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Introduction 

Fish-eating birds are definitive hosts of some helminth species of which the lar-
val stages cause significant losses in fish breeding [1]. Birds of the family Anatidae 
are vulnerable to helminthiases, such as capillariasis, amidostomiasis, ascaridiasis, 
and hymenolepiasis [2]. 

Nematodes may be encountered in almost any organ of the birds, with the most 
common being the gastrointestinal tract, the duodenum and gizzard, and its adja-
cent dermal layers. They may be found in the skin, heart, and lungs [3]. In numer-
ous early studies, Amidostomum spp. was reported to have pathogenic effects and 
cause the death of birds [4]. On the other hand, geese infected with Amidostomum 
spp. showed no serious lesions due to this infestation [5]. Tetrameriasis is a dan-
gerous disease that infects birds and causes death [6]. The tissue destruction, de-
generation, inflammatory response, hemorrhage, and necrosis were observed in 
the proventriculus of little grebe Podiceps ruficollis infected with the nematode Eu-
strongylides tubifex [7]. 

Amidostomum acutum was reported from Anas fluvigula in both Texas and 
Florida [8]. The mass mortality of the common eiders Somateria mollissima was 
reported in the Dutch Wadden Sea [9], but the authors were unable to attribute 
such death to a specific reason: food shortage, modern fisheries practices, anoma-
lous environmental conditions, or high infection with the acanthocephalan Porfil-
icollis botulus as well as the infection with the gizzard nematode A. acutum in ad-
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Original Article

The small intestines of two rallid aquatic birds (Fulica atra Linnaeus, 1758 and Galli-
nula chloropus (Linnaeus, 1758) from Bahr Al-Najaf depression, southwest of Al-Najaf 
city, mid-Iraq), were infected with the nematode Amidostomum acutum Seurat, 1918 
with a prevalence of 25% and 50%, respectively, and a mean intensity of 24.5 and 30, 
respectively. The infected birds showed several gross pathological and microscopic le-
sions in their small intestines due to the infection with this nematode. The gross le-
sions included hypertrophy in the anterior part of the duodenum and small rough 
nodules on the small intestine wall. Microscopic lesions included necrosis and short-
ening of villi with their fullness with inflammatory cells, degeneration of villi, and an 
increased number of acini at the base of the intestinal villi. 
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dition to few other helminths.  
The present article reports the different histopathological ef-

fects of the nematode A. acutum on the duodenum of two in-
fected aquatic birds (Fulica atra and Gallinula chloropus) from 
Bahr Al-Najaf Depression, mid-Iraq, because such nematode 
affects the health of some important aquatic birds in Iraq. 

Materials and Methods 

Eight F. atra and four G. chloropus were dissected for a parasi-
tological investigation. Both bird species belong to the family 
Rallidae, Order Gruiformes of the Class Aves [10]. The duode-
num of both bird species was infected with the nematode A. 
acutum, which belongs to the family Amidostomatidae, order 
Strongylida, Class Secernentea of the phylum Nematoda [10]. A 
1 ×  1 cm area of infected and uninfected tissue sections of the 
duodenum was selected, considering that the infected sections 
included a part of the lesion and an uninfected part. The sec-
tions were fixed with Bouin’s solution for 24 hours, dehydrated 
with a graded series of ethanol, and then with a mixture of ab-
solute alcohol and xylol, cleared with xylol, embedded with par-
affin in paper cubes, and transferred to wax cubes [11]. 

The wax cubes were cut into 4 to 5 micrometers thick sec-
tions with a rotating hand microtome. The sections were placed 
on a slide, transferred to a water bath for 2 to 3 minutes at 37°C, 
and then to a hot plate (35°C-40°C). The Harris hematoxylin 
and eosin stain procedures were employed [12]. 

All birds experiments were performed in accordance with the 
guidelines of the National Council for Animal Experimentation 
Control, and the Ethical Committee approval was obtained 
from Ethical Committee of Middle East University, Jordan.

Results 

Clinically, the infected aquatic birds were sluggish, emaciated, 
and unable to move. Furthermore, they lacked appetite as they 
refused to take food. 

Macroscopically, the duodenum junction with the gizzard of 
both F. atra and G. chloropus was inflamed. Longitudinal cut-
ting of this area showed a huge number of the nematode A. acu-
tum (Fig. 1), blocking the lumen and preventing food passage. 
Small rough solid nodules were also observed on the intestinal 
wall of both birds. 

Microscopically, the most prominent feature was concerned 
mainly with villi because most of these structures showed atro-
phy, shortening, degeneration, and filled with inflammatory 
cells (Fig. 2) compared with their long and thin shape (Fig. 3). 

Fig. 1. Large mass of Amidostomum acutum inside the gut of the 
infected birds.

Fig. 2. Villi atrophy and hypertrophy in the gut of the infected 
birds with Amidostomum acutum (H&E stain, ×100).

Fig. 3. Uninfected villi (H&E stain, ×100).

Fig. 4. Villi degeneration of birds infected with Amidostomum 
acutum (H&E stain, ×100).
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The degenerated villi appeared cracked, loosened, and lost 
their normal appearance (Fig. 4) compared to the normal villi 
(Fig. 3). 

A large number of chronic inflammatory cells were noted, 
which filled the entire intestinal villi. Such cells also occurred in 
both the muscularis mucosa and serosa of the intestine of both 
bird species (Fig. 5). 

An increase in the number of acini found in the base of the 
intestinal villi was also observed. Such acini appeared in a single 
row in the uninfected intestine (Fig. 2). 

Discussion 

A. acutum causes severe damage to its host by initiating ane-
mia in addition to mechanical injuries to the host tissues as it 
tries to penetrate deeply and cannot be removed [13]. Among 
the mechanical damage observed in the present investigation 
was the occurrence of nodules on the internal walls. 

Atrophy of villi occurred because of direct contact between 
the worms and the apex of villi, which causes a decrease in the 
villi absorption efficiency and a decrease in the absorption of 
the digested food, solutions, and necessary minerals [14,15]. 

In the intestine of both F. atra and G. chloropus infected with 
amidostomiasis in the present investigation, the villi lose their 
normal shape. Such degeneration was also observed in chickens 
infected with the cestode Raillietina cesticillus [16], domestic 
ducks infected with the trematode Notocotylus attenuatus [17], 
and in domestic fowl, Gallus gallus domesticus, suffering from 
cestodiasis [18]. 

Clear intestinal inflammation in the current study was repre-
sented by chronic inflammatory cells (lymphocytes, plasma 
cells, and phagocytes). A similar finding was also observed in 
domestic ducks infected with the nematode Echinuria uncinata 

[19]. Such lesions were observed as an increase in lymphocytes 
and eosinophils of domestic ducks infected with the trematode 
Sphaeridiotrema globulus [20]. An inflammatory response was 
noted in the proventriculus of the cattle egret Bubulcus ibis due 
to an infection with the nematode Microtetrameres egretes [21]. 
A similar response was also observed in the case of an infection 
of the little grebe P. ruficollis with the nematode E. tubifex [7]. 
The destruction of glandular secretory cells and a loss of secre-
tory function of the proventriculus of the North Island kaka 
Nestor meridionalis septentrionalis were reported with a nema-
tode Microtetrameres nestoris infestation [22]. The increase in 
the number of acini, which is found in the base of the intestinal 
villi, is caused by villi degeneration. Phalacrocorax carbo infesta-
tion with the cestode Haploparaxis crassirostris revealed the de-
struction of the villi epithelial lining and intestinal glands [23]. 
The present study confirmed the earlier results on the role of 
helminthic parasites on the health of aquatic birds. 
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Introduction 

Ambystoma mexicanum (axolotl), also known as the Mexican salamander, is an 
endemic amphibian species whose natural habitat is Chalco in Mexico and the 
Xochimilco Valley, belonging to the family Ambystomatidae. There are more than 
30 salamander species in the Ambystoma genus. 

The axolotl can regenerate their internal organs, limbs, spinal cord, tail, and 
brain [1]. It has extraordinary regeneration capacity in proportion to other verte-
brates [2]. 

This remarkable regenerative potential has been attributed to the life-long neo-
teny of the axolotl, which is characterized by the exhibition of embryonic charac-
teristics at the adult stage. Unlike most amphibians, axolotls never metamorphose 
into lung-breathing, terrestrial adults. 

The male lays a sack of male jelly, a small white capsule full of sperm known as a 
spermatophore. The spermatophore is a characteristic structure of most male uro-
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Original Article

The axolotl has extraordinary regeneration capacity compared to other vertebrates. 
This remarkable potential has been attributed to its life-long neoteny, characterized by 
the exhibition of embryonic characteristics at the adult stage. A recent study provided 
a detailed morphological analysis of the sperm morphology of the Ambystoma mexi-
canum using routine and detailed histological techniques. The primary purpose of the 
present study is to describe a simple and inexpensive method for evaluating the mor-
phology of axolotl sperm. In this study, spermatophore structures were collected and 
spread on slides and air-dried. The slides were stained with periodic acid Schiff, tolui-
dine blue, Masson’s trichrome, Giemsa, Spermac, and Diff-Quik dye for a morphologi-
cal examination. The slides were coated with gold/palladium for a scanning electron 
microscopy examination. The sperm of the axolotl consisted of an elongated head, a 
neck, and a flagellum covered with an undulating membrane. The lengths of the mid-
piece, tail, and head were 8.575 µm, 356.544 µm, and 103.661 µm, respectively. In the 
flagellum part, the wavy membrane structure, whose function has not been explained, 
surrounds the tail. The data obtained from this study will constitute an important step 
in designing future research on the reproductive and regeneration capacity of the ax-
olotl. 

Keywords: Ambystoma mexicanum; spermatozoa; histology
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deles that have internal fertilization, more than 90%. The female 
has one or more sacks on her cloaca [3]. Spermatophores are 
picked up by the female cloaca, where the sperm are released 
and wait in the spermatheca at the exit of the oviduct until fer-
tilization [4]. The sperm inside the female can fertilize the eggs. 
Females align the eggs to aquatic plants when fertilization is 
completed [5]. She will eventually begin laying eggs, which can 
take hours or even days to start. She may lay between 100 and 
1,000 eggs at this time. The eggs are soft and covered in a slime 
that keeps them grouped. The eggs firm up as the larva grows. 
After a few weeks, many new larval axolotls are produced. Axo-
lotls undergo this courtship once a year, particularly from 
March to June. Female axolotl attaches her 100 to 300 jelly-coat-
ed eggs to aquatic plants or rocks. Approximately 10 to 14 days 
later, the eggs hatch. Axolotls become sexually mature after ap-
proximately 1 year. 

The studies are concentrated in the field of the regeneration 
ability and evolutionary biology of the axolotl. Research on the 
reproductive biology and gametes of the axolotl is very limited. 

This paper reports a detailed morphological analysis of the 
sperm cells of A. mexicanum using several microscopic tech-
niques. The data obtained will constitute an important step for 
future studies on the reproduction and regeneration capacity of 
A. mexicanum. 

Materıals and Methods 

Animal care and sample collection 
The EU Directive 2010/63/EU for animal experiments guide-

lines were followed. Animal care conditions and experiments 
were authorized with the approval number 38828770-
604.01.01-E.32248 by the local ethics committee of the Istanbul 
Medipol University. The animals were maintained in individual 
aquaria within a Holtfreter’s solution at 18°C. This research did 
not receive any specific grant from funding agencies in the pub-
lic, commercial, or not-for-profit sectors. 

In the present study, the spermatophore (sperm packets) 
structures that the sexually mature axolotl left in the water tank 
were collected. If spermatophore structures were not found, the 
protocol developed by Mansour et al. [6] was used. This proto-
col was developed to collect A. mexicanum gametes. Sperm was 
collected by applying an abdominal massage to three animals (n 
=  3) under 0.1% benzocaine (Cat. No. E10521; Sigma-Aldrich, 
USA) anesthesia and the animals were not harmed. Samples 
collected from each animal were spread over 21 slides (3 repeats 
for each method) and air-dried. The remaining sperm were 
stored under suitable conditions for the other examinations. 

Except for the Diff-Quik staining protocol, the specimens were 
fixed in 4% paraformaldehyde (SZBF1870V; Sigma-Aldrich) 
and washed with distilled water. For the morphological exam-
ination, the slides were stained with periodic acid Schiff (PAS), 
toluidine blue, Masson’s trichrome, Giemsa, Spermac, and Diff-
Quik dye according to manufacturer’s protocol and visualized 
by microscopy (Nikon Eclipse; Nikon Instruments Inc., USA) 
using a Nikon DS-Fi2-U3 Digital Camera and its image analysis 
software system. Each part of the sperm cell was measured us-
ing the Image J program (US National Institutes of Health, 
USA). 

PAS staining 
PAS staining is preferred for examining carbohydrate macro-

molecules (glycogen, glycoprotein, and proteoglycans). Basical-
ly, periodic acid breaks down two contiguous carbon bonds and 
produces aldehydes at the free ends. Subsequently, the Schiff re-
agent reacts with those aldehydes and shows a purple/magenta 
color. As a result of staining, positive PAS substances appear 
magenta red, and the nuclei appear blue. 

A PAS-amylase (04-130803; Bio-Optica, Italy) staining kit 
was used for this experiment. Amylase is a pre-applied solution 
that helps obtain clear results. The kit was applied according to 
the manufacturer’s protocol in the following steps. The slides 
were washed with distilled water and incubated in amylase re-
agent for 10 minutes at room temperature. After rinsing with 
distilled water, the slides were exposed to a periodic acid solu-
tion for 10 minutes. After washing in distilled water, a Schiff re-
agent was applied for 20 minutes. The slides were then treated 
with a potassium metabisulphite solution for 2 minutes after 
washing with distilled water. After draining the slides and soak-
ing them in the fixative solution for 2 minutes, they were 
washed with distilled water. Mayer’s Hemalum solution was 
then applied for 3 minutes and washed with tap water. Finally, 
the slides were dehydrated using ascending series of alcohol 
(70%, 96%, and 100%), cleared in xylene (1330-20-7; JT Baker, 
USA), and mounted. The positive PAS dots were observed by 
optical microscopy. 

Masson’s trichrome staining 
Masson’s trichrome staining is a common histological tech-

nique consisting of three different staining solutions. The pro-
tocol starts with Weigert’s hematoxylin and continues with pos-
sible combinations of a plasma stain, a solution containing 
phosphomolybdic acid, and a fiber stain. Most combinations 
produced green or blue collagen fibers, light pink plasma, red 
muscle fibers, and dark brown/black nuclei. 
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The slides were washed with distilled water after fixation. Af-
ter Weighert’s hematoxylin (05-06008A/L, 05-06008B/L; 
Bio-Optica) was applied for 3 minutes, the slides were washed 
with tap water for 10 minutes. They were then soaked in a 
freshly prepared acid fuchsin (F8129; Sigma-Aldrich)-phospho-
molybdic acid (04-060802; Bio Optica) mixture for 5 minutes. 
After draining the slides, they were exposed to methyl blue 
(M6900; Sigma-Aldrich) for 3 minutes. They were rinsed in 
distilled water and treated with 1% acetic acid (1000631011; 
Merck KGaA, Germany) for 2 minutes. The slides were dehy-
drated using an ascending series of alcohol (70%, 96%, and 
100%) and cleared with xylene. The slides were then mounted 
and observed by optical microscopy. 

May-Grünwald-Giemsa staining 
May-Grünwald-Giemsa staining is used mainly for blood 

cells. May-Grünwald contains acidic eosin, which stains the al-
kaline components of the cell orange/red, and alkaline methy-
lene blue, which stains the acidic components of the cell blue. 
Giemsa contains azure that stains the basic cellular components 
red and purple. 

The fixed slides were washed with distilled water and then 
soaked in a May-Grünwald (205435; Merck KGaA) solution for 
5 minutes. After washing with distilled water, the Giemsa 
(48900; Sigma-Aldrich) solution was applied for 15 minutes. 
When the last wash was completed, the slides were left in the 
upright position to drain and dry. Dehydration was performed 
quickly in an ascending series of alcohols (70%, 96%, and 
100%). The slides were cleared in xylene for 10 seconds and 
mounted. The morphological observations were by optical mi-
croscopy. 

Diff-Quik staining 
Diff-Quik is preferred for rapidly staining, which differenti-

ates cytoplasmic elements, such as neurosecretory granules, 
mucins, and fat droplets in addition to nuclear staining. The 
slides were fixed with the first solution of the Diff-Quik (Micro-
ptic SL, Spain) staining protocol. The first solution included fast 
green in methanol. After dipping the slides in the fixative 5 
times, slides were drained and soaked in solution 2 (Eosin G in 
phosphate buffer) for 2 minutes. Without washing, solution 3 
(thiazine dye in phosphate buffer) was applied for 5 minutes. 
The slides were air-dried observed by optical microscopy with-
out dehydrating and mounting. 

Toluidine blue staining 
The air-dried slides were fixed in 96% ethanol-acetone for 

one hour at 4°C. The preparations were hydrolyzed in 0.1 N 
HCl for 5 minutes and triple washed with distilled water for 2 
minutes. The preparations were then stained with 0.05% tolui-
dine blue dye (FN 1130830; Merck KGaA) for 10 minutes. After 
washing twice with distilled water, slides were kept in 96% alco-
hol for 2 minutes. The slides were then mounted and observed 
by optical microscopy. Pale blue nuclei were evaluated as nor-
mal, and dark blue nuclei were evaluated as chromatin destabi-
lization.  

Spermac staining  
Sperm samples smeared on positively charged slides and air-

dried. For acrosomal morphological examination, the Spermac 
stain kit (Stain Enterprise, Republic of South Africa) was used. 
Spermac stains the nuclear portion and the post-acrosomal re-
gion red, and the acrosome, midpiece, and tail parts of the 
sperm as green. The protocol was applied as Oettle [7] reported. 
The slides were fixed in 4% paraformaldehyde for 15 minutes 
and washed several times with distilled water. When the excess 
water was drained, the slides were placed in solution A for 1 to 
2 minutes. After washing gently, the slides were soaked in solu-
tion B for 1 minute. The slides were washed with distilled water 
and placed into solution C for 1 minute. After the last wash, the 
slides were air-dried and observed by optical microscopy with-
out mounting. 

Scanning electron microscopy preparation 
The collected sperm samples were spread on the positively 

charged slides and air-dried. The slides were fixed in a 2% para-
formaldehyde-10% glutaraldehyde mixture (1:1) for 20 minutes. 
Subsequently, the slides were dehydrated in an increasing series 
of alcohol (70%, 96%, and 100%). The slides were then sput-
ter-coated with gold/palladium particles in the Leica EM 
ACE200 system (Leica Microsystems GmbH, Germany) and 
examined using a Zeiss EVO HD 15 STEM. 

Statistical analysis 
SPSS for Windows ver. 16.0 software (SPSS Inc., USA) was 

used for statistical analysis. The mean and standard deviation of 
the measurements were calculated using the program. 

Results 

Table 1 lists detailed measurements of each part of a sperm 
cell shown in Fig. 1. The scheme on the left shows the images 
used to measure the specific area (Fig. 1). The axolotl sperm 
consists of an elongated head, a neck, and a flagellum covered 
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Table 1. Detailed measurements

Variable Value
Head (µm)
 Length 103.661 ±  0.6
 Width (thinnest to thickest part) 0.429-1.560
Midpiece (µm)
 Length 8.575 ±  0.4
 Width 1.08 ±  0.1
Tail (µm)
 Length
  Total axonem part 356.544 ±  3.1
  Following undulated membrane part 300 ±  1.9
  Width (undulated membrane included) 1.942 ±  0.3

Values are presented as the mean ± standard deviation unless otherwise 
indicated.

Fig. 1. Detailed measurements of a sperm cell and the measured images stained with Diff-Quik (A, E, F), toluidine blue (B), and Masson’s 
trichrome (C, D). The scheme on the left shows the images used to measure the specific area (A and E for the head region; E and B for the 
midpiece region; C, D, and F for the tail region). (A-F) Scale bar: 10 μm.

(a) 0.429 μm

(a) 0.546 μm

(a) 0.773 μm

(a) 0.958 μm

(a) 1.093 μm
(a) 1.560 μm

(e, b) 1.08 μm

(e, b) 8.575 μm

(c) 19.467 μm

(c, f) 10.642 μm

(c, d, f) 1.405 μm

(c, d, f) 3.852 μm

(c, d, f) 1.942 μm

(e) 300 μm

(c) 356.544 μm

(a, e) 103.661 μm

(c, d, f)  
4.822 μm

A

B

C

D

E

F

with an undulating membrane (Figs. 2, 3). There were no colla-
gen fibers observed in any sperm region (Fig. 2A and B). The 
spermatozoa head is sickle-shaped with a tapered end as it elon-

gate towards the tip (Figs. 2E and 3D). The scanning electron 
microscopy (SEM) images of the head region supported the 
routine optical microscopy observations (Fig. 4). The midpiece 
was relatively shorter and had a stable width throughout its long 
axis (Figs. 2E, 2F, 3A, 3B, 3E, 3F). The tail is connected to the 
posterior end of the neck and consists of a supporting axial rod 
(axial fiber) attached to a lateral flagellum by an undulating 
membrane (Figs. 3A, 3B, 3E, 3F, 5, and 6). The silhouette of the 
wavy membrane was observed with Diff-Quik staining (Fig. 3A 
and B) and observed clearly with Spermac staining (Fig. 3E and 
F). Giemsa staining showed the straight membrane pattern of 
the ending tail (Fig. 3C and D). The tail could be divided into a 
midpiece, a main piece (Fig. 3F), and an end piece (Fig. 3C, in-
set). The structural map of this interesting membrane was de-
termined by SEM examinations (Figs. 5, 6). The main piece was 
easily discernible in Ambystoma because of the tail membrane 
[8] or keel [9] extending along it opposite the undulating mem-
brane. The SEM images of both membranes terminated at the 
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tapered end of the axial rod, but a short segment of the flagel-
lum extended beyond the end piece. PAS-positive granules were 
observed clearly on the post-nuclear part of the head and tail 
(Fig. 2C and D). The measured length of spermatozoa was 
468.78 µm. 

