligonucleotide sequence (5'-3') Expected size (bp) Target gene
MReoF1 TGGAG TGAAG CTGGA GGGTG 570 S4
MReoR1 CCCAC GTCAC ACCAG GTTGG
MReoF2 GCGCA ACTTG CGATC TCCCG 900 S1
MReoR2 CGGTA GCAGT CCAGT GACAA

A B C D

Fig. 1. Identification of a mammalian reovirus based on cytopathic effects (CPEs) and fluorescence assays. CPEs in Vero cells infected 
with the MReo2045 isolate at 96 hours post-inoculation (A), and specific fluorescence observed in Vero cells infected with MReo2045 (C) 
and normal Vero cells (B and D). The photos are magnified 200 times and the scale bars indicate 100 μm.

http://megasoftware.net/
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purification. Virus particles of the MReo2045 isolate were iden-
tified via EM from purified solution after sucrose density gradi-
ent ultracentrifugation using a sample concentrated with PEG 
8000 (Sigma-Adrich, USA). The viral particles were 70 to 80 nm 
in size and had the typical Reoviridae morphology (Fig. 3). 

Molecular characterization of the MRV isolate 
PCR, cloning, and sequencing were used to determine the ge-

netic features of the isolate. As shown in Fig. 4, 570- and 900-bp 
RT-PCR products from the MReo2045 isolate were detected on 
2.0% agarose gels, confirming that the isolate was MRV based 
on the expected sizes of two RT-PCR products. The partial S1 
and S4 sequences of the MReo2045 isolate comprise 900 and 
570 nucleotides, respectively, encoding 300 and 170 amino ac-
ids. The partial S1 and S4 segments were compared with those 
of 20 MRVs listed in GenBank to determine their relationships 
with the other MRVs. S1 of the MReo2045 isolate had the high-
est homology (96.1%) with the T3/Bat/Germany/342/08 strain; 
S4 shared 95.9% nucleotide identity with the Slovenian strain 
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Fig. 2. Growth kinetics of the MReo2045 isolate in Vero cells, 
according to the harvest time. The isolate had a maximum titer of 
105.7 50% tissue culture infectious dose (TCID50)/mL in Vero cells 
at 5 days post-inoculation.

Fig. 3. Viral particles of the MReo2045 isolate after purification 
with sucrose gradient centrifugation, as observed under an elec-
tron microscope. Arrows demonstrate virus particles. The scale bar 
indicates 100 nm.

Table 2. Hemagglutination activity (HA) titer of the isolate at 4°C, 
with 0.6% red blood cells in phosphate-buffered saline (pH 7.0) us-
ing erythrocytes from different animal species

Animal species HA titer*
Mouse <  2
Guinea pig <  2
Chicken <  2
Goose <  2
Pig 16

*The HA titer was expressed as the reciprocal of the highest virus dilution 
resulting in complete hemagglutination with erythrocytes.

1,000 bp →
← 900 bp

500 bp → ← 570 bp

Fig. 4. Two primer sets targeting the S1 and S4 gene segments of 
the MReo2045 isolate were used for reverse transcription-poly-
merase chain reaction (RT-PCR). The RT-PCR products were of 
the expected sizes, confirming that the isolate was a mammalian 
reovirus. M, 1-kb ladder; lane 1, partial S4 gene segment; lane 2, 
partial S1 gene segment.
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Fig. 5. Phylogenetic trees based on partial (A) segment 1 (S1) and (B) S4 segments of mammalian reoviruses. Based on the phylogenetic 
trees, the MReo2045 isolate was classified as mammalian reovirus serotype 3.

SI-MRV06, which was isolated from bat guano. S1 of the isolate 
had 79.6% nucleotide identity with the KPR G strain, which 
was isolated from a Korean pig. Phylogenetic trees were con-
structed using the partial S1 and S4 segments of 20 MRVs. As 
shown in Fig. 5, the Korean isolate belonged to serotype 3 when 
the tree was constructed with S1 and was highly correlated with 
the SI-MRV06 and BatMRV1-IT2011 strains in the tree con-
structed with partial S4 gene sequences. The partial amino-acid 
sequences of S1 of the MReo2045 isolate, KPR G strain, and T3/
Bat/Germany/342/08 strain were aligned to characterize the ge-
netic features of the isolate. As shown in Fig. 6, three potential 
N-linked glycosylation sites (N-X-S/T) were identified in the 
partial S1 protein of the MReo2045 isolate, and 10 and 37 ami-
no acids of the isolate were replaced in the partial S1 protein of 
the T3/Bat/Germany/342/08 and KPR G strains, respectively. 

Discussion 

MRV has a global distribution, with infections reported in 
humans and animals, including dogs, pigs, Chinese tree shrews, 
and civets [7,9,12-20]. Wild animals infected with MRV may be 
asymptomatic or die. Compared with other wild animal diseas-

es, it is difficult to diagnose MRV based only on the symptoms. 
There are few reports on the prevalence of MRV in Korean wild 
animals. We collected 144 nasal swabs from wild animals sent 
to the Gangwon Wild Animal Rescue Center for treatment in 
2020. Only one virus sample was isolated, from a nasal swab 
from a roe deer. When rescued, the roe deer was weak, dehy-
drated, and had minor injuries. During treatment, the roe deer 
died. We confirmed that the isolate, MReo2045, was MRV 
based on specific cell CPEs, immunofluorescence assay, EM, 
RT-PCR, and nucleotide sequence analysis. 

The isolate reached 105.7 TCID50/mL at 5 days after inocula-
tion, indicating that the MReo2045 isolate had a relatively low 
viral titer and was not adapted in any cell line and circulating in 
wild animals. The virus particles identified via EM were similar 
in size and shape to those of the reported virus [8,11]. The 
MReo2045 isolate exhibited HA only with pig erythrocytes, 
similar to other MRVs isolated from pigs and dogs [9,11]. The 
HA of MRV allows sero-surveillance of MRV using hemagglu-
tination inhibition tests with several animal sera. RT-PCR or 
nested PCR have been used to detect MRV in animal feces 
[9,10]. RT-PCR amplification of MRV based on the S1 and S4 
genes produced bands of the expected size. This suggests that 
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MRV-3 primers may be used for the diagnosis of MRV. 
The pathogenicity of MRV in roe deer is unclear, because it is 

difficult to obtain experimental infection results in wild ani-
mals, and naturally occurring MRV infections have been re-
ported in several animal species [4]. A recent study found that 
mice were easily infected with MRV and developed respiratory 
disease [7]. Therefore, pathogenic tests are required in experi-
mental animals, such as BALB/c mice, to assess whether the 
MReo2045 isolate is pathogenic.  

The MRV S1 gene has been used to study evolutionary rela-
tionships and identify MRV serotypes [7,8]. It has been report-
ed that the S1 gene was responsible for spreading to the host’s 
central nervous system [21]. When the partial S1 genes of 20 
MRVs were compared, the MReo2045 isolate was classified as 
belonging to serotype 3 and closely related to the T3/Bat/ Ger-
many/342/08 and T3D/04 strains, which were isolated from 
bats and dogs. These results suggest that the roe deer MRV 
originated via the reassortment of MRVs from other wild ani-
mals, including bats. 

The partial amino-acid sequences of the σ1 protein were 
aligned, which revealed respective 10 and 37 amino-acid differ-
ences between the MReo2045 isolate and the T3/Bat/Germa-
ny/342/08 and KPR G strains. Therefore, the MReo2045 isolate 

may be distantly related to the KPR G strain. Because MRV is 
prevalent in livestock and wild animals, further investigations 
of MRV in animals are needed. Recently, it was reported that 
MRV induced cell death preferentially in transformed cells and 
reovirus T3D mutant could infect human tumor cells [22,23]. It 
may be also necessary to study MRV as a novel oncolytic agent. 

In conclusion, we isolated a virus from a nasal swab of a dead 
roe deer using Vero cells and confirmed that the isolate was an 
MRV-3 strain closely related to the T3/Bat/Germany/342/08 
strain, which was reported in Germany. The MReo2045 isolate 
may provide raw material for developing a new diagnostic re-
agent and could be used as an antigen for serological monitoring. 
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Introduction 

Feline panleukopenia caused by the feline panleukopenia virus (FPV) and ca-
nine parvovirus (CPV) variants 2a, 2b and 2c is the most common and contagious 
viral disease in cats [1,2]. The clinical signs include vomiting, a high fever, leuko-
penia, and hemorrhagic diarrhea, resulting in death in about 50% of animals [3]. 
Since FPV was first identified in cats in the 1920s, it has been isolated from cats, 
raccoons, monkeys, tigers, and wild carnivores worldwide [4,5]. In South Korea, 
although many reports have addressed CPV, few have focused on FPV [6,7], 
which is transmitted via direct or indirect contact with infected animals or con-
taminated materials. The virus is very stable in the environment, persisting for 
over 1 year [8]. 

FPV is a member of the protoparvovirus genus in the family Parvoviridae. The 
genome is a single-stranded DNA molecule about 5 kb in size that encodes viral 
proteins 1 and 2 (VP1 and VP2, respectively) and two non-structural proteins 
(NS1 and NS2) [9-11]. Anti-VP2 antibodies are neutralizing; VP2 contains B-cell 

Expression of the VP2 protein of feline 
panleukopenia virus in insect cells and use 
thereof in a hemagglutination inhibition 
assay
Dong-Kun Yang*, Yeseul Park, Yu-Ri Park, Jae Young Yoo, Sungjun An, 
Jungwon Park, Bang-Hun Hyun  

Viral Disease Division, Animal and Plant Quarantine Agency, Ministry of Agriculture, Food and 
Rural Affairs, Gimcheon 39660, Korea 

pISSN 2466-1384 · eISSN 2466-1392
Korean J Vet Res 2021;61(2):e19
https://doi.org/10.14405/kjvr.2021.61.e19

*Corresponding author:
Dong-Kun Yang 
Viral Disease Division, Animal and Plant 
Quarantine Agency, 177 Hyeoksin 8-ro, 
Gimcheon 39660, Korea 
Tel: +82-54-912-0785 
Fax: +82-54-912-0812 
E-mail: yangdk@korea.kr   

ORCID: 
https://orcid.org/0000-0001-5765-3043

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

Received: May 6, 2021 
Revised: June 10, 2021 
Accepted: June 15, 2021 

Original Article

Feline panleukopenia virus (FPV) causes leukopenia and severe hemorrhagic diarrhea, 
killing 50% of naturally infected cats. Although intact FPV can serve as an antigen in 
the hemagglutination inhibition (HI) test, an accidental laboratory-mediated infection 
is concern. A non-infectious diagnostic reagent is required for the HI test. Here, we 
expressed the viral protein 2 (VP2) gene of the FPV strain currently prevalent in South 
Korea in a baculovirus expression system; VP2 protein was identified by an indirect 
immunofluorescence assay, electron microscopy (EM), Western blotting (WB), and a 
hemagglutination assay (HA). EM showed that the recombinant VP2 protein self-as-
sembled to form virus-like particles. WB revealed that the recombinant VP2 was 65 
kDa in size. The HA activity of the recombinant VP2 protein was very high at 1:215. A 
total of 143 cat serum samples were tested using FPV (HI-FPV test) and the recombi-
nant VP2 protein (HI-VP2 test) as HI antigens. The sensitivity, specificity, and accuracy 
of the HI-VP2 test were 99.3%, 88.9%, and 99.3%, respectively, compared to the HI-
FPV test. The HI-VP2 and HI-FPV results correlated significantly (r = 0.978). Thus, re-
combinant VP2 can substitute for intact FPV as the serological diagnostic reagent of 
the HI test for FPV. 

