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Wildlife and domestic animal infectious diseases
— Transmission of the diseases from wildlife to domestic animals in Japan —

Shinji Takai! *

(V School of Veterinary Medicine, Kitasato University, Higashi 23-35-1, Towada, Aomori 034-8628, Japan
* Correspondence: Shinji Takai (takai@vmas.kitasato-u.acjp))
(2021. 5.5 ZA+,72021.5.31 Z#H)

Summary

In September 9" 2018, classical swine fever (CSF), one of the specific domestic animal infectious diseases,
reemerged in Gifu Prefecture, in the center of Japan, after 26 years’ absence. The disease spread rapidly to both
domestic pigs and wild boars (Sus scrofa) in Gifu Prefecture and the Prefectures adjacent to Gifu. In this review,
the transmission risk of animal infectious diseases from wildlife to domestic animals has been discussed from the

standpoint of the background of the rapid increase in wildlife population in Japan.

Key words : classical swine fever, wildlife, domestic animal infectious diseases, transmission
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201849 H 9 H, ENTIZ264E R D IR OEIKE
FKIZBWTHEE (Classical Swine Fever: CSF) 23384
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Y ﬁ%&%ﬁ-?%ﬁ FEIH \ﬁ% %E%# 5 Ui
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VYA 670,000 27573 79,201 106,774 9
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I2iE, ThETo [BERORE] [ o@iEk] (mx
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HRTIE BRI EICRE 3 5 Ak & Bifli 2 F5 - 72 N H % Hi
RTETLRVHIRTL D), KECEEEHROTET
i@ s s, BREFHEFIIBWTD, WY ORE
EIICHT 2 HE L ANMBESSHROEEEZ 5.
BBV EL ORI, B A BB O R
L, BHELCORMER MM 22 LrEsh, &
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JE358 Tt A REBA O/ AES I T 216 (74
Fo42) ] Z%EL, FR264E11H (24 o # i IR
ST, BB TIEEIL, YEZofHiERC
B2 THEEDPOLBHEINLIEMTH L7202, il
T5 YV ETORENEDOR LR EHEOHEREX S BN
TV Y T AR & E304E 5 AIcHlsE L2®. i, &
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tEpE 1975 1980 1985 1990 1995 2000 2005 2010 2015
(S50)  (S55)  (S60) (H2) (H7) (H12)  (HI7)  (H22)  (H27)
MISERE T REE T N) 51.7 46.1 32.6 289 24.6 21.0 204 19.0 19.0
PriEcE# (75 ha) 131 12.3 135 21.7 244 34.3 38.6 39.8 42.3
473y (J78) 7.3 8.2 6.0 7.0 8.8 148 21.0 477 554
=k (JJE) 1.3 20 26 42 8.2 13.7 19.0 36.3 59.3
4., BEA VY - YADBRET HWHENEDYD 5 EHE L € ORRBAEY
gL 5 IR A &GRS 5 | FH Sk
E R4 Hepatitis E Virus HER - Rl 19, 36
STEC EYIE Shiga-toxin producing Escherichia coli R REHn 3, 11, 36
HIVE A TIE Salmonella sp. R AR Y 3, 11, 36
IV =THE Yersinia enterocolitica, Y. pseudotuberculosis R REHR R 3, 11, 36
A ¥UANT ¥ —iE Campylobacter sp. R REHR 3, 11, 36
W7 N R A b Staphylococcus aureus R R L 3, 11, 36
VA7) THE Listeria monocytogenes R R L 3, 11, 36
¥V T T AVE Toxoplasma gondii ichcy 20
R 1 Sarcocystis fayeri i 33, 36
JEEBHAE (M) & JE) Trichinella spiralis, T. britovi Aoy 34, 36
HH I HUiE Gnathostoma doloresi A fr 31
it W HURE Paragonimus westermani, Paragonimus miyazakii A 31, 36
Ji i Aspermic Fasciola sp. A 31, 36
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DAEOATER - BHOKESE - — Bt IR Bk
EERIITERNAOD S [FEE AW X 5 ERREIC
RAEBEDOHILICET 23] 12X
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CNFETIZIF

EENhTWwa (£

Ft B AR & R R AN

mA<T (1),

197044 LLRE

- RSN HRE S T S IFLEY

L5200 LIS Fh

O5A SERLLTARE 4 H27H /AL VS Trichosurus vulpecula

WiAT - P174E6 A 1 H ¥ AT Macaca cyclopis

(1140) =74 HF)N Macaca fascicularis
7 Macaca mulatta
X—=1t0T Myocastor coypus
JUYNTY A Callosciurus erythraeus

A CPTAE12 14 H
WiAT P82 1 H
(4 )% 5Hk)

A SPRLAEIZ A 1LH
W4T SP224E 2 1 A
(17%)