Discussion 

There is limited data on reproductive biology and gamete 
cells of the axolotl, which may provide insights into their regen-
eration potential. Regarding the morphology of axolotl sperm, 
only three studies have been performed, one of them focusing 
on the mitochondrial morphology [9]. Another focused on the 
testicular structure in a group of salamanders [3]. The last study 
examined the sperm morphological differences after interspe-
cific hybridization [10]. Other studies included a study on se-
men collection strategies, with one focusing on the spermato-
genesis procedure [6,10].  

One study carried out in 2014 investigated the testicular 
structure and germ cell morphology of A. mexicanum [3]. The 

A

C

E

B

D

F

Fig. 2. No collagen fibers were observed with Masson’s trichrome 
staining (A, B and insets); periodic acid Schiff positive granules 
were seen at different points of the tail and lover head (C, D and 
insets), and toluidine blue staining sharpened the edges of the head 
(E) and midpiece region (F and inset). (A-F) Scale bar: 10 μm.

A

C

E

B

D

F

Fig. 3. Silhouette of a wavy membrane was seen with Diff-Quik 
staining (A, B and insets); Giemsa staining showed the straight 
membrane pattern of the ending tail (C, D and insets), and the 
wavy membrane was observed clearly by Spermac staining (E, F 
and insets). (A-F) Scale bar: 10 μm.

cystic structures within the testicle matured in the cephalo-cau-
dal regions and were replaced. Spermatogonial stem cells were 
observed in the cystic structures in the cephalic region of the 
testis, and mature spermatids were noted in the cystic structures 
in the caudal region. Uribe and Mejía-Roa [3] reported the 
morphology of the axolotl sperm in general with hematoxy-
lin-eosin staining. The mature spermatozoa contained acro-
somes and nuclei in the head. During maturation, the nucleus 
of the sperm is elongated and acquires a sickle appearance. The 
neck (middle part) part is rich in mitochondria, providing en-
ergy for movement. In the flagellum (tail) part, the wavy mem-
brane structure, whose function has not been explained, sur-
rounds the tail [3]. 

The axolotl sperm was demonstrated with different staining 
methods, and a detailed measurement was performed for each 
region for the first time. The results represent the mean value 
(average) taken from three axolotls to exclude the slight varia-
tions among spermatozoa from a single male. The overall 
sperm length was 468.78 µm, which is different from the 444 
µm reported by Uribe and Mejía-Roa [3]. This difference may-
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Fig. 4. Scanning electron microscopy images. (A) Whole sperm 
cell. The red arrow indicates the head part, and the arrowhead in-
dicates the last straight membrane part of the tail. (B) The red ar-
row indicates the head, and the arrowhead indicates the midpiece 
structures of a sperm cell. Scale bar: (A) 10 μm, (B) 2 μm.

A

B

Fig. 5. Scanning electron microscopy images. Undulated mem-
brane (arrow) and tail (arrowhead) structures of sperm cells. Scale 
bar: (A) 2 μm, (B) 1 μm.

A

B

be because of the different stocks used in the studies. 
PAS-positive granules were observed clearly on the tail, indi-

cating the cellular transport of a sperm cell. Axolotl sperm cells 
move forward circularly. These energy-containing packages 
might contribute to the tail movement. The other important 
question is the direction of these granules, which could provide 
information on the sperm cell metabolism. Further detailed re-
search will be necessary to understand this model organism 
better. 

No abnormal sperm cells were observed in any of the indi-
viduals. Uribe and Mejía-Roa [3] reported some abnormally 
sized and shaped spermatozoa in several cysts. Spermatozoa 
mature in the cystic structures in the axolotl testicular lobules. 
They also reported that these spermatozoa were eventually 
phagocytized by Sertoli cells, which is in accordance with the 
present findings. Overall, all the abnormal sperm cells were 
phagocytized, resulting in no abnormal sperm cells remaining, 

unlike humans. This is a notable finding regarding the high re-
generation capacity of the axolotl. The results suggest that the 
molecular mechanisms underlying the high regeneration ca-
pacity may explain the elimination of abnormal forms. The de-
tailed morphologic analysis of the axolotl sperm was carried 
out using different staining methods, which require further 
analyses with special insight into molecular events and the 
mechanisms used to eliminate the abnormal sperm cells. This 
may provide clues to understand the mechanisms underlying 
male factor infertility correlated with sperm parameters and 
develop treatment strategies by propagating the elimination 
mechanisms to prevent infertility. 
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Fig. 6. Scanning electron microscopy images. Undulated mem-
brane (indicated as a red star) and tail structures of sperm cells. (A, 
B) Scale bar: 1 μm.
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Introduction 

Food poisoning incidents caused by various foods have been a common occur-
rence since the past [1-4]. In particular, livestock products are most likely to be 
contaminated with bacteria during production, slaughter, processing, distribution, 
and sales due to various factors such as the presence of moisture and nutrients 
conducive for bacterial growth [5,6]. In Korea, the hazard analysis and critical 
control points (HACCP) system is implemented for all livestock industries such as 
feed factories, animal farms, slaughterhouses, processing plants, meat packaging 
plants, milk collection centers, distribution centers, and meat and milk retail stores 
for ensuring the hygiene and safety of livestock products [7-9]. After the imple-
mentation of the HACCP system for the domestic livestock industry, the hygiene 
and safety of livestock products has greatly improved [10,11]. However, there is 
still room for improvement, and consumers have demanded that the system be 
further strengthened and optimized to enhance food safety. 

Until now, studies on HACCP in the livestock sector were mainly limited to the 
effectiveness of HACCP implementation [12,13]. There are very few studies on 
HACCP evaluation items and inspection methods in the livestock products sector 
[14,15]. In order to increase the effectiveness of the HACCP system, it is consid-
ered necessary to examine the evaluation items and conduct a detailed study on 
the methods of inspection. The meat shop represents a stage in which slaughtered 
and processed livestock products are finally sold to consumers, and has a very im-
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portant part in hygiene and safety management. The HACCP 
evaluation items for meat shops consist of the prerequisite pro-
gram and HACCP management [16]. Among them, the evalua-
tion items in the HACCP management field were composed 
based on Codex [17], and the prerequisite program was estab-
lished based on the Livestock Products Sanitation Management 
Act [18]. The evaluation items of the HACCP prerequisite pro-
gram for meat shops include total 51 items (facilities manage-
ment, 23; sanitation management, 7; storage and transportation 
management, 12; inspection management, 8; recall manage-
ment, 1) [16]. All these 51 items are scored using a 3-point 
scale, with the highest score being 2 points, medium score being 
1 point, and lowest score being 0 point. This current evaluation 
and scoring system is not sufficiently effective in terms of en-
suring food safety as all evaluation items are assumed to have 
the same level of importance despite their varying impact on 
food safety. For example, compliance with standards for “re-
stroom, changing room management” and “raw meat and fin-
ished product inspection” will both earn 2 points, even though 
the latter has a much greater effect on consumer health safety. 
As a result, the final total score does not clearly reflect whether 
a store has fulfilled the most critical food safety requirements. 
This shortcoming of the current evaluation system may com-
promise the hygiene and safety management of livestock prod-
ucts. For this reason, the HACCP evaluation items in the gener-
al food sector in Korea and Good Agricultural Practices (GAP) 
evaluation items in the United States use scoring methods in 
which different scores are given according to the level of impor-
tance of each evaluation item [16,19]. 

The purpose of this study was to assess the importance of 
each prerequisite evaluation item and give a differential score 
for each item in order to increase the accuracy and effectiveness 
of the HACCP evaluation system for meat shops in assessing 
compliance with food safety standards. 

Materials and Methods 

Method for improving the scoring of evaluation items 
The importance (i.e., the safety relevance) of each evalua-

tion item was analyzed based on the analysis of: (1) the sever-
ity of hazards caused by each item, and (2) the non-compli-
ance ratio associated with each item over the past 3 years. The 
analyzed results were applied to the evaluation items of the 
prerequisite program, and the practical effectiveness was veri-
fied through comparative analysis with the current evaluation 
score system. 

Analysis of non-compliance ratio 
The rate of non-compliance with the prerequisite evaluation 

items in a total 1,400 meat shops over the past 3 years was an-
alyzed (Fig. 1). The results were used for portfolio map analy-
sis. 

Analysis of severity level of hazards 
The HACCP prerequisite evaluation items for meat shops 

were classified into 3 categories (high, middle, and low) based 
on their hazard severity levels. The hazard severity level was de-
termined based on the effects of the evaluation item on human 
health safety and the quickness with which the damage can be 
corrected. Evaluation items with a high (3 points) level of haz-
ard directly affect meat quality and health safety and corrective 
action for the safety incident takes a long time. Middle-scored 
(2 point) items are indirectly related to meat quality and health 
safety and corrective action takes a long time. Low (1 point) in-
dicates items whose effects on meat quality and health safety are 
indirect and the effects can be corrected immediately.  

Portfolio map analysis  
The importance level of each evaluation item was determined 

by analyzing the portfolio map. The portfolio map has the ad-
vantage of facilitating analysis by visually representing each val-
ue. In this study, the differentiated score for each evaluation 
item was presented through the portfolio analysis using the re-
sults of analysis of the hazard severity level and the rate of 
non-compliance with the prerequisite evaluation items. The av-
erage value of the rate of non-compliance and the hazard sever-
ity level was set as a cut-off value, and the area corresponding to 
the higher value was judged as highly important, scoring 3 
points. Next, 2 points were given to the areas where either the 
rate of non-compliance or the hazard severity level was lower 
than the average value. One point was given to the areas where 
both the rate of non-compliance and the hazard severity level 
were lower than the average value. 

Field implementation and comparative analysis 
The new scoring system developed through this study was 

compared with the scoring system currently being used. This 
comparison was done to verify whether the new scoring system 
is more accurate and effective in assessing safety compliance. 
The new scoring system was analyzed for differences with the 
currently used evaluation score system through evaluation of 
HACCP prerequisites for meat shops. 
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Fig. 1. Analysis of non-compliance rates for each hazard analysis and critical control points prerequisite evaluation item for meat shops 
over the last 3 years. (A) Work place of facility management. (B) Sanitary management. (C) Storage and transportation management. (D) 
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1. Separation of other facilities
2.  Classification of workplace, temperature 

management
3. Floor management
4. Drainage cleanliness management
5. Door and interior wall cleanliness
6. Ceiling cleanliness management
7. Ventilation facility management
8. Lighting management

24. Hygienic conditions of facilities and equipment
25. Indication of equipment and container
26. Employees’ hygiene management
27. Employees’ disease management
28.  Cleaning and disinfection of working places 

and restroom
29. Regular education and training
30. Recording of hygiene management standard

31. Raw meat warehousing record
32. Rapid drop-off and loading
33. Use of standardized packaging materials
34. Storage temperature of raw meat
35.  Raw and subsidiary materials and product 

management
36. Storage and recording of defective products
37. Measures to improve defective products
38.  Product storage, display temperature 

management
39. First-in, first-out of raw meat and products
40. Display shelf signs
41. Recoding of storage management standard
42. Hygiene management of vehicles, tools, etc.

43. Raw meat and finished product inspection
44. Regular inspection and recording of lab
45. Consumables management book record
46. Inspection management item setting
47. Inspection report
48. Hygienic collection of test samples
49. Action of critical deviation 
50.  Measuring instrument calibration, record 

keeping
51. Recall program management

9. Management of worms and mice
10. Restroom, changing room management
11. Compliance with transport facilities
12. Door and window management
13. Tap water or ground water supply
14. Water tank lock
15. Ground water quality inspection
16. Equipped with facilities and tools management

17. Whether to use it for other purposes
18. Management of facilities and equipment 
19. Regular inspection of manufacturing facilities
20. Record management of corrective actions
21.  Refrigeration and freezing facilities, display 

boxes
22. Storage capacity of livestock products
23. Preparation of operation standards
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Results 

Analysis of the non-compliance ration in meat shop 
Fig. 1 shows the analysis result of the non-compliance rate for 

the HACCP prerequisite program for a total of 1,400 meat 
shops. In the workplace facility management, a total 6 items (no. 
2, classification of workplace, temperature management; no. 8, 
lighting management; no. 9, management of worms and mice; 
no. 12, door and window management; no. 19, regular inspec-
tion of manufacturing facilities; no. 21, refrigeration and freez-
ing facilities, display boxes) with a non-compliance rate of 2.0% 
or more were identified. On the other hand, there were 3 evalu-
ation items that had never met with non-compliance. For most 
other evaluation items, the non-compliance rate was around 
1.0%. Most of the evaluation items related to sanitary manage-
ment showed a high non-compliance rate. Of the total 7 evalua-
tion items, 5 items showed a non-compliance rate of over 2.0%, 
and 2 items showed a rate of less than 1.0%. In the domain of 
storage and transportation management, the highest non-com-
pliance rate (over 8.0%) was found in raw meat warehousing re-
cords. In addition, the non-compliance rate above 2.0% was 
seen in no. 33 (use of standardized packaging materials), no. 35 
(raw and subsidiary materials and product management), and 
no. 36 (storage and recording of defective products). In the field 
of inspection and recall management, no. 43 (raw meat and fin-
ished product inspection), no. 45 (consumables management 
book record), no. 49 (action of critical deviation), and no. 50 
(measuring instrument calibration, record keeping) showed 
high non-compliance. 

Analysis of hazard severity level of each HACCP 
prerequisite evaluation item 

Table 1 shows the analysis results by dividing the hazard se-
verity levels into 3 categories (high, middle, low) for each evalu-
ation item of the HACCP prerequisites for meat shops. The 
hazard severity level for each evaluation item was established 
through consultation with Korea Agency of HACCP Accredita-
tion and Services (KAHAS). There were a total 15 items (no. 2, 
19, 21, 22, 25, 26, 27, 28, 29, 31, 33, 35, 43, 49, 50) in the evalua-
tion items for which the hazard severity level was high. A total 
17 evaluation items (no. 3, 4, 6, 8, 9, 11, 12, 16, 18, 24, 30, 32, 34, 
36, 38, 39, 40) had middle hazard severity levels. The remaining 
19 evaluation items (no. 1, 5, 7, 10, 13, 14, 15, 17, 20, 23, 37, 41, 
42, 44, 45, 46, 47, 48, 51) showed low hazard severity levels.  

Analysis of the importance level of each evaluation item  
In this study, the importance level was classified using the 

portfolio map method through the analysis of the rate of 
non-compliance (statistical method) and hazard severity level 
(subjective method) of each evaluation item (Fig. 2). As per the 
portfolio map analysis, the evaluation items that belong to the B 
area with both high non-compliance rate and high hazard se-
verity level were no. 2, 8, 9, 12, 19, 21, 24, 25, 26, 28, 29, 31, 33, 
35, 36, 43, 49, and 50. The number of evaluation items in the D 
area, with high hazard severity level and low non-compliance 
rate was 1 (no. 45). The evaluation items corresponding to the 
A area, with high non-compliance rate and low hazard severity 
level were no. 3, 4, 6, 11, 16, 18, 22, 27, 30, 32, 34, 38, and 39. 
And both low non-compliance ration and low hazard severity 
level (C area) was no. 1, 5, 7, 10, 13, 14, 15, 17, 41, 42, 44, and 
46. 

Comparative analysis with the current scoring system 
Based on the results of the portfolio map analysis, 2 points 

were given for the evaluation items in the areas A and D, 3 
points for items in the B area, and 1 point for items in the C 
area. Table 2 compares the scoring system for each evaluation 
item used currently in meat shops and the scoring system de-
veloped through this study. In the current scoring system for 
meat shops 3 points are given regardless of the importance level 
of each evaluation item. However, in the system developed 
through this study, evaluation items are given 3 points, 2 points, 
or 1 point according to their importance level. The score system 
composition according to the level of importance consisted of 
15 evaluation items (29.4%) corresponding to 3 points, 17 eval-
uation items (33.3%) for 2 points, and 19 evaluation items 
(37.3%) with 1 point. 

Evaluation of the meat shops using the newly developed 
score system 

In order to compare the current scoring system with the new 
scoring system developed in this study, the evaluation was con-
ducted by selecting meat shop X with excellent facilities and 
poor prerequisite operation, and a meat shop Y with poor facili-
ties and excellent prerequisite operation (Table 3). The evalua-
tion found that a total of 11 non-compliances occurred, includ-
ing evaluation item no. 19 (regular inspection of manufacturing 
facilities), no. 21 (refrigeration and freezing facilities, display 
box), no. 24 (hygienic conditions of facilities and equipment), 
no. 25 (indication of equipment and container), no. 26 (employ-
ees’ hygiene management), no. 29 (regular education and train-
ing), no. 31 (raw meat warehousing record), no. 36 (storage and 
recording of defective products), no. 43 (raw meat and finished 
product inspection), no. 49 (action of critical deviation), and 
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Table 1. Analysis of hazard severity levels of each hazard analysis and critical control points evaluation item in meat shops

Index
The severity levels of hazards

High Middle Low
Evaluation items 2. Classification of workplace, temperature 

management
3. Floor management 1. Separation of other facilities

19. Regular inspection of manufacturing 
facilities

4. Drainage cleanliness management 5. Door and interior wall cleanliness

21. Refrigeration and freezing facilities, dis-
play boxes

6. Ceiling cleanliness management 7. Ventilation facility management

22. Storage capacity of livestock products 8. Lighting management 10. Restroom, changing room management
25. Indication of equipment and container 9. Management of worms and mice 13. Tap water or ground water supply
26. Employees’ hygiene management 11. Compliance with transport facilities 14. Water tank lock
27. Employees’ disease management 12. Door and window management 15. Ground water quality inspection
28. Cleaning and disinfection of working 

places and restroom
16. Equipped with facilities and tools man-

agement
17. Whether to use it for other purposes

29. Regular education and training 18. Management of facilities and equip-
ment

20. Record management of corrective ac-
tions

31. Raw meat warehousing record 24. Hygienic conditions of facilities and 
equipment

23. Preparation of operation standards

33. Use of standardized packaging materi-
als

30. Recoding of hygiene management 
standard

37. Measures to improve defective products

35. Raw and subsidiary materials and prod-
uct management

32. Rapid drop-off and loading 41. Recording of storage management 
standard

43. Raw meat and finished product inspec-
tion

34. Storage temperature of raw meat 42. Hygiene management of vehicles, tools, 
etc.

49. Action of critical deviation 36. Storage and recording of defective 
products

44. Regular inspection and recording of lab

50. Measuring instrument calibration, re-
cord keeping

38. Product storage, display temperature 
management

45. Consumables management book record

39. First-in, first-out of raw meat and prod-
ucts

46. Inspection management item setting

40. Display shelf signs 47. Inspection report
48. Hygienic collection of test samples
51. Recall program management

High, point 3; middle, point 2; low, point 1.
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0 2.0 4.0 6.0 8.0 10.0 12.0

Se
ve

rit
y 

le
ve

ls
 o

f h
az

ar
ds

 (s
co

re
)

3.0

2.5

2.0

1.5

1.0
Fig. 2. Classification and scoring of importance levels 
using the method of portfolio analysis.
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Table 2. Comparison of the current scoring system and the new scoring system developed in this study

No. Evaluation items Current This study
1 Separation of other facilities 3 1
2 Classification of workplace, temperature management 3 3
3 Floor management 3 2
4 Drainage cleanliness management 3 2
5 Door and interior wall cleanliness 3 1
6 Ceiling cleanliness management 3 2
7 Ventilation facility management 3 1
8 Lighting management 3 3
9 Management of worms and mice 3 3
10 Restroom, changing room management 3 1
11 Compliance with transport facilities 3 2
12 Door and window management 3 3
13 Tap water or ground water supply 3 1
14 Water tank lock 3 1
15 Ground water quality inspection 3 1
16 Equipped with facilities and tools management 3 2
17 Whether to use it for other purposes 3 1
18 Management of facilities and equipment 3 2
19 Regular inspection of manufacturing facilities 3 3
20 Record management of corrective actions 3 1
21 Refrigeration and freezing facilities, display boxes 3 3
22 Storage capacity of livestock products 3 2
23 Preparation of operation standards 3 1
24 Hygienic conditions of facilities and equipment 3 3
25 Indication of equipment and container 3 3
26 Employees’ hygiene management 3 3
27 Employees’ disease management 3 2
28 Cleaning and disinfection of working places and restroom 3 3
29 Regular education and training 3 3
30 Recoding of hygiene management standard 3 2
31 Raw meat warehousing record 3 3
32 Rapid drop-off and loading 3 2
33 Use of standardized packaging materials 3 3
34 Storage temperature of raw meat 3 2
35 Raw and subsidiary materials and product management 3 3
36 Storage and recording of defective products 3 3
37 Measures to improve defective products 3 1
38 Product storage, display temperature management 3 2
39 First-in, first-out of raw meat and products 3 2
40 Display shelf signs 3 2
41 Recording of storage management standard 3 1
42 Hygiene management of vehicles, tools, etc. 3 1
43 Raw meat and finished product inspection 3 3
44 Regular inspection and recording of lab 3 1
45 Consumables management book record 3 2
46 Inspection management item setting 3 1
47 Inspection report 3 1
48 Hygienic collection of test samples 3 1
49 Action of critical deviation 3 3
50 Measuring instrument calibration, record keeping 3 3
51 Recall program management 3 1
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Table 3. Differences in the evaluation of the meat shop Y based on the current scoring system and the new scoring system developed in this 
study