Keywords: feline panleukopenia virus; VP2 protein; baculovirus expression system; 
hemagglutination inhibition test

http://crossmark.crossref.org/dialog/?doi=10.14405/kjvr.2021.61.e19&domain=pdf&date_stamp=2021-06-30


https://doi.org/10.14405/kjvr.2021.61.e19

Korean J Vet Res 2021;61(2):e19  •  Dong-Kun Yang, et al.

2 / 7

epitopes in the N-terminal and loop domains [8,12]. Therefore, 
the VP2 gene encoding 584 amino acids has been used for evo-
lutionary analysis, and VP2 has been used to detect FPV anti-
bodies after natural infection and vaccination [4,13,14]. VP2 
serves as an antigen in the hemagglutination inhibition (HI) 
test and an FPV subunit vaccine.  

Baculovirus expression systems yield high levels of recombi-
nant proteins and virus-like particles (VLPs) [15]. Several re-
combinant baculoviruses expressing VP2 of CPV and FPV have 
been created [16,17]. The recombinant VP2 proteins form VLPs 
via self-assembly and serve as antigens for subunit vaccines, en-
zyme-linked immunosorbent assays (ELISAs) [17,18], and HI 
tests. 

Virus neutralization (VN), HI, ELISA, and one-step immu-
nochromatography assays have been used to detect anti-FPV 
and anti-CPV antibodies in animals [19,20]. HI methods are 
used as standard for detecting such antibodies induced by natu-
ral infection or vaccination in dog and cat sera. Although VN 
tests are accurate and useful for detecting anti-CPV and -FPV 
antibodies, cell culture and immunostaining are required be-
cause FPV does not cause cytopathic effects (CPEs) in small 
numbers of infected Crandell-Rees feline kidney (CRFK) cells. 
Thus, VN tests are not appropriate for large-scale sero-surveil-
lance. The HI assay is preferable, because it does not require cell 
culture. In addition, the HI test is more economical than the 
VN test and commercial ELISA kits. Currently, no diagnostic 
reagent for HI of CPV and FPV is available in South Korea. A 
VP2 protein-based HI test is required for sero-epidemiological 
studies of FPV. 

Here, we expressed recombinant FPV VP2 protein in a bacu-
lovirus system and compared the HI titers obtained using FPV 
and recombinant VP2 to assay cat serum samples. 

Materials and Methods 

Cells and viruses 
CRFK (ATCC CCL-94) cells were grown in Dulbecco’s modi-

fied Eagle’s medium with 10% (v/v) heat-inactivated fetal bo-
vine serum (FBS) and an antibiotic-antimycotic cocktail (Gibco, 
USA). These cells were used to isolate and propagate the 
FPV1901 strain (KVCC number: VR2100012), which was ob-
tained from a naturally infected Korean cat in 2019. CPV0901 
strain (KVCC number: VR0900173) was propagated in A72 
cells (ATCC CRL-1542), and used as a control for the detection 
of optimal hemagglutination assay (HA) activity in various pH 
condition. Spodoptera frugiperda (Sf9) (CRL-1711; ATCC, 
USA) cells grown in Grace’s insect medium supplemented with 

10% (v/v) FBS were used to propagate the recombinant baculo-
virus expressing the FPV VP2 protein. 

Serum samples 
In total, 143 sera from normal cats residing in Chungc-

heongnam-do and Gyeongsangbuk-do Provinces were collected 
from 2019 to 2020. All were inactivated at 56°C for 30 minutes 
prior to the HI assay. We do not know whether the normal cats 
had been vaccinated against FPV. 

Construction of recombinant baculovirus 
The full nucleotide sequence of the VP2 gene from FPV1901 

was synthesized by Bioneer Co. Ltd. (Korea) with BamH1 and 
Xho1 restriction enzyme sites at the ends of the open reading 
frame. A plasmid containing this construct was digested with 
BamH1 and Xho1. The insert was cloned into the multi-cloning 
site of the pFastBac HT-B vector to yield FPV-VP2HT, which 
was transformed into competent Escherichia coli DH10Bac cells 
(Invitrogen, USA). Recombinant E. coli, identified by poly-
merase chain reaction (PCR) using the pUC/M13 primer pair 
(Table 1), was propagated and the recombinant bacmid DNA 
(BacFPVVP2) was extracted for further transfection. After ad-
dition of Sf9 cells to a 24-well plate, mixtures of 1 µg BacFPV-
VP2 DNA and 8 µL X-treme GENE HP DNA transfection re-
agent (Roche Diagnostics GmbH, Germany) were added to Sf9 
cells according to the manufacturer’s instructions. After incuba-
tion for 8 hours at 27°C, the transfection mixture was removed 
and replaced with new Grace’s medium containing 10% (v/v) 
FBS. Cells were observed every day and harvested 5 days after 
transfection. The recombinant V2-expressing baculovirus (Re-
Bac FPVVP2) was passaged three times in Sf9 cells. The 
third-passage virus served as the viral stock and was propagated 
to produce recombinant VP2 in Sf9 cells. 

Identification of recombinant VP2 protein using an indirect 
immunofluorescence assay 

An immunofluorescence assay (IFA) was used to identify re-
combinant VP2 using a mouse anti-CPV monoclonal antibody 
(APQA, Korea) and a mouse 6x-His-Tag monoclonal antibody 
(Thermo Fisher Scientific, USA). Sf9 cells infected with ReBac 

Table 1. The primer sequences used to verify the presence of the 
feline panleukopenia virus VP2 gene in the recombinant bacmid by 
polymerase chain reaction

Primer Oligonucleotide (5'to3') Expected size
pUC/M13F CCCAGTCACGACGTTGTAAAACG 4,230 bp
pUC/M13R AGCGGATAACAATTTCACACAGG
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FPVVP2 were fixed in 80% (v/v) cold acetone for 15 minutes 
and incubated with the two antibodies at 37°C for 1 hour. The 
cells were washed twice with phosphate-buffered saline (PBS, 
pH 7.2), stained with fluorescent isothiocyanate-conjugated an-
ti-mouse immunoglobulin (Ig) G + IgM antibodies (200-fold 
dilution; KPL Laboratories, USA), and examined under a 200×  
fluorescence microscope. 

Identification of VLPs by electron microscopy 
Sf9 cells grown in a 150-cm2 flask were infected with ReBac 

FPVVP2, harvested with 5 mL of culture supernatant 4 days 
later and subjected to three freeze/thaw cycles. The recombi-
nant VP2 solution was clarified by centrifugation at 3,000 ×  g 
for 15 minutes; the supernatant was layered onto a cesium chlo-
ride solution with a density 1.43 g/cm2 and centrifuged at 
100,000 ×  g for 2 hours using a SW-41 rotor. The band on top 
of the cesium chloride layer was collected and injected into a 
Slide-A-Lyzer dialysis tube (Thermo Fisher Scientific). After di-
alysis against PBS overnight at 4°C, one drop was placed on a 
Formvar-coated grid and negatively stained with 1% (w/v) ura-
nyl acetate. ReBac FPVVP2 VLPs were visualized by electron 
microscopy (EM). 

Western blotting of recombinant FPV VP2 
The molecular weight of FPV VP2 was determined by West-

ern blotting (WB). The supernatant, cell lysate, and FPV1901 
samples were separated on a 12.5% (w/v) Tris-glycine gel and 
transferred to a nitrocellulose membrane, which was exposed to 
an anti-CPV VP2 monoclonal antibody (APQA) overnight at 
room temperature. Secondary antibody (horse radish peroxi-
dase–conjugated goat anti-mouse IgG antibody; 1:2,000 dilu-
tion) was then added followed by incubation for 1 hour. After 
washing, 3´3-diaminabenzidine was added for color develop-
ment. 

HA and HI tests 
The optimal HA activities of three antigens (FPV1901, re-

combinant VP2 protein, and CPV0901) were measured in So-
rensen solution at pH 5.8 to 6.8. FPV1901 and recombinant 
VP2 protein were then subjected to serial two-fold dilution in 
50 µL amounts of buffer at pH 6.0 in a 96-well (U-form) micro-
plate; 50 µL amounts of a 0.6% (w/v) pig erythrocyte suspension 
with 0.1% (w/v) bovine serum albumin in Sorensen buffer was 
added and the plate was incubated at 4°C for 1 hour. The HA ti-
ter was the reciprocal of the highest dilution of FPV1901 or re-
combinant VP2 exhibiting an HA reaction. HI tests were then 
performed using the two antigens in the microplates. The HI 

test details have been published previously [20]. The HI titers 
measured using FPV1901 and recombinant VP2 were com-
pared. 

Statistical analysis 
Least-squares linear regression analysis was employed to de-

termine the correlation coefficient (r value) between two HI ti-
ters. The r value was automatically calculated by Microsoft Ex-
cel 2010 software (Microsoft Corp., USA).  

Results  

Identification of recombinant VP2 protein 
The VP2 gene of FPV1901 was cloned into the pFastBac 

HT-B vector and the recombinant plasmid, FPV-VP2HT, iden-
tified by BamH1/Xho1 double digestion. BacFPVVP2 DNA was 
also PCR-checked using the bacmid primer pair. As shown in 
Fig. 1, the VP2 genes in the pFastBac HI-B vector and BacFPV-
VP2 DNA were 1,755 and 4,230 bp in size, respectively. Sf9 cells 
infected with ReBac FPVVP2 exhibited CPEs, such as rounding 
and shedding (Fig. 2A); normal Sf9 cells did not show CPEs. 
Expression of recombinant VP2 in Sf9 cells was verified by IFA; 
the addition of a monoclonal anti-CPV antibody and an-
ti-6-histidine antibody resulted in obvious green fluorescence 

4,230 bp

M 1 2

1,755 bp

1,000 bp

2,000 bp

pFastBac HT-B vector

Fig. 1. Identification of the VP2 gene in the pFastBac HT-B vector 
and the bacmid. Insertion of the VP2 gene into the pFastBac HT-B 
vector was confirmed by BamH1/Xho1 double digestion. The bac-
mid containing the VP2 gene was identified by polymerase chain 
reaction. M, 1-kb DNA ladder, lane 1, pFastFPVVP2 plasmid; lane 2, 
Bacmid DNA containing the VP2 gene. FPV, feline panleukopenia 
virus.
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70 kDa

56 kDa

65 kDa

M 1 2 3

Fig. 4. Western blotting of the recombinant feline panleukopenia 
virus VP2 protein expressed by a recombinant baculovirus using a 
monoclonal antibody against parvovirus. The molecular weight of 
recombinant VP2 was 65 kDa. M, protein ladder; lane 1, superna-
tant; lane 2, cell lysate; lane 3, feline panleukopenia virus.