AP I =]
A=ZTATIA4T=
TIAT=
VXU VT —A
Far

N AR g ATl
ZAVIEEIADID
IVEEYHUNDOL D
FLYVADI B

V) AUSND D D
XA I v b
TAYHIVY

TX¥ VAV EEeTE
YHBIET AN
Rrvawdh,
ro<IA,

TV,
FayaoIg,
YR IA,

X7 AR

IV H YA B D
¥ g ARl
DA

VRNV T—A

Sciurus carolinensis

Procyon cancrivorus

Procyon lotor

Herpestes javanicus

Muntiacus reevesi

Erinaceus &

Pteromys volans ®H 5
Pteromys volans oriit D H D
Sciurus vulgaris D) H

Sciurus vulgaris orientis YUSD H ®
Ondatra zibethicus

Mustela vison

Axis J&

Cervus BB T HFEDH H
Cervus nippon centralis,

Cervus nippon keramae,

Cervus nippon mageshimae,
Cervus nippon nippon,

Cervus nippon pulchellus,
Cervus nippon yakushimae J 0¥
Cervus nippon yesoensis YUHD H ®
Dama )&

FElaphurus davidianus

Mungos mungo
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Estimation of nitrogen unit load for designing swine wastewater treatment plant
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Summary

Unit load value of wastewater nitrogen is indispensable for designing swine wastewater treatment plant. Though
amount of nitrogen in swine waste has been estimated by many investigators, the nitrogen unit load value for swine
wastewater treatment plant design has not been estimated yet. To estimate the value, nitrogen/potassium-ion ratio
in wastewater of 9 farms was surveyed. A boxplot analysis showed that 75th percentile and maximum (top of
whisker) values of total nitrogen to potassium-ion ratio was estimated as 2.31-2.90 for raw wastewater and 1.86-2.23
for suspended matter reduced wastewater. Multiplying these values by widely recognized unit amount of potassium
excretion in urine of 9.2 g, unit amount load of nitrogen for wastewater treatment plant was estimated as 21.3-26.7 g/
fattening-pig/day for raw wastewater and 17.0-20.5 g/fattening-pig/day for suspended matter reduced wastewater.

Key words : swine wastewater, total nitrogen, potassium, wastewater treatment plant, unit amount load of nitrogen

KABEFHERE 47, 63~72 (2021)

U — e 0 N5 P BRBE AR PR <5 P BRBE AN T SR T O E T FE R TSN RS - A SR A T TE R
T961—8061 fi /= Uk vl H AR PE A4S /N AR 1 JUNIHE S gE v & —
D Ntk B A PR T861-1192 REARILAETZEHE2421
T101-0021 HEAMTARHXAHE 2 - 6 —12 ) E ST FE P TSN B SE - L P SE TR A T T
3) -2 I BPROK B HHEWFZEES M
T260-8667 TIEEF-IETHRILX SN - 1 T305-0901 HIED X 2

* S HPEEY  (ytanaka@chikusan-kankyo.jp)



64 PR TS

F X

SR IR S TH B — T, BEKICRAT S
& MNMEWNTHEIC S TR 2 AR 28 KAL) I
AMETOE VIYEARIESELZ LB, HED
HeLToMEdd 5. 2oz, fEEEEL X O
WM EFEICOWTIE, WHOSKMIKE A K54 0%
AR S % %2, 19994 12 Bl L e A3 g &
N7z, THEZF20014FE I KEH & 3T [7 €=
T, TR AMUEY, WASERALS Y L ORI A
Wl (DT TREEtEsE RS Lnks) oPkEEDiRE
XA

ZOBHNZ BT 5 — M ILHEAEIX100 mg/LTH 5 25,
GREREIZOVWTIZELICCSHIEEZ T 5 2 &I
THHELT, HB#I1500 mg/L DB EIHENHRES L
7o, TOH, 3ETLIHBE LER SN, 20214 BI4F
TI3500 mg/L O E#EBMH I N T 5. 51£100
mg/LIZIFCTE 54 5 bAFHENS.

KEHEEBRIEEICBWTIE, PR EERE
(BOD) RiR#EMEWE (SS) S50 AGBBEH H i HHEK
BAS0M’ U EOBREORGEIN SN DD, Wkt EE
SIHEWRICEYST S0Pk IR R CEBER
b. HEoT, HERZRIET A X, W ICHBED/NE
WERETH o TO LB RREI 2 AT 2 Witk
WUBEATRE R D.