No. Evaluation items
A B

a b a b
1 Separation of other facilities 3 3 1 1
2 Classification of workplace, temperature management 3 3 3 3
3 Floor management 3 3 2 2
4 Drainage cleanliness management 3 3 2 2
5 Door and interior wall cleanliness 3 3 1 1
6 Ceiling cleanliness management 3 3 2 2
7 Ventilation facility management 3 3 1 1
8 Lighting management 3 3 3 3
9 Management of worms and mice 3 3 3 3
10 Restroom, changing room management 3 3 1 1
11 Compliance with transport facilities 3 3 2 2
12 Door and window management 3 3 3 3
13 Tap water or ground water supply 3 3 1 1
14 Water tank lock 3 3 1 1
15 Ground water quality inspection 3 3 1 1
16 Equipped with facilities and tools management 3 3 2 2
17 Whether to use it for other purposes 3 3 1 1
18 Management of facilities and equipment 3 3 2 2
19 Regular inspection of manufacturing facilities 3 1 3 1
20 Record management of corrective actions 3 3 1 1
21 Refrigeration and freezing facilities, display boxes 3 1 3 1
22 Storage capacity of livestock products 3 3 2 2
23 Preparation of operation standards 3 3 1 1
24 Hygienic conditions of facilities and equipment 3 1 3 1
25 Indication of equipment and container 3 1 3 1
26 Employees’ hygiene management 3 1 3 1
27 Employees’ disease management 3 3 2 2
28 Cleaning and disinfection of working places and restroom 3 3 3 3
29 Regular education and training 3 1 3 1
30 Recoding of hygiene management standard 3 3 2 2
31 Raw meat warehousing record 3 1 3 1
32 Rapid drop-off and loading 3 3 2 2
33 Use of standardized packaging materials 3 3 3 3
34 Storage temperature of raw meat 3 3 2 2
35 Raw and subsidiary materials and product management 3 3 3 3
36 Storage and recording of defective products 3 1 3 1
37 Measures to improve defective products 3 3 1 1
38 Product storage, display temperature management 3 3 2 2
39 First-in, first-out of raw meat and products 3 3 2 2
40 Display shelf signs 3 3 2 2
41 Recording of storage management standard 3 3 1 1
42 Hygiene management of vehicles, tools, etc. 3 3 1 1
43 Raw meat and finished product inspection 3 1 3 1
44 Regular inspection and recording of lab 3 3 1 1
45 Consumables management book record 3 3 2 2
46 Inspection management item setting 3 3 1 1
47 Inspection report 3 3 1 1
48 Hygienic collection of test samples 3 3 1 1
49 Action of critical deviation 3 1 3 1
50 Measuring instrument calibration, record keeping 3 1 3 1
51 Recall program management 3 3 1 1

A, current scoring system; B, newly developed scoring system; a, maximum score; b, the number of scores obtained as a result of evaluation.
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no. 50 (measuring instrument calibration, record keeping). 
These evaluation items are classified as evaluation items that 
can directly hazard consumer’s safety if management is neglect-
ed. Thus, when the same meat shop was evaluated using the 
current and new scoring systems, the current system gave the 
store a quality rating of “suitable” with 85.6% (131 points), but 
the new scoring system gave the rating of “non-compliance” 
with 78.4% (80 points). This shows that the new scoring system 
is more accurate and stringent, which can improve food safety 
management. 

Discussion 

The most advanced food hygiene and safety management 
program is the HACCP system. For this reason, many devel-
oped countries implement the HACCP system in all food sec-
tors [20-23]. The effects of implementation of the HACCP sys-
tem are appearing in various fields, such as improving the hy-
giene and safety of food, systemic management, and increasing 
consumer satisfaction [10,24,25]. The HACCP system of meat 
shops is divided into the prerequisite program and HACCP 
management field. Among them, the HACCP management 
field was established based on Codex [17], and the prerequisite 
program was developed based on the Livestock Products Sani-
tation Management Act [18]. Accordingly, the HACCP evalua-
tion items for meat shops were developed in accordance with 
the legal standards (prerequisite evaluation items) and Codex 
(HACCP evaluation items). The meat shop is the final stage of 
the meat production chain where consumers come to purchase 
meat. Therefore, a lot of attention is needed on the hygiene and 
safety of meat. However, the effectiveness of HACCP imple-
mentation is compromised because all evaluation items of the 
HACCP prerequisite program for meat shops are evaluated on a 
3-point scale despite the differences in their safety relevance 
[16]. In fact, the HACCP evaluation items for most livestock 
products do not consider the level of importance of each item 
in terms of their effect on human safety. In order to resolve this 
problem, the US GAP [19] or the Korean food HACCP system 
[16] is operated by assigning different levels of importance ac-
cording to the evaluation items. The scoring system that con-
siders the level of importance of each evaluation item is consid-
ered to be effective in enhancing the safety of food as it has a 
positive effect on the evaluation results. The purpose of this 
study was re-establishing the score according to the level of im-
portance of the HACCP prerequisite evaluation items for meat 
shops. As a result of implementing the results of this study in a 
meat shop quality inspection, it was verified that effective hy-

giene and safety management is possible. In addition, if there 
are no detailed criteria for evaluation items, the evaluation re-
sults are determined according to the subjective opinion and 
bias of the inspector, so additional studies on establishing de-
tailed criteria for each evaluation item are required to increase 
objectivity. 
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Introduction 

Porcine epidemic diarrhea virus (PEDV) causing porcine epidemic diarrhea 
(PED), is a large-enveloped RNA virus, which belongs to the genus Alphacorona-
virus, family Coronaviridae, order Nidovirales. The PEDV genome is approximate-
ly 28 kb long containing at least 7 open reading frames (ORF1a, ORF1b, and 
ORF2–6), and a 3' untranslated region [1,2]. PEDV infection in pigs causes watery 
diarrhea, anorexia, and depression leading to high mortality rates in suckling pig-
lets [1,3]. 

It is critical to propagate PEDV isolates efficiently in cell culture to perform re-
search on pathogenesis and vaccine development, as growing PEDV in cell culture 
has proven difficult. PEDV can be isolated from clinical samples; however, the vi-
rus may gradually lose infectivity upon further passages in cell culture [4]. 

The spike (S) protein of PEDV interacts with the cellular receptor in the entry 
process of virus and involves in production of neutralizing antibodies in pigs [1]. 
The S protein is considered a primary target antigen for the induction of neutral-
izing antibodies and development of an effective vaccine against PEDV [5,6]. Re-
cent reports have demonstrated the diversity of S gene in many isolates. The 
pathogenicity and antigenicity of PEDV can be changed according to mutations, 
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deletions and/or insertions of amino acids in the S protein. As a 
result, viral antigenicity and viral neutralizing activity may be 
changed [7,8]. Zhang et al. [8] in 2015 stated that a field CHN/
FL2013 strain reduced virulence in cell culture with a 7-amino 
acid deletion at N-termination of S protein.  

In this study, PEDV isolates from Vietnam were propagated 
in Vero cells, and full-length S genes were sequenced to investi-
gate the diversity of PEDVs. In addition, the cross-neutralizing 
activity of the serum of guinea pigs immunized with a PEDV 
vaccine strain against the isolates was evaluated. 

Materials and Methods 

Ethics statement 
Animal experiments were approved by the Institutional Ani-

mal Care and Use Committee (approval number: KW-181031-
1) and performed at the Center for Animal Experiment, Kang-
won National University. 

Isolation of porcine epidemic diarrhea virus in Vero cells 
Stool specimens and small intestine were taken from suckling 

piglets and post-weaning pigs exhibiting acute watery diarrhea. 
The PEDV HID9047 and HID9048 isolates used in this study 
were collected from infected samples in Ha Nam and Thai Binh 
provinces, Vietnam in 2016, and the PEDV HID9049 isolate 
was collected from infected samples in Hung Yen province, 
Vietnam in 2017. 

Isolation and propagation of PEDV in Vero cells was con-
ducted as adapted from methods in Park et al. [9] in 2018 with 
modifications. Briefly, 80% confluent Vero cells were inoculated 
with virus at 37°C for 1 hour. Infection medium (Dulbecco’s 
modified Eagle’s medium-DMEM supplemented with 0.02% 
yeast extract, 0.3% tryptose phosphate broth, 5 μg/mL trypsin 
and 1% antibiotic–antimycotic) was added to the infected cell 
flask without removing the inoculum. The infected cells were 
incubated at 37°C for 7 days until extensive cytopathic effects 
(CPEs) were observed; viruses were harvested by 3 freeze-thaw 
cycles. 

The presence of PEDV was confirmed by a reverse transcrip-
tion polymerase chain reaction (RT-PCR) amplifying approxi-
mately 900 bp of the N gene with primers PEDV-N–F (5'-CGG 
TTC TCA CAG ATA GTG A-3') and PED-N-R (5'-CTC CTC 
CAC TCT GGG ATG T-3'). 

Virus titration 
Vero cells (1 ×  105) were seeded in each well of a 96-well 

plate (Corning, USA) and grown at 37°C 1 day before the assay. 

Virus was diluted in infection medium and 0.2 mL of 10-fold 
serial virus dilutions was added to each well after removing the 
medium. Each virus dilution was used to infect 10 wells of 
monolayer Vero cells. CPE was examined under a microscope 
every day for 7 days postinfection and the virus titer was calcu-
lated as the 50% tissue culture infective dose (TCID50) using the 
Reed-Muench method [7]. 

Immunofluorescent assay 
Vero cells were infected with PEDV 24 hours before the assay. 

The control and infected cells were fixed with 4% paraformal-
dehyde and permeabilized with 0.1% Triton X-100. Cells were 
then blocked with 5% bovine serum albumin, followed by incu-
bation with 1/1,000 monoclonal mouse anti-PEDV (Median 
Diagnostics, Korea) and 1/1,000 fluorescein isothiocyanate 
(FITC)-conjugated goat anti-mouse immunoglobulin G (IgG) 
(MP Biomedicals, USA). The signals were observed using fluo-
rescence microscopy [9].  

Nucleotide sequence analysis  
The full-length S genes of PEDVs were amplified by RT-PCR 

using the primers described in Table 1. The individual fragment 
was cloned into T&A cloning vector (RBC; Real Biotech Corp., 
Taiwan), and sequenced in both directions. The sequences of 
full-length S genes of PEDV isolates in this study and reference 
PEDVs were used in sequence alignments and phylogenetic 
analyses with the Serial Cloner 2.6, the ClustalX 2.0 program, 
and the Mega 6.0 program [10]. 

Table 1. List of primers used for the full-length spike gene sequenc-
ing in this study

Primers Sequence (5'- 3') Length (bp)
S1-F GCTAGTGCGTAATAATGACAC 707
S1-R GCACTAGTAACATTAAGCATG
S2-F CGTGTTGCGACAAGATGT 731
S2-R TCATCGTCAGTGCCATGA
S3-F GCATCTCGGTTTGTTGGAT 712
S3-R CTTGGTACACACATCCAGAG
S4-F AGTTGATTACTGGCACGC 736
S4-R CCATCACCATTAAACGAAC
S5-F GAAGAGGCTCTACAGTTAGC 722
S5-R CATTAAGTGCTGATAATCTGC
S6-F ACTCCCGACTGGACATTCTT 643
S6-R TCTGCAATTTCACCAGTGAG
S7-F GGTCACCTATGTCAATCTGAC 709
S7-R CAAAACGCGCTGCCAACA
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Serum neutralization 
The neutralizing activity of antisera collected from guinea 

pigs immunized with a PEDV vaccine strain SM98 against 
PEDV isolates HID9047, HID9048, and HID9049 was evaluat-
ed. Briefly, 3 to 4 month-old guinea pigs (n =  3) were immu-
nized twice intramuscularly at a 2-week interval with 105 
TCID50 inactivated vaccine strain SM98. Two other guinea pigs 
were given phosphate-buffered saline (PBS) as control. Serum 
samples were collected 2 weeks after the last immunization for 
the neutralizing assay. 

Vero cells were grown at 2 ×  105 cells per well in 96-well 
plates. Viruses were diluted to 200 TCID50 in 50 µL DMEM, 
mixed with 50 µL of twofold diluted serum and incubated at 
37°C for 1 hour. The cells were rinsed 3 times with PBS, fol-
lowed by inoculation of 100 µL of the mixture at 37°C for 1 
hour. After removing the mixture, the cells were rinsed 3 times 
with PBS, and the infection medium was added to the cells and 
incubated at 37°C, 5% CO2. The neutralization titer was calcu-
lated as the highest dilution of serum that inhibited virus-spe-
cific CPE [10]. 

Statistical analysis 
One-way analysis of variance in GraphPad Prism 6 (Graph-

Pad Software Inc., USA) was used, and p-values of less than 0.05 
were considered statistically significant. 

Results 

Virus isolation and characterization 
PEDV-PCR positive samples were processed and incubated 

in Vero cells. Three PEDV isolates, designated HID9047, 
HID9048, and HID9049, were propagated successfully in Vero 
cells with clear CPEs such as cell fusion, large syncytia and cell 
detachment (Fig. 1A). The viral titers of HID9047, HID9048, 
and HID9049 were 107.5, 108.2, and 108.5 TCID50/mL at passage 
10, respectively. To confirm virus growth in Vero cells, an im-
munofluorescence assay was performed using the monoclonal 
mouse anti-PEDV and FITC-conjugated goat anti-mouse IgG 
antibodies. A specific fluorescence signal was detected in the 
cytoplasm of Vero cells infected with viruses, but not in the 
non-infected cells (Fig. 1B). 

HID9047

HID9047

1 kb

500 bp

HID9048

HID9048

HID9049

HID9049

Vero cells

Vero cells

C

B

A

Fig. 1. (A) Isolation of Vietnam porcine epidemic diarrhea virus (PEDV) isolates in Vero cells 
at 5 days postinfection with obvious cytopathic effects such as cell fusion and large syncytia. 
(B) Immunofluorescence assay in Vero cells using monoclonal mouse anti-PEDV and fluores-
cein isothiocyanate-conjugated goat anti-mouse immunoglobulin G antibodies. (C) Reverse 
transcription polymerase chain reaction amplifying a 900 bp fragment of the N gene. M, DNA 
standard 3 kb plus; –, Vero cell control; 1, SM98; 2, HID9047; 3, HID9048; 4, HID9049. Scale 
bar: (A, B) 100 μm.
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Phylogenetic analysis 
A total of 40 PEDVs were used for the construction of a phy-

logenetic tree (Table 2). In this study, phylogenetic analysis 
based on the nucleotide sequences of the S gene revealed that 
PEDV strains could be divided into 2 genogroups, the classical 
genogroup 1 represented by prototype CV777 and the variant 
genogroup 2 of pandemic strains. Each group can be divided 
into subgroups 1a, 1b, 1 S-INDEL, 2a and 2b. Three isolates 

(HID9047, HID9048, and HID9049) were found to belong to 
the subgroup 2a, which is most closely related to the Asian 
strains designated HUA-PED45/2013/Vietnam, HUA-
PED111/2014/Vietnam; GD-A/2012/China and AJ1102/2011/
China (Fig. 2).  

Spike gene sequence comparisons 
The entire DNA sequences of the S genes and the deduced 

Table 2. PEDV reference strains used in this study

Virus strains/isolates Country Year GenBank accession no.
CV777/vaccine/2012/China China 2012 JN599150
SD-M/2012/China China 2012 JX560761
DR13/attenuated/2012/South Korea South Korea 2012 JQ023162
HUA-PED96/2015/Vietnam Vietnam 2015 KX708907
HUA-PED94/2015/Vietnam Vietnam 2015 KX708906
HUA-PED106/2015/Vietnam Vietnam 2015 KX708905
CV777/prototype/1978/Belgium Belgium 1978 AF353511
SM98/1998/South Korea South Korea 1998 KJ857455
DR13/virulent/1999/South Korea South Korea 1999 JQ023161
JS2008/2008/China China 2008 KC109141
Indiana 17846/2013/USA USA 2013 KF452323
MN/2013/USA USA 2013 KF468752
HUA-PED45/2013/Vietnam Vietnam 2013 KP455313
GD-A/2012/China China 2012 JX112709
GD-B/2012/China China 2012 JX088695
AH2012/2012/China China 2012 KC210145
KNU-1305/2013/Korea South Korea 2013 KJ662670
KNU-1709/2017/South Korea South Korea 2017 MH052688
KNU-1706/2017/South Korea South Korea 2017 MH052685
CH/ZMDZY/11/2013/China China 2013 KC196276
AJ1102/2011/China China 2011 JX188454
IA1/2013/USA USA 2013 KF468754
XM2-4-S/2016/China China 2016 KX812524
PEDV-LYG/2014/China China 2014 KM609212
KNU-1302/2013/South Korea South Korea 2013 KJ451037
KNU-0802/2008/South Korea South Korea 2008 GU180143
Spk1/2002/South Korea South Korea 2002 AF500215
HUA-PED111/2015/Vietnam Vietnam 2015 KX708903
HUA-V2/2015/Vietnam Vietnam 2015 KX708895
HUA-M17/2015/Vietnam Vietnam 2015 KX708894
VN292/HN/2014/Vietnam Vietnam 2014 KX982568
VN367/VP/2014/Vietnam Vietnam 2014 KX982571
VN97/HN/2013/Vietnam Vietnam 2013 KX982561
VN01/HY/2013/Vietnam Vietnam 2013 KX982553
VN-K28/TB/2015/Vietnam Vietnam 2015 KX982575
VN288/SL/2014/Vietnam Vietnam 2014 KX982567
VN-Jafa/HB/2015/Vietnam Vietnam 2015 KX982577

PEDV, porcine epidemic diarrhea virus.
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Fig. 2. Phylogenetic analysis of porcine epidemic diarrhea virus (PEDV) isolates and the reference strains. The phylogenetic tree was gen-
erated by the neighbor-joining method using Mega 6.0 program with nucleotide sequences of the full-length S gene and 1,000 replicates 
bootstrapping.
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amino acid sequences of 3 isolates from Vietnam were com-
pared with the sequences of the reference strains (CV777, 
SM98, DR13) and other Vietnam isolates. As shown in Table 3, 
the nucleotide identities of the S gene between 3 Vietnam iso-
lates and reference strains ranged from 91.80% to 92.71%, and 
the deduced amino acid sequences were 96.74% to 97.61% ho-
mologous. Furthermore, compared with the Vietnam isolates 
(HUA-PED45, HUA-PED111, VN97, and VN-K28), the 3 iso-
lates shared 96.78% to 97.52% nucleotide homology and 98.19% 
to 99.13% amino acid homology. The homology of nucleotide 
and amino acid of 3 isolates showed 98.15% to 99.76% and 
99.06% to 99.64%, respectively (Table 3). 

Sequence alignment of amino acids in the S protein illustrat-
ed that mutations in amino acid sequence including substitu-
tions, insertions and deletions were observed in 3 Vietnam iso-
lates. Among them, 4 insertions (58NQGV61) and 2 deletions 
(163DI164) were found in the N-terminal of S protein (Fig. 3). 
Alignment analysis of 4 neutralizing epitope regions COE, SS2, 
SS6 and 2C10 revealed that all 3 Vietnam isolates in this study 
have 4 substitutions in COE (502I → 502T, 509L → 509S, 529S → 529G, 
607A → 607E), 1 substitution in SS6 (766Y → 766S), and no mutations 
in SS2 and 2C10 compared with CV777, DR13, and SM98 
strains (Fig. 3). Comparison with other Vietnam strains 
(VN288, VN-Jafa, VN01, VN97 isolated during 2012-2015) in-
dicated the substitution in COE (502I → 502T), and the conserva-
tion in SS2, SS6, and 2C10 region. PEDV VN288, VN-Jafa, 
VN01, VN97 showed addition substitutions in COE, while 
HUA-PED45 showed more homology with the 3 isolates, sug-
gesting that 3 isolates HID9047, HID9048, and HID9049 are 
closely related to PEDV HUA-PED45. 

Neutralizing activity 
To determine whether vaccine strain SM98 can neutralize the 

3 PEDV isolates (HID9047, HID9048, and HID9049), guinea 
pig antisera collected 2 weeks after the final immunization were 
used for neutralizing tests. The antisera effectively inhibited in-
fection with the vaccine strain SM98 with mean neutralizing 
antibody (NA) titers of 5 log2. The antisera showed lower dilu-
tions with mean of NA titers of 3.67 log2 (p <  0.01), 4 log2 (p <  
0.05), and 3.27 log2 (p <  0.001) for inhibiting infection with 
isolates HID9047, HID9048, and HID9049, respectively (Fig. 4). 
There was a significant difference in the mean NA titers against 
the SM98 strain and 3 isolates, suggesting that the antisera 
strongly reacted with the homologous virus, but moderately 
with the heterologous field isolates regarding to antigenic varia-
tions between PEDVs. 