(Fig. 2C and D). To visualize the VLPs of ReBac FPVVP2, the 
virus was propagated in Sf9 cells and VLPs purified by cesium 
chloride centrifugation. EM revealed that the VLPs were about 
22 nm in size, typical of the Parvoviridae (Fig. 3). The cell su-
pernatant and lysate were subjected to WB; the monoclonal an-
ti-CPV antibody identified proteins with a molecular weight of 
65 kDa in both the recombinant VP2 preparation and FPV1901 
(Fig. 4). The HA activities of FPV1901 and ReBac FPVVP2 
were examined at various pH values. The optimal pH of So-
rensen buffer, i.e., that providing the highest HA titers, was pH 
6.0 (Table 2). The cell supernatant and lysate were used in the 
HA test; as shown in Fig. 5, the HA titer of the lysate was 1:215. 

Comparison of the HI-FPV and HI-VP2 tests 
The two assays were used to detect FPV HI antibodies in 143 

cat serum samples. Table 3 shows that 135 and 134 were posi-
tive on the HI-FPV test (titer ≥  1:20) and new HI-VP2 test, re-
spectively. The HI-FPV and HI-VP2 test identified nine and 
eight FPV-negative samples, respectively. The sensitivity, speci-
ficity, and accuracy of the HI-VP2 test were 99.3%, 88.9%, and 
99.3%, respectively, compared to those of the HI-FPV test (Ta-
ble 3). Fig. 6 shows the correlation between the HI-FPV and 
HI-VP2 data. The r value of the HI-VP2 test was 0.978. 

Fig. 2. Identification of recombinant feline panleukopenia virus (FPV) VP2 baculovirus. The cytopathic effects in Spodoptera frugiper-
da (Sf9) insect cells infected with recombinant FPV VP2 baculovirus (A); and normal Sf9 insect cells (B). Immunofluorescence of Sf9 
insect cells infected with recombinant baculovirus expressing VP2, as revealed by a mouse monoclonal antibody against VP2 (C) and 
an anti-6-histidine antibody (D).

Fig. 3. Transmission electron micrograph of ReBac FPVVP2. Scale 
bar: 100 nm. Arrows indicate the virus-like particles of feline pan-
leukopenia virus. FPV, feline panleukopenia virus.

A B C D
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VP2 protein

Control

Table 2. The HA activities of FPV1901 and the recombinant VP2 
protein

HA titer using a 0.6% (w/v) pig erythrocyte suspension
pH FPV1901 ReBacFPVVP2 CPV0901
5.8* 9† 9 4
6 10 10 4
6.2 8 8 5
6.4 7 7 7
6.6 6 6 10
6.8 2 2 9

HA, hemagglutination assay; FPV, feline panleukopenia virus; CPV, canine 
parvovirus.
*pH of Sorensen buffer solution.
†log2.

Fig. 5. Hemagglutination assay (HA) activity of recombinant VP2 
protein of feline panleukopenia virus. The HA titer is 1:215. The 
phenomenon that looks like a negative reaction in columns 1 to 4 
is due to the prozone phenomenon.

Discussion 

Several systems have been used to express VP2 of CPV and 
FPV. VP2 contains the major viral epitopes. PCR amplification 
of the VP2 gene has been used to detect wild FPV [21]. VP2 has 
been expressed in several hosts, including E. coli [22], insect 
cells [16,23,24], and a plant [25], for use as a subunit vaccine. 
We expressed VP2 in a baculovirus system, as revealed by IFA, 
WB, EM, and an HA test. Bac-to-Bac systems expressing for-
eign proteins have many advantages, such as appropriate 
post-translation modification and protein processing [23]. A 
recombinant VP2 protein vaccine is a safe alternative to a 
whole-virus vaccine; vaccination with live FPV is associated 
with FPV and CPV DNA in the white blood cells of asymptom-
atic cats [1]. A VP2 subunit vaccine could replace the tradition-
al live vaccine [24]. Our recombinant VP2 expressed in insect 
cells may be a suitable replacement. 

Serological FPV surveys can determine field infection and 
vaccination rates. Although the VN test is accurate, many veter-
inary laboratories prefer to use the simpler and cheaper HI and 
ELISA tests. Thus, we developed an HI method using recombi-
nant VP2 protein for sero-surveillance of FPV antibodies in 
normal cats, and compared it to the conventional HI-FPV test. 

Table 3. The sensitivity, specificity, and accuracy of the HI-VP2 test 
for detecting FPV antibodies in comparison with the HI-FPV1901 
test

Serological test
No. of samples with HI-FPV1901

Positive Negative Sum
HI-VP2 Positive 134 0 134

Negative 1 8 9
Sum 135 8 143
Sensitivity* 0.993 NA
Specificity† 0.889
Accuracy‡ 0.993

HI, hemagglutination inhibition; FPV, feline panleukopenia virus; NA, not 
available.
*Sensitivity (%) = (number of positive results in both tests/number of 
positive results in the HI-FPV test) × 100.
†Specificity (%) = (number of negative results in both tests/number of 
negative results in the HI-FPV test) × 100.
‡Accuracy (%) = (number of both real positive and real negative results/
total number of samples) × 100.

12

10

8

6

4

2

0

–2
HI-FPV (log2)

y = 1.0189x – 0.0611
r = 0.978, n = 143

2 4 6 8 10 12

H
I-

VP
2 

(lo
g 2

)

Fig. 6. Correlation between feline panleukopenia virus (FPV) an-
tibody titers obtained using the hemagglutination inhibition (HI)-
FPV and HI-VP2 tests to evaluate 143 cat serum samples. The 
correlation is indicated by the linear regression line.

The conventional HI method uses an infectious FPV strain to 
measure antibodies in sera. The HA activity of FPV propagated 
in CRFK cells does not exceed 1:210. Our recombinant VP2 pro-
tein exhibited an HA activity of over 1:215 and is non-infectious. 
Thus, our recombinant VP2 can serve as an antigen in the HI 
test. 

The sensitivity, specificity, and accuracy of the HI-VP2 test, 
and the correlations with the results of the traditional HI test, 
were determined by analyzing 143 cat serum samples. The sen-
sitivity (99.3%) of the HI-VP2 test for FPV antibody detection 
was significantly higher than the specificity (88.9%). Only 1 of 
135 positive and 8 negative samples showed differences between 
by the two test methods. One of nine HI-FPV-negative samples 
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was missed by the HI-VP2 test (11.1% false-positive rate). This 
false positive reaction showing a difference of one level in HI 
test may reflect a non-specific reaction [26]. It is necessary to 
test a large number of negative samples to identify the cause of 
the false-positive. 

The HI-VP2 and HI-FPV HI titers were well-correlated (r =  
0.978); the HI-VP2 test was thus as reliable as the HI-FPV test. 
A new I-ELISA using purified recombinant VP2 can readily de-
tect FPV antibodies in cat sera. 

In conclusion, we expressed recombinant FPV VP2 using a 
baculovirus expression system. We detected viral CPEs, per-
formed an IFA and WB, derived HA values and applied EM 
analysis. The recombinant VP2 protein in a cell lysate had a 
very high HA titer (1:215) and can thus serve as a new diagnostic 
reagent for HI tests to detect FPV. 
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서론 

규조류(Diatoms)는 “frustules”라고 하는 다공성 규산질 세포벽으로 덮인 단세포 광

합성 조류이다[1]. 바이오실리카(biosilica)는 규조류의 세포벽에서 추출된 물질이며 합

성 실리카(synthetic silica, 이하 실리카)와 화학적 구성성분이 SiO2로 같지만 실리카와

는 다른 생물화학적 활성을 가지고 있다[2]. 

바이오실리카는 뼈조직에서의 조직공학, hemorrhage control, silica-based drug de-
livery system 등 생의학 분야에서의 적용이 연구되고 있다[1-4]. 하지만 면역세포에 대

마우스 수지상세포의 항원 제시 능력에 대한 이온화 
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Original Article

Biosilica is a silica-based substance derived from the cell walls (frustules) of diatoms. 
Recently, research into biosilica’s biological functions is underway, but little has been 
reported on the effects of biosilica on immune cells. In this study, we investigated the 
effect of ionized biosilica water (iBW) on dendritic cells (DCs), which play crucial roles 
as antigen (Ag)-presenting cells. Treatment with iBW increased the expression of im-
mune response-related markers, closely connected to the maturation of DCs, and the 
production of tumor necrosis factor-alpha. In addition, iBW-treated DCs (iBW-DCs) 
had a lower uptake of fluorescein isothiocyanate-dextran than that of control DCs. 
Mixed leukocyte response analysis used for measuring the Ag-presenting capability of 
DCs, showed iBW-DCs had a higher capability than that of control DCs. Interestingly, 
DCs treated with lipopolysaccharide (LPS) and iBW had a lower level of Ag-presenting 
capability than that of LPS-treated DCs. Taken together, the results indicate that iBW 
alone can mature DCs, but it decreases the Ag-presenting capability of DCs in the 
presence of LPS, a representative agent of inflammation. This study may provide valu-
able information regarding the effect of iBW on immune cells. Further research is 
needed to investigate how iBW induces the observed biphasic immunomodulatory ac-
tivity. 

Keywords: ionized biosilica water; immunomodulatory effects; dendritic cells; bipha-
sic; antigen-presenting capability
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한 바이오실리카에 대한 연구는 매우 제한적이고 주로 실리카와 실

리카 nanoparticle에 대한 연구가 보고되었다[5,6]. 실리카는 patho-
gen-associated molecular pattern으로 인식되어 면역세포를 자극

할 수 있으며, 대식세포의 사이토카인 생산을 촉진하였다[5]. 또한 

실리카 성분의 nanoparticle에 대한 독성에 대해 보고된 바 있다[6]. 

실리카에 대한 면역세포의 반응은 물리 화학적 성상과 세포의 종류

에 따라 반응성이 달랐다[6].  

항원 제시 세포(antigen presenting cells, APC)는 면역계의 주요 

세포로서 면역반응에 필수적이다[7,8]. 그 중 수지상세포는 선천면

역(innate immunity)과 적응면역(adaptive immunity)에서 항원 특

이적인 면역반응의 개시, 면역 관용 등을 담당하는 핵심적인 면역세

포이다[9]. 수지상세포는 각종 장기에 분포하며 주로 미성숙(imma-
ture) 형태로 존재하면서 외부에서 침입하는 항원, 병원체를 만나면 

탐식하고 주변의 림프절로 이동하여 림프구를 활성화시킨다[10]. 

본 연구에서는 바이오실리카를 정제수에 녹인 형태의 농축된 이

온화 규소수(ionized biosilica water, iBW)가 면역기능에 어떤 영향

을 미치는지 알아보기 위해, 면역 중심 세포인 수지상세포에 처리하

여 세포대사 및 기능에 대한 효과를 알아보았다. 

재료 및 방법 

실험동물과 물질 

실험동물은 OrientBio (Korea)에서 제공받아 제주대학교 실험동

물센터에서 유지하였으며, 8-12주령의 C57BL/6와 Balb/c 마우스

를 실험에 사용하였다. 동물실험은 제주대학교 동물실험윤리위원회

의 승인 하에 시행하였다(승인번호, 2020-0034). iBW는 JDK 바이

오사(Korea)에서 제조된 SIEAUNET 알파 이온화 규소수®를 사용

하였다. 배양된 규조류(Melosira nummuloides)를 650-850℃에서 

회화공정을 하여 유기물이 완전히 제거되고 얻어진 바이오실리카를 

원료로 하였으며, 이전 실험에서 사용된 규소수보다 10배 진한 농도

이며 이온화 상태이다. 정제수를 사용하여 용해한 규소수(SiO3, pH 

8-9)이며, 실험 전에 0.2 μm 필터를 거친 뒤 사용하였다. Lipopoly-
saccharide (LPS; Sigma-Aldrich, USA)는 수지상세포를 자극하는 

양성 대조 물질로 사용하였다. 

