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Abstract

Rhodococcus (R.) equi is an aerobic Gram-positive coccobacillus which
frequently causes chronic bronchopneumonia with abscesses and ulcerative
enteritis in foals less than 6 months old. £ equi is widespread in the
environment of horse-breeding farms and has been isolated from the soil of
paddocks and the feces of many herbivores. Endemic form of £F. equi
infection is regarded as economically important disease in the global horse
industry today. The purpose of this study was to investigate the genotype of
bacteria associated with the formation of lesions and pathologic characteristics
on K. equi infection in foals in Jeju. From 1996 to 2014, a total 15 foals from
9 farms were diagnosed as /. equi infection at the Diagnostic Laboratory of
Jeju Veterinary Research Institute and the Pathology Department of Veterinary
Medicine, Jeju National University. Clinically, most foals showed characteristic
respiratory signs including hyperthermia and dyspnea. Seasonal occurrence of
R. equi infection in foals was higher in June (8 foals; 53.3%) and July (4
foals; 26.7%6) than in other month. Major cases of R. equi infection were
observed among 2 month-old (8 foals; 53.3%) and 3 month-old (3 foals; 20.0%)
foals. Histopathologically, bronchopneumonia, abscess and granulomatous
pneumonia were most prevalent lesions in the lungs of foal. Colonic ulcer and

submucosal abscess were found in a foal. Some foals showed granulomatous



lymphadenitis and abscess in mesenteric and other lymph nodes. According to
polymerase chain reaction using 11 tissue samples of foal and 9 F. equi,
isolates, vapA and vapB gene were detected in 11 (91.7%) foals and 1 (8.3%)
foal, respectively. Therefore, this is the first report documenting that £. equi
bacteria having vapB can induce pulmonary lesions and death in foals under
natural condition. Immunohistochemical staining (IHC) method using
anti-VapA monoclonal antibody was applied to detect K. equi VapA antigen
in organs of foal. /. equi VapA antigens were demonstrated in most lung
and some mesenteric and other lymph node of 14 foals. The positive signals
of THC were presented at the cytoplasms of infiltrated macrophages and
multinucleated giant cells in or around abscess lesions. These results revealed
that IHC method is useful diagnostic tools for virulent K. equi infections in
the formalin-fixed tissue samples which isn’t capable of bacterial cultivation.
Virulent R. equi VapA bacteria isolated from lungs showed high sensitivity
to gentamicin, quinolones, rifampin, vancomycin. However, sulfamethoxazol/

trimethoprim, tetracyclines showed low susceptibility.

Key words : foal, Khodococcus equi, VapA, VapB, immunohistochemistry,

polymerase chain reaction
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SEAAE FAEH, o] o] WA FEAAE YolA wA7F AEs
A8 T #ye] Aot [10, 19]. o e HWEA AdAdE i
(capsular polysaccharide), Zd 2HE 4Fs}d A (cholesterol oxidase), A3 o
A= v ZFAHmycolic acid), W54 #d &Y 2 Z=v] =7 9} [10, 19].
o= HE=A #AE oA (virulence-associated protein; Vap)3 =4
Z g} =1 = (virulence plasmid)®] 24 [26, 271 7122 3t R equis BS54,
T HEA, FUEA A /AR BRe 854 R oequi (murine LDy = 10°)%
HEA #d gwd 15-17 kilodalton (KDa)9] 1(VapA)ZF 85~90 kilobases
(kb) =719l WA ZH=v=E 7HA3 i, T3 ¥54 R equi (murine
LDs = 100+ #54 #d @93 20 KDao &d(VapB)¥ 75~100 kbe] F&}
zu=g 7 9tk olel] wrate] FWEA R equi (murine LDy = 10°)%
HEd B gy Sepxesg BF 7R AL QA FARE EF 5] e
g Byska Qo [22] WA #H 85~90 kbe] FFEv| =9 VapA -2
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R equi FEFLoE g 14ntg]e] FH53 1ntg]e] 7# AEs 5 5 16 79
WolA & AFd Ttk ZF JiAel tig AAAE MRS Table 1 3 2t}
Table 1. Tested organs and sample of foals
Main tissues Other tissues
Case Large  MS®
N . § . . . .
0. Lung intestine LN LN Liver | Heart Kidney Spleen Skin Brain
1 o} o O 0 o o} o} O 0
2 @) @) @) @) @) @) @) @) @)
3 0 @) 0 O
4 0 0 @) @) @) @) O o)
5 o} o O o o o} o} O o
6 o} o O o o o} o} O o
7 o} o} O 0 0 o} o} O
8 @]
9 O
10 0 0 O @) @) o) 0 O
11 )
12 o} o o o} O
13 o} o} 0 o) o) O o
14 @) 0 0 O
15%
Total 14 8 6 9 10 8 11 11 1 5