Discussion 

The S protein is an essential factor mediating PEDV entry 
into host cells and is considered a primary target antigen for in-
duction of neutralizing antibodies and the development of an 
effective vaccine against PEDV [5-7]. Several previous studies 
indicated that the S gene is prone to mutations including re-
placement, insertion and/or deletion of nucleotide sequences 
[7,8,11,12]. 

PEDV has been reported in Vietnam since 2010 and has 
spread rapidly [13]. The disease has been circulating and be-
coming a significant issue in the pork industry. This study was 
conducted to isolate PEDVs from infected pigs in Vietnam, in-
vestigate the genetic variation of PEDV isolates based on the 
full-length S gene and assess the neutralizing activity of the tra-
ditional vaccine strain with the circulating isolates. 

Table 3. Pairwise comparisons of the nucleotide and deduced amino acid sequences of the full-length S gene of porcine epidemic diarrhea 
virus isolates compared with the reference strains

CV777 DR13 SM98 HUA-PED45 HUA-PED111 VN97 VN-K28 HID9047 HID9048 HID9049
CV777 99.88 96.14 92.04 91.75 92.84 92.31 92.64 92.50 91.97
DR13 99.71 96.17 92.11 91.82 92.91 92.33 92.71 92.57 92.04
SM98 97.90 97.97 91.99 91.77 92.69 92.12 92.23 92.09 91.80
HUA-PED45 96.88 97.39 97.59 97.28 97.24 97.14 97.79 97.69 97.79
HUA-PED111 96.81 97.31 97.23 98.70 96.54 96.25 97.16 97.07 97.23
VN97 97.17 97.75 97.67 98.41 98.19 98.29 97.52 97.48 97.26
VN-K28 97.32 97.97 97.52 98.27 98.12 98.63 97.28 97.24 96.78
HID9047 96.81 97.61 97.30 98.63 98.70 98.12 98.70 99.76 98.24
HID9048 96.74 97.31 97.01 98.56 98.70 98.19 98.41 99.64 98.15
HID9049 97.03 97.61 97.45 98.92 99.13 98.70 98.63 99.06 99.06

Nucleotide and amino acid homology (%) are presented in the upper right and the lower left, respectively.
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In this study, 3 PEDV isolates were successfully isolated from 
infected samples and propagated in Vero cells with high virus 
titers. Nucleotide sequencing and a phylogenetic tree based on 
the S gene revealed that the 3 isolates from Vietnam (HID9047, 
HID9048, and HID9049) belong to subgroup 2a, which in-
cludes PEDV isolates that circulated in China from 2011 to 
2012 and in Vietnam from 2013 to 2015. In a previous study 
conducted by Diep et al. [13] in 2018, highlighting the genetic 
heterogeneity of PEDVs in Northern Vietnam from 2012–2015, 
6 out of 25 isolates were found to belong to subgroup 2a, which 
is closely related to Asian strains. Our 3 PEDVs were isolated in 
2016 and 2017, suggesting that they are novel PEDVs that share 
unique genetic features with the subgroup 2a PEDV strains cir-
culating in Vietnam from 2013 to 2015. In addition, the 3 iso-
lates showed less mutations than PEDV HUA-PED111, 
HUA-V2, and HUA-M17 which were isolated from in the 
northern provinces of Vietnam in 2015, while showed higher 
homology in amino acid sequences with strain HUA-PED45, 
suggesting that the 3 isolates and PEDV HUA-PED45 are ge-
netically closely related. Amino acid sequences alignment indi-

N terminal
58NQGV61 163DI164

COE

SS2 SS6 2C10

Fig. 3. Analysis of amino acid mutations in the S protein of isolates from Vietnam with reference strains. Insertion and deletions are 
highlighted in blue and red, respectively. The core neutralizing epitope (COE) and 3 other neutralizing epitopes SS2 (yellow), SS6 (green) 
and 2C10 (purple) were aligned.
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Fig. 4. Neutralizing antibodies in serum samples of guinea pigs 
immunized against porcine epidemic diarrhea virus (PEDV) iso-
lates. Serum samples were collected at 2 weeks after the second 
immunization and subjected to the virus neutralization assay 
using isolates PEDV HID9047, HID9048, and HID9049. Data rep-
resent the mean ± standard deviation. Statistical significance was 
assessed by one-way analysis of variance. *p < 0.05, **p < 0.01, 
***p < 0.001.
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cated mutations such as substitutions, mutations, insertions and 
deletions in S protein, especially in N-terminal region. N-termi-
nal domain interacts with 5-N-acetylneuraminic acid, muta-
tions in N-terminal may have impact on PEDV infection in the 
host [14]. 

Neutralizing activity of antisera against the 3 Vietnam isolates 
was determined. Immunized sera showed the higher neutraliz-
ing activity against the homogenous strain SM98, but moderate 
against the isolates HID9047, HID9048, and HID9049. This 
finding is consistent with a previous study that revealed that the 
antisera strongly recognized the homologous strain regarding 
to antigenic variations [10]. In a study of Lee et al. [10] in 2015, 
antisera of guinea pigs given 2 immunization with strain KNU-
141112 effectively inhibited the homogenous strain with mean 
NA titers of 1:112, but relatively low NA titers of 1:37 against 
strain SM98-1. In this study, the 3 isolates have 1 and 4 amino 
acid substitutions in SS6 and COE regions, respectively, which 
may support the hypothesis of variations in neutralizing epitope 
and speculate that the changes may influence the antigenicity of 
PEDV. Further studies on pathogenicity and neutralizing activi-
ty of these 3 isolates need to be carried out in pigs. 
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Introduction 

Acinetobacter is gram-negative coccobacilli or short rods in the family Moraxel-
laceae [1], which can be found in water, soil, sewage, and foods, as well as in the 
skin and mucous membranes of humans and animals [2,3]. This group of bacteria 
recently has an impact on public health because they are considered as the source 
of antimicrobial resistance (AMR) and multidrug resistance (MDR), particularly 
for carbapenems, which cause difficulties in treatment and result in a high mortal-
ity rate [4]. Since 1988, Acinetobacter has comprised 10% of bacteria found fre-
quently as nosocomial infections in the United States and worldwide [5]. 

In Thailand, the incidence of Acinetobacter infections in hospitals increased 
from 2%-4% to 10%-30% for the last decade, particularly in the ward unit [6]. The 
National Anti-microbial Resistant Surveillance Center Thailand also reported that 
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Original Article

Acinetobacter is a bacteria found in the environment and clinical specimens, causing 
nosocomial infection and antimicrobial resistance (AMR) threats. This study examined 
the prevalence, species, and AMR characteristics of Acinetobacter isolated from surgi-
cal practice and the laboratory dog husbandry room environments (n = 235) at Raja-
mangala University of Technology Tawan-ok veterinary hospital during 2018-2019. 
The prevalence of Acinetobacter in the laboratory dog husbandry room and veterinary 
belongings were 2.55% and 0.43%, respectively. Species determination was Acineto-
bacter hemolyticus (2.13%) and Acinetobacter baumannii (0.43%) from environments 
in the laboratory dog husbandry room, and Acinetobacter junii (0.43%) from the shoes 
used in the surgical practice room. AMR was observed in both study environments and 
the specimens sent to the Veterinary Diagnostic Center. These isolates had a high re-
sistant percentage to amoxicillin-clavulanic acid (84.62%), sulfamethoxazole-tri-
methoprim (61.54%), and cephalexin (53.85%) but were susceptible to imipenem. 
Compared to the isolates recovered from the clinical specimens, most isolates derived 
from environments exhibited multidrug resistance and shared correlated resistance 
patterns. These results highlight the need for sanitization in the dog husbandry room. 
Furthermore, the AMR results can be used as a preliminary baseline for studying AMR 
Acinetobacter contamination in animals and their environments. 

Keywords: Acinetobacter; environment; antimicrobial resistance; dog  
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the resistance rates of Acinetobacter spp. to antimicrobial agents 
increased gradually during 2000-2020 [7]. In addition, Acineto-
bacter was found mostly as contamination on nurses’ hands [8], 
and can be isolated from the soil, water, air, sink, urine bottle, 
bed, and respiratory equipment in hospitals [9,10]. Clinical 
specimens, such as urine, exudate, respiratory tract, and blood 
samples, are a major source of Acinetobacter infection [11,12]. 
Moreover, Acinetobacter baumannii is the main causative agent 
usually recovered from human clinical cases [6].  

In addition to human hospitals, Acinetobacter can often be 
found in clinical specimens of animals [13]. Among several 
species, A. baumannii is important in animal hospitals underly-
ing severe illnesses, such as canine pyoderma, urinary tract in-
fection, and foal sepsis, as well as AMR infections [6,14]. Based 
on a study in Germany during 2000-2008 [15], MDR A. bau-
mannii isolates recovered from veterinary hospitals and clinics 
were distinctly resistant to carbapenem groups, such as human 
cases [16]. 

Other species of Acinetobacter, which are not A. baumannii 
(non-baumannii Acinetobacter), including Acinetobacter pittii, 
Acinetobacter calcoaceticus, Acinetobacter bereziniae, Acineto-
bacter hemolyticus, Acinetobacter johnsonii, Acinetobacter 
lwoffii, Acinetobacter schindleri, Acinetobacter radioresistens, 
Acinetobacter beijerinckii, Acinetobacter junii, Acinetobacter ge-
neri, and Acinetobacter ursingii have also been reported in ani-
mals particularly in livestock, horses, and pets [13,17]. Some 
outstanding species, such as A. hemolyticus, were found in the 
general environment and tended to cause severe clinical cases 
concerned with the environment in hospitals. On the other 
hand, AMR, particularly carbapenems, was not determined 
clearly [18]. A. junii has been reported in calculi obstructions in 
the ureter [19]. As mentioned previously, Acinetobacter is found 
mainly in nature. Nevertheless, few studies have been conduct-
ed on the epidemiology and pathogenesis in the environment 
[2], leading to gaps of knowledge about the relationship of this 
bacteria in humans, animals, the environment, and the loss of 
AMR transferring pathways [14,16]. 

According to the gaps, this study focused on the prevalence of 
all Acinetobacter species and their AMR patterns recovered 
from surgical practice and laboratory dog husbandry room en-
vironments at the veterinary hospital, Rajamangala University 
of Technology Tawan-ok. Furthermore, the AMR patterns from 
the study environment were compared with the same bacterial 
group isolated from clinical specimens sent for analysis at Vet-
erinary Diagnostic Center, Faculty of Veterinary Medicine, Ra-
jamangala University of Technology Tawan-ok during 2016-
2020. These results can be used as baseline data in the study of 

AMR Acinetobacter in animals, humans, and the environment. 

Materials and Methods 

Sample collection 
This study was a descriptive research. Two hundred and thir-

ty-five swabbed samples from the surgical practice and labora-
tory dog husbandry room at the veterinary hospital, Rajaman-
gala University of Technology Tawan-ok, Chonburi province, 
Thailand, between January 2019 and March 2020. The samples 
were composed of four categories: laboratory dog husbandry 
room environment, such as floor under cages, the inner area of 
cages, dog beds, pet food cabinet, room floor, sewer pipe, sink, 
and storage area floor (n =  100); laboratory dogs, such as oral 
mucous membrane, anus, blood, saliva, leash, collar, feeding 
bowl, skin swab, and cotton containing alcohol used in skin 
scrub (n =  80); veterinary belongings, including shoes used in 
the surgical practice room, used syringe and needle (n =  35), 
and hands of people in contact with dogs (n =  20). 

Acinetobacter isolation 
All samples were taken for bacterial isolation and biochemi-

cal tests applied from previous studies [20-23]. Briefly, swabbed 
samples were cultured on tryptic soy broth (TSB) and incubated 
at 37°C and 44°C for 24 to 48 hours. The turbid TSB was then 
transferred to culture on MacConkey agar and incubated under 
the same conditions above. Subsequently, a single typical (pale 
pink or colorless) colony was transferred from MacConkey agar 
and identified by gram staining, motility, morphology, and oxi-
dation/fermentation tests. Moreover, biochemical tests [21,24] 
were applied for species confirmation. The species of all con-
firmed Acinetobacter isolates were recorded and stored for fur-
ther analysis. 

Antimicrobial susceptibility testing 
All Acinetobacter isolates were taken to determine the antimi-

crobial susceptibility test by the disc diffusion method of Kir-
by-Bauer [25] using data from previous studies [13-15,20] for 
selected antimicrobial discs. The antimicrobial-resistant per-
centages were then concluded and compared with Acinetobacter 
isolates derived from the clinical specimens of the Veterinary 
Diagnostic Center, which had been reported in 2016-2020. 

Statistical analysis 
Statistical analysis was applied to determine the prevalence of 

Acinetobacter derived from four categories (laboratory dogs 
husbandry room, laboratory dog, veterinarian belongings, and 
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hands of people in contact with dogs) for the most variables. 
The analysis with the likelihood ratio test and Fisher’s exact test, 
using R version 3.1.2 (R Foundation for Statistical Computing, 
Austria) were applied. The results were reported as the odds ra-
tios (ORs) with the associated 95% confidence interval (CI), 
and a p-value <  0.05 was considered significant. 

Results 

Prevalence of Acinetobacter in environments 
The overall prevalence of Acinetobacter in this study was 

2.98% (7/235). Considering the categories, the prevalence in the 
environments of surgical practice and laboratory dog husband-
ry rooms were 2.55% (6/235), or 6.0% (6/100) in this category 
(OR, 8.55; 95% CI, 1.013-72.218; p =  0.044). The veterinary be-
longings had a 0.43% (1/235) prevalence, or 2.86% (1/35) in this 
category, while there was no positive sample for Acinetobacter 
in the laboratory dogs and hands of people in contact with dogs 
(Table 1). The laboratory dog husbandry room environment 
showed the highest prevalence, which was determined in the 
samples from the floor under cages, dogs beds, storage area 
floor, and inner area of the cages. Significantly, the prevalence 

in dogs beds was 20.0% (2/10) with OR, 11, which was higher 
than other factors in laboratory dog husbandry room environ-
ment. The odds of Acinetobacter prevalence in the floor under 
cages, storage area floor, the inner area of the cages, and the 
shoes used in the surgical practice room were 4.67, 4.06, 4.06, 
and 2.55, respectively, compared to other factors (Table 1). 

Species of Acinetobacter isolates 
All 235 swabbed samples were determined to be Acineto-

bacter for seven isolates, including five isolates of A. hemolyticus 
(2.13%, 5/235) recovered from the floor under cages (0.85%, 
2/235), storage area floor (0.43%, 1/235), the inner area of cages 
(0.43%, 1/235), and dogs’ bed (0.43%, 1/235). One isolate of A. 
junii (0.43%, 1/235) was recovered from shoes used in the sur-
gical practice room, and one isolate of A. baumannii (0.43%, 
1/235) was recovered from a dogs’ bed (Fig. 1). 

Antimicrobial susceptibility testing 
Most Acinetobacter isolates recovered from the environments 

in surgical practice, the laboratory dog husbandry rooms (6/7), 
and clinical specimens of Veterinary Diagnostic Center (5/6) 
were resistant to amoxicillin-clavulanic acid at 84.62%. In con-

Table 1. Prevalence of Acinetobacter

Factor Prevalence (%) OR (95% CI) p-value*
Environments in laboratory dog husbandry room 6.0 (6/100) 8.55 (1.013–72.218) 0.044*
 Floor under cage 10.0 (2/20) 4.67 (0.845–25.779) 0.112
 Room floor 0 (0/20) 0 0
 Sewer pipe 0 (0/10) 0 0
 Dogs bed 20.0 (2/10) 11 (1.845–65.566) 0.031*
 Storage area’s floor 10.0 (1/10) 4.06 (0.441–37.327) 0.265
 Inner area of cage 10.00 (1/10) 4.06 (0.441–37.327) 0.265
 Sink 0 (0/10) 0 0
 Pet food cabinet 0 (0/10) 0 0
Laboratory dog 0 (0/80) 0 0
 Saliva 0 (0/15) 0 0
 Oral mucous membrane and anus 0 (0/15) 0 0
 Blood 0 (0/10) 0 0
 Leash and collar 0 (0/10) 0 0
 Feeding bowl 0 (0/10) 0 0
 Skin swab 0 (0/10) 0 0
 Cotton contained alcohol used for skin scrub 0 (0/10) 0 0
Veterinary belongings 2.9 (1/35) 0.95 (0.111–8.149) >0.999
 Shoes used in surgical practice room 6.7 (1/15) 2.55 (0.287–22.653) 0.374
 Used syringe and needles 0 (0/20) 0 0
Hands of person contacted dog 0 (0/20) 0 0

OR, odds ratio; CI, confidence interval.
*Fisher exact test statistic at p < 0.05.
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this drug (Table 2). Approximately 53.85% of the isolates recov-
ered from the environments in surgical practice and laboratory 
dog husbandry room (4/7) and clinical specimens of Veterinary 
Diagnostic Center (3/6) were resistant to cephalexin, except A. 
hemolyticus recovered from storage area floor and dog beds, A. 
junii recovered from shoes used in the surgical practice room 
and A. lwoffii vdc2 (Table 2). 

AMR patterns of Acinetobacter 
The AMR patterns of Acinetobacter primarily found in this 

study were amoxicillin-clavulanic acid, cephalexin, and doxycy-
cline (13.04%) of A. hemolyticus isolated from the inner area  
of cages, the floor under the cage, and vdc2, while amoxicil-
lin-clavulanic acid and sulfamethoxazole-trimethoprim 
(13.04%) of A. junii recovered from the shoes used in the surgi-
cal practice room, A. hemolyticus vdc1 and A. lwoffii vdc1 (Table 
3). Another pattern with a high percentage of resistance 
(13.04%) was clindamycin from A. lwoffii vdc1 and 2 and A. he-
molyticus vdc1. Other MDR patterns found mainly in this study 
(8.70%) were amikacin, amoxicillin-clavulanic acid, cephalexin, 
and sulfamethoxazole-trimethoprim of A. hemolyticus recov-
ered from the floor under the cages; amoxicillin-clavulanic acid, 
cephalexin, doxycycline, and sulfamethoxazole-trimethoprim 
of A. hemolyticus recovered from the inner area of cages and 
floor under cages; amoxicillin-clavulanic acid, cephalexin, and 

Acinetobacter  
hemolyticus  

2.13%

Acinetobacter junii  
0.43%

Acinetobacter  
baumanii  

0.43%

Absent  
97.02%

Fig. 1. Percentage of Acinetobacter’s species.

Table 2. Susceptibility pattern of Acinetobacter isolates to antimicrobial agents

Acinetobacter isolates*
Antibiotic

AK AMC CL CRO DO IMP ENR SXT CN S DA CAZ NOR
Acinetobacter hemolyticus 1 S S S S S S S R - - - - -
A. hemolyticus 2 S R I S S S S S - - - - -
A. hemolyticus 3 S R R S R S I R - - - - -
A. hemolyticus 4 R R R S I S I R - - - - -
A. hemolyticus 5 R R R S R S S R - - - - -
Acinetobacter junii 1 S R S S S S S R - - - - -
Acinetobacter baumannii 1 S R R R I S R S - - - - -
Acinetobacter johnsonii vdc 1 S R R - S - S R - - - - -
Acinetobacter lwoffii vdc 1 S R - - I - S R - - R - -
A. lwoffii vdc 2 S S S - S - S S S - R - -
A. hemolyticus vdc 1 R R - R - - S R - - R - S
A. hemolyticus vdc 2 - R R S R S S - - - - R S
A. baumannii vdc 1 S R R R R S - - S S - - -
Percentage of resistance 23.08 84.62 53.85 23.08 30.77 0 7.69 61.54 0 0 23.08 7.69 0

AK, amikacin; AMC, amoxycillin-clavulanic acid; CL, cephalexin; CRO, ceftriaxone; DO, doxycycline; IMP, imipenem; ENR, enrofloxacin; SXT, sulfamethox-
azole-trimethoprim; CN, gentamycin; S, streptomycin; DA, clindamycin; CAZ, ceftazidime; NOR, norfloxacin; R, resistant; I, intermediate; S, susceptible; -, 
did not test; 0, no resistance.
*A. hemolyticus 1, isolate from storage area floor; A. hemolyticus 2, isolate from dogs bed; A. hemolyticus 3, isolate from inner area of cage; A. hemolyti-
cus 4 and 5, isolate from floor under cage; A. junii 1, isolate from shoes used in surgical practice room; A. baumannii 1, isolate from dogs bed; vdc 1 and 
2 of latter Acinetobacter, isolates were recovered from clinical specimens of veterinary diagnostic center.

trast, the A. hemolyticus recovered from the storage area floor 
and A. lwoffii vdc2 from the Veterinary Diagnostic Center were 
resistant to sulfamethoxazole-trimethoprim. In addition, 
61.54% of Acinetobacter isolates were resistant to this antimi-
crobial type, except for A. hemolyticus and A. baumannii recov-
ered from the dog beds, and A. lwoffii vdc2 was susceptible to 
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ceftriaxone of A. baumannii isolated from dogs’ bed and vdc1; 
amoxicillin-clavulanic acid, cephalexin, and sulfamethoxaz-
ole-trimethoprim of A. hemolyticus recovered from the floor 
under cages and A. johnsoniii vdc1 (Table 3). On the other 
hand, all Acinetobacter isolates recovered from the environ-
ments in surgical practice and laboratory dog husbandry room 
(7/7) and two isolates from Veterinary Diagnostic Center, in-
cluding A. hemolyticus vdc2 and A. baumannii vdc1, were sus-
ceptible to imipenem (Table 2). 