153 % B HRBRIRET) O TG KPR % % 35t 5 72012
FEFEAMEFEA (gN/¥ - H) 238225, fAfy
mHEBEMEE, BEKIELIBSZ) OLARI G =
e omFEHA) OB, RICHAAD—FLARALT
BAETHHKIEENLHEYEREL V). BUTOEK
BB GER O R%EHES Y 1T Tid, B mtkA b
WOIETH 5 BOD B X OB IEHE D OIETH B
SS o B fi wFE AL EEEI RO E LTRSS TV
A, BROAMBFEHMIIREINTE ST, @HRBEIC
I U 7= {5 K LB iRk % 3% RT3 4 L TOHm L 725> T
5.

REFRERNROSETIE, )T LZHREWEET
SRMWRBESRE SN, EBRN BRSNS TcEE
R#ZIBETEX L PEE LCHRSATHRES P A
7 A FHEE OB AL, WA, RIS X ANk
ChwEMBESND. T2, B TIREFEKRIEL 0y
720 DA T AP ORFEHMASA, ROFNLZEFNIZ
BOTHESRTWAEY, XoT, 7)Y AZEEDE
LT 5 FRIHEOBOEEHEOILIRIC SIS HE &
EILND.

KRR TIE, 9EBIIBVTAHY 7 A ZIEWE L §

AT 2 (2021)

LHEEFHRICLD
EEIT o7,

SRAMBREHAL (gN/J- H) o

MEHLVHE
(1) REBEOBE

KO 15 : BHHER O ImIE 72 b 2 L, G O
HEFFELTEY, NEH KRG H 25 T6000~70008H
BB CTH L. fRHIT IR G SR Z A, HRKESAR
RETHEE2OPHE SN, AL 2 8725 IBEEMICHR
AT BT, BEHIHIE D BRICERIL 72

NAEI5 | BRI O WL 2 Tl U, B KR
B FRUEBO00HE B TH 5. fkNE, fREHICXD
iR 2GR & LB R N2 F oy MR AL
KL 5 ARG R D 5 IR I ARRITH IR & A L
BT EA 2 AU LK EE (Do TREZ [h
VED ] LIRS) THARRREDE & ARG IR AR 2
ENBICIELMICHAT 27, RBHIRTHE D $ ISR
L7-.

SAREE 1 MNP O 22 LI L, B
JK2008E > — B %8 CTH 5. flkEHI T IEL A R 2 R .
LS A RSB T, PRSIy Yy V7
AX =227 ) — VL% R IS ISR AT 57
AEHIE LR~ DA BT CHRILL 72

SCEIG : W I Pl 2 L, BHIK1508H 00— B
BETH L. FRHITRE AR Z A, KEFESAR
SHERLC, EARIEN— A7) — U THRiE S B BB L7221
FHFKTH 2 AR s TG 0D (JZR) @
IESAEICTAT 5. ABHIA AT OTE KIS CERIL 72.

SFES Wit Mo d L 7 L, BEK210
BHO—HE&ETh s, RIS ER2AH. BE
Kz A 7 AR THARDEE X, KB TFEHICA 2
L= —ABRSARPREIN TS, EHIIIZKROK
AKize b %) TIFNAKRLBECKIBA LIEKREDIL L %

b, F7z, IWEICALES 5720, BERREOHIKREARED
%<, F7RKBLE 2 b OFRKED v, HRITHITED

B\ HE Al 2 A U CIR SIS A T 5. RN AT

) ORI TERILL 7-.

SH &S | BH BB O I L, BER14558
O—HRETH D, fFHIAREAFE 2R, G
Ty 874 =4 TR BRERO 7 HIZBEK
HETHEL TN S720, BRI G BT E KR
HC4BHETH 5. HROFEETDHHEITA ART, 5
ASRGTBETT I, TEKIERTIE ) BRI ISR AT 2 Y.
ARHEHIHE D B ICERILL 72.

TYES : Bt s r i L, REKS0sE o —
BiEc, WG sEEFH. By 74—



M S - IR ROZE R AL 65

FA Y rhR 1HD 720 OHEKEERDPD L I
H4 5., BEBEEZZ ) aRT, SARSEEA. R
DTFEBIZA 7 L —3— KRS AMEDBRE S N7z 5ARHE
MEITFONTWVWSE, A7 L—s8—X1HIZ2E, 8Hx
ISRHICRRM) ST b, IREP SHR S 2RI, i
VO BRI B 2 A L CIRESMICIAT 5. kHE
HI¥E D OHi#E TERILL 72

YARS - BALES R L R 22 U, BEK1008H o0 —
HRETH LD, MEEPSOTHEALITT>TWAHT
DIUE R A2 VEENI 250080 CTH 5. AL A kL %
FIH. Iy b7 4 =74 7 HER BEPSD
P OWHEE S AR EET KT, pEEIE A2 L —o3—
HRTH->Twab. PRSI N2mKIE, mivEY BIEE K
THARENBELRITHAT 2. SRR AT, B X
OHIPED # (FPUKI AR (SERILL 72