* MS: mesenteric
§ LN: lymph node

* Tested sample: tracheal exudate
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SAHMHIS (Polymerase chain reaction: PCR)

DA =Hel Mg A4t 335

$4% rte]l & 70T m@Eol AW livkele]l WF 5 4 24014 DNA

FZ& QIAamp DNA mini kit (Qiagen, Germany)Z ©]-&3te] #A|ZA7F A A SH
AFurHo]  F3to] Fastgtt F&5 AEE Ws B2dE A A3 DNase

RNase free distilled water (Invitrogen, USA)E 1:10 W& =2 &3 st A3}
N7 T AZ=As o] gttt 1.5 ml eppendorf tubeol] A A& A= 200 ul
proteinase K 20 ¢ % Buffer AL 200 @S F7lste] & &3t3t t}S 56ColA
10+ &< A A=l 100% olehe 200 e Y1 33 $ QlAamp

spin columnol EgES ZA~HA %7 3 8000 rpmell 1#+3F W3

(o
>,
Mo
vk
ol
=

A2 2 ml collection tubed] QIAamp spin columns Z28FA T Buffer AWI1
500 s 53 3 8000 rpmoll Al 187F dAEE AT M2 2 ml collection
tube®] QIAamp spin column® & X3}l buffer AW2 500 WS 3% & 14,000
rpmoll A 387 AAEYSS T MZ2S 15 ml eppendorf tube] QIAamp spin
columns “&*|3}3L DNase RNase free distilled water (Invitrogen, USA) 200 =
A28 thg vpAlEr o 2 8000 rpmell 187 YA EHE
PCR AAF A7kA] -70Cel ¥ &R a3kt

b F Aol 1%
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15 m¢ eppendorf tubeol 1 m¢e] DNase RNase free distilled water (Invitrogen,
USA)E ¥ar Z12te] At fets dgetainh 2 dgos 12,000 rpmell A 10+
s AAEY F ASHAS AASAT. AW =] DNase RNase free distilled
water 300 ul& ¥ ¥ 100Ce| 10&7F AA|stal vtz -20Col W-sAZth )&

HHES 12,000 rpmol A 1083 94 B3 5 A3 404 DNAE F=3k3dth



3) Oligonucleotide primer?] 4714 <

equi 72 HEAY BdHE FAR AES 913 primers= Takai 5 [24, 2919

R.
gRjel weh Al zbsk vk (Table 2).

Table 2. Oligonucleotide primer pairs for the detection of Fhodococcus equi
vapA and vapB gene (Takai et al, 2001; Takai et al, 2003b)

Target Primer Sequences (5'-3") Products (bp)
P . GAC TCT TCA CAA GAC GGT
- equi RhoA 564
vapA TAG GCG TTG TGC CAG CTA
P eout AAC GTA GTC GCG GTG AGA A
- ed RhoB 827
vapB ACC GAG ACT TGA GCG ACT A

R equi #F° WEAR #HHE FAA A4S At Al e 24 A

2 e 22+ primer 05 ¢ (20 pmol) % DNase RNase free
distilled water 17 S AccuPower HotStart PCR PreMix (Bioneer K-5050,
Korea)oll H7fste] #& wbg &5Fo] 20 w7t H =% 3ttt PCR Wbz
94T 1027 WES3SE o5 94T 1% 30%, 55T 1% % 72T 7k 224 403
WHESEIL HE 72T oA 5t whEek st [24, 291

i

O

g F5 5 77 dbgd 7 NS FH ko] 1.5% agarose gel ‘el Al #7]
JEs AANI S RedSafe™ Nucleic Acid Staining Solution (Intron
biotechnology, Korea) &4(05 «/ml in DW)ez GA3AL. UV
transilluminator®= Zt7}o] fFxztel] gk HolAQl W= {45 st on,
SEAES] AV]E syl fste] 100 bp DNA Ladder (Bioneer, Korea)E&