Discussion 

Prevalence of Acinetobacter in environments 
In this study, the prevalence of Acinetobacter in the laboratory 

dog husbandry rooms environment was 6.0% (Table 1), which 
was similar to a previous study. Uwingabiye et al. [12] reported 
that clinical specimens of hospitals showed a prevalence of 
6.94%. According to the ORs in Table 1, the prevalence of 
Acinetobacter in the environment of laboratory dog husbandry 
rooms was 8.55 times higher than the other factors, including 
laboratory dogs, veterinary belongings, and people in contact 
with the dog’s paws. The environment is an intermediate source 
of bacteria dissemination. Two reports stated that the healthcare 
environments could be accumulation and multiplication sourc-
es of Acinetobacter affecting patients [26,27]. In addition, the 
dog beds, which are closely in contact with animals, have 11 

times the risk of Acinetobacter prevalence compared to other 
locations in the laboratory dog husbandry room (Table 1). This 
group of bacteria can survive in many environments and pro-
duce biofilms to protect their vegetative cells on both abiotic 
and biotic surfaces, particularly in A. baumannii, leading to 
prolonged survival and nosocomial infection [16,27]. This 
problem would be more severe if the healthcare settings have 
insufficient sanitization [27]. 

Unlike the prevalence of A. baumannii recovered from medi-
cal equipment, such as respiratory tubes and blood pressure 
monitors [28], the prevalence in veterinary belongings was only 
2.9%. Hence, the highest prevalence was found only in shoes 
used in the surgical practice room, needles, and syringes but did 
not cover other veterinary belongings. Moreover, the laboratory 
dogs in this study were healthy and had no septicemia or severe 
clinical diseases [13,20]. Therefore, Acinetobacter was not de-
tected in the needles and syringes. Although the shoes used in 
the surgical practice room had a prevalence of 6.7%, it was as-
sumed that those shoes might have been a reservoir of Acineto-
bacter [2].  

No positive Acinetobacter sample was found in the laboratory 
dogs, which contrasts with several reports. A study in Reunion 
Island of France claimed that pets (dogs and cats) were carriers 
of A. baumannii with a prevalence of 6.5% [29]. Black et al. [30] 
detected Acinetobacter in 7% in the clinical specimens from the 
canine intensive care unit and sent for bacterial culture and an-

Table 3. Predominant resistance patterns (R-patterns) of Acinetobacter isolates

Predominant R-patterns (n) Acinetobacter isolates* Percentage
AK, AMC, CL, SXT (2) Acinetobacter hemolyticus 4, A. hemolyticus 5 8.70
AMC, CL, DO, SXT (2) A. hemolyticus 3, A. hemolyticus 5 8.70
AMC, CL, CRO (2) Acinetobacter baumannii 1, A. baumannii vdc1 8.70
AMC, CL, SXT (2) A. hemolyticus 4, Acinetobacter johnsonii vdc1 8.70
AMC, CL, DO (3) A. hemolyticus 3, A. hemolyticus 4, 13.04

A. hemolyticus vdc2
AMC, SXT (3) Acinetobacter junii 1, A. hemolyticus vdc1, A. lwoffii vdc1 13.04
AK, CRO (1) A. hemolyticus vdc1 4.35
DA (3) Acinetobacter lwoffii vdc1, A. lwoffii vdc2, 13.04

A. hemolyticus vdc1
AMC (1) A. hemolyticus 2 4.35
DO (1) A. baumannii vdc1 4.35
SXT (1) A. hemolyticus 1 4.35
ENR (1) A. baumannii 1 4.35
CAZ (1) A. hemolyticus vdc2 4.35

AK, amikacin; AMC, amoxycillin-clavulanic acid; CL, cephalexin; SXT, sulfamethoxazole-trimethoprim; DO, doxycycline; CRO, ceftriaxone; DA, clindamy-
cin; ENR, enrofloxacin; CAZ, ceftazidime.
*A. hemolyticus 1, isolate from storage area floor; A, hemolyticus 2, isolate from dogs bed; A. hemolyticus 3, isolate from inner area of cage; A. hemolyt-
icus 4 and 5, isolate from floor under cage; A. junii 1, isolate from shoes used in surgical practice room; A. baumannii 1, isolate from dogs bed; vdc1 and 
2 of latter Acinetobacter, isolates were recovered from clinical specimens of veterinary diagnostic center.
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timicrobial sensitivity test. On the other hand, some studies ex-
plained that healthy laboratory dogs without an immunocom-
promised state would have a primary line of body defense that 
could depress the multiplication of undesirable normal flora, 
such as Acinetobacter spp. [31,32]. 

Several studies reported that the hands of healthy people 
could be a multiplication source of A. baumannii spreading to 
patients, particularly with wounds or injuries on the skin [8,28], 
which is in contrast to the present study in that no Acinetobacter 
was found on staff hands. The reason, in this case, might be that 
people in contact with dogs had a strict handwashing regimen 
and recognized the importance of hygiene [14]. This suggests 
that the bacterial transferring pathway between dogs and hu-
mans or the environment and humans could be broken by hy-
giene and sanitation practices [14,20,33]. 

Species of Acinetobacter isolates 
Three species of Acinetobacter were recovered in the environ-

ment of this study (Fig. 1). A. hemolyticus has been found in the 
environment, such as water and human skin [2]. Therefore, this 
species would be found on the floor under cages, storage area 
floor, the inner area of cages, and dog beds. The results suggest 
that dogs roaming outside the building transferred these bacte-
ria from the environment into husbandry rooms. A. junii has 
been reported in viscous mud, sewage, water, soil, and human 
skin [2], including animals [17]. The determination of A. junii 
in shoes used in the surgical practice room might originate 
from sewage in environmental contamination. A. baumannii 
can be found in humans, animals, the environment, and medi-
cal equipment, including clinical specimens in hospitals and 
veterinary hospitals [12,13,15,23,28,33]. This species was isolat-
ed from dog beds, which were assumed to be contaminated. 

Antimicrobial susceptibility testing 
According to Table 2, the class of antimicrobials showing a 

high resistance percentage was the cephalosporin group, includ-
ing amoxicillin-clavulanic acid (84.62%), cephalexin (53.85%), 
and ceftriaxone (23.08%). This group of antimicrobials is used 
frequently in clinics [34]. These results were correlated with 
previous studies reporting that approximately 90% of this bac-
teria recovered from clinical specimens and the hospital envi-
ronment were resistant to both old generation and new 
broad-spectrum cephalosporins [11,20]. Moreover, 23.08% of 
Acinetobacter isolates in this study were also resistant to the 
aminoglycoside drug (amikacin). Recently, these two groups of 
antimicrobials tended to increase the level of resistance [20]. 

A. baumannii was considered the most outstanding species of 

MDR [23,29,33,35]. This species uses various resistant mecha-
nisms to survive against β-lactams and carbapenems, particu-
larly the production of β-lactamase or carbapenemases [13,36]. 
In agreement with this study, A. baumannii recovered from the 
dog beds and vdc1 were resistant to amoxicillin-clavulanic acid, 
cephalexin, and ceftriaxone (Table 3). As mentioned previously, 
this group of antibiotics is generally used for treatment in ani-
mal healthcare [34], which might increase the selection pressure 
of AMR in the environment leading to horizontal gene transfer 
[13,33,36]. Amikacin is usually selected to treat MDR Acineto-
bacter infections [13,28], but most of the Acinetobacter isolates 
in the present study were susceptible to this drug, except for A. 
hemolyticus recovered from the floor under the cage and vdc1 
(Table 3). Only one isolate of A. baumannii recovered from dog 
beds in this study was resistant to enrofloxacin, which was the 
same as the study before. The researchers reported that a small 
percentage of Acinetobacter isolates were resistant to this drug 
[13]. Zordan et al. [15] reported that all MDR A. baumannii 
isolated from veterinary clinics in Germany were resistant to 
clindamycin. In contrast to the present study, only 13.04% of 
clindamycin resistance was detected (Table 3). Interestingly, 
several studies reported the accelerated trend of carbapenems 
resistance [7,13,16]. On the other hand, there was no resistance 
to imipenem or carbapenem. These results highlight the need 
for rational drug use in animal hospitals and livestock produc-
tion to reduce AMR threats. 

AMR patterns of Acinetobacter 
This study identified five predominant MDR patterns of 

Acinetobacter (Table 3) that were resistant to at least three anti-
microbial agent groups [37], representing approximately 45.5% 
of the related isolates. Several species isolated in the environ-
ment of this study as well as clinical cases from animal hospitals 
sent for analysis at the Veterinary Diagnostic Center, including 
A. hemolyticus, A. baumannii, A. johnsoniii, had MDR patterns. 
A previous study stated that A. baumannii was mostly found 
with the MDR patterns of Acinetobacter recovered from all clin-
ical specimens in veterinary hospitals [13]. This contrasts with 
the present study showing that A. hemolyticus presented the 
highest frequency of MDR patterns. The MRD Acinetobacter 
determination in the hospital environment would relate to nos-
ocomial infections and circulate in both human and animal in-
tensive care units [16,35]. On the other hand, AMR gene trans-
mission and resistant mechanisms of Acinetobacter should be 
considered for further study. 

In conclusion, Acinetobacter is a gram-negative bacteria gen-
erally found in the environment and clinical specimens of hu-
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man and veterinary hospitals. In this study, the determination 
of this bacteria in the environments of laboratory dog husband-
ry room and veterinary belongings were A. hemolyticus, A. 
junii, and A. baumannii. The finding emphasizes the impor-
tance of sanitary management and cleaning the operating place 
and laboratory dog husbandry room to reduce the source of 
bacterial contamination. In addition, most antimicrobial-resis-
tant patterns of the Acinetobacter isolates recovered from surgi-
cal practice, and laboratory dog husbandry rooms environ-
ments were MDR, which is in agreement with the isolates de-
rived from the clinical specimens of the Veterinary Diagnostic 
Center. These MDR Acinetobacter determined the public health 
importance of the environment and its related clinical speci-
mens. 
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서론 

Fenbendazole (FBZ)은 수의에서 유용하게 쓰이는 구충제 중 하나이다[1]. FBZ은 실

험용 설치류, 반려동물, 산업동물에서 회충, 십이지장충, 편충 등 내부 기생충 감염의 

예방 및 치료제로 허가 받아 사용되고 있다[2,3]. 구충 작용기전으로는 기생충의 세포 

분열 과정 중 미세소관의 형성을 방해하여 효과를 나타내는 것으로 알려져 있다[4,5]. 

최근 FBZ이 항암효과가 있다는 보고[6]와 일부 임상사례를 시작으로 커뮤니티, 인터

넷을 통해 FBZ을 임의로 복용하는 사례가 증가하였다. FBZ은 인간 암세포의 미세소관

에 친화성을 나타내고 micromolar 농도에서 항암효과를 보였으며, 새로운 항암기전으

로 GLUT transporter와 hexokinase의 발현 억제로 glucose uptake를 효과적으로 억제

지질다당류로 활성화된 마우스 골수세포에서 구충제 
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Fenbendazole (FBZ) is a commonly used anthelmintics in veterinary medicine that has 
recently been found to have anticancer effects in humans. On the other hand, few 
studies have examined the anti-inflammatory effects of FBZ, and its mechanism is 
unknown. In this study, mouse bone marrow cells (BMs) were treated with lipopoly-
saccharide (LPS), a representative inflammation-inducing substance, to generate a sit-
uation similar to osteomyelitis in vitro. The effect of FBZ on inflammatory BMs was 
examined by measuring the metabolic activity, surface marker expression, cell nuclear 
morphology, and mitochondrial membrane potential (MMP) of BMs. FBZ decreased 
the metabolic activity and MMP of LPS-treated BMs. Annexin V-fluorescein isothiocy-
anate/propidium iodide staining and Hoechst 33342 staining showed that FBZ re-
duced the number of viable cells and induced the cell death of inflammatory BMs. In 
addition, FBZ reduced the proportion of granulocytes more than B lymphocytes in 
LPS-treated BMs. Overall, FBZ induces cell death by destabilizing the MMP of LPS-in-
duced inflammatory BMs. In addition to anthelmintic and anticancer agent, FBZ can 
play a role as an anti-inflammatory agent. 

Keywords: fenbendazole; bone marrow cells; inflammation; lipopolysaccharides; os-
teomyelitis 
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하는 사실이 알려졌다[6]. 

골수는 혈액세포와 면역세포가 유래하는 기관으로 면역체계에서 

매우 중요한 역할을 한다. 우리는 FBZ이 항암제로서의 가능성이 대

두되고 있는 가운데 골수세포에 대한 항염증 효과 또한 있는지 의문

이 들었다. 하지만 앞선 연구에서는 조류에서 선충 감염으로 인해 

발생한 골수염에 FBZ을 투여하여 치료한 사례만이 존재하였다[7]. 

이와 같이, FBZ의 골수염에 대한 효과에 관한 연구는 많이 부족하

다. 따라서 본 연구에서는 in vitro에서 골수염과 유사한 상황을 만들

기 위해 대표적인 염증 유발물질인 lipopolysaccharide (LPS)를 골

수세포에 처리하여 FBZ의 항염증 효과 유무와 작용기전을 알아보

았다. 이를 위해 FBZ을 농도별로 처리한 후 골수세포의 대사활성

도, 표면 마커 발현, 세포의 핵 형태, 미토콘드리아 막전위(mito-
chondrial membrane potential) 등을 측정하여 골수세포에서 FBZ
의 항염증 효과에 대해 연구하였다.  

재료 및 방법  

실험동물과 시약

실험동물은 OrientBio (Korea)에서 구입하여 제주대학교 실험동

물센터에서 유지하였다. 동물실험에서 8-12주령 사이의 C57BL/6 

마우스가 사용되었고, 제주대학교 동물실험윤리위원회의 승인을 받

아 시행되었다(승인번호, 2018-0011). FBZ과 LPS (Escherichia coli 
O55)는 Sigma사(USA)에서 구입하였으며, FBZ은 dimethyl sulf-
oxide, LPS는 인산완충액에 녹인 후 사용하였다. 

골수세포의 분리와 물질 처리

본 실험실에서 확립된 방법으로 골수세포를 분리하였다[8]. CO2 

gas로 마우스를 안락사 시킨 뒤 대퇴골과 경골을 적출하여 골수조직

을 채취하였다. 이 조직을 ammonium chloride-potassium lysis 
buffer로 처리하여 적혈구를 제거한 후 70 μm cell strainer에 걸러 

single cell을 획득하였다. 이를 계수하여 96- 또는 6-well culture 
plates에 배양하였다. FBZ과 LPS를 처리한 후 37°C, 5% CO2의 조

건에서 배양하였고 분석에 이용하였다. 

골수세포의 대사활성도 측정

골수세포를 1 × 106 cells/mL의 농도로 96-well culture plate에 

넣은 후 FBZ과 LPS (1 μg/mL)를 농도별로 처리한 후 배양하였다. 

배양이 끝난 후 골수세포에 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazoliumbromide (MTT, Sigma) 용액을 0.5 mg/mL 농

도로 넣고 4시간 동안 처리하였다[9]. 살아있는 세포에 의해 생긴 

crystal violet을 녹이기 위해 10% sodium dodecyl sulfate 용액을 

well당 100 μL씩 넣어 2시간 동안 반응시켰다. 그 후 microplate 
reader (Molecular Devices사, USA)를 이용하여 흡광도(570 nm)

를 측정하였다. 

유세포 분석 

마우스 골수세포를 6-well culture plate에 1 × 106 cells/mL의 

농도로 배양하고 FBZ과 LPS를 농도별로 처리하였다. 3일간 배양 

후 미토콘드리아 막전위를 측정하기 위해 rhodamine 123 용액을 

10 μg/mL의 농도로 암실조건에서 30분간 염색하였다. 골수세포의 

세포사(cell death) 측정을 위해 annexin Ⅴ-fluorescein isothiocya-
nate (FITC)와 propidium iodide (PI) 용액으로 염색하였다[10]. 또

한, 과립구와 B림프구의 비율을 측정하기 위해 allophycocyanin-la-
beled anti-Gr-1 항체와 biotin-labeled anti-B220 항체, FITC-avi-
din을 사용하였다. 유세포 분석은 CytoFLEX와 CytExpert soft-
ware (Beckman Coulter, USA)를 이용해 분석하였다.

 

Hoechst 33342 염색을 이용한 골수세포 핵 관찰 

골수세포의 세포사를 확인하기 위해 핵 모양을 관찰하였다. 세포

의 핵을 염색하기 위해 Hoechst 33342 용액을 2.5 μg/mL 농도로 

처리하여 37°C에서 10분간 염색하였다[11]. 염색된 세포는 형광현

미경(ZOE Fluorescent Cell Imager; BIO-RAD, USA)을 이용해 

관찰하였고 사진 촬영을 했다. 

통계분석

각 실험은 2-3회 반복하여 시행되었다. Fig. 1은 평균 ±  표준편

차로 나타냈다. One way analysis of variance 분석 후에 Tur-
key-Kramer multiple comparison test (GraphPad Prism; Graph-
Pad Software, USA)로 유의성을 확인하였다. 통계처리 후 p-value

O
D 

at
 5

70
 n

m

0 0.125 0.25

FBZ (μM)

0.5

##

###

** *** ***

1 2

1.0

0.8

0.6

0.4

0.2

0

FBZ
FBZ + LPS

Fig. 1. Fenbendazole (FBZ) decreases the metabolic activity of 
lipopolysaccharide (LPS)-treated and untreated bone marrow cells 
(BMs). BMs (1 × 106 cells/mL) were incubated in 96-well culture 
plates and treated with FBZ in the absence or presence of 1 µg/
mL LPS. The concentration range of FBZ was 0 to 2 µM and treat-
ed by 2-fold dilution stepwise. MTT assay was performed at 3 days 
after the drug treatment. The data are presented as the mean ± 
standard deviation. ***, ### indicate p < 0.001 and **, ## indicate 
p < 0.01, compared to the BMs treated without LPS or LPS alone 
(FBZ 0 µM), respectively. OD, optical density.
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가 0.05 미만인 경우 유의한 것으로 판단하였다. 

결과 

FBZ이 골수세포의 대사활성도에 미치는 영향

FBZ 단독과 FBZ + LPS (1 μg/mL) 처리군에서 골수세포의 대사

활성도를 알아보기 위해 MTT assay를 수행하였다(Fig. 1). MTT 

assay 결과 FBZ 단독에 비해 FBZ + LPS 처리군은 모든 농도(0-1 

µM)에서 보다 높은 대사활성도를 나타내었으며, FBZ의 농도가 증

가함에 따라 대사활성도가 감소됨을 확인하였다. 특히, FBZ 단독의 

0.5-2 µM 농도에서 유의하게 대사활성도가 감소하였고, FBZ + 

LPS 처리군에서는 1-2 µM 농도에서 유의한 감소를 보였다. 이러한 

결과는 FBZ이 LPS와 같은 염증 물질에 의해 자극된 골수세포의 활

동을 억제할 수 있음을 나타낸다.

 
FBZ에 의한 골수세포의 미토콘드리아 막전위 변화 

FBZ이 골수세포에 미치는 영향을 조사하기 위해 FBZ과 LPS를 

처리한 골수세포의 미토콘드리아 막전위를 측정하였다. 이를 위해 

rhodamine 123 용액을 사용하여 골수세포를 염색한 후 유세포 분

석을 하였다(Fig. 2). LPS는 골수세포의 미토콘드리아 막전위를 높

이는 반면, FBZ은 LPS로 증가된 미토콘드리아 막전위를 크게 감

소시켰다. 특히, FBZ 0.25 µM 농도와 FBZ 1 µM 농도의 fluores-
cence intensity 평균값의 차이는 5,034로, FBZ 0 µM 농도와 FBZ 

0.25 µM 농도의 평균값의 차이인 1,083보다 크다. 이 결과는 0.25-

1 µM 사이 농도의 FBZ은 LPS에 의해 자극된 골수세포의 미토콘드

리아 이중막의 구조를 더욱 불안정하게 할 수 있음을 나타낸다.