ZEEG - BRI o i Ic 3 5 —HfE
BT, AR o f 2RI B K10708 0 — Bk E T H
L. fRHITIRFL SR 2 FIH. SARES & 5SARS
B HROBENRE SN, BEROBED S 0HEK
ERTHE D 24T o 221 IR CIR SIS AT 50,
AEHI R D ORI% TERILL 72

(2) HHERRA B LUCRRER

TY 235 1320184E 4 A ~20214E 3 H o B » 1198, SF
R 13 20184E 8 H ~20214E 3 A o o127, JEHIE L
TH—IERKZ AT - 72, SCREY1X20184E12 H ~20194F
2 AORNC 3R L 72, Z oMl 6 2oRHE, 2
FERE: A I8 0 2 020204 FE AR 3 (RGP oW
WUER AR 2 FrHAR AR A ] CTERILL 72 b o 2 it
72737z $RAEEUVENE, 20204E11H ~20214E 2 H OB ®
WA AT K Z 4 10145, B X ORIHE D FEht R 0 45k
FIEK 1S TH 5. BRRHE, Y H A ICHZERmnc %Y
LYAEET, FBAURICRA2LAIEH TRBREL
72, F 72 WRZRIRICRIAE #1300 £ T 5 C O s 124
BL7.

BB, REWIIBWTIE, RBiPED 217> TR niHK
W TorEERTTE K], RIPED RomAKIE [0EERBK] &
I 55

(3) KEAHAE

AV AAF Y (KY) BEE AFyr7uxhr3
7 4 — (B /ET 8 SCL-10AVP, ICSC1% I & (B
AFTH)) X ME L. 1265 mM/L X ¥
VANK R L.

faEF (N) &, BmEs % —{b2%380i (analytikjena
Fmulti N/C 31007 F 5 4 =) (ZXhillE L.

TR E (SS) IRBE AT AMIME A AR THlE L 72,

(4) EEEBDDIMTE

SF % & TY B THRILL 72 B A 0 o 1K 5 547
2, T RER AL A S RELENIRRTIC R L T
To7z. BEHOGIEE, HEQH (CP) 287 Vv —
Wik, mET Y =Y o v MM (NDF), BT 5 —
Yz v Ml# (ADF) BLUOBUETFT Yy —Y =z M) T
= (ADL) BF%—Y x v Mk, Fr7 o EEE:
MMM 2y = F v = —F Vi, ) v (P), vy
A (Ca), 742 vwh (Mg) BXUA)va (K)
PHOCX AL TH 5.

(5) F— &M@

7 — ¥ OWFHRITIE, TR T S r— 3
¥ ®R (version 400 (2020-04-24)) ® #fHH L 72 =
OTF)r—a T, HOTRIZX T —7 540
RN B X Y85 X MY v 7 EAENE 2 B FE
T&%. B, FHOTHOFRIZBWT, O TH#IE25
=t v F A4Vl ORI gE, Fo R
ToN—t v A MEERT. 25/8—k v ¥ 4 WVl &L75
N—t v ¥ A NVEO M & MG (IQR) LR, F
7ZBAUISIE (77 YA REE DIIER, IQRD15
BOHPHIZA L 2WTF—% 2R T), ERIEFHME (M
M), 0T O Fis X O R NEZ BRAL 72
F—Z R TORMEB X R KIEE R T

& X
(1) BREBICEI2LETEEOM

M1 LoEBRBEOH xR L. BLE
1000~6000 mg/L DFEEPHN T/ L, B TR E %254
MHRONT. F— I D% \WSF il L TY ¢4k
i & S BER DRI % R % & S EER O 5 MRl E R
L7z, SHUE, BiHED ISk o TRBROSEENKRE SN
cZ L&, FiTED TRCTHRMN S N5 B TEEA RS
LBHBNADHFG Lz HENE NS,

(2) BEBZICHITBN/KLESH

K2 ICHBYON/K ER L BB X O
MHETETOXEH D00, HOMHIZTRT2HHD
BENHIPHIC A LTz, NA B E KO B S AR
REBEZFH LTV 225, FEERBE KO N/K s
ARDEERIRZ 2RI LTV Ao B & RER WS &
MWREE NIz, KoT, WY 2EASIN TV LA
X, SARBAERE L 5 ARG BERE CTHKLB~ DS
FREMEIRKE MR T2V EHEN SN S,



66

it 4TRSS 25 (2021)

6000
40004
n=3
. :
n= -
20001 —r— L
S =127
—— ‘
|
Fs)
c 01 KOEZi3 NAZS SAEIS SCElE 1SFELS
— SRR SRR SREEA SRATE A SREER HREEA
£
'H'HT 6000 .
40004
N=119
&
n=4
=117 n=1 n=1
20001 ‘ =117 E 1=4
+ ]
= | ==
===
01 SHEHE [ {TYRE 1YAR S 1ZERS
SRR SRETEA AREREK DHIEA HAREK SHRATER HAEEK