molecular size marker® A}-&34 T}



BAZ= 14vpg]e] 22 WolA R equiel BHE5A 2zl VapA e E¥x=
ZAVEEAL R equi FFEOl mE MAEETH WEFS gRlstr] $l3te] Envision
polymer reagent (Dako, Denmark) ®H o2 HCE 33t 2+ 2258 4~5 m
FAR Aysto] silane ZW Eetol=o] FAd ) oguetd ¥ F4AAES
AR, 2% W =A% peroxidaseE A A7 s 3% H.O0.7F H7FE
phosphate buffered saline (PBS, pH 7.2)ol 107t ¥Fg-A|Zon Aol Has
#3) 0.05% protease XIV (Sigma, USA)E 37ColA 2087+ w3 A AT}
(Table 3). 54 759 R equi VapA IS 137 93 12 dA=ZE=
mouse monoclonal antibody (Mab 10G5)E A}&3912™ antibody diluent
solution (Dako, USA)°l| 1:50002] T== 343 o %
37CAA 1A Aggk ths 22 FA o] 403F WHEAIH T wEgol Ed $
PBS A& AZ 5 3, 3'-diamino-benzidine tetrahydrochloride (DAB; Dako,
Denmark)® @Al o thZ2d M-S Mayer's hematoxylin (Sigma, USA)S &2

QAT dae] By x4 Lol FelAngor WA RS pust

Table 3. Primary antibody used for the detection of Rhodococcus equi VapA

antigen
Target Antibody Source Dilution Antigen retrieval
R. equi Mouse anti-VapA Kitasato Digestion: protease
VapA (monoclonal University, 1 : 5,000 X IV 0.05%; 10 min,
antigen antibody) Japan 37C




g Wil 2D 7 AEEA EHE 9N R oequi Ao dste] A A|
#aed HJARE AAEEE Y. 3AA B Y23 += BBLAF AlFO=E

chloramphenicol (30 wg), streptomycin (10 pg), sulfamethoxazol /trimethoprim
(2375 pg/1.25 pg), tetracycline (30 pg), vancomycin (30 gg), ciprofloxacin (5 ug),
amoxicillin/clavulanic acid (20 xg/10 ug), gentamicin (10 ug), oxytetracycline
(30 pg), kanamycin (30 pg), cefazolin (30 pg), rifampin (5 pg)¥ OxoidAt A&

S 2 ceftiofur (30 xg), penicillin G (10 xg), erythromycin (15 pg), ampicillin (10 xg),

%2

neomycin (30 yg), enrofloxacin (3 pg) 5 18F2 A= A&}

R 77k AzIAA ANT A5H B J1EL Wtk AR 05

o, @4

McFarland T9%& 7|To=2

A A =T =we v 3AA gaaE wfx el FEAI 7] 377
ol A 48A41%F wigetA o, t

of H-5 #A et



VFHOoE R equil AR Wl Ee nde B 4448, TFE,
W% 714 5o 557 4E BTk R equel 7A® 159kl0] tiste] AlHu

gAY B A7E EAT A AEFoRE 690 7MY B 89 (53.3%),

74 Anke](26.77%), 593 89 W 99 77t 1vhE](6.7%) 9] o= YEuth(Fig. 1).
10
8
No.of ©
cases
(%) 4
a
26.7%
< 1 sl 1 1
: (6.7%) (6.7%) (6.7%)
May June July August September
Month

Fig. 1. Monthly (seasonal) prevalence of Rhodococcus equi infection in foals.
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Aedo] BlEA e 1nf2lE Algel 7 Aol dywet A% 2ol
7Hg w2 8vte](53.3%), 3719 3v12](20.0%), 171€ 3 2v2]1(13.3%), 4714 &
1942 (6.796)¢] 0.7 LrehtHFig. 2). T3 2ae] 91X} SolwA 2o vl
Aolatn AFwel Aoy AW W RyE AWne u agxdel 14

o 6ute), 2AA S 4vte), TR} AFA SSHEAA 77 omels) wAe g

8] g A9 ety = BT FLR Sl EAska AT

(-

(

52

J|m

i)

10
8
No.of &
cases

(%) 4

3 3

e (20.0%) A
(13.3%) (6.7%)
0
im 2Ms 3Ms A Unkown
Age (month)

Fig. 2. Incidence of Rhodococcus equi infection in foals according to their age.
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14918 % 1202)(85.7%)91 1 BlE o] 713 BIH(Table 4). 7 F%E F=
ABZ A FulEol 1~10 me] §719 F94 2D Warh Fa T
om PAYYR(Fig. 3), FAFAAE fase] AAHow Bl ghaae

Al e A9d BAR SAHJT. 2 2nke](14.3%) 9] dA| G 5%

WAz gl gEE medor WAHL nRY JEE ANE HERA &7

2

ShE AL, 2] ¢ 8vty T 192 (125%) A4 AT Fojd A
Hr o= e HAasE Yebla(Fig. 5A), 2% A9 58 2 3 m F =
thibg o] A eFe] #&E7| %= &3l thFig. 5B). E3F g JhA| A= shet
5cm Ao §71E WaVE aEEden, @i A Al Fuid e s
=