 

Rhodamine 123

A

D

B

E

C

F

Fig. 2. Fenbendazole (FBZ) reduces the mitochondrial membrane potential of both lipopolysaccharide (LPS)-treated and untreated bone 
marrow cells (BMs). Mouse BMs in 6-well culture plates were treated with or without 1 µg/mL LPS for 2 days, followed by an FBZ treat-
ment. The treated BMs were stained with Rhodamine 123 solution. The number in histograms indicates the mean fluorescence intensi-
ties. (A) FBZ 0 µM, (B) FBZ 0.25 µM, (C) FBZ 1 µM, (D) FBZ 0 µM + LPS 1 µg/mL, (E) FBZ 0.25 µM + LPS 1 µg/mL, and (F) FBZ 1 µM + LPS 
1 µg/mL. 
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FBZ에 의한 골수세포의 세포사 증가 

유세포 분석은 골수세포의 세포사를 확인하기 위해 annexin 

V-FITC/PI 염색 후 수행되었다(Fig. 3). FBZ 단독 또는 FBZ + 

LPS 처리된 세포의 viable cells (annexin V-/PI-)의 비율이 유사하

게 감소하였다. 이 감소는 특히 Fig. 2와 같이 FBZ 1 µM 농도에서 

현저하게 감소함을 보였다. Viable cells는 FBZ 단독일 때 FBZ 

0-0.25 µM은 2.3%, FBZ 0.25-1 µM은 13.8% 감소하였다. FBZ + 

LPS 처리군에서도 FBZ 0-0.25 µM은 3.4%, FBZ 0.25-1 µM은 

9.3% 감소하였다. 죽은 세포 중 necrotic cells (annexin V-/PI+)의 

수는 FBZ 0-1 µM 농도에서 5%에서 6%로 증가한 FBZ 단독에 비

해 FBZ + LPS 처리군에서 더욱 현저한 변화를 보였다. 그러나 ear-
ly apoptosis cells (annexin V+/PI-)에서는 FBZ 단독은 6%에서 

12%로 증가한 반면, FBZ + LPS 처리군에서는 10%로 일정하였다. 

이러한 결과는 FBZ이 LPS 처리 여부와 관계없이 골수세포에서 세

포사를 유도할 수 있음을 보여준다. 

골수세포 내의 과립구와 B림프구의 구성에 FBZ이 미치는 영향

마우스 골수세포의 주요 구성 세포 중에는 과립구와 B림프구가 

포함되어 있다. 두 가지 세포 구성에 FBZ이 미치는 영향을 조사하

기 위해, FBZ과 LPS로 처리된 골수세포를 Gr-1 또는 B220 특이적

인 항체로 염색한 후 유세포 분석을 실시하였다(Fig. 4). Dot plot의 

Gr-1+ 구역은 호중구를 포함한 과립구이다. FBZ 0 µM 농도에서 

FBZ 단독은 27%, FBZ + LPS 처리군은 25%인 것으로 보아 LPS는 

과립구의 비율을 크게 증가시키지 않았다. 반면, FBZ 0-1 µM 사이

의 변화를 보면 FBZ 단독에서는 27%에서 15%로 감소하였고 FBZ 

+ LPS 처리군에서는 25%에서 19%로 감소하였다. 골수세포에 LPS 

A

D

B

E

C

F
Annexin V

PI

Fig. 3. Fenbendazole (FBZ) induces the apoptosis and necrosis of lipopolysaccharide (LPS)-treated and untreated bone marrow cells (BMs). 
The cells were cultured in 6-well culture plates and treated with FBZ (0, 0.25, 1 µM) and LPS (1 µg/mL). Annexin V-FITC/PI staining was 
performed after 2 days of treatment. The cells in the quadrants indicate necrosis (upper left, UL), late apoptosis (upper right, UR), viable 
(lower left, LL), and early apoptosis (lower right, LR) cells, respectively. The number in quadrants indicates the percentage of cells. (A) FBZ 
0 µM, (B) FBZ 0.25 µM, (C) FBZ 1 µM, (D) FBZ 0 µM + LPS 1 µg/mL, (E) FBZ 0.25 µM + LPS 1 µg/mL, and (F) FBZ 1 µM + LPS 1 µg/mL. PI, 
propidium iodide.

102 102 102

102102102

103 103 103

103103103

104 104 104

104104104

105 105 105

105105105

106 106 106

106106106

102

103

104

105

106

FITC-A FITC-A FITC-A

FITC-AFITC-AFITC-A

PE
-A

PE
-A

PE
-A

PE
-A

PE
-A

PE
-A

102 102

102102102

103 103

103103103

104 104

104104104

105 105

105105105

106 106

106106106

Tube 1 all event

Tube 4 all event

Tube 2 all event

Tube 5 all event

Tube 3 all event

Tube 6 all event

5% 5% 6%

10%7%5%

16% 18% 25%

23%17%15%

6% 7% 12%

10%10%10%



Fenbendazole inhibits LPS-activated BMs

https://doi.org/10.14405/kjvr.2021.61.e22 5 / 7

G
r-

1

A

D

B

E

C

F

Fig. 4. Fenbendazole (FBZ) significantly decreases granulocytes than B cells in bone marrow cells (BMs). BMs (1 × 106 cells/mL) were 
seeded in 6-well culture plates and treated with FBZ and lipopolysaccharide (LPS). The cells were stained with anti-B220 or Gr-1 specif-
ic antibody. The cells were analyzed using flow cytometry. The upper squares in dot plots indicate the population of Gr-1 positive cells, 
granulocytes. The lower squares in dot plots indicate the population of B220 positive cells, B cells. Irrespective of the presence of LPS, the 
proportion of granulocytes decreased, but that of B cells increase. (A) FBZ 0 µM, (B) FBZ 0.25 µM, (C) FBZ 1 µM, (D) FBZ 0 µM + LPS 1 
µg/mL, (E) FBZ 0.25 µM + LPS 1 µg/mL, and (F) FBZ 1 µM + LPS 1 µg/mL.

처리와 관계없이 과립구의 비율은 현저하게 감소시키는 사실을 알 

수 있다. Dot plot의 B220+ 구역은 B림프구이다. B림프구의 비율

은 LPS에 의해 증가하지 않았고, 28%에서 20%로 오히려 감소한 모

습을 보였다. 반면, LPS 유무와 관계없이 FBZ의 농도가 증가함에 

따라 B림프구의 비율은 증가하였다.

 

FBZ에 의한 골수세포의 핵 형태 변화

골수세포를 Hoechst 33342 용액으로 염색한 후, 형광현미경을 

사용하여 FBZ에 의한 골수세포의 핵 형태 변화를 관찰하였다 

(Fig. 5). FBZ 단독 처리군에서는 1 µM 농도에서 눈에 띄게 분절된 

핵을 가진 세포의 수가 증가하였다. LPS 처리로 골수세포의 수가 현

저하게 증가되었고 FBZ의 1 µM 농도에서 분절된 핵을 가진 세포의 

수가 증가하였다. 핵이 분절된 세포가 증가하는 것은 세포사의 증가

를 의미하므로 FBZ 1 µM은 LPS 유무와 관계없이 골수세포의 세포

사를 증가시키는 사실을 확인했다. 

고찰

FBZ은 수의에서 광범위하게 사용되는 항기생충제제 중 하나이며

[1-3], 최근 종양세포를 이용한 연구에서 항암효과를 갖는다는 사실

이 밝혀졌다[6]. 하지만 FBZ의 항염증 효과에 대한 연구는 매우 미

흡하며 그 작용기전도 알려져 있지 않다. 본 연구에서는 FBZ의 항

염증 효과를 알아보기 위해 골수세포에 대표적인 염증성 유도물질 

중 하나인 LPS를 FBZ과 함께 복합 처리한 후 분석하였다. 

FBZ이 세포활성도와 미토콘드리아 막전위를 감소시켜 골수세포

의 활성을 억제하였다. 또한, annexin V-FITC/PI 염색과 Hoechst 
33342 염색을 통해 FBZ이 염증성 골수세포의 세포사를 유도하는 

사실을 확인하였다. 이러한 결과는 LPS 처리로 만들어진 염증성 골

27% 21% 15%

19%24%25%

28% 29% 34%

28%21%20%

B220

102 103 104 105 106
102

103

104

105

106

FITC-A

AP
C-

A
Tube 1 all event

102 103 104 105 106
102

103

104

105

106

FITC-A

AP
C-

A

Tube 2 all event

102 103 104 105 106
102

103

104

105

106

FITC-A

AP
C-

A

Tube 3 all event

102 103 104 105 106
102

103

104

105

106

FITC-A

AP
C-

A

Tube 6 all event

102 103 104 105 106
102

103

104

105

106

FITC-A

AP
C-

A

Tube 5 all event

102 103 104 105 106
102

103

104

105

106

FITC-A

AP
C-

A

Tube 4 all event



https://doi.org/10.14405/kjvr.2021.61.e22

Korean J Vet Res 2021;61(3):e22  •  Seo-Ro Park, et al.

6 / 7

Fig. 5. Fenbendazole (FBZ) increased the number of bone marrow cells (BMs) with fragmented nuclei. The cells were set up and treated 
with FBZ and lipopolysaccharide (LPS), as in Fig. 2. After 2 days, Hoechst 33342 staining was performed. The BMs treated with FBZ 1 µM 
contain many cells with fragmented nuclei (arrows). (A) FBZ 0 µM, (B) FBZ 0.25 µM, (C) FBZ 1 µM, (D) FBZ 0 µM + LPS 1 µg/mL, (E) FBZ 0.25 
µM + LPS 1 µg/mL, and (F) FBZ 1 µM + LPS 1 µg/mL.

A

D

B

E

C

F

수세포에서  FBZ이 세포 수와 미토콘드리아 기능을 모두 감소시킨

다는 것을 보여준다. 과립구와 B림프구의 구성 비율 변화를 분석한 

결과 FBZ은 LPS가 처리된 골수세포에서 B림프구보다 과립구의 비

율을 더 감소시켰다. 

FBZ이 과립구의 발현을 선택적으로 억제하는 정확한 기전은 밝

혀지지 않았지만, 이를 설명할 수 있는 선행연구들이 있다. 천식 동

물모델에서 FBZ이 알레르기성 기도염증과 Th2 사이토카인의 생산

을 감소시켰다[12]. FBZ은 기생충 감염증 치료에 다양하게 이용된

다[13]. 일반적으로 기생충 감염 시 호산구를 포함한 과립구가 증가

되고[14], FBZ이 기생충 치료에 이용되므로, FBZ이 과립구의 숫자 

또는 기능에 영향을 미칠 수 있음을 유추할 수 있다. 또한, squirrel 
monkey를 이용한 앞선 연구에서 총 백혈구, 호중구, 단핵구 및 호

산구 수 비교는 FBZ을 처리하지 않은 대조군에 비해 FBZ을 처리한 

군에서 현저히 감소한 모습을 보였다[15]. 이를 종합하면 FBZ은 골

수세포 중에서도 과립구를 특히 감소시킨다고 생각된다. 반면, FBZ
의 농도가 증가함에 따라 전체 생존 세포 수와 과립구는 줄어드는

데, 림프구의 절대값은 크게 변하지 않아 상대적인 비율로 림프구가 

증가한다고 추측할 수 있다. 다른 연구에서도 절대 림프구 수는 

FBZ 치료에 영향을 거의 받지 않았다[15]. 하지만 FBZ은 마우스의 

면역체계에 상당한 영향을 미치는 것으로 보아[16], B림프구의 기능

이 감소될 가능성은 있다. 

다른 연구에서는 설치류에서 FBZ에 의한 골수 억제가 발생하지 

않음을 보고하였다[17]. 하지만 본 연구에서는 골수세포에 대한 

FBZ의 직접적인 효과를 측정하여 실험조건이 다르다. 또한 LPS에 

의해 과도한 염증 반응이 발생한 골수세포를 이용하여 FBZ의 항염

증 효과에 대한 연구를 수행했으며, FBZ을 항염증제로 사용할 수 

있는 가능성을 확인했다. 

이러한 결과를 종합하면, LPS 처리로 인해 염증성 상태가 된 골수

세포에서 FBZ은 미토콘드리아 막전위를 불안정하게 만들어 세포사

를 유도시켜 항염증 효과를 일으키는 것으로 추정된다. 향후 미토

콘드리아와 FBZ의 관련성, 다른 항염증제와의 상승 효과, 다양한 

염증이 유도된 동물질환 모델에서의 약효 실험이 추가적으로 필요

하다. 
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Arcanobacterium haemolyticum, formerly known as Corynebacterium haemolyt-
icum, is a β-hemolytic Gram-positive, catalase-negative, facultative-anaerobic, 
non-acid-fast bacilli. This bacterium can cause a wide range of diseases in humans 
and has been implicated as a cause of wound infections but rarely of systemic in-
fections, including endocarditis, meningitis, osteomyelitis, and pneumonia [1,2]. 
On the other hand, A. haemolyticum infections have rarely been reported in ani-
mals, and the pathogenicity of this bacterium in animals has not been document-
ed. Reports of sporadic isolations from animals, including cattle [3], sheep [4], a 
pet rabbit [5], horses [6,7], and a badger [8], have been published. In Korea, sever-
al cases of A. haemolyticum infections have been reported in humans, including a 
case of sepsis [9], 5 cases of skin ulcer and peritonsillar abscesses [10], and a case 
of necrotizing fasciitis in a dog-bitten patient [11]. This paper describes a case of 
vegetative endocarditis associated with an A. haemolyticum infection in a Holstein 
cow in Korea. 

A 4-year-old female Holstein cow with a 1-month history of progressive atro-
phy, lethargy, depression, and ataxia was submitted for diagnosis. At necropsy, the 
cow showed a poor body condition, the considerable depletion of subcutaneous 
adipose tissue, and adjacent dark reddish-brown muscles. In the lungs, there were 
multiple well-circumscribed yellowish abscesses approximately 5 mm in diameter. 
The heart was moderately enlarged with a round apex. Severe irregular protruding 
multiple rough cauliflower-like yellowish–red nodules, approximately 3 ×  2.5 ×  
1.5 cm in size, were attached to the mitral valve of the left heart (Fig. 1A). Similar 
nodules, approximately 4 ×  4.5 ×  2 cm in size, were observed on the tricuspid 
valve of the right side of the heart (Fig. 1B). Both kidneys were severely enlarged 
and had multiple small raised white-yellow nodules as large as 0.3 cm in diameter 
in the parenchyma (Fig. 1C). The acetabular fossa of the right hind limb contained 
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Case Report
A 4-year-old Holstein cow with progressive atrophy and ataxia was submitted for di-
agnosis. The postmortem examination revealed multifocal yellowish nodules in the 
pulmonary parenchyma and vegetative masses in the mitral and tricuspid valve of the 
heart. Both kidneys were severely enlarged, with multiple yellow nodules on the pa-
renchyma. Histopathologically, pulmonary abscesses, vegetative endocarditis, suppura-
tive glomerulonephritis, and fibrino-purulent arthritis were observed. The tiny β-he-
molytic bacterial colonies were isolated from the lesions and identified as Arcanobac-
terium haemolyticum by the VITEK 2 system (bioMérieux, USA). This is the first docu-
mented report of an A. haemolyticum infection in a Holstein cow in Korea. 
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large amounts of turbid yellowish fluid and fibrinous materials 
(Fig. 1D). No remarkable changes were noted in the other or-
gans, including the urinary bladder and liver.  

For a histopathology examination, the representative tissue 
samples were fixed in 10% neutral buffered formalin, trimmed, 
processed routinely, embedded in paraffin wax, sectioned at 3 
μm, and stained with hematoxylin and eosin and a Gram stain-
ing kit (Brown and Brenn modified method; Sigma Aldrich, 
Germany). Aseptically collected samples from the lung, vegeta-
tive lesions of heart, kidney, and articular swab were cultured 
on 5% sheep blood agar and MacConkey agar for 48 hours at 
37°C incubation under anaerobic conditions. 

Histopathologically, the affected valve leaflets of the heart had 
lost the endothelial surface and were thickened with granula-
tion tissues composed of fibroblasts, collagen fibers, and some 
new-formed capillaries. The upper vegetation of the valve was 
composed of massive fibrin, degenerated neutrophils, and mac-
rophages. Numerous short bacilli-like basophilic bacterial colo-
nies were observed in the lesions of vegetative endocarditis (Fig. 
2A) and confirmed as Gram-positive coccobacilli (Fig. 2B) us-
ing a Gram stain. Severe multifocal abscesses, suppurative 
glomerulitis, and tubulonephritis, with bacterial colonies, were 

observed in the kidney (Fig. 2C). Many renal tubules were filled 
with proteinaceous fluid, degenerated epithelial cells, and nu-
merous bacterial colonies. Bacterial colonies in the kidney were 
also confirmed as Gram-positive coccobacilli (Fig. 2C, inset). 
Multiple abscesses were observed in the parenchyma, including 
intrabronchial and intravascular areas of the lungs (Fig. 2D). Fi-
brinopurulent arthritis and multifocal cerebral microabscesses 
with moderate choroiditis were also presented. 

In the bacterial culture test, small translucent colonies were 
observed after 48 hours in anaerobic incubation of the samples 
from the lungs, valves, kidneys, and articular swabs. The colo-
nies were 0.5 mm in diameter, and a narrow zone of β-hemoly-
sis was observed on all sheep blood agar. The isolated organism 
was catalase-negative and confirmed as A. haemolyticum (99% 
probability) by biochemical tests using the VITEK 2 system 
(bioMérieux, USA). 

Based on the gross findings, histopathologic features, and iso-
lation of the bacterial agent, this case was diagnosed as a sys-
temic infection with vegetative endocarditis by A. haemolyticum 
in a Holstein cow. 

A. haemolyticum presents as a commensal on the skin and 
mucous membrane of the upper respiratory tract in humans. 

A B C D

Fig. 1. Gross findings. (A) Heart: irregular, raised, rough, yellow-red, friable vegetative masses (3 × 2.5 × 1.5 cm3, arrows) in the mitral 
valve. (B) Heart: vegetative mass (4 × 4.5 × 2 cm3, circle) in the tricuspid valve. (C) Kidney: multifocal variable-sized yellowish-white nod-
ules up to 0.3 cm in diameter in renal parenchyma. (D) Hip joint: a large amount of turbid yellowish fluid in the acetabular fossa.

A B C D

Fig. 2. Histopathology findings. (A) Valve of the heart: numerous inflammatory cells, bacterial colonies (arrows), and fibrin deposition in 
the lesion of vegetative endocarditis (H&E, scale bar: 50 μm). (B) Valve of heart: Gram-positive bacilli within the lesion (Gram stain, scale 
bar: 50 μm). (C) Kidney: suppurative inflammation in the glomeruli and bacterial colony (arrow) in the renal tubules (H&E, scale bar: 100 
μm). Note Gram-positive bacilli in the renal tubule (inset) (Gram stain). (D) Lungs: abscess formation in the bronchiole (left) and blood 
vessel (right) (H&E, scale bar: 100 μm).
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According to the previous literature based on a Medline search, 
human infections associated with A. haemolyticum were classi-
fied into 3 major categories: local infection, systemic bactere-
mia, and deep-seated infections without bacteremia [1]. 
Deep-seated infections by A. haemolyticum are usually mo-
nomicrobial, whereas soft tissue infections are polymicrobial, 
associated with other bacteria [12]. Human patients with bacte-
remia could be classified into 2 groups: an older population 
with underlying immune-suppressive conditions (usually a ma-
lignancy) and a younger population with predominantly upper 
respiratory tract infections [1,2]. 

Skin infections have been described mainly after a traumatic 
skin injury or postoperative wound infection [13]. A. haemolyt-
icum has occasionally been isolated in patients with sepsis, os-
teomyelitis, septic arthritis, wound infections, skin abscesses, 
peritonsillar abscesses, pulmonary abscess, pyothorax, endocar-
ditis, brain abscesses, and diabetic soft tissue infections [1,13]. 
These conditions occur mainly in patients with underlying pre-
disposing diseases, such as diabetes, alcoholism, or malignant 
neoplasms in humans [13]. According to a retrospective review 
of the microbiological culture results, 96% of isolates originated 
from patients with wound infections and/or cellulitis, and 72% 
of patients had coexisting diabetes mellitus [2]. 

In animals, A. haemolyticum has been isolated in bovine se-
men and a case of ovine pneumonia [3,4]. In horses, A. haemo-
lyticum strains have been isolated with other microorganisms 
from wound infections, dermatitis, a fistula after castration [6], 
and postcastrational complication [7]. In one study, 12 rabbit 
mandibular and maxillary abscesses were cultured aerobically 
and anaerobically. Afterward, A. haemolyticum, a type of peri-
odontal bacteria, was isolated from one specimen [5]. In the 
present case, A. haemolyticum was isolated from several tissues, 
such as the heart, lungs, kidneys, and joints. In particular, the 
histopathological findings, such as endocarditis and glomerulo-
nephritis by this bacterium, have not been reported in animals. 
Published data on this infection in animals is lacking. There-
fore, the mode of transmission and spectrum of the diseases 
and infections are uncertain. 

According to the colony morphology and β-hemolysis on 
blood agar, A. haemolyticum isolates are divided into 2 different 
biotypes, such as smooth and rough colony types [14]. The 
smooth biotypes are β-glucuronidase negative, often ferments 
sucrose, possess smooth edges, are moderate to strong in β-he-
molysis, and are associated with wound infections. In contrast, 
rough isolates are β-glucuronidase positive, negative for su-
crose, possess a rough and irregular edge, have weak to no 
β-hemolysis, and are associated with pharyngitis [14]. On horse 

or sheep blood agar, colonies of A. haemolyticum are circular, 
discoid, opaque, and whitish with a rough surface and friable 
consistency and averages of 0.1 mm with little or no hemolysis 
after 24 hours incubation. At 48 to 72 hours, the colonies reach 
0.5 mm with a narrow 1 mm zone of β-hemolysis. On the other 
hand, prominent hemolysis is seen on 5% of human blood agar 
within 24 hours, and sucrose fermentation is variable [15]. In 
this case, the A. haemolyticum isolate showed small (0.5 mm di-
ameter) colonies with a narrow zone of β-hemolysis after 48 
hours of incubation on sheep blood agar. This bacterium 
showed a negative result for sucrose on the VITEK test. 