1. BRYOEERIRED A

(&= )




M S - IR ROZE R AL

N/KT

KOE15 NARIS SAEIE SCEi5 1SFELE
n= n=127
n=3 n=.27
n=4 —— 4 [S— m—
- n;
35
SRS SRR ST SRS H SRTET HREEEK
SHE15 TYRiS TYARS ZERE
! g | n=1 =1 n=4
n=4 n= _ — n=
] n=117 | | — < E}E

ST

STELELE T IRk

2. KB N/K oA

SIBLALISIC SRR IEK

(& i)

STELEIETC REEA




68 PR TS

(3 ) ﬁﬁﬁﬁﬁiﬁ*ﬁ&lﬁﬁﬁﬁ?&i’é* TON/K S

VT RS A SRR B3 0 BRI TE K, A0 BEfARTE
jw)%h%h IOWTN/K ot R L7z, BEmiTs

Kix, FIH210, HhgefE202, 75085—€ ¥ ¥ £ VAl
231, AME (EHIMFo Bi) 13290CTHh - 72 —77,
SrBERRTE KL, CEHMELT6, hILiEL70, 58—tk v ¥
A VL6, e Kl (LHIMF o L) 13223T, i
WO D 73HERT X 0 Ao 72, DEERTROEOH EN %
<V KAy PO UMREBETHEL/ZEZ A, plE
1322e- 16K & % ), BEAK#Ea #0058 35 & plHix
TS L, BFEED D LHE SN

(4) SSEEDN/KHEICRIETHZEDRE

RO X ITN/K T IG5 BERT O B 2V EER X D A
o 72, THRERET & EHT 5 SSIRED I
HERT OB DSV 2d LN SN D, ol 2 MREd 5
728, N/KIbESS/K LR ER4ITRLE. 20
K&, log (SS/K*) &log (N/K') ORBIZIZIEDH
MBEROH 5 Z EAURE SN, Ko T, SSIEHAKD
BEEIIEEERLG 2 Cwb M EN. HRFOSS
WESAAHKTHLZ N0, KOBAENWINT S LG
KD 5 ARARDHIN L THAHOSS & EFORD)
ERSTHEEZOND.

6
4
L[]
+
e ' .
= 2.90
231 i -
2 202 | : 186
| 185 [ 1 1.70
'—l—' 157
n=256
n=255
0
SYBERTVE 7K SRR TE K

= By

k=113

3. rEERT B I5 KO N/K * A
(NA B35 L OSHES* K. O @ FIH)

AT 2 (2021)

(5) N/KTHDOZFEZEALICEEY 55t

SF B35 & TY B0 3 E M2 725 N/K " HofElk
ZAb%B5, 612" L7z, SFEY (X5) O RN/
K WA 228 % LoD b BIIA & Wik e 2
RLU7z. COWMAEINE, FAEFHERROZEICE Y E
KANDSADRABDHEA LT Lz L2k 2 LAk
ENb. —F, GEEHETEIAHINLZZIEZHLDOD 3
ERIZD0IZIE—ZEON/K ER L. Sl &
DEWZLIIBIRE SN 0o 7.

TY B (K6) TiX, Bk E %2020&@%%&1
PR RMICE F AEAEIP R SN2 b oo B/

FIZ—EON/K ' ILE/RL, Ff %1%%&@5&&#
7.

D EOFER LY, N/K HOFEHELIZ/N S v & HEH)
5.

(6) EAFERSHEED N/KHEEICRIFTHEDHRET

SF 35 & TY B35 0 Be & Fk o 855 #LRE % 55047 L 72
EZAHRLOIERPESNIZ. BB, HEFOXRIE
BoWMIZX -7z, SFRERGOEEKH O 3HHIZOW
TEEGHRBOREL L HCPEKDIL (CP/KIL) #
T 5 £227, 206, 21.1T, ¥H215 ko2, —,
TY 2o EEKE O 2/ IZ2o W TIECP/K I
221, 187T, F9204% %o o7z, THSOME L kTG

0.6 .