골수 유래 수지상세포의 준비와 물질 처리 

수지상세포는 본 실험실에서 확립된 방법으로 준비하였다. 수지

상세포를 배양하기 위해 C57BL/6 마우스의 대퇴골과 경골에서 골

수세포를 얻었다[11]. 적혈구를 제거한 후 10 ng/mL의 mouse re-
combinant granulocyte macrophage-colony stimulating factor 
(Peprotech, USA)와 murine interleukin (IL)-4 (Peprotech)가 포

함된 배지에서 배양하였다. 림프구와 과립구를 최대한 배제하기 위

해 배양 시작 후 2일과 4일째에 부유세포를 제거하였고 바닥에 붙어

있는 수지상세포의 전구세포를 배양하였다. 6일 후 반부유된 세포

를 수지상세포로 사용했다. 

수지상세포의 대사활성도 측정 

수지상세포의 대사활성도를 측정하기 위해 세포를 2 × 105 cells/
mL의 농도로 96-well culture plate에 분주하였다. iBW를 농도 별

로 처리하여 3일간 배양하였다. 그 후, 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma-Al-
drich) 용액을 0.5 mg/mL의 농도로 처리하여 4시간 동안 배양하고 

10% sodium dodecyl sulfate 용액을 처리 후 2시간 동안 배양하였

다. Microplate reader (Multiskan FC; Thermo Fisher Scientific, 
USA)를 이용하여 570 nm에서 흡광도를 측정하였다. 

사이토카인 생산량 측정 

수지상세포를 2 × 105 cells/mL의 농도로 96-well culture plate
에 넣은 후, iBW를 농도별로 처리하였다. 3일간 배양한 후 세포 배

양 상층액을 분리하였고, enzyme-linked immunosorbent assay 

(ELISA) kit (Thermo Fisher Scientific)를 이용하여 IL-1 beta와 

tumor necrosis factor (TNF)-alpha의 생산량을 측정하였다. ELI-
SA 분석은 제조사의 실험 방법에 따라 진행되었으며, 450 nm에서 

흡광도를 측정하였다. 

유세포 분석 

수지상세포의 면역 관련 마커의 발현 정도를 측정하기 위해 표면 

마커에 특이적인 단클론항체를 이용하여 유세포 분석을 실행하였다. 

수지상세포를 6-well culture plate에 분주한 후, iBW와 LPS를 처

리하여 3일간 배양하였다. 세포염색은 fluorescein isothiocyanate 
(FITC)-labeled anti-mouse MHC class Ⅱ (I-Ab)와 phycoerythrin 

(PE)-labeled anti-mouse CD40, PE/cyanine7-labeled anti-mouse 
CD54, allophycocyanin (APC)-labeled anti-mouse CD86 항체

(Biolegend, USA)를 사용하였다. 또한 수지상세포의 항원 탐식능을 

측정하기 위해 100 μg/mL 농도의 FITC-dextran을 세포에 처리한 

후 37℃에서 1시간 반응시켰다. 모든 분석은 FACSCalibur flow cy-
tometer와 CellQuest software (BD Biosciences, USA)를 이용하였

다.  

동종이형 혼합 림프구 반응 시험(Mixed leukocyte response) 

C57BL/6 마우스 유래의 수지상세포를 6-well culture plate에 넣

은 후, 5% 농도(volume/volume, v/v)의 iBW와 0.1 μg/mL 농도의 

LPS를 처리 후 2일간 배양하였다. 혼합 배양 기간 동안 수지상세포

의 성숙으로 인한 오차 발생을 방지하기 위해 수지상세포를 50 μg/

mL 농도의 mitomycin C로 30분간 처리하였다. 실험실에서 확립된 

방법에 따라 Balb/c 마우스에서 비장세포를 얻어[12], 수지상세포와 

각각 2 × 106 cells/mL, 1 × 105 cells/mL의 농도로 96-well cul-
ture plate에 넣은 후 5일간 배양하였다. 수지상세포에 의해 자극된 
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림프구의 증식 및 활성을 측정하기 위해 10 μL/well의 cell counting 

kit-8 (CCK-8) 용액(Dojindo Molecular Tech., Japan)을 처리하고 

37℃에서 4시간 동안 배양한 후, microplate reader를 이용하여 450 

nm에서 흡광도를 측정하였다. 

통계분석 

유세포 분석을 제외한 나머지 실험 결과는 평균 ±  표준편차로 

나타냈으며, one way ANOVA 분석 후 Tukey-Kramer multiple 
comparison test (GraphPad Prism; GraphPad Software, USA)로 

유의성을 확인하였다. 0.05 미만의 p-value를 갖는 경우 유의한 것

으로 판단하였다. 

결과 

수지상세포의 활성도에 대한 iBW의 효과 

수지상세포의 활성도에 대한 iBW의 효과를 알아보기 위해 MTT 

assay를 시행하였다. 수지상세포에 iBW를 0-5% 농도(v/v) 범위에

서 2배 계단 희석하여 3일간 처리하였다. LPS를 처리한 군과 처리하

지 않은 군 모두에서 대조군(0%)에 비해 경미한 감소를 보였지만 유

의하지 않았다. 또한 농도별 차이도 보이지 않았다. LPS를 처리하지 

않은 군은 LPS 처리군에 비해 모든 농도에서 대사활성도가 낮았다

(Fig. 1). 

iBW 처리에 의한 수지상세포의 사이토카인 생산량 변화 

iBW를 처리한 수지상세포의 IL-1 beta와 TNF-alpha의 생산량

을 ELISA를 통해 정량하였다(Fig. 2). IL-1 beta의 생산량은 LPS에 

관계없이 낮은 농도(0.3125%, 1.25%)에서는 약간 감소하고 5%의 

농도에서는 대조군과 유사했다. 하지만 모두 대조군과 큰 차이를 보

이지 않았다. TNF-alpha 생산량은 LPS를 처리했을 때, IL-1 beta
와 마찬가지로 낮은 농도에서는 감소하였으나 5%의 농도에서는 유

의하게 증가하였다. LPS가 없을 때는 0.3125% 이하의 농도에서는 

측정 범위 이하였으며, 5%의 농도에서는 유의하게 증가하였다. 

iBW가 처리된 수지상세포의 면역 관련 표면 마커의 발현 변화 

iBW가 수지상세포의 활성화와 성숙을 유도하는지 알아보기 위해 

수지상세포의 면역 관련 표면 마커의 발현을 측정하였다. iBW는 수

지상세포의 표면 마커 발현을 크게 증가시켰는데, MHC class Ⅱ의 

경우 대조군에 비해 약 39% 증가하였고, 나머지 3개 마커는 50% 이

상의 증가율을 보였다(Fig. 3). 수지상세포를 활성화시키는 양성 대

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.3125 0.625 1.25 2.5 5

O
.D

. a
t 5

70
 n

m

Concentration of iBW (%)

LPS X

LPS

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.3125 0.625 1.25 2.5 5

O
.D

. a
t 5

70
 n

m

Concentration of iBW (%)

LPS X

LPS

0.6

0.5

0.4

0.3

0.2

0.1

0.0

180

160

140

120

100

80

60

40

20

0

3,000

2,500

2,000

1,500

1,000

500

0

O
D 

at
 5

70
 n

m

IL
-1

 b
et

a 
(p

g/
m

L)
TN

F-
al

ph
a 

(p
g/

m
L)

Concentration of iBW (%)

Concentration of iBW (%)

Concentration of iBW (%)

0.31250

0.3125

0.3125

0

0

LPS X

LPS

□ LPS X

■ LPS O

□ LPS X

■ LPS O

0.625 1.25

1.25

1.25

2.5 5

5

5

Fig. 1. Effect of ionized biosilica water (iBW) on the metabolic 
activity of dendritic cells (DCs). DCs were cultured in 96-well cul-
ture plates at a concentration of 2 × 105 cells/mL with 0 to 5% 
(v/v) iBW and 0.1 μg/mL lipopolysaccharide (LPS) for 3 days. MTT 
assays were performed as described in Materials and Methods. 
The optical density (OD) was measured at 570 nm by using a mi-
croplate reader.

Fig. 2. Effect of ionized biosilica water (iBW) on the production 
of interleukin (IL)-1 beta and tumor necrosis factor (TNF)-alpha. 
Dendritic cells (DCs) were cultured in 96-well culture plates at a 
concentration of 2 × 105 cells/mL with 0 to 5% (v/v) iBW and 0.1 
μg/mL lipopolysaccharide (LPS) for 3 days. The supernatants of the 
cultured DCs were collected and used for enzyme-linked immu-
nosorbent assay. The optical density was measured at 450 nm by 
using a microplate reader. Data are presented as mean ± standard 
deviation. *p < 0.05, ***p < 0.001. 
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조군으로 쓰인 LPS보다는 발현 정도가 낮았다. 4개의 표면 마커 모

두에서 LPS와 iBW를 모두 처리한 세포(이하 LPS/iBW-dendritic 
cell [DCs])는 LPS를 단독으로 처리한 세포(이하 LPS-DCs)보다 약

간 증가하였다. 

iBW가 수지상세포의 항원 탐식 능력에 미치는 영향 

iBW가 수지상세포의 성숙을 유도하는지 알아보기 위해 항원 탐

식 분석을 하였다. 세포는 FITC-dextran과 함께 37℃에서 1시간 동

안 배양되었다. 4℃의 수지상세포는 음성 대조군으로 이용되었다. 

iBW가 처리된 세포(이하 iBW-DCs)와 LPS-DCs, LPS/iBW-DCs 
모두 대조군보다 FITC-dextran 탐식 정도가 감소했다(Fig. 4). 

iBW-DCs가 가장 낮았고, LPS/iBW-DCs가 LPS-DCs보다 높

았다. 
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Fig. 3. Expression of immune-related surface markers on dendritic cells (DCs). DCs were culture in 6-well plates at a concentration of 2 
× 105 cells/mL and treated with 5% (v/v) ionized biosilica water (iBW) and 0.1 μg/mL lipopolysaccharide (LPS) for 3 days. After treatment, 
DCs were stained as described in Materials and Methods. The DC region was gated based on forward and side scatters. Histogram num-
bers indicate the mean fluorescence intensity.
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iBW가 수지상세포의 항원 제시 능력에 미치는 영향 

비장세포의 대사활성도를 측정하여 수지상세포의 림프구 자극 능

력을 분석하는 MLR을 하였다. 수지상세포는 5% iBW와 0.1 μg/mL 

LPS를 2일 동안 처리해서 Balb/c 마우스로부터 얻은 동종이형 비장

세포와 1:20의 비율로 co-culture를 하였다. 5일 후 CCK-8 assay를 

통해 림프구의 대사활성도를 측정하였다(Fig. 5). 모든 처리군에서 

대조군에 비해 림프구의 대사활성도가 증가하였는데, iBW-DCs에
서는 유의하지 않았다. LPS/iBW-DCs는 LPS-DCs보다 림프구 대

사활성도가 유의하게 감소하였다.  