A. haemolyticum must be differentiated from Arcanobacteri-
um pyogenes, which is also catalase-negative and may appear 
β-hemolytic on sheep blood agar. A. pyogenes is a common in-
habitant of the mucous membranes of cattle, sheep, swine, and 
other economically important animals and can disseminate to 
cause a wide variety of suppurative infections in the skin, joints, 
and visceral organs. On the other hand, the 2 organisms can be 
differentiated easily as A. pyogenes hydrolyses gelatin rapidly, 
produces acid from xylose, and produces β-glucuronidase 
[14,15]. 

Endocarditis is defined as an infection of 1 or more in the en-
docardial surfaces of the heart [16]. In cattle, different predilec-
tion sites for valvular vegetation have been reported. A previous 
paper reported that endocarditis occurs most commonly on the 
tricuspid (right atrioventricular) valve followed by the mitral 
(left atrioventricular) valve. Moreover, bilateral involvement of 
the atrioventricular valves is not common [17]. According to a 
survey of 36 cows with vegetative endocarditis, the pulmonic, 
tricuspid, and mitral valves were affected as a single infection in 
20 (55%), 9 (25%), and 4 (11%) cases, respectively [16]. In addi-
tion, 2 cows (6%) had vegetation at both the tricuspid and mi-
tral valves. In the present study, the lesions of vegetative endo-
carditis caused by A. haemolyticum were observed in the tricus-
pid and mitral valves. In cattle, the valves on the right side of 
the heart are more commonly involved, possibly because of the 
introduction of bacteria by veterinarians during jugular veni-
puncture [18]. On the other hand, there is no information on 
intravenous injection by farmers and veterinarians in the pres-
ent case. The most common clinical signs in cattle with vegeta-
tive endocarditis are weight loss, recurrent fever, anorexia, dys-
pnea, lameness, and poor milk production [16]. 

In the previous study, various additional pathological findings 
were detected in cattle with vegetative endocarditis. Embolic 
nephritis and pulmonary thromboembolism were observed in 
10 (28%) and 9 (25%) cases, respectively. Six cows (17%) had 
joint effusion, and 5 (14%) had ascites [16]. In the present re-



https://doi.org/10.14405/kjvr.2021.61.e24

Korean J Vet Res 2021;61(3):e24  •  Ji-Youl Jung, et al.

4 / 5

port, intrabronchiolar and intravascular abscesses were ob-
served in the lungs. In addition, the renal tubules and glomeruli 
contained numerous bacterial colonies with suppurative in-
flammation. No typical lesions were detected in the urinary 
bladder. 

Although the source of infection and the precise pathogenesis 
are not completely understood in this case, the infected A. hae-
molyticum may invade the blood vessels and cause longstanding 
irritation to the endocardium resulting in vegetative endocardi-
tis in cattle. The bacterial emboli from endocardial vegetation 
spread to other internal organs via the bloodstream and then 
formed multiple abscesses in the lungs, suppurative inflamma-
tion in the glomeruli, and arthritis. Several histopathologic fea-
tures, such as an intravascular abscess in the lungs and suppura-
tive inflammation in the glomeruli, supported the hematoge-
nous spread of A. haemolyticum in this cow.  

Although A. haemolyticum can cause infective endocarditis, 
only 5 cases (3 males and 2 females) have been reported in the 
medical literature [1,19]. Four out of the 5 cases were compli-
cated by septic embolism. Two men died after developing infec-
tive endocarditis with/without cerebral emboli. One man and 2 
females survived with prompt antibiotics therapy and surgery. 
The causes of death in endocarditis caused by A. haemolyticum 
in humans were cardiac arrest resulting from the progression of 
congestive heart failure and fatal neurological complications as-
sociated with the septic embolism [20]. Recently, a case of sub-
acute infective endocarditis associated with A. haemolyticum on 
the mitral valve prolapsed and complicated with systemic em-
boli was reported in a woman in Korea [20]. The most prevalent 
complication of infective endocarditis in humans is septic em-
boli to the brain. 

Although endocarditis by an A. haemolyticum infection has 
been reported in humans, it has not been reported in animals. 
Moreover, the pathogenesis of this organism in animals is un-
clear. This paper describes an interesting case of a systemic in-
fection of A. haemolyticum with endocarditis in a Holstein cow. 
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The most common types of canine lymphomas are aggressive and high-grade. 
However, recognizing indolent lymphoma is significant because it is associated 
with longer survival time. The most common histopathological subtypes of canine 
indolent lymphomas are T-zone lymphoma (TZL), marginal zone lymphoma, and 
follicular lymphoma. However, diagnoses of these lymphomas is mostly based on 
histopathological examination; thus, canine indolent lymphomas are probably un-
derdiagnosed [1,2]. Recent reports demonstrated that a T-cell lymphoma with sig-
nificant CD45 negative neoplastic cells could be classified as TZL [3-5]. However, 
reports describing clinical presentation, immunophenotype, molecular analysis, 
and histopathologic analysis of TZL in dogs remain scarce. 

An 11-year-old, spayed female Golden Retriever presented lymphadenopathy, 
which was found upon physical examination (bilateral submandibular, prescapu-
lar, and popliteal lymph nodes), radiography and abdominal ultrasound (bilateral 
retropharyngeal, medial iliac, and jejunal lymph nodes). Fine-needle aspiration 
cytology of the lymph nodes and blood smear evaluation of peripheral lymphocy-
tosis were performed to evaluate lymphoid neoplasia. A homogenous lymphoid 
population comprising small to intermediate lymphocytes that frequently had a 
unipolar cytoplasmic extension, “hand-mirror cells” were identified from the 
lymph nodes with a low mitotic rate. Laboratory analysis showed lymphocytosis 
(lymphocyte count, 11,890 cells/µL [reference interval, 1,050-5,100 cells/µL]) with 
mild leukocytosis (white blood cell count, 17,400 cells/µL [reference interval, 
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Case Report

Canine T-zone lymphoma (TZL) is a mature T-cell lymphoma in dogs. The diagnosis 
and sub-classification are impossible without biopsy or immunophenotyping by flow 
cytometry. An 11-year-old, spayed, female Golden Retriever presented with lymph 
node enlargement. Clinical examination was consistent with canine multicentric lym-
phoma. However, immunophenotyping revealed positive for CD3, CD4, CD5, CD8, 
CD21, TCRαβ, and MHCII but negative for CD34, CD45, CD79a, and TCRγδ. Histopa-
thology revealed lymphocytes expanding to the cortex-preserving architecture and 
thinning of the nodal capsule, and CD3 positive but PAX-5 negative. Owing to the in-
dolent nature of TZL, careful monitoring approach without clinical intervention was 
utilized. 
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5,050-16,760 cells/µL]) in the peripheral blood. Peripheral 
blood lymphocytes were also small to intermediate in size (Fig. 
1). These findings were consistent with that of multicentric 
lymphoma with possible bone marrow involvement (World 
Health Organization [WHO] stage Va) but further confirmato-
ry tests were needed since the small to intermediate lympho-
cytes were predominant, and the dog only had subclinical man-
ifestations. 

Immunophenotyping by flow cytometric analysis was per-
formed on the lymph node aspirates and peripheral blood 
mononuclear cell isolates using antibodies (Table 1). Lympho-
cytes from the nodes and blood showed a homogenous popula-
tion with both CD3+ and CD21+ but CD79a-. The CD3+ cells 

also showed CD4+/CD8+/CD5+/CD34-/TCRαβ+/TCRγδ-/ 
MHCII+ but were ultimately CD45- (Fig. 2). PARR assay using 
the peripheral lymph node, which was performed by the Clini-
cal Immunopathology Laboratory at Colorado State University 
via the IDEXX reference laboratory, showed clonal rearrange-
ment of both TCR and immunoglobulin genes. The immuno-
phenotyping results of CD3+/CD5+/CD21+/CD45- cells were 
consistent with the findings of TZL. An additional bone mar-
row examination showed orderly maturated myeloid and eryth-
roid series, less than 2% of blast cells, and an estimated 1.5:1 ra-
tio of myeloid to erythroid. 

Histopathologic examination of the right prescapular lymph 
node confirmed TZL based on the WHO classification of ca-

Fig. 1. Fine-needle aspiration cytology of the lymph nodes (A), peripheral blood (B), and bone marrow (C). A homogenous lymphoid pop-
ulation comprising small to intermediate lymphocytes in the lymph nodes (A) with low mitotic rate. Lymphocytes from peripheral blood (B) 
are also small to intermediate in size. In bone marrow cytology, both myeloid and erythroid series appear complete and display an orderly 
maturation. The myeloid:erythroid ratio is 1.5:1, and the number of blast cell are less than 2% of the nucleated cell numbers (C). Diff-
Quik stain, scale bar: (A, B) 50 μm, (C) 100 μm.

Table 1. Antibodies for flow cytometry analysis used in the case

Antibody Clone Conjugates Supplier
Primary antibody (isotype)
 CD3 (IgG1) CA17.2A12 FITC Bio-Rad
 CD21 (IgG1) CA2.1D6 RPE Bio-Rad
 CD79a (IgG1) HM47 APC-eFluor 780 eBioscience, Invitrogen
 CD4 (IgG2a) YKIX302.9 RPE Bio-Rad
 CD8 (IgG1) YCATE55.9 RPE Bio-Rad
 CD5 (IgG2a) YKIX322.3 APC eBioscience, Invitrogen
 CD34 (IgG1) 1H6 FITC Bio-Rad
 CD45 (IgG2b) YKIX716.13 APC Bio-Rad
 MHC Class II (IgG2a) YKIX334.2 APC eBioscience, Invitrogen

 Canine TCRαβ (IgG1) CA15.8G7 Unconjuated Peter Moore*

 Canine TCRγδ (IgG2a) CA20.8H1 Unconjuated Peter Moore*

Secondary antibody
 Goat anti Mouse IgG (H+L) Pacific Blue Invitrogen

Bio-Rad (Hercules, CA, USA), eBioscience (San Diego, CA, USA), Invitrogen (Waltam, MA, USA). 
FITC, fluorescein isothiocyanate; RPE, r-phycoerythrin; APC, allophycocyanin.
*Leukocyte Antigen Biology Laboratory, Universitiy of California, CA, USA.

A B C

50um 50um 100um
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nine malignant lymphomas. Interpreted neoplastic cells, which 
were small to intermediate sized, expanded to the cortex and 
paracortex, and to a lesser extent, the medullary cords; however, 
overall nodal architecture was preserved as thinning of the nod-
al capsule and transmural invasion of the neoplastic lympho-
cytes were not detected. Likewise, evidence of neoplastic cell 
extension into the perinodal tissues was absent. The peripheral 
sinus was compressed due to neoplastic cell expansion with 
remnant fading germinal centers. Immunohistochemistry re-
vealed positive cytoplasmic immunoreactivity for CD3 in more 
than 95% of the round cells; many of these were compressed 
against the capsule, causing the capsular sinus to collapse, and 
often incorporated random lymphoid follicles. There was no 
appreciable immunoreactivity of PAX-5 in the neoplastic round 

cell population (Fig. 3). 
Owing to the clinically indolent behavior and limited re-

sponse to chemotherapy of TZL, the dog did not receive any 
clinical intervention; careful monitoring was recommended af-
ter discussion with the owner. 

Canine TZL is categorized as an indolent lymphoma. Golden 
Retrievers and Shih-Tzus have been overpresented in TZL [3]. 
It is associated with long-term survival without clinical signs 
and rarely requires clinical intervention. Although TZL is fre-
quently found in dogs [3], diagnosis without immunopheno-
typing or surgical resection was challenging in this case. 

First, the clinical signs were vague. Previous studies revealed 
that almost all canines with TZL present with generalized 
lymphadenopathy without clinical signs of illness which can last 

A

B

Fig. 2. Immunophenotyping by flow cytometric analysis from the lymph node aspirates (A) and peripheral blood mononuclear cell iso-
lates (B). Lymphocytes from the nodes and blood show a homogenous population with CD3+ and CD21+ but CD79a-. These cells also 
show CD4+/CD8+/CD5+/CD34-/CD45-/ TCRαβ+/TCRγδ-/MHCII+. Lymphocytes were selected by logical gating and CD14- cells.
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for a year [6-8]. Hepato/splenomegaly, cutaneous lesions, pale 
mucous membranes, and lethargy can be observed but are 
non-specific. Generalized lymphadenopathy was the only rea-
son for referral in this case, and the dog was asymptomatic. 

Second, peripheral lymphocytosis (lymphocyte count, 11,890 
cells/μL) was the only abnormal laboratory finding in this case. 
Moreover, lymphoproliferative disease could not be confirmed 
without peripheral blood immunophenotyping because malig-
nant cellular changes were not found in the blood smear exam-
ination. As cytologic evaluation of the bone marrow revealed 
mature lymphocytosis, orderly maturation, and bone marrow 
examination might not clarify the peripheral lymphoprolifera-
tive disorder. Bone marrow involvement of neoplastic cells 
(WHO lymphoma stage V) is uncommon in previous reports 
[1,3,7]. This can be explained as an overspill phenomenon; neo-
plastic cells in lymph nodes are released into the peripheral 
blood, rather than neoplastic invasion into the bone marrow [9]. 
Furthermore, negative for CD34 indicates leukemic stage was 

A

D

B

E

C

F

Fig. 3. Histopathologic and immunohistochemistry examination of the right prescapular lymph node. On H&E staining (A, D), small-to in-
termediate-sized cells (D, inset) expanding to the cortex and paracortex can be seen. The overall nodal architecture is preserved. Thinning 
of the nodal capsule and transmural invasion of the neoplastic lymphocytes are not detected. Evidence of neoplastic cell extension into 
the perinodal tissues is also absent. The peripheral sinus is compressed due to neoplastic cell expansion, with remnant fading germinal 
centers. Immunohistochemistry reveals positive cytoplasmic immunoreactivity for CD3 is greater than 95% of the round cells, and many 
of these are compressed against the capsule, collapsing the capsular sinus, and often incorporate random, original/remnant lymphoid fol-
licles (B, E). There is no appreciable immunoreactivity with PAX-5 in the neoplastic round cell population (C, F). Scale bar: (A-C) 2 mm, (D) 
50 μm, (E, F) 200 μm.

less likely. 
Third, cytologic evaluation of the lymph nodes showed a 

highly prevalent population of small to intermediate sized lym-
phocytes, which did not allow definitive determination of reac-
tive hyperplasia or low-grade lymphoma. Moreover, reactive 
paracortical hyperplasia cannot be completely ruled out based 
on cytological evaluation alone [5]. Thus, histopathological ex-
amination should always be performed; accuracy without im-
munohistochemical phenotyping was 80% for classified indo-
lent lymphoma [5]. 

Lastly, clonal rearrangement was seen in both immunoglobu-
lin and TCR genes. Although the specificity is generally high, 
the sensitivity of PARR is low; thus, molecular diagnosis for 
clonality is not reliable despite its invasiveness. Among eight 
cases of TZL, clonal rearrangement was detected in five dogs 
[8]. Moreover, only one of the five dogs with clonal rearrange-
ment showed dual positivity for immunoglobulin and TCR 
genes. In previous reports, in immature B-cell neoplasia, such 
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as precursor B-acute lymphoblastic lymphoma or acute myeloid 
leukemias and mature B-cell malignancies, cross-lineage TCR 
gene frequently occur because containing TCR gene rearrange-
ments. Likewise, cross-lineage immunoglobulin gene arrange-
ment occur in T-cell malignancies, but lower frequency [10]. 
Further studies on molecular typing of TZL should be per-
formed in the future. 

Fortunately, previous studies have shown that immunophe-
notyping is an important tool for the classification of TZL. Re-
sults from both the lymph nodes and peripheral blood were 
CD3+/CD4+/CD5+/CD8+/CD21+/CD34-/CD45-/CD79a-/
TCRαβ+/ TCRγδ-/MHCII+ in this case. The characteristic 
phenotypic features of TZL are CD45-/CD3+/CD5+ and high 
levels of expression of CD21 and class II MHC [5,7,11]. CD45 is 
a prototypic receptor-like protein tyrosine phosphatase, which 
has multiple isoforms that are expressed by alternative splicing 
of the CD45 extracellular domain. Two major isoforms are 
found in canine T-lymphocytes, and their functions modulate 
the immune system by regulating signal transduction. CD45 is 
an obligate positive regulator of antigen TCR signaling. Pertur-
bation of CD45 function is associated with immunological and 
nutritional disturbances as well as hematologic malignancies 
such as multiple myeloma [12]. In TZL, loss of CD45 expression 
may contribute to neoplastic transformation of T-zone lympho-
cytes [5,7]. One possible explanation is that the loss of CD45 
expression may allow T-cells to escape destruction in the thy-
mus or to evade apoptotic signals in the periphery, leading to 
eventual neoplastic transformation [13]. CD3+ lymphocytes 
also showed CD4+, CD8+, and CD21+ expression in this case. 
Co-expression or loss of CD4 and CD8 can also be suggestive of 
lymphoid neoplasia compared to reactive nodes, but the differ-
ence in prognosis between dual positive and dual negative pre-
sentations is unknown. CD3+ cells also showed high levels of 
CD21, a B-cell marker. In addition, 76.9% of the TZL samples 
showed CD21+ expression, whereas only 15% showed CD79a+ 
expression according to a previous study [5]. If expression of 
CD21 is highly identified simultaneously with phenotypic char-
acteristics of TZL, definitive diagnosis by histopathological ex-
amination is required to rule out of concurrent B-cell neoplasia 
[14,15]. In addition, most CD3+ cells are positive for TCRαβ 
but negative for TCRγδ. Taken together, these results suggest 
that CD3+ cells may arise from activated precursor T cells [7]. 
Immunophenotyping identical to that of our case was only seen 
in one out of total 26 TZL cases in another study [5]; clinical 
implication of the other antigen expression should be studied in 
the future. In cases of double-positive for B-/T- cell population 
in flow cytometric analysis, immunohistochemistry is essential. 

This diagnostic limitation of flow cytometry is due to lab errors 
from delayed process between sampling and analysis which can 
result in loss of expression and intensity of cell markers. 

In situations where an indolent lymphoma is suspected, the 
analysis of expression of CD45 through flow cytometry can be 
used as a decisive diagnostic tool for TZL. Owing to its non-in-
vasive approach, immunophenotyping using flow cytometry is 
a useful diagnostic tool for the tentative diagnosis of TZL. 
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Chondrosarcoma is a malignant neoplasm in which tumor cells produce vari-
ous amounts of neoplastic chondroid and fibrillary matrix, but not osteoid matrix 
[1]. This is the second most common primary tumor of bone in humans and dogs 
and accounts for approximately 5% to 10% of all canine primary bone tumors [2]. 

In dogs, chondrosarcoma occurs most often in medium to large breeds, particu-
larly boxers, German shepherds, and golden retrievers, but is rare in small and gi-
ant breeds [1,3]. Moreover, the tumor is most common in middle-aged to older 
dogs; the mean age of the affected animals ranges from 5.9 to 8.7 years [3]. 

Mesenchymal chondrosarcoma is a rare subtype of chondrosarcoma among the 
World Health Organization classifications and accounts for approximately 1% of 
all chondrosarcomas in humans [4]. Histologically, mesenchymal chondrosarco-
mas are characterized by a transition from undifferentiated mesenchymal cells 
and an array of variously differentiated chondroid components [1]. On the other 
hand, chondrosarcoma is relatively rare in most domestic species. This paper pres-
ents a rare case of mesenchymal chondrosarcoma in the maxillary gingiva of a 
small-breed Maltese dog. 

A 13-year-old castrated male Maltese dog was presented to a local animal hospi-
tal with an oral hemorrhage and swelling on the right side of his face. An intraoral 
examination revealed an irregular proliferated lobular mass at the entire right side 
of the gingival region and hard palate (Fig. 1). A radiography examination showed 
a soft tissue mass lesion in the right maxillary region without metastases to other 
organs. Blood analysis revealed mild anemia (hematocrit, 29.8%; reference range, 
35%-56%) and mild leukocytosis (21.8 L/µL; reference range, 5.0-20.0 L/µL). The 
serum biochemical results revealed moderate elevations in the alkaline phospha-
tase (113 U/L; reference range, 17-78 U/L).  

The dog did not respond after a 1-week treatment with steroids, and the edema-
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Case Report
A 13-year-old castrated Maltese dog was presented to a local animal hospital with an 
oral hemorrhage. An intraoral examination revealed an irregular proliferated lobular 
mass at the right side of the maxillary gingiva and hard palate. A surgically excised 
mass was requested for a histopathology examination. Histopathologically, the neo-
plastic foci were composed of biphasic morphologic patterns, such as primitive mes-
enchymal tissue and mature or immature cartilage tissue. Immunohistochemically, 
most of the neoplastic cells forming cartilaginous islands tested positive for S-100; 
the surrounding mesenchymal cells tested positive for vimentin. This paper describes a 
rare case of mesenchymal chondrosarcoma in the maxillary gingiva of a Maltese dog. 
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tous lesion worsened. The edema resulted in the caudal and 
dorsal displacement of the right eyeball. An incisional biopsy 
sample was presented to the Pathology Department of the Vet-
erinary Medicine, Jeju National University, for a histopathologi-
cal examination. The requested mass was approximately 3.5 ×  
1.8 ×  1.8 cm in size. The cut surface was firm and tan to white. 