L]
0.4 P
' 000 ° }%
— o o oo ° oo oqe’,e
i . o® o . ?
= ) o0 2 % o5 N S BERTTE K
Z 00 83 o \: 5 o o RG]
= oo 03 0° 8 o uakiads’s Sl o HyMERIHA
%ﬂ & soo@ﬁg o e o’ % 23°
= ° o2 °§8“’% @ &3, é“ *

0.2 5&0% %é;cgf’%

0.0
1.0 0.5 0.0 0.5 1.0
1ogl0 (SS/K™)
4. EF—FIIBITAHSS/KHIE N/K O BE#&%



M S - IR ROZE R AL 69

2019 2020 2021
A A+

DBERE K

2019 2020 2021
A A+

5. SFRWIZHIT 5 N/K o2 b

il 55 K

5
=

S S S
R A

DBERIEK

2019 2020 2021
H A+

6. TYRIIZHBIT S N/K oL



70 REWEFHEE  H47T8% 25 (2021)
1. SFRYE TY B0 R A FRNK 5K
=2 % k% TDN CP ADF NDF ADL HMEE ¥ NFC JK4+ Ca P Mg K
i B H 136 677 153 85 194 22 47 309 443 59 103 095 039 090
AW G M 133 735 184 78 171 10 72 255 413 57 113 095 037 107
éi% WK1~ H (A) H 139 736 179 52 123 05 47 357 487 41 060 058 022 079
WK1 -H (B) H 149 726 142 49 105 06 40 362 538 40 050 060 024 069
WIK2 »H (bR B 145 724 133 48 119 09 42 358 538 42 052 062 030 063
TY AT i 391 141 714 155 59 131 13 46 385 510 39 065 040 020 070
B EE W 137 718 140 62 152 18 48 378 506 40 058 052 027 075
(WAL B %)
2. SFELGETYBLOMEFRCP/KILEHARFN/  FElEHAIZK & L2 g s. KT idHke
Kkt Db R HISEIC L 2R BV EEZZ 550
< PN 3 3 < () 22 32 B oy s
Hﬁﬁﬂ?ﬁiﬁﬂﬂﬂr ﬁ}%ﬁf(ﬁ(’ij(@ T, Hg{nﬁ ';)(ﬁ7k@.ff¥jﬁu§2’\@1ﬁ?qjT@i:ﬁio)%{'ﬂﬁ
CP/K I Ml N/K ' WP RS Z 720 OIEWHE L LTHHWRETH L. Lo
T, K" ORPHEEDFEHLAT92g/HH - HIZ, SHELN
SF 215 179 N N e ok
EN/K bz fEFIERAMERBEAIRE I NS &
TY &Y% 204 1.69 Zibhs, ZOFEMIIHVSN/K L, WHEFEIIC
BB E R RG 2T BUAI S, TH—k 2 F A
i 401 7R ,
(SFESEDI) / (TY 1054 1059

B D)

KON/K ' HEE2ITR L7z TY B % SF Y
DOfEFEEFIMT 5 L, CP/KH TLO54M5 N/K'H T
10595 & M Bz /R L 72,

z =

EARIC A B FEIRE 121000~6000 mg/L & MM To%
WRED o725, N/K HOIRQ (X 5-BERT 57K T1.85~
231, SrHERIEKTLE7~1.86 & RV EEPHIZ /AR L s i
TOETNE T LAV L7z, T A R A o i
BEFFLTWANARYESHELZRE, 25124
MEZ B 7238 ON/K T I e Kl 5BERiE KT
290, srHERIEKT223TH - 7.

HEF S 13, WA A SRR O %A, IEEK 1 HE
1 H®»720) 0l A1) 2fkeom (HEEoRHA) %
92 gl LTVwa. KELEHEON Y 7 ADTERE
ZOWTIEFE R LTWARWA, R Y 7 2B IEO
HIZE o TE» S RICBIT L2 DTHL I Eh b,
KR4+ v @geEzonsb. 22T, RiA) 74

H~RKEOHPEAP SRR EDPRYEEZ OND. F
72, BER o X 9 I N/K T BERTG K & BRI K T
HFREANHRINI-Z E0n, Sk EO
WaHWwsZ B LEzoNs, UEoEz0D L
2, BEHCRH IR EERANREEMZEINT S &,
SrERTIG K T92%  (231~290) =21.3~26.7 gN/ i -
H, 5 #E#%I5KTI2x (1.86~223) =171~205 gN/
W -HE%RD.

MHERO R PP o HFRE A E LT, A" 12
Bl & R G- O LB IR GABRBH U5 R~ 5 R 5489 kg,
SRERA T R K ES45 kg) T105 g/ - H, HRFH
AT IKETIS g/ - H, k- HHY 3EEKRT
259 g/ - H, HFEESY IEEK (KE30~110 kg)
T259 g/5H - H, fafd" 3BEKT245 /8 - H, ¥7-
HEF S B K T252~280 g/ - HEHEE LTV 5.
Lelal 5 5 U 72 43 BT 5 7K 00 28 35 A A i R AL 0021.3 ~
267 g/ - Hiz EitIR e O BIEALIEB L2 2 &
2o, THEYRMEEEZOND. PR oW ERITK
ENTOWE PO X VT74%RERT I 5 & #His
ENTVBEY, L72dioT, Rk o BFEITHATHE
BOERO—EHBIMb Y, EIh LI T—HHERLE
BADVEEAMBFEMICRLEEZONS.