고찰 

바이오실리카는 다양하게 생의학적 응용 가능성이 제시되고 있으
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Fig. 4. Effect of ionized biosilica water (iBW) on the antigen uptake capability of dendritic cells (DCs). DCs were cultured in 6-well plates 
at a concentration of 2 × 105 cells/mL and treated with 5% (v/v) iBW and 0.1 μg/mL lipopolysaccharide (LPS) for 3 days. After treatment, 
DCs were stained as described in Materials and Methods. The negative control was treated at 4℃, others were treated at 37℃ for 60 
minutes. The DC region was gated based on forward and side scatters. Histogram numbers indicate the mean fluorescence intensity. FITC, 
fluorescein isothiocyanate.

며[1], 실리카와 화학적 성분은 동일하지만, 서로 다른 생리활성 특

징을 보이는 것으로 알려져 있다[2]. 골활성물질과 함께 사용되거나 

약물전달체로 적용 가능성 등이 연구되어 왔으며[3,4], 지혈효과에 

대한 연구도 진행된 바 있다[2]. 바이오실리카는 다양한 생리활성 기

능에 대한 연구에도 불구하고, 바이오실리카가 면역계에 노출되었

을 때 면역세포에 대해 어떤 효과가 있는지에 대한 연구는 매우 미

흡한 실정이다. 본 연구에서는 이온화되어 이전보다 10배가 농축된 

iBW의 면역기능에 대한 효과를 알아보기 위해, 수지상세포에 iBW
를 처리하여 세포 활성도, 사이토카인 생성량, 면역 관련 표면 마커

의 발현, 항원 탐식 능력, 항원 제시 능력을 확인하였다. 

이번 연구에서 iBW는 0-5%의 농도 모두에서 대사활성도가 크게 

감소하지 않았다. 농축되지 않은 규소수(biosilica water)를 사용했

던 이전 실험에서는 20% (v/v)의 농도에서 대조군에 비해 대사활성
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Fig. 5. Effect of ionized biosilica water (iBW) on the antigen-pre-
senting capability of dendritic cells (DCs). DCs were treated with 
5% (v/v) iBW and 0.1 μg/mL lipopolysaccharide (LPS) for 2 days. 
The treated DCs were incubated with 50 μg/mL mitomycin C for 
30 minutes before the co-culture step. Allogeneic spleen cells and 
DCs were co-cultured in 96-well culture plates at a concentra-
tion of 2 × 106 cells/mL and 1 × 105 cells/mL, respectively. After 
5 days, cell counting kit-8 assays were performed as described in 
Materials and Methods. Data are presented as mean ± standard 
deviation. **p < 0.01. OD, optical density; ns, not significant.

도가 유의하게 감소했다[13]. 이 결과는 iBW가 이전의 규소수보다 

10배 농축된 물질임에도 불구하고 수지상세포의 대사활성도에는 크

게 영향을 미치지 않음을 보여준다. 

표면 마커 분석 결과는 iBW가 미성숙한 수지상세포를 성숙시켜 

면역작용을 활성화할 수 있다는 것을 보여주었다. iBW는 수지상세

포의 MHC class Ⅱ 분자와 3개의 면역 관련 분자들의 발현을 모두 

증가시켰다. iBW-DCs는 LPS-DCs보다 낮은 수준이었지만, LPS/

iBW-DCs가 LPS-DCs보다 마커 발현이 더욱 증가한 것으로 보아 

iBW가 단독으로도 수지상세포를 성숙시켜 면역반응을 증가시킬 수 

있음을 보여준다. 

활성화된 수지상세포는 사이토카인을 분비하여 항원 특이적 기억 

T 세포나 naïve T 세포를 자극하고 면역반응을 촉진한다[9,10]. 

IL-1 beta와 TNF-alpha는 활성화된 수지상세포에서 분비되는 염

증반응을 촉진하는 사이토카인(inflammatory cytokine)이며, 세포 

매개 면역반응에 관여한다[14]. iBW를 처리한 수지상세포가 IL-1 

beta와 TNF-alpha를 얼마나 생산하는지 알아보았다. 0.3125%와 

1.25% iBW처리군은 IL-1 beta는 모든 농도에서 대조군에 비해 유

의한 변화는 없었던 반면, TNF-alpha는 5% iBW를 처리했을 때 대

조군에 비해 유의하게 증가하였다. 이는 5% 이상의 상대적인 고농

도에서 iBW가 단독으로 수지상세포를 자극하여 활성화할 수 있음

을 보여준다. 

iBW가 수지상세포를 성숙시키는지 알아보기 위해 항원 탐식 능

력 분석도 시행하였다. 미성숙 수지상세포는 주로 항원을 탐식하지

만 성숙한 수지상세포는 미성숙 수지상세포와 비교해 항원 탐식 능

력이 낮다[9,15]. iBW-DCs, LPS-DCs, LPS/iBW-DCs 모두에서 

대조군보다 FITC-dextran 탐식 정도가 감소했다. 이는 iBW가 수

지상세포를 성숙시킬 수 있다는 것을 의미한다. 하지만 LPS-DCs에 

비해 LPS/iBW-DCs의 탐식 능력이 더 높아진 것을 확인했다. 향후 

LPS 처리된 또는 염증 시 iBW가 수지상세포의 phagocytosis 등의 

항원 탐식 능력에 대해 미치는 영향에 관한 세밀한 연구가 필요하다. 

수지상세포의 항원 제시 능력에 대한 iBW의 효과를 알아보기 위

해 동종이형 혼합 림프구 반응 시험(mixed leukocyte response, 

MLR)을 수행하였다. MLR 분석에서 수치의 증가는 수지상세포에 

의해 자극된 동종이형림프구의 대사활성도 증가와 증식(prolifera-
tion)을 의미한다[16]. 대조군 수지상세포에 비해 iBW-DCs의 항원 

제시 능력이 증가된 사실을 확인했다(Fig. 5). 반면 LPS-DCs에 비

해 LPS/iBW-DCs의 항원 제시 능력은 감소하였다. 이는 iBW가 단

독으로는 수지상세포의 항원 제시 능력을 증가시키지만, LPS와 같

은 염증성 물질의 존재 하에서는 수지상세포의 항원 제시 능력을 감

소시킬 수 있음을 보여준다. 

본 연구에서는 iBW는 단독으로 수지상세포를 활성화하고 성숙시

킬 수 있으며, LPS와 같은 염증성 물질이 있을 때는 수지상세포의 

항원 제시 능력을 낮추어 면역조절 기능을 할 수 있다는 것을 확인

했다. 따라서 iBW는 단독 또는 염증상태에서 면역 중심 세포인 수

지상세포에 대해 서로 다른 반응(biphasic effect)을 보였다. 하지만 

LPS-DCs에 비해 LPS/iBW-DCs에서 수지상세포 표면의 면역 관

련 분자의 발현 증가, TNF-alpha의 생산 증가가 나타나는 사실은 

항원 제시 능력의 증가와는 차이가 있다. 향후 연구를 통해 iBW에 

의한 면역 관용 유도, 관련 분자의 발현이 어떻게 변하는지를 밝힐 

필요가 있다. 
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Avian hepatitis E virus (aHEV) has a 5′-capped, positive-sense, single-stranded 
RNA genome of approximately 6.6 kb and consists of 5′-non-coding regions 
(NCR), three open reading frames (ORFs), and a 3′ NCR. ORF1 encodes the 
non-structural proteins, ORF2 encodes an immunogenic capsid protein, and ORF3 
encodes a phosphoprotein [1,2]. Infectious cDNA clones that can synthesize the 
original viral RNA are useful for virus characterization and pathogenicity research. 
They are also useful vaccine platforms; a replicon can be created by inserting a gene 
of interest into the structural gene [3]. The RNA genomes of positive-strand RNA 
viruses have dual functions: they act as an mRNA template for RNA-dependent 
RNA polymerase (RDRP) and as a genomic template for replication by the respec-
tive RDRP. Replicon RNA is readily produced by in vitro transcription from cDNA 
templates [4,5]. However, no study has reported a replicon vaccine platform using 
aHEV. Therefore, we explored the possibility of aHEV as a vaccine platform using 
an aHEV infectious cDNA clone. The ORF2 gene of aHEV was replaced by heter-
ologous genes, such as enhanced green fluorescent protein (eGFP), hemagglutinin 
(HA)-tag, and infectious bronchitis virus (IBV) S1. The S1 protein of IBV is criti-
cal for antigenic neutralization and hemagglutination. IBV infection is a signifi-
cant problem in the poultry industry, and novel vaccines are needed to combat 
emerging and variant IBV serotypes [6]. These replicons were constructed and 
used to transcribe the capped RNA transcripts and to transfect leghorn male hep-
atoma (LMH) cells. This is the first study of a replicon vaccine platform using 
aHEV infectious cDNA clones. 

The previously constructed genotype 2 aHEV infectious cDNA pT9-aHEV-GI 
clone and the genotype 1 aHEV infectious cDNA pT11-aHEV-K clone were used 
in this study [7]. Specific primers were prepared to insert eGFP and an HA-tag 
into the pT9-aHEV-GI clone (Table 1). The products were subjected to fusion 
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Short Communication

To evaluate avian hepatitis E virus (aHEV) as an RNA vaccine platform, ORF2 of aHEV 
was replaced by heterologous genes, such as eGFP and HA-tag, in aHEV infectious 
cDNA clones. eGFP and HA-tag replicons were expressed in LMH cells. To confirm ex-
pression of the heterologous protein, ORF2 was replaced with the antigenic S1 gene of 
IBV. The IBVS1 replicon was expressed in LMH cells. To our knowledge, this is the first 
investigation showing the potential as a RNA vaccine platform using an aHEV. In the 
future, it may be used in the development of RNA vaccines against various pathogens. 
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polymerase chain reaction (PCR), amplified by cloning and 
transformation, and sequenced. Clones containing the consen-
sus sequences of heterologous genes were inserted into ORF2 
by digestion with BamHI and KpnI (pTGI-GFP replicon) and 

with BamHI and XbaI (pTGI-HA replicon) (Fig. 1). Specific 
primers were prepared to insert eGFP, HA-tag, and IBV S1 into 
the pT11-aHEV-K clone (Table 1). IBV used K047-12, which 
was most similar to the QX-like IBV reported previously [8]. 