5] 3ol
HEER F9E0 9y

Table 4. Gross findings for foals infected with FRhodococcus equi

Macroscopic

Organs leSions Location No. of cases (%)

Lung (n=14) Abscess Cranial or caudal lobe 12 (85.7)
Intestine (n=8) Ulcer and abscess Cecum, colon 1 (125)
Mesenteric lymph Swelling and .

node (n-6) Abscess Mesenteric lymph node 4 (66.7)
Lymph node (n=9) Swelling and Hilar lymph node 2 (22.2)

abscess ’

Skin (n=1) Abscess Mandibular portion 1 (100)

€ Number of cases according to the anatomic distribution of pulmonary
abscesses: cranioventral 2, caudodorsal 5, diffuse 3, unknown 2
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Table 5. Histopathologic findings for foals infected with Fhodococcus equi

No. of cases

Tissues Microscopic lesions (%)
(6]

Notes

Bronchopneumonia (A) 10 (71.4)

A+B=2 (14.3%)
Lung (n=14) Abscess (B) 11 (786)  A+B+C=7 (50.0%)

B+C=2 (14.3%)

Granulomatous pneumonia (C) 11 (78.6)
Colon (n=8) Abscess 1 (125)
Abscess (A) 4 (66.7)

Mesenteric lymph

A+B=3 (50.0%)

node (n=6)
Granulomatous lymphadenitis (B) 3 (50.0)
Abscess (A) 2 (22.2)
Lymph node (n=9) A+B=1 (11.1%)
Granulomatous lymphadenitis (B) 1 (11.1)
Liver (n=10) Chronic hepatitis 8 (80.0)
Skin (n=1) Subcutaneous abscess 1 (100)

A= A aL(Fig. 10, insert). &Folo] digh PAS @A % ZAdta e FikA

Mol tist Ziehl-Neelsen @Al = 25 4RSS YERU ST

_14_



4. M= gZAL & PCR
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AT FAELS AR A HAAo] FFstar Aol 3 A<l
2 253, MacConkey WX olA = SA8HA] &ty Aok At
3k Gram¥@ A 23 Gram@FA ] i o R FelE o

A 14vke] 5 70T Bad 11vkg]e] AGS xdst =243 9/ R equi
&
vapB 7 ZH(Fig. 11B)& 17kl oA &1 % ok (Table 6).

Table 6. Results of polymerase chain reaction to detect vapA and vapB gene

of Rhodococcus equi using focal tissues and isolated bacteria

vapA gene vapB gene
. Isolated . Isolated Total
Tissue ;i Tissue .
bacteria bacteria
No. of cases 10 9 1 0 12
Total (%) 11 (91.7%) 1 (8.3%) 12 (100%)

_15_



5. R. equi vapA Y vapB RT XA HE YoiA|e| HH H|.

i
ol
o
X
u
-
ML

PCR A3l At R. equi vapASt vapB +3A7F A&
sto] 247 R equi 7R F@ol wE A AR A7), SoF H WA
545 vl tH(Table 7). R. equi vapA ¥3A MNAEL F 11782 S4H
HHoRE steFoldA HHy A W "Hzde wdad T AIAA R
equi 9 WS Holx= WM R equi vapB %A JNA Fubg]o A= o)

Qb Ww o wek okt AdS Btk vapAolt vapB
FAMAL] HAg e WA TA HHE vusds wW ovapA FEMA=

olZA HWWS Uelygli, vapB A MAE

Table 7. Comparisons of clinical aspects and pathologic lesions in foals

detected Rhodococcus equi vapA or vapB gene

Classifications vapA vapB
Age 1~3 months 4 months
Occurrence June ~ August September
Lung Abscess nodules Cranioventral consolidation
Gross
findings
Lymph Swelling and abscess No lesions
node

Suppurative bronchopneumonia

i - Lun . Bronchopneumonia
Histopa g to granulomatous pneumonia P
thologic
findings Lymph Abscess or gram}lf)matous No lesions
node lymphadenitis

_16_



HC 7S olgste] ¥4% 1vhelE WHoR 371ME R equel W54

4] VapA F99] W@ Py st AAAS 1409 A 24 F 127

(857%), 67 A0 AZA 24 F ANE6.7%) R AN AZA o, 5z
7}

MWl B st 1 el AaH TEAAL) GAAUALY AL ol A
B2 5 ArkFig. 12 to 13). e} 2k, W1, A, ¥ 5o /g 2gdAE 4