M S - IR ROZE R AL 71

40 1

30 1

20 1

R AW B HAL (eN/8H - A)

10 A

B7. WA ORI ICEED TR L - B R AWM R EHEAEO 54 (n =16)

A I & B AROKERER R P oEM L2 EHA
PR EHEAAED A 2 K 7 IR Lz, 2 0546 oyl
230 g/WH - HiZ, AR - g H A E AL 021.3~
267 g/ - AOHHATH L. 2oz &b, SRKD
TBIEOZYEE LT HLE2 6N,

AR SN2 B TON/K o MHEIZ oW T,
SR D RUK A L T W fetEA S B, SF Y
ETY BYCHRL 2806, WEKHE S &K CP/K
Wi 2 B colt (SE/TY =1.054) &, riEfkinx
N/K ESMED 2 B Tolt (SF/TY =1.059) %13
13— L7z, 2ok, HKONKT I RO CP/
KIICE D EESRTWAIREZRIZET 5.

TR A R OA CP/KIICKERNEEZ BN D
A%, AR, SRR, T3 BREEG SNz
DY B CP/K AR DML, Z0DHEKD
N/K WG mRD - 3R 22 WMEEDLD S, &
B, AWREZEETL)F Yy K74 —FEHFFLT
WA NA B0 N/K it oo v W BE & il 1R B35 &
FERHRLNL o 72dS. ORI E D »ids
BOMEHRETH 5.

SR OB & > TIIERIE OREHALIIKE CE
LI EPMOLNT WS, BIZIE, M EE N R -
A E AR AT 1T X B b, RN 2 IR

RIS TV 2 — AMER23B A L TRET 5 LR
MEZEYEEO®RIZY) VIV 2 — 2RO & 064%
WA T5ELTWAE. 61, =XV, 3V
Ta— 2K, BT PV TR ETHRPEZEOBEIR R
MRDOHLNTWD, Tz, MOTATBUENRSE - A
BN e et ko l, 73 BIRImMEEAE
fA B OFEGT & 1) 30~45% FE B D & TP O O GHEAS
MEcExsrsh, HESY 37I VBN 2 EH
LR ZAHT 5 L EERORPEFREHS7.6%IK
WL7EHREL TS, XoT, INSofik%2FHd
Ryl BRAMRFERM LTS LTS
N5, SHIEEROEEICS U8R Aan a5 B o
BRENPERIILRDEEZEZDNS.

L OMET ORGSR, N/K I SSIEIHEINDL 2
EAVRIBENT:. ZOMENLEZ DL, WD ITER
B EOHIRICHES LTBY, FE) TOSSKEEFEE
B 513 EHIEEI R IEE L 2 b MR I N BRI
BV ICX 5 SSHERIE S TEREAORIMEIZ L -
TEASNLDT, BEAMPBLTHS LI YA
BED ICB T2 B0 TREFORNEEZFHD S Z & TY
FETELWEMELDH S, 72771, HiHEDIZX Y BOD/N
WAMKT L9 &5 L EBRBEHIIAFNTZ 2 O THEELL
HTH 5.



72 PR TS

AWFTEIE H A S 6 &3 pEAR L FSE O W 7E Bk (35

FETG K DFELE - HALIZ 31T B 157 10 48 AR B Bl 783
JHHE) CL2bDTHLI Ll L#HEELLET.

T2, BRABICSH IV WENPOBEAVEWE
LI R— bb vy — EHHERK, AREEEAGA
W E A s, — Bt D ARIKG & i
WAKIEHF N2 LTS, X518, AECTHHVLE
WZBED T 4, B L OKREGH ZHY S - & eSS
HATE G O K A T S A S22 L T

51 A X ™

1) HPERBIAHENE (2004) 53 5 ASRALIR % 0 %
Fh - FEATEN. pp202. (W) ¥ i BRI R i B A,
HHL.

2) hUEES (1989) K& IRIG KO WLBLF I Hfly & 55
Bl. pp232. (1) LS, HIL

3) WUFHES (2000) HEMALMEE R~ =2 7 .
pp246. (f) wytFEs, Hul

4 ) BRSTATBOE N R - T P SE RN R A F 8 AR
(2013) HAfi#2fE#E - JX (20134EM). ppld3. (&
1) UL EE S, BN

5) MIFEE (2021) ZE Y
FERER DL
B, W

6) WAHE - REFHURAS - etk (1985) FEBRIAT#ES
HTICBIL2TFRKOEANEBLUT IV BERED
WD, HESHEL 56 (8), 628—633.

7) EAIMEN (2021) NA Y. HEREICBT 58
REREIRPL A TR R, 39—45H. (A%h) Wk
HHE, WL

HEREEZ BT B HEK
AopTRE A 8 —16H. (k) ot

8) FAVIEEN] (2021) SHRY;. #HMEREHIZHT L
KERERDEI A ARG R, 32-38H. (24k) sk
TR, BT

9) fifES (2001) Hriw By A FE bRk 1 —642H.