Table 1. Oligonucleotide primers used to construct eGFP, HA-tag, and IBVS1 replicons

Primers Primer sequence (5′ to 3′)
GI-BamHI3538F3 GCGCAGTTCTGGCACCACATTGAG
GI-eGFP_4706_R CTCACCATCCCACCCCACTTTCCTGGCACT
GI-eGFP_4698_F GGGGTGGGATGGTGAGCAAGGGCGAGGA
GI-eGFP_KpnI_R GCGGTACCTTACTTGTACAGCTCGTCCATG
GI-HA-tag_SbfI_R TTAAGCGTAATCTGGAACATCGTATGGGTACATCCCACCCCACTTTCCTGGCACTCCAGAC
GI-3’-NCR_F CGATGTTCCAGATTACGCTTAATGCTGTGGTTTTGGGGCTTAGGTTAAT
GI-T18SbfIR4 GCCCTGCAGGTTTTTTTTTTTTTTTTTTACTATGCCCGAAATGGGAGG
K-AgeI2848F3 CGCGCCGATTATCCAACTA
K_HA-tag_BamHI_R TTAAGCGTAATCTGGAACATCGTATGGGTACATCCCACCCCACTATCCTGACACTCCAGAC
K_3’NCR_F CGATGTTCCAGATTACGCTTAATAAGACTATGGATTGGGGTGTAAATTG
F_ORF2-GFP TCAGGATAGTGGGGTGGGATGGTGAGCAAGGGCGAGGAGCTGTTC
R_FseI-GFP GCGGCCGGCCCTATTACTTGTACAGCTCGTCCATGC
F_ORF1-BclI GCAGTCAAATCCCGGGTCGATTA
R_ORF1-GFP CATCCCACCCCACTATCCTGA
IBV47S1_F GCGCAGTTCTGGCACCACATTGAG
IBV47S1_R ACGTCTAAAACGACGTGTCT
K_ORF1-IBV47_R CCAACATCCCACCCCACTATCCTGACA
K_3NCR-IBV47_F TAGACGTTAAGACTATGGATTGGGGTG
K-T18BamHIR4 GCGGATCCTTTTTTTTTTTTTTTTTTACTATGCCCGAGATGGGA

eGFP, enhanced green fluorescent protein; HA, hemagglutinin; IBV, infectious bronchitis virus.
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Fig. 1. Schematic diagram of construction of the avian hepatitis E virus (aHEV) enhanced green fluorescent protein (eGFP), hemagglutinin 
(HA)-tag, and infectious bronchitis virus (IBV) S1 replicons. (A) Infectious clone backbone of pT11-aHEV-K or pT9-aHEV-GI. (B) eGFP 
replicon. The front of open reading frame 2 (ORF2) was replaced with eGFP (pTK-GFP and pTGI-GFP). (C) HA replicon. ORF2 was replaced 
with an HA-tag (pTK-HA and pTGI-HA). (D) IBVS1 replicon. ORF2 was replaced with IBVS1 K047-12 (pTK-IBVS1).
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The products were subjected to fusion PCR, amplified by clon-
ing and transformation, and sequenced. Clones containing the 
consensus sequences of heterologous genes were inserted into 
ORF2 by digestion with AgeI and BamHI (pTK-HA replicon, 
and pTK-IBVS1 replicon) and with FseI and BclI (pTK-GFP 
replicon) (Fig. 1). The plasmid DNAs from each replicon were 
linearized with XbaI (pTGI-GFP and pTGI-HA replicons) or 
BamHI (pTK-GFP, pTK-HA, and pTK-IBVS1 replicons) and 
purified by phenol/chloroform extraction and ethanol precipi-
tation. Capped RNA transcripts were synthesized as described 
previously [7] and used directly for the in vitro transfection. 
LMH chicken liver cells were transfected with the 500 ng of 
capped RNA transcripts of the pTGI-GFP, pTGI-HA, pTK-
GFP, pTK-HA, and pTK-IBVS1 replicons in 24-well plates us-
ing a VIROMER mRNA Kit (Lipocalyx, Germany). To confirm 
insertion of GFP, we performed IFA using a rhodamine-conju-
gated anti-GFP IgG (Novus Biologicals, USA) at 5 days 
post-transfection. The pTGI-HA and pTK-HA replicons were 
reacted with FITC-conjugated anti-HA-tag IgG (Novus Biologi-
cals) 5 days after transfection. The pTK-IBVS1 replicon was re-
acted with a primary anti-IBV chicken IgG, followed by a sec-

ondary FITC-conjugated rabbit anti-chicken IgG (Sigma, USA) 
for 5 days, treated with DAPI (Vector Laboratories, USA), and 
visualized by fluorescence microscopy (Olympus, Japan). 

After transfection with the pTGI-GFP and pTK-GFP repli-
cons, expression was monitored daily in LMH cells (Fig. 2A). 
LMH cells transfected with RNA transcripts synthesized using 
pTGI-GFP proliferated and expressed eGFP. IFA using an an-
ti-GFP antibody conjugated to rhodamine confirmed that eGFP 
was expressed in LMH cells (Fig. 2B and C). Also, the expres-
sion of pTGI-HA and pTK-HA was detected using a FITC-con-
jugated antibody (Fig. 2D and E). LMH cells were transfected 
with RNA transcripts synthesized using the pTK-IBVS1 repli-
con. After 5 days, IFA using chicken anti-IBV antiserum and a 
FITC-conjugated secondary antibody confirmed expression of 
the S1 gene in LMH cells (Fig. 2F). These results indicate that 
replicons lacking the ORF3 and ORF2 proteins were expressed 
in LMH cells, resulting in synthesis of ORF3 and ORF2 pro-
teins. 

Because GFP-producing cells could be observed in damp 
cells, green fluorescence was used as a marker of proliferating 
cells. Expression of eGFP did not prevent cell division and was 

pTGI-GFP pTGI-HA

pTGI-GFP pTK-HA

pTK-GFP pTK-IBVS1

A D

B E

C F
Fig. 2. Expression of the heterologous gene replicons in leghorn male hepatoma (LMH) cells. LMH cells were transfected with RNA 
transcripts of pTGI-GFP, pTK-GFP, pTGI-HA, pTK-HA, and pTK-IBVS1. (A) pTGI-GFP. Transfected cells were observed in damp cells at 2, 3, 
and 5 days post-transfection; enhanced green fluorescent protein (eGFP) expression was evident in proliferating cells. (B) pTGI-GFP and 
(C) pTK-GFP. eGFP expression was visualized by FITC (green) and rhodamine (red) staining; blue, DAPI-stained nuclei. (D) pTGI-HA and (E) 
pTK-HA. Blue, DAPI staining of nuclei; green, FITC staining of HA-tag reporter protein. (F) pTK-IBVS1. Blue, DAPI staining of nuclei; green, 
FITC staining of IBV spike protein. HA, hemagglutinin; IBV, infectious bronchitis virus.
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persistent in cell division, like HEV [9]. Since its introduction 
almost 20 years ago as a short immunoreactive tag, the hemag-
glutinin epitope YPYDVPDYA (HA tag) from influenza virus A 
has been used to track proteins of interest within cells, to isolate 
them, and to coprecipitate their possible partners [10,11]. Using 
the HA-tag replicons, HA-tag protein cloned into aHEV was 
expressed in LMH cells. The S1 gene of IBV K047-12, which is 
similar in length to the ORF2 gene, was amplified and replaced 
with ORF2 of aHEV clone pT11-aHEV-K to construct the 
pTK-IBVS1 replicon. The aHEV pT11-aHEV-K clone was used 
because it had higher intracellular expression and infectious-
ness than aHEV pT9-aHEV-GI. This pTK-IBVS1 replicon was 
expressed in LMH cells, indicating that the aHEV replicon plat-
form can self-amplify in LMH cells. However, further in vivo 
studies are needed to verify the potential of the aHEV replicon 
as RNA vaccine platform. 

Although ORF3 encodes only 82 amino acids, it has been 
postulated to have numerous functions. Recombinant ORF3 re-
acts with the cytoskeleton and with non-glycosylated recombi-
nant ORF2 protein [12]. Additionally, it reportedly exerts regu-
latory effects by binding to multiple cellular proteins containing 
SH3 domains and by activating mitogen-activated protein ki-
nase [13]. A segment of the aHEV genome containing most of 
the ORF3 gene and the complete or partial ORF2 gene was re-
moved, and a heterologous gene was inserted in-frame with the 
ORF2 methionine initiation codon (Fig. 1). Therefore, replicons 
were lacking ORF3 and ORF2. As the eGFP replicon of HEV 
lacking ORF3 and ORF2 proteins was expressed in vitro, aHEV 
replicons lacking ORF3 and ORF2 proteins were expressed in 
vitro [9]. Therefore, ORF3 and ORF2 are not required for ex-
pression of heterologous genes in vitro. 

We developed RNA-based aHEV replicons capable of ex-
pressing heterologous genes in LMH cells. To our knowledge, 
this is the first report of a replicon vaccine platform using aHEV 
infectious cDNA clones. 
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Cholinergic crisis refers to a clinical status manifested by the overstimulation of 
muscarinic or nicotinic receptors at the neuromuscular junction caused by the ex-
cessive accumulation of acetylcholine (ACh). The excessive accumulation of ACh 
is usually caused by the inhibition of the acetylcholinesterase (AChE), an ACh-de-
grading enzyme [1]. The most common causes are the excessive use of medica-
tions for myasthenia gravis or exposure to organophosphates, such as herbicides, 
insecticides, and other pesticides [1]. The over-accumulation of ACh at the neuro-
muscular junction causes symptoms related to the muscarinic and nicotinic recep-
tors [1,2]. Clinical findings related to the muscarinic receptors are parasympathet-
ic symptoms, such as miosis, bradycardia, bronchospasm, bronchorrhea gastroin-
testinal (GI) secretion, lacrimation, and urination. The symptoms related to the 
nicotinic receptors are skeletal and respiratory muscular weakness, tachycardia, 
muscle fasciculation, and flaccid paralysis. Death may result from respiratory 
compromise and paralysis. The clinical findings also involve stimulation of the 
central nervous system, resulting in agitation, dullness, seizure, coma, and ataxia 
[1-3]. 

Functional dyspepsia (FD) is a complex of symptoms recognized as discomfort 
in the upper abdomen and includes recurrent upper abdominal pain, excessive 
fullness, and bloating [4,5]. Drugs, such as metoclopramide, a dopamine antago-
nist 1st generation drug, domperidone, a dopamine antagonist 2nd generation 
drug, and cisapride, a serotonin agonist 3rd generation drug, were developed to 
treat FD [5]. However, several side effects of the drugs have been reported [4].  

Motilitone was developed in Korea in 2011 as a 4th generation human FD treat-
ment and was formulated as a combination of Corydalis Tuber (the root of Coryd-
alis yanhusuo) and Pharbitidis Semen (the seed of Pharbitis nill). Motilitone’s ac-
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Case Report
A three-month-old, intact male Maltese dog was presented to the hospital with leth-
argy after taking a human medication, Motilitone. Physical examination, including a 
neurological examination, revealed no remarkable findings, but cholinergic crisis 
symptoms appeared gradually. Blood and radiological examinations showed no re-
markable findings. The dog was tentatively diagnosed with a cholinergic crisis associ-
ated with Motilitone intake. Treatment included intravenous administration of atro-
pine (0.02 mg/kg) every 30 minutes and supportive fluid therapy. After 12 hours of 
treatment, the patient’s clinical signs were resolved. This is the first case report de-
scribing Motilitone toxicity in a dog. 

Keywords: cholinergic crisis; functional dyspepsia; herbal combination; Motilitone; 
toxicity  
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tivity mechanism has been revealed through many studies. Its 
gastric fundus relaxation effect appears to be related to the in-
creased gastric compacity by 5-HT1A agonism [4], whereas its 
visceral analgesic effect appears to be related to the antinocicep-
tive effect of visceral stimuli through adrenergic α2 agonism [5]. 
Dopamine causes inhibition of GI motility, but Motilitone is a 
D2 antagonist that promotes GI motile functions [6]. In addi-
tion, Motilitone’s 5-HT4 agonism is related to the enhanced GI 
motility and visceral analgesia [5]. 

To the best of our knowledge, there are no reports on the ef-
fect of Motilitone in veterinary medicine. This case study de-
scribes the management of a cholinergic crisis in a young dog 
that consumed Motilitone, which induces parasympathetic ac-
tivity. 