The mass was fixed in 10% neutral-buffered formalin, 
trimmed and processed according to standard protocols, and 
embedded in paraffin wax. The paraffin sections (4 μm) were 
stained with hematoxylin and eosin and Alcian blue (pH 1.0 
and 2.5) for the microscopic examination. To determine the or-
igin of the tumor cells, replicated paraffin sections of the mass 
were also subjected to immunohistochemical analysis and incu-
bated with the following primary antibodies: anti-vimentin 
(mouse monoclonal antibody, 1:100; Dako, Denmark) and an-
ti-S-100 (rabbit polyclonal antibody, 1:400; Dako). 

The microscopy examination showed that the neoplastic foci 
comprised a biphasic morphological pattern, such as primitive 
mesenchymal tissue and mature or immature cartilage tissues 
(Fig. 2A). The primitive mesenchyme was composed of round 
and oval or mild elongated immature neoplastic cells with high 
cellularity. These cells had scant pale eosinophilic cytoplasm 
and indistinct cellular borders with some mitotic figures. The 
cartilage areas were scattered throughout the lesions. The tumor 
cells were arranged irregularly within the lacunae of a pale, ba-
sophilic or eosinophilic, intercellular matrix (Fig. 2B). These 
neoplastic cells had abundant pale-staining cytoplasm, moder-
ate anisokaryosis, and round vesicular nuclei with prominent 
nucleoli. Mitotic figures were rare. A small number of multinu-

Fig. 1. Gross findings. Irregular proliferated lobular mass was not-
ed at the entire right side of the maxillary gingiva and hard palate 
(arrow).

A

C

B

D
Fig. 2. Histopathological findings. (A) Biphasic patterns of carti-
lage (arrow) and undifferentiated mesenchymal tissues (arrow-
head) (H&E, scale bar: 100 μm). (B) Neoplastic chondrocytes are 
embedded in an eosinophilic or basophilic cartilaginous matrix 
(H&E, scale bar: 20 μm). (C) Neoplastic chondrocytes show the 
immunoreactivity for the S-100 protein, whereas (D) the mesen-
chymal cells exhibit strong immunoreactivity for vimentin (scale 
bar: 20 μm).

cleated giant cells were present within the mass. Severe multifo-
cal necrosis was also present around the mass, particularly in 
the peripheral area. The cartilaginous materials and lacunae 
stained greenish-blue, and the nuclei of chondrocytes stained 
red in contrast to the Alcian blue stain. Through immunohisto-
chemical analysis, most neoplastic cells forming multifocal car-
tilaginous islands were strongly positive for the S-100 protein 
(Fig. 2C); the surrounding mesenchymal cells were strongly 
positive for vimentin (Fig. 2D). 

Chondrosarcomas usually occur in older dogs from large 
breeds, and there is no sex predilection. To the best of the au-
thors’ knowledge, this is the first report of mesenchymal chon-
drosarcoma occurring in the maxillary gingiva of a small-breed 
Maltese dog. 

In dogs, as in humans, chondrosarcomas more often involve 
the flat bones than the long bones. In a retrospective study of 97 
dogs with chondrosarcomas, the nasal cavity was the most com-
mon site (28.8%), followed by the ribs (17.5%), appendicular 
skeleton (17.5%), extraskeletal sites (13%), and facial bones (9%) 
[3]. In another study, 31 out of 35 cases (88.6 %) involved the 
flat bones, predominantly the ribs, turbinates, or pelvis [2]. 

Extraskeletal chondrosarcomas are rare soft tissue sarcomas 
arising from soft tissues and visceral organs [5]. In dogs, ap-
proximately 1% of chondrosarcomas occur in extraskeletal lo-
cations, including the lungs, retroperitoneum, omentum, and 
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spleen [6-9]. 
Histologically, two types of chondrosarcoma are recognized: 

conventional, the most common type found in skeletal tumors, 
and mesenchymal, a rarer type found more often in the ex-
traskeletal sites [10]. Myxoid or conventional chondrosarcoma 
consists of spindle-shaped cells trapped within a basophilic hy-
aline matrix. Mesenchymal chondrosarcoma has been de-
scribed as having two distinct histologic patterns. The first is 
moderate to well-differentiated chondroid tissue, while the sec-
ond is described as undifferentiated malignant mesenchymal 
cells arranged in sheets [1]. The histological appearance of the 
oral mass, in this case, was similar to that described for mesen-
chymal chondrosarcoma in humans and dogs. 

The diagnosis of biopsy specimens remains a challenge be-
cause of the variable tumor components, and specimens may 
contain only one of the two elements. The absence of cartilage 
in the biopsy sample can confuse this tumor with other small, 
round, blue-cell tumors. The histological differential diagnosis 
of mesenchymal chondrosarcoma included lymphoma, neuro-
blastoma, small cell osteosarcoma, and embryonal rhabdomyo-
sarcoma [11]. Large samples of healthy tissue at the edge and 
center of the lesion will increase the diagnostic yield. Moreover, 
typical immunohistochemistry findings include the positivity of 
the mesenchymal portion for the vimentin and the positivity of 
the cartilaginous regions for the S-100 protein. In this case, the 
requested mass was relatively large and contained two elements 
essential for diagnosis. Moreover, the mass showed similar im-
munohistochemical findings to those previously reported [12].  

In a diagnostic examination for chondrosarcomas, radio-
graphs only provide the anatomical location of the tumor [13]. 
Computed tomography can evaluate the degree of bone inva-
sion, and magnetic resonance imaging can reflect the increased 
aqueous contents of abundant neoplastic cartilage matrix in a 
T2-weighted hyperintense area, particularly in well-differentiat-
ed low-grade chondrosarcoma, as reported in humans [13]. The 
dog, in this case, was examined using only radiographs, so no 
evidence of bony involvement was observed within the lesion. 

Extraskeletal chondrosarcomas occurring in the oral cavity 
are exceedingly rare. In a previous study, among 109 malignant 
oral neoplasms in dogs, none were classified as chondrosarco-
ma [14]. Extraskeletal chondrosarcoma of the gingiva has been 
reported in rabbits and humans [15]. In rabbit chondrosarco-
ma, the tumor invaded the nasal cavity and the survival time af-
ter diagnosis was 15 days [15]. 

In the present case, the dog only had a portion of the mass re-
moved for biopsy; no other aggressive treatment, such as radical 
surgery with a wide margin or systemic chemotherapy, was per-

formed. After diagnosis, the dog was treated only with antibiot-
ics, and the remaining tumor recurred more significantly. The 
prognosis was poor in this case, and the dog died two months 
after diagnosis. Although mesenchymal chondrosarcoma of the 
maxillary gingiva is rare, clinicians and pathologists should be 
aware of this rare entity when making a differential diagnosis of 
oral tumors. 
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A 1-year-old castrated mixed-breed dog presented with diffuse, purple lesions ar-
ranged in an irregular patchy pattern, with a slight elevation on the right hindlimb ex-
tending from the tarsus joint to the upper region of the thigh. Dermatological exam-
inations and fungal and bacterial cultures revealed no infectious agents. The thera-
peutic response to antibiotics and antifungal agents was negative. A histopathology 
examination of the lesion revealed vascular proliferation with vasodilation and numer-
ous varying-sized vessels. Mast-cell-dominated perivascular cuffing was also noted. 
The dog was diagnosed with cutaneous angiomatosis due to diffuse lesions and the 
histopathology findings of hemangioma. 

Keywords: dogs; angiomatosis; hemangioma; neoplasms; vascular malformations; 
case report  
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Angiomatosis and vascular tumors, including hemangioma, hemangiosarcoma, 
lymphangiosarcoma, and vascular hamartoma, are characterized by endothelial 
cell proliferation [1]. Angiomatosis is a rare benign vascular proliferative change 
that can be induced by bacterial infections, the repair response to a primary injury 
to damaged tissue, or an unknown origin [2-4]. Angiomatosis lesions have been 
reported to arise in the skin, viscera, vertebrae, meninges, intestine, and ovary [3]. 
Cutaneous angiomatosis is a rare disease in veterinary medicine, with only seven 
dogs with cutaneous angiomatosis reported [2,5-9]. Surgical excision methods, 
such as conventional surgery, coagulation laser therapy, and radiation, are the only 
treatments for cutaneous angiomatosis [6-8]. 

To the best of the authors’ knowledge, canine cutaneous angiomatosis has never 
been reported in Korea. This case report describes canine cutaneous angiomatosis 
diagnosed based on the clinical features, dermatological findings, and histopathol-
ogy findings. 

A 1-year-old castrated male mixed-breed dog presented to Chungbuk National 
University Veterinary Teaching Hospital for gradually enlarging purple lesions on 
the right hindlimb that had developed 9 months prior (Fig. 1). The lesions extend-
ed from the tarsus joint to the thigh and were elevated, with an irregular patchy 
pattern of discoloration. The dog had no history of trauma involving the right 
hindlimb, and whole-body radiography revealed no fractures or other abnormali-
ties induced by trauma. Furthermore, the lesions did not induce pain or lameness. 
The results of the skin cytological evaluation for infectious microorganisms and 
superficial and deep skin scrapings were negative. A complete blood count re-
vealed no remarkable findings. 

Hyperproteinemia (7.5 g/dL; reference interval, 5.4-7.1 g/dL) and hyperalbu-

Case Report

Cutaneous angiomatosis in a dog: a case 
report   

Yoonhoi Koo, Taesik Yun, Yeon Chae, Dohee Lee, Hakhyun Kim,  
Mhan-Pyo Yang, Byeong-Teck Kang*

Laboratory of Veterinary Internal Medicine, College of Veterinary Medicine, Chungbuk National 
University, Cheongju 28644, Korea

http://crossmark.crossref.org/dialog/?doi=10.14405/kjvr.2021.61.e28&domain=pdf&date_stamp=2021-09-30


https://doi.org/10.14405/kjvr.2021.61.e28

Korean J Vet Res 2021;61(3):e28  •  Yoonhoi Koo, et al.

2 / 4

minemia (3.5 g/dL; reference interval, 2.6-3.3 g/dL) were ob-
served on serum biochemical analysis; on the other hand, C-re-
active protein and creatine phosphokinase levels were not in-
creased. Despite the negative skin cytology results for microor-
ganisms, deep pyoderma and dermatophytosis were not com-
pletely excluded because of the widespread lesions on the skin, 
including the dermis.  

Bacterial and fungal cultures were performed for diagnosis 
because of the possibility of a false negative skin cytology result 
due to an incomplete skin test. Itraconazole (Ashicona; ALS, In-
dia) 10 mg/kg once daily and amoxicillin/clavulanate (Lact-
amox; A Progen Pharma, Korea) 25 mg/kg twice daily were 
prescribed for a therapeutic diagnosis of deep pyoderma and 
dermatophytosis until the culture was completed. On the other 
hand, the skin lesions on the right hindlimb did not improve, 
and the bacterial and fungal cultures were negative. Therefore, 
infectious skin diseases were excluded, and antibiotics and anti-
fungal agents were discontinued. Histopathology analysis was 
performed on punch biopsy specimens obtained from the right 
hindlimb lesions. After collection, the samples were fixed in a 
10% phosphate-buffered formalin solution. Hematoxylin and 
eosin (H&E) staining was performed before optical microscopy, 
which revealed the proliferation of vessels with vasodilation and 
inflammation (Fig. 2). Diffuse vascular proliferation consisted 
of numerous capillaries of variable diameters in the dermis, ir-
regular filling of blood cells and fibrin within the proliferated 
blood vessels, and perivascular cuffing in the upper region of 
the dermis. In the perivascular cuffing region, mast cells were 
observed mainly among the inflammatory cells, and the infil-
tration of plasma cells was also observed (Fig. 3). Microorgan-
isms, such as bacteria and parasites, were not identified. Pleo-
morphism was not sufficient to indicate malignancy. The histo-

Fig. 1. Right hindlimb of a dog with cutaneous angiomatosis. (A) 
Multiple, diffuse, red to purple, discolored lesions were observed 
generally on the right hindlimb. (B) The lesions were observed as 
an irregular patchy pattern with slight elevation.
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Fig. 2. Optical microscopy findings of the right hindlimb lesion. (A) 
Vascular proliferation and vasodilation in the upper dermis (H&E, 
×40); inset square represents (B). (B) The hemangioma pattern 
was observed in the lower part of the dermis, where vascular pro-
liferation and vasodilation were connected in the hair follicle (H&E, 
×100).

Fig. 3. Microscopy findings of the right hindlimb lesion. Inflam-
matory cells were mainly mast cells (arrowhead) (H&E, ×400).
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logical findings suggested hemangioma. On the other hand, the 
dog was younger than expected for hemangioma, and the le-
sions appeared diffuse and inconsistent with hemangiomas. 
Vasculitis was not ruled out because of perivascular inflamma-
tion, and 0.5 mg/kg of prednisolone (Solondo; Yuhan, Korea) 
twice daily for 2 weeks was prescribed. On the other hand, no 
clinical improvement was observed during the follow-up. 
Therefore, the dog was diagnosed with angiomatosis consider-
ing the presence of diffuse lesions, histology findings of blood 
vessel proliferation, and the absence of a response to treatment 
for vasculitis and infection. After that, the dog did not present 
to the veterinary hospital and could not receive additional treat-
ment, including laser phototherapy. The total follow-up period 
was 45 days. 

Cutaneous angiomatosis is typically characterized by vari-
able-sized blood-filled vascular structures separated by appar-
ently normal or myxomatous mesenchymal tissue in the dermal 
and subcutaneous regions [10]. Fibroblasts, pericytes, and 
smooth muscle cells, accompanied by proliferating endothelial 
cells, can be seen in some forms of angiomatosis [1]. Diseases 
with the characteristics of vascular proliferation, such as hamar-
toma, vascular hyperplasia, hemangioma, and hemangiosarco-
ma, should be ruled out for a diagnosis of angiomatosis [7]. 

The right hindlimb lesions in this dog were elevated with dif-
fuse red to purple discoloration, similar to the gross lesion re-
ported previously in canine cutaneous angiomatosis [2]. Cuta-
neous angiomatosis in humans usually occurs in the lower ex-
tremities, followed by the chest wall, abdomen, and upper ex-
tremities [11]. On the other hand, the reported dog also had le-
sions on the extremities [2]. This case also coincides with previ-
ous reports in that the lesions occurred in the right hindlimb. 

The histology findings of the previously reported dog with 
cutaneous angiomatosis included multiple capillary vessels and 
endothelial-lined cavernous vessels scattered and infiltrated 
throughout the superficial and deep dermis, surrounding ad-
nexa, and extending to the subcutaneous adipose tissue and 
muscle [2]. Two major histological patterns of angiomatosis can 
be found in humans. The first is the haphazard proliferation of 
varying-sized vessels and clusters of capillary vessels adjacent to 
the vein walls. The second is a central large vessel surrounded 
by clusters of capillary-sized vessels arranged in nodules [11]. In 
the present case, mild spongiosis was observed in the epitheli-
um, and vascular proliferation with vasodilation of the upper 
dermis and inflammatory cell infiltration into the peripheral 
tissues were observed. Most of the infiltrated inflammatory cells 
were identified as mast cells, but plasma cells were also identi-
fied. Vascular proliferation with vasodilation as a histologic pat-

tern of hemangioma was observed in the lower part of the hair 
follicle of the dermis. The cells lining the vessels were identified 
as well-differentiated endothelial cells. These histopathological 
findings were consistent with previous findings in humans and 
dogs with cutaneous angiomatosis [2,11].  

The present case showed mast cell-based perivascular inflam-
matory cell infiltration, which was not a previously reported 
histology finding of angiomatosis. Several mast cell-derived 
mediators, including vascular endothelial growth factor, basic 
fibroblast growth factor, transforming growth factor-β, tumor 
necrosis factor-α, and interleukin-8, are angiogenic and regulate 
endothelial cell proliferation [12]. Furthermore, mast cells may 
play important roles in the development and progression of ca-
nine cutaneous hemangioma, hemangiosarcoma, mammary 
adenoma, and adenocarcinoma [13]. In this case, the infiltra-
tion of mast cells around the blood vessels is thought to be due 
to excessive vascular proliferation. On the other hand, because 
immune-mediated diseases, including vasculitis, could not be 
ruled out, an immunomodulatory dose of prednisolone was 
prescribed for a therapeutic diagnosis, but the lesions did not 
improve. Therefore, immune-mediated diseases were excluded 
from the differential diagnosis. 

Cutaneous hemangioma has a high incidence in older dogs. 
The appearance of a solitary, round, well-circumscribed, firm to 
fluctuant, raised bluish-to-reddish black dermal or subcutane-
ous growth ranging from 0.5 to 4 cm in diameter has been re-
ported [14]. In this case, vascular proliferation was identified 
through histopathology. On the other hand, malignancy was 
not observed, suggesting the possibility of diffuse hemangioma, 
indicating cutaneous angiomatosis [2,9,10]. Hemangiosarcoma 
was also excluded from the differential diagnosis, considering 
the appearance of the lesion and the absence of findings of ma-
lignancy on histopathology. 

Although bacterial infection and trauma can cause angioma-
tosis, angiomatosis without specific causes has also been report-
ed [2-4]. Bacillary angiomatosis is one of the most common 
types of angiomatosis caused by bacterial infections [4]. There-
fore, bacillary angiomatosis was a differential diagnosis in this 
dog. On the other hand, bacillary angiomatosis did not corre-
spond to this case because no infectious agents were found in 
the dermatologic examination or histopathology. Trauma-in-
duced angiomatosis was also excluded based on the patient’s 
history, physical examination, and radiology investigation. 

The results of the blood analysis were unremarkable. Hyper-
proteinemia with hyperalbuminemia in this dog was suspected 
of having resulted from dehydration. Therefore, this case was 
presumed to be a cutaneous angiomatosis of unknown origin. 
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The dog was finally diagnosed with cutaneous angiomatosis 
of an unknown origin based on the signalment, gross lesions, 
exclusion of other diseases, and histopathology results. A previ-
ously reported dog with progressive cutaneous angiomatosis 
presented with slow progression over approximately 10 years 
[7]. Because the follow-up period was also short (45 days), it 
was impossible to accurately determine if the cutaneous angio-
matosis in this dog was progressive. 

This case report has several limitations. First, the cause of cu-
taneous angiomatosis was not identified. A Bartonella infection 
was not excluded because tests to identify Bartonella, such as 
the Warthin-starry stain and polymerase chain reaction, were 
not conducted. Second, although vascular proliferation was 
identified by H&E staining, CD31 immunohistochemistry, a 
confirmatory marker of vascular proliferation, was not per-
formed [15]. 

In conclusion, dogs with diffuse skin lesions and a hemangio-
ma pattern on histopathology can be diagnosed with cutaneous 
angiomatosis after excluding other possible diseases, including 
cutaneous infectious diseases, hemangioma, hemangiosarcoma, 
and vasculitis. This report presents the first case of canine cuta-
neous angiomatosis in Korea.   
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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. 
Failure to do so may lead to automatic rejection of the submitted 
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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 
cases (e.g., prostate cancer). Authors should define how they 
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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 
figures contained in a submitted manuscript along with caption for 
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figures. Figures should be submitted in final size (printed 1 : 1). 
They may be printed in either single column (75 mm width) or 
double column (165 mm width) format. The size of text in figures 
should be 8~10 points, except for single letter markers which may 
be 12 points. Numbers, letters, and symbols used in multi-paneled 
figures must be consistent. Authors should place explanatory mat-
ter in footnotes, not in the heading. Explain in footnotes all non-
standard abbreviations that are used in each table. For footnotes use 
the following symbols, in sequence: *, †, ‡, §, ||, ¶, **, ††, ††††

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

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

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

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

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

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

6. Alteration in proof

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

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

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

7. Research and publication ethics

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

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

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

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

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

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

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

Authorship: The Korean J Vet Res follows the recommendations 
for authorship by the International Committee of Medical Journal 
Editors (ICMJE, 2010, http://www.icmje.org) and the Good Publi-
cation Practice Guidelines by the Korean Association of Medical 
Journal Editors (KAMJE, 2008, http://kamje.or.kr). The Uniform 

Requirements by the ICMJE recommends authorship as follows. 
“Authorship credit should be based on 1) substantial contributions 
to conception and design, acquisition of data, or analysis and inter-
pretation of data; 2) drafting the article or revising it critically for 
important intellectual content; 3) final approval of the version to be 
published; and 4) agreement to be accountable for all aspects of the 
work in ensuring that the questions related to the accuracy or integ-
rity of any part of the work are appropriately investigated and re-
solved. Authors should meet these 4 conditions. If any persons who 
do not meet the above four criteria, they may be placed as contrib-
utors in the Acknowledgments section.

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

8. Article-processing charge

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

Figures
☐  All figures are included.
☐  Acceptable formats for figures are TIFF, JPEG and PPT.
☐  Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than on the bar itself. 
☐  Each figure is numbered according to the order of citation.
☐  All figures should be correctly exposed, sharply focused, and prepared in files of at least 600 dpi.
☐  Symbol, arrows, and letters are clear and of sufficient size to retain legibility when reduced by 50%.

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

Publication charge
☐  All authors recognize the publication fees.
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