(Fk) o, HO

10) fREERAD - KA - ANBrise (1982) IRAAJRD
PEREFFEICE T 2078, HIRAFES. 19 (1), 15
—-21.

11) R (2004) % P o 8 PR —% &
7R OB IEALPLEAN & ALPE o 2 b s AL—. HK
LBEK. 46 (4), 320-326.

12) AR (2001) #IRGAKLBLOMH. HIKE
i 38 (3), 143-150.

AT 2 (2021)

13) FKEPWES - KARIEZ - FF LEBES (2020) MEFEIKIC
BIAEHR U, AV AP OEEHALOHE
. HESH. 91 (3), 281-288.

14) EHFE (2002) KD 5 ABRWEIAE ) WETEAT A A

FEA. FHERHEIEI I e Y. 25, 15-62

150 R CORE TEAM (2020) R: A language and
environment for statistical computing. R
Foundation for Statistical Computing, Vienna,
Austria.

URL https://www.R-project.org/

16) ZEjEE - RHFE - ZKEPBEL S (2016) 7 3/ BRI
K8 >3y B % AG 5 U 72 IEE KR O 15 K AL H#
P HIET B BB AWM 7 A OPHN BRI R, H
FHath 87 (4), 373-380.

17) W s (2021) KO Y. HEREIIBIT 8K
FRRRW A AR, 24-31H. (&%) ek
B, WL

18) MR (2021) YA R FHEREIIBUT HHEK
FERRIRM A TR, 17-23H. (&%) e
FESS, WL

19) Fpkipis - FH¥EAE (1997) K& O HEE 7 0
TN VATARES 13 (1), 17~23.

20) FEHHEFE— (2021) SARY. HEREIIBIT L

KERRD A ARG AR, 46 -54H. (2~Fk) ik
WS, B
2 F
FEIRIG AR QLB 5 O e U (3 B8 38 BT B JRU M O Ju il

PUEATRTH 5. %*@%%o;ﬁiuﬁ IonT

3% L OEND B, BERAMEFHAII O FE 22
ERIEBEHS R IN TR, BHEHAEREZHWE L,

OB BWTEEE/ AT a4 F Y HERHEL.

WET— 5 ZFHOTRTHIT L7z 25, 55—k ¥
AV B L ORI (T B 1, B BiGKT
ZznZEn231, 290, U APy #%HGKTIZ1.86, 2.23
Tholz. TNOLOEMEIZ, NHIORBH ) 7 L8>
JEBAT 09.2g/ B - H %3 U CiHACLEL i % 3% 51 82 3%
HHAN R Z R0 24, Hi#EY ATOHKT21.3
~267 ¢/ EIEEWK - H, Hi¥EY hoHAKTIT1~205 g/
HEERK - HEHEESh.

F——F: Ry VN
B

%Hﬁiﬂ%ﬂ( EHR, {5 K AL P )i
)5

i, ERENT



\ Original report \ 73

The isolation, identification, and antimicrobial susceptibility of bacteria and
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Summary

A total of 270 strains of aerobic bacteria and 141 strains of fungi were isolated and identified from infectious
dermatitis lesions in 133 Thoroughbred racehorses, and their bacterial drug susceptibilities were determined. For
the identification of bacteria and fungi, optical microscopy, matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry, and 16S rDNA or 28S rDNA analysis were performed. For bacterial drug susceptibility
testing, the disk diffusion method was used. Approximately half (137 strains) of the isolated strains of bacteria
were Staphylococcus, while 33 strains were Corynebacterium. Of the fungal strains, Penicillium strains were the
most frequently isolated (26 strains), followed by Paecilomyces strains (15 strains). Most of the isolated strains of
bacteria and fungi were suggested to be opportunistic pathogens. The skin microbiota of horses in our study was
similar to that of healthy people; a possible reason for the similarity is the clean breeding environment. Regarding
drug susceptibility, 71 strains (51.8%) of Staphylococcus were resistant to at least one of the tested antibiotics. Less
than 6% of the strains were resistant to quinolones, tetracyclines, and cephems. In contrast, even though penicillin
and ampicillin are not used as often in the surrounding environment, the rates of resistance to these antibiotics
were high. The resistance to penicillin and ampicillin of staphylococci which natural host was human were pretty
higher than that of staphylococci which natural host was another animal. The results indicated that drug-resistant

staphylococcus strains may be transmitted from the human living environment to racehorses.

Key words : infectious dermatitis, drug resistance, Staphylococcus xylosus, Paectlomyces, horse
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Introduction

Various grooming techniques are employed for
Thoroughbred racehorses. Some