A three-month-old, intact male 1.3 kg Maltese dog was pre-
sented to the Veterinary Teaching Hospital of Kangwon Nation-
al University with lethargy after consuming Motilitone (Motili-
tone pill form; Dong-A Pharm. Co., Ltd., Korea). Physical and 
neurological examinations revealed no remarkable findings on 
the first visit. However, over time, the dog’s heart rate decreased 
(bradycardia), postural reflexes decreased, and the cranial nerve 
response gradually weakened. Other clinical symptoms, such as 
pinpoint miosis, salivation, tachypnea, and persistent vocaliza-
tion, were also presented. Blood and radiological examinations 
showed no remarkable findings. The dog was diagnosed tenta-
tively with acute cholinergic crisis based on the history and the 
symptoms related to the enhanced parasympathetics. Treatment 
started with stabilization of the airway, breathing, and circula-
tion. Oxygen supplementation, warming, and supportive intra-
venous (IV) fluid therapy (0.9% NaCl) were provided. To over-
come the cholinergic crisis, atropine administration was per-
formed. After the first 0.04 mg/kg IV atropine bolus adminis-
tration, 0.02 mg/kg IV atropine was administered at 30-minute 
intervals, six times, until no cholinergic crisis-related symptoms 
were detected. During treatment, the patient’s vitals were moni-
tored in real-time. No side effects from atropine, such as tachy-
cardia or mydriasis, were induced. Twelve hours after the first 
atropine treatment, most of the clinical symptoms had im-
proved, and the patient left the hospital in a healthy state one 
day after treatment. 

For a definitive diagnosis, the concentrations of free ACh and 
prolactin in the patient's serum and that of four healthy male 
young (1-3 years) dogs were measured and compared. Client 
consent to testing the serum of all of the study dogs was ob-
tained. All experimental protocols in this study were based on 
ethical procedures and were approved by the Kangwon Nation-
al University Institutional Animal Care and Use Committee 

(approval number: KW-201117-1). 
The levels of free Ach [7] and prolactin [8] in the serum were 

estimated using ELISA kits (MBS011705 for free Ach, 
MBS2604244 for prolactin; MyBioSource, Inc., USA). For ELI-
SA, the serum dilution factors were 1:100 in the ACh ELISA 
and 1:1 in the prolactin ELISA. All ELISA procedures were con-
ducted according to the manufacturer’s instructions. Upon 
completion of the ELISA procedures, the plate wells were read 
at 450 nm using a SpectraMax ABS Plus Microplate Reader 
(Molecular Devices, LLC, USA). Serum was obtained from four 
healthy dogs, and the average free ACh level was 20.969 ±  9.903 
nmol/L in healthy dogs. Before treatment, the patient’s ACh level 
was 31.771 nmol/L, which was higher than the healthy group av-
erage. Twelve hours after treatment, the patient’s ACh level was 
23.903 nmol/L. Twenty-four hours after treatment, the patient’s 
ACh level was 19.391 nmol/L, which was similar to the average 
level of the healthy group (Fig. 1). 

The average prolactin concentration in the four healthy dogs 
was 2.383 ±  0.323 ng/mL. Before treatment, the patient’s pro-
lactin level was 2.811 ng/mL, which was higher than the average 
of the healthy group. Twelve hours after treatment, the patient’s 
prolactin level was 2.684 ng/mL. Twenty-four hours after treat-
ment, the level was 2.311 ng/mL, which was similar to the aver-
age level of the healthy group (Fig. 2). 

Motilitone is a widely used botanical drug for treating FD in 
humans in Korea and is made from Corydalis Tuber and Phar-
bitidis Semen. Both of those materials have been used tradition-
ally in Korea, China, and Japan for digestive diseases.  

Previous studies have shown that Corydalis Tuber and Phar-
bitidis Semen, the raw materials of Motilitone, have AChE inhi-
bition effects [9,10]. The suppression of AChE results in the ac-
cumulation of ACh in the brain and other tissues, and it may 
appear in blood [11]. 

Dopamine is a hormone that suppresses the secretion of pro-
lactin. Therefore, the action of Motilitone as a D2 receptor an-
tagonist can lead to hyperprolactinemia. Kwon and Son [5] ex-
amine blood prolactin levels after the oral administration of 
Motilitone and reported that the concentration of prolactin in 
the blood increased with an increasing drug dosage in rats. 

The present study confirmed that Motilitone caused an initial 
increase in ACh and prolactin in the patient's blood followed by 
decreases in the concentrations of ACh and prolactin over time. 
Based on the results of this study, a diagnosis of a cholinergic 
crisis caused by Motilitone toxicity was made. The diagnosis 
was supported by the evidence of Motilitone poisoning ob-
tained by measuring the serum concentrations of ACh and pro-
lactin. 
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Several studies have examined the effects of Motilitone in an-
imal models. A gastric prokinetic effect was observed in rats 
[12] and dogs [12,13], a gastric relaxation effect was confirmed 
in dogs [6,12] and rats [4,6], and a visceral analgesic effect was 

demonstrated in rats [14]. Various doses have been applied in 
studies evaluating the efficacy of FD treatments through animal 
models. In the reported studies, doses of 0.03 to 10 mg/kg orally 
(PO) in rats and 0.1 to 3 mg/kg PO in dogs were used, and no 
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Fig. 1. Serum acetylcholine (ACh) levels in healthy dogs and the 
patient. The level of ACh in 4 healthy dogs (closed dots) was 
20.969 ± 9.903 nmol/L. The blank circles represent the changes 
over time (0, 12, and 24 hours after treatment) in the patient’s 
ACh level. Before treatment, the ACh level of the patient (31.771 
nmol/L) was higher than the average of the healthy dogs. The level 
decreased with continued treatment (23.903 nmol/L at 12 hours 
after treatment) and was similar to the average level of healthy 
dogs after 24 hours (19.391 nmol/L).
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Fig. 2. Serum prolactin levels in healthy dogs and the patient. The 
prolactin level in 4 healthy dogs (closed dots) was 2.383 ± 0.323 
ng/mL. The triangles indicate the changes over time (0, 12, and 
24 hours after treatment) in the patient’s prolactin level. Before 
treatment, the prolactin level of the patient was higher than the 
average of the healthy dogs (2.811 ng/mL). The level decreased 
with continued treatment (2.684 ng/mL at 12 hours after treat-
ment) and was similar to the average level of healthy dogs after 
24 hours (2.311 ng/mL).
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side effects were observed. The Motilitone manufacturer 
(Dong-A Pharm. Co., Ltd.) reported that after repeated admin-
istration for 26 weeks in rats, the no observable adverse effect 
level (NOAEL) was 150 mg/kg and the LD50 (lethal dose 50%) 
was greater than 2,000 mg/kg as a single administration in rats. 
In dogs, it was reported that the NOAEL was 100 mg/kg/day 
when administered repeatedly for 13 weeks and 200 mg/kg/day 
with repeated administration for 26 weeks [4]. In this study’s 
patient, the ingested dose was approximately 46 mg/kg, which is 
less than that reported in a previous toxicity study. On the other 
hand, considering the patient’s age-related metabolic function 
status, it was presumed that the injested dose was sufficiently 
toxic. Additional veterinary safety, toxicity, and dosage studies 
of Motilitone should be undertaken. 

The possible treatment options for a cholinergic crisis are ad-
ministering anticholinergic drugs, such as atropine, catechol-
amines, such as dopamine, dobutamine, noradrenaline, and 
adrenaline, or performing hemodialysis or mechanical ventila-
tion in the case of inhaled gases [1,3]. Atropine is an anti-mus-
carinic anticholinergic drug that competes with ACh on post-
synaptic muscarinic receptors and is used widely to treat cho-
linergic crisis in human medicine [3,15]. In this patient, atro-
pine was administered along with supportive care, with the at-
ropine dosage based on the occurrence of organophosphate 
poisoning and in accord with the clinical signs [15]. 

Cholinergic crisis is a life-threatening condition that rarely 
occurs in human and veterinary fields. This case study is the 
first report of a cholinergic crisis in a young dog that occurred 
after taking Motilitone, a human FD medication. 
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A calyceal diverticulum is a urine-filled cystic lesion lined with transitional epi-
thelium, which develops as the outpouching into the renal parenchyma and com-
municates with the upper collecting system via a narrow channel [1-5]. The etiol-
ogy of a calyceal diverticulum is unclear [1,2]. The most common theory is a con-
genital factor of an embryologic origin, even though it may develop due to ob-
struction, infection, or trauma [1-3,5]. This condition rarely occurs in humans 
and is primarily an incidental finding without symptoms [1,2,5]. On the other 
hand, it can be associated with symptoms, such as flank pain, hematuria, recurrent 
urinary tract infection, decreased renal function, and vomiting, which may re-
quire therapeutic intervention [2,3,5]. Malignancy in a calyceal diverticulum has 
been reported in humans [1,4,5]. Only one case report describing the pathology of 
feline calyceal diverticulum can be found in the veterinary literature [6]. This re-
port describes the radiographic, ultrasonographic, and computed tomography 
(CT) features of a calyceal diverticulum in a cat.

A seven-year-old, castrated male, Korean domestic shorthair cat presented with 
anorexia, vomiting, and weight loss at a local hospital two weeks earlier. The cat 
was tentatively diagnosed with chronic renal disease, and the clinical signs were 
improved after fluid therapy and symptomatic treatment. Abdominal radiography 
suggested right renomegaly and left renal agenesis, and he was referred to Chun-
gnam National University Veterinary Teaching Hospital for an accurate diagnosis. 

The physical examination revealed mild dehydration. Serum biochemical anal-
ysis revealed only mild azotemia (creatinine, 2.5 mg/dL; reference interval [RI], 
1-2 mg/dL; blood urea nitrogen, 20.5 mg/dL; RI, 18-33 mg/dL; symmetric di-
methylarginine, 19 µg/dL; RI, 0-14 µg/dL). The urine had a specific gravity of 
1.025 (RI, 1.035-1.065), and 30 mg/dL of protein was found by dipstick analysis. A 
microscopic examination of urine revealed a few hyaline casts per low power field. 
A urine protein/creatinine ratio test was not performed. 
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Case Report A seven-year-old, castrated male, Korean domestic shorthair cat was referred because 
of a kidney abnormality. Radiography revealed left renal agenesis and right kidney en-
largement. Ultrasonography and computed tomography (CT) showed amorphous calci-
fied materials in a cyst-like lesion of the right kidney. In the excretory phase of the CT 
images, the lesion was opacified with contrast materials, indicating communication 
with the collecting system. Based on these findings, the cat was diagnosed with a ca-
lyceal diverticulum. A calyceal diverticulum may cause various clinical symptoms re-
lated to the urinary system. The excretory phase of CT is useful for diagnosing a ca-
lyceal diverticulum. 

Keywords: cat; kidney; diverticulum; ultrasonography; contrast media 

http://crossmark.crossref.org/dialog/?doi=10.14405/kjvr.2021.61.e17&domain=pdf&date_stamp=2021-06-30


https://doi.org/10.14405/kjvr.2021.61.e17

Korean J Vet Res 2021;61(2):e17  •  Yunjeong Nam, et al.