Table 8. Results of VapA antigen expressions in foal organs using

immunohistochemistry

cuse o 208, Iy bmiknode L tode B pen
(n=6) results)
1 - - - - NT VapA
2 + - + - + VapA
3 + NT NT NT NT VapA
4 - - NT - NT VapB
5 + - + - NT VapA
6 + + + - NT VapA
7 + - - - NT VapA
8 + NT NT NT NT VapA
9 + NT NT NT NT VapA
10 + - + - NT VapA
11 + NT NT NT NT VapA
12 + NT NT + NT NT
13 + - NT + NT NT
14 + NT NT NT NT NT
Total 12 1 4 2 1
(%) (85.7) (12.5) (66.7) (22.2) (100)

NT : Not tested
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A4 HW 2 AR Bo9 R oequ N FFE iAo R 18F 9 dAA
gt e ARE HAeE A3 P 2340 FAAIE+E amoxicillin/
clavulanic acid, ceftiofur, gentamicin, neomycin, quinolones A€, rifampin,

o)} 2=

vancomycin 94 & 4 JATh ¥bH sulfamethoxzol/trimethoprim, tetracycline

AL 2 cefazolind] = WA S 71A 1 9= Aoz &olxth(Table 9).

Table 9. Results of antimicrobial susceptibility for Fhodococcus equi isolates

from foals
Antimicrobial agents Disc No. of isolates (n=9)  Sensitivity

contents R I S (%)

Amoxicillin / Clavulanic acid 20/10 pg 0 0 9 100
Ceftiofur 30 ug 0 0 9 100
Ciprofloxacin 5 ug 0 0 9 100
Enrofloxacin 5 ug 0 0 9 100
Gentamicin 10 ug 0 0 9 100
Neomycin 30 ug 0 0 9 100
Rifampin 5 ug 0 0 9 100
Vancomycin 30 ug 0 0 9 100
Erythromycin 15 ug 0 1 8 83.9
Kanamycin 30 pg 0 1 8 889
Streptomycin 10 ug 0 1 8 839
Chloramphenicol 30 ug 1 1 7 7.8
Ampicillin 10 pg 0 3 6 66.7
Penicillin 10 ug 3 0 6 66.7
Cefazolin 30 ug 6 2 1 11.1
Oxytetracyclin 30 ug 9 0 0 0
Sulfamethoxzole / Trimethoprim 23.72/1.25 pug 9 0 0 0
Tetracycline 30 ug 9 0 0 0

R : Resistant, I : Intermediate, S : Susceptible
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Fig.

Fig

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

A

5.

3.

10.

11.

12.

13.

Legends for Figures

The Iungs. Multifocal abscesses of 1 to 10 cm in diameter

characterized by white to tan, firm, coalescing nodules of lung.
The lungs. Lung showed fail to collapse with rubbery consistency.

Note abscess in enlarged mesenteric lymph node (A). Multifocal

ulcerative lesions (arrow) on colonic mucosa (B).

The lung. Bronchioles and alveolar lumens were filled with

neutrophils and mononuclear cells. (H&E; x200).
The lung. Note large pulmonary abscesses (A). (H&E; x40).

The Iung. Alveolar lumens contained neutrophils, mononuclear cells

and multinucleated giant cells (arrows). (H&E; x200).

The mesenteric lymph node. Infiltration of mononuclear cells and

multinucleated giant cells (arrows) in lymph node. (H&E; x200).

Numerous coccobacilli (arrows) were occupied in the cytoplasm of
multinucleated giant cells. (H&E; x1,000). Note numerous cytoplasmic
Gram-positive coccobacilli in macrophages and giant cells (insert).
(Gram stain; x1,000).

PCR products of VapA (A) and VapB (B). PC: VapA positive
control; Lane M: 100 bp DNA ladder; NC: negative control; lane 1:
bacterial colonies; lane 2: pulmonary exudate (A). PC: VapB
positive control; Lane M: 100 bp DNA ladder; NC: negative

control; lane 1: lung tissue; lane 2: bacterial colonies (B).

The lung. Numerous positive reactions for VapA antigen in alveoli
and abscess foci (IHC; x100). Note positive reactions (insert). (IHC; x400).

The lymph node. Strong positive reactions for VapA antigen in
abscess foci (A). (IHC; 100). Note positive reaction in macrophage
and giant cells (insert). (IHC; x400).
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