2 / 4

On abdominal radiography, the right renal length was 6.5 cm 
(RI, 3.0-4.3 cm) and 3.25 times (RI, 2.4-3.0 times) the length of 
the second lumbar vertebra, indicating severe enlargement of 
the right kidney. The outline of the right kidney was slightly ir-
regular, and the right pelvic calculi were also shown; The left 
kidney was not visible. On abdominal ultrasonography, an 11 ×  
8 mm poly-lobulated cystic lesion was observed on the mid-por-
tion of the right renal parenchyma, adjacent to the renal pelvis. 
Unlike a true cyst, this anechoic cavity contained solid echogen-
ic materials without acoustic shadowing (Fig. 1A, C, and D). 
These solid materials were settled on the cyst, depending on 
gravity. Color Doppler analysis did not identify any blood flow 
in this lesion (Fig. 1B). Although a connection with the pelvis 
was suspected, it was ambiguous on ultrasonography. The ex-
ternal renal contour around the lesion appeared to be distorted. 
In addition, mild pelvic dilation of 2.9 mm in the right kidney 
and pelvic calculi were found. 

For a differential diagnosis of the renal cystic lesion, the cat 
underwent CT scanning using a 32-row multidetector CT 
(Alexion™; Toshiba, Japan), performed under general anesthe-
sia using 4 mg/kg of propofol (Provive® inj; Myungmoon 
Pharm. Co., Korea) intravenously for induction and isoflurane 
(Ifran®; Hana Pharm. Co., Korea) for maintenance. The scan-
ning parameters were 150 kVp, 120 mAs, and 2 mm slice thick-
ness. For contrast studies, iohexol (300 mg iodine/mL, Omni-
paque®; GE Healthcare, Ireland) of 600 mg iodine/kg was ad-
ministrated intravenously using a power injector (2 mL/sec). 
Pre-contrast, portal phase, and delayed phases (2, 5, and 10 
minutes post-injection) were acquired. 

The pre-contrast images showed an irregular, hyperdense le-
sion of 76 Hounsfield unit in the right renal cortex ventral to the 
pelvis (Fig. 2A), which was suspected as being a complicated 

cyst containing echogenic material on ultrasound. Two pelvic 

calculi were detected separately. After contrast injection, the hy-
perdense lesion was not enhanced on the portal phase and the 2 

minute-delayed images (Fig. 2B and C). In the excretory phase 
images (5- and 10-minute-delayed images), however, this area 

was filled with contrast material similar to the excretory system, 

including the renal pelvis, ureter, and urinary bladder (Figs. 
2D-F and 3A). The curved planar reformatted image (Fig. 3A) 

and maximum intensity projection (Fig. 3B) were also per-
formed to demonstrate the narrow connection between the area 

and the pelvis and visualized the direct connection. Therefore, a 

calyceal diverticulum connected to the pelvis was confirmed. 

The left kidney was not identified by CT as on the radio-
graphic images. Furthermore, CT revealed the absence of the 
left renal artery, vein, and ureter. There was no history of a ne-
phrectomy. Based on these examination results, a calyceal diver-
ticulum containing calcified materials of the right kidney and 

left renal agenesis was definitively diagnosed in this cat.
After imaging diagnosis, the cat was returned to the local hos-

pital for further treatment. Intermittent vomiting symptoms 
were noted at one-month follow-up, but no elevated kidney en-
zyme level was observed on the laboratory examination.

Calyceal diverticulum in humans can be divided into two 

types: type 1, the more common form that communicates with 

the minor calyx, and type 2, the less common form that com-
municates directly with the major calyx or renal pelvis, which is 
also known as pyelocalyceal diverticulum [1-5]. A type 2 diver-
ticulum is mostly larger, symptomatic, and located in the mid-
dle region of the kidney [1-5]. Unlike multi-papillate kidneys in 

humans and pigs, the uni-papillate kidneys of dogs, cats, and 

several animals have different renal structures. The human kid-
ney has a pelvis, 2 to 3 major calyces, and 7 to 13 minor calyces. 
In comparison, a uni-papillate kidney has no calyx that commu-
nicates with the pelvis, even though the pelvis itself is often re-

Fig. 1. Transverse (A, B), sagittal (C), and dorsal (D) ultrasonography of the right kidney. The calyceal diverticulum appeared as poly-lob-
ulated cystic cavities, including their echogenic contents (asterisks) near the renal pelvis. This lesion (arrows) was suspected of being 
connected to the renal pelvis. Blood flow was not detected with a color Doppler examination (B). The renal contour near the cystic lesion 
was distorted.
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ferred to as a major calyx by some researchers [7]. In this case, 
this diverticulum had direct communication with the renal pel-
vis (also called the major calyx in a cat), was located in the mid-
dle region of the kidney, and reduced the kidney function. 

These characteristics were similar to a type 2 calyceal diverticu-
lum in humans.

The calyceal diverticulum should be differentiated from other 
renal cystic diseases, such as hydrocalyx, simple renal cyst, par-
apelvic cyst, and cystic renal tumors [2,3]. Human cases of ca-
lyceal diverticulum have mainly been reported as non-specific 

findings on radiography, ultrasonography, or the non-enhanced 
and nephrogenic phase of CT [2-5]. To date, a calyceal divertic-
ulum mimics other renal cystic diseases, which leads to a mis-
diagnosis [1,2,5]. On the other hand, other diseases do not in-
volve direct communication with the collecting system [3]. The 
ultrasonographic findings only raise the suspicion of a lesion 
being a calyceal diverticulum if a diverticulum neck is found, if 
the cyst contains calculi or milk calcium—liquid, or semisolid 
calcified materials of the calyceal diverticulum in human medi-
cal terms [1-3,5,6,8,9]. A confirmed diagnosis of calyceal diver-

A

D

B

E

C

F

Fig. 2. Abdominal transverse pre-contrast (A), post-contrast nephrogenic phases (B: portal phase; C: 2 minutes delayed phase), and ex-
cretory phases (D: 5 minutes; E, F: 10 minutes) of computed tomographic soft-tissue window images. These images except (F) showed 
how the calyceal diverticulum lesion changed over time in the same cross-section. (F) It shows the following computed tomography 
image to (E). The pre-contrast image (A) showed hyperattenuated pelvic calculi and calcified materials (arrow) at the ventral part of the 
right renal cortex. After contrast injection, this lesion was not enhanced on the portal phase (B) and 2-minute-delayed images (C), and 
was filled up by contrast medium with a similar density to that of the collecting system in the 5- and 10-minute-delayed images (D-F). 
The diverticulum necks were shown on 10-minute-delayed images (E, F).

Fig. 3. Curved planar reformatted image (A) and the maximum intensity projection (MIP) reconstruction image (B) of the right kidney on 
the excretory phase. The reformatted image (A) definitely revealed communication between the calyceal diverticulum and the collecting 
system. This also showed a urine pathway, including the calyceal diverticulum, pelvis, ureter, and urinary bladder. Two main diverticulum 
necks (arrows) were evident on the MIP image.
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ticulum requires the excretory phase images of CT and magnet-
ic resonance imaging in humans [1,2,4,5]. The excretory phase 
of CT shows filling of the renal cystic cavity with contrast indi-
cating a connection with the collecting system [1-5]. 

In this case, plain radiography and the non-contrast nephro-
genic phase of CT revealed non-specific findings. Ultrasonog-
raphy showed the cystic cavities, including calcified materials, 
which suggested a connection of the diverticulum with the pel-
vis. The CT study showed specific features only on the excreto-
ry phase, as observed in humans. As an excretory phase scan of 
CT is not performed routinely, the true prevalence of calyceal 
diverticulum could be higher owing to its misinterpretation as a 
simple renal cyst in a small animal, such as a cat.

In humans, 50% of calyceal diverticulum cases are complicat-
ed by calculi and milk calcium, which are usually faintly radi-
opaque or radiolucent in radiographs, but only hyperdense on 
non-contrast CT [1,4,5,7,9]. This complication is likely due to a 
combination of urinary stasis and repeated infection in the ca-
lyceal diverticulum [3-5]. In this case, the calcified materials 
within the calyceal diverticulum were similar to milk calcium 
observed in humans.

Calyceal diverticulum and renal agenesis are both congenital 
conditions, and a calyceal diverticulum with contralateral renal 
agenesis has been reported in humans [10]. Embryogenically, 
these two diseases arise due to a failure of ureteric bud develop-
ment. Therefore, calyceal diverticulum and renal agenesis were 
also suspected to be congenital conditions in this case.

This case report describes the radiographic, ultrasonographic, 
and CT features of a right renal calyceal diverticulum with left 
renal agenesis in a cat. Calyceal diverticulum resembles other 
renal cystic diseases on ultrasonography and the non-enhanced 
and nephrogenic phase of CT, which could result in a misdiag-
nosis. On the other hand, calyceal diverticulum can be diag-
nosed definitively on excretory phase CT imaging. The refor-
matted CT images could also provide more important diagnos-
tic information on the calyceal diverticulum by demonstrating 
its anatomical position and communication with the collecting 
system.
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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. It should 
not be exceed 1500 words from introduction through discussion, 
one-paragraph unstructured abstract of 100 words, 15 references, 
and 3 figures or tables. Each short communication and case report 
must have a short abstract of no more than 100 words. Do not use 
section heading in the body of the short communication and case 
report; 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 requirements.

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-
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. 
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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-
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 
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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-
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 
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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. Diagrams and photographs submitted in electronic format 
must be of the following minimum resolutions:

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

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

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

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

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

6. Alteration in proof

The Korean J Vet Res provides corresponding author with galley 
proofs for their correction. Corrections should be kept to mini-
mum. The Editor retains the prerogative to question minor stylistic 

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

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

7. Research and publication ethics

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

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

Redundant publication and plagiarism: Redundant 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 
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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. Research involving animals

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

Animal studies: A statement indicating that the protocol and 
procedures employed were ethically reviewed and approved, and 

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

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

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

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

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

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

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

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

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

of ethical or welfare concerns

9. Additional information

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

Publication charge
☐  All authors recognize the publication fees.

Option
☐  Recommendation for three appropriate potential reviewer



Please complete this form, sign and return this form to the Editorial Office. Please use only in English.

Name of the First author (in block letters)              
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In consideration of the publication of my contribution in the Korean Journal of Veterinary Research, I hereby warrant that in the case of 

joint authorship I have been authorized by all co-authors to sign this agreement on their behalf; that this article is the author(s)' original 
work, has not been previously published elsewhere either in printed or electronic form and is not under consideration for publication else-
where; that this article contains no violation of any existing copyright and that I will indemnify the Editors and the Korean Journal of Veteri-
nary Research against all claims and expenses arising form any breach of this warranty on my behalf in this agreements; and that I have ob-
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the copyright owner.
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학회의 원활한 운영을 위하여 회원 여러분의 적극적인 연회비 납부를 부탁드립니다. 아울러, 전화번호, E-mail 주소, 

소속, 주소가 변경된 회원은 꼭 학회 사무국으로 연락하시어 학회 소식을 받아보시는 데 불편이 없으시길 바랍니다.

<회원 혜택>

① 각종 학회 행사 안내

② 학술대회 등 학회 행사 등록비 할인

③ Journal of Veterinary Science 논문 게재료 할인

<회비 안내>

* 일반회원(정회원): 5만원    * 평생회원: 50만원

* 도서관: 5만원     * 평의원: 10만원

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

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

<신규 가입 방법>

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

<납부 방법>

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

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

납부' 메뉴 이용










	kjvr_v61n2_cover
	kjvr_v61n2_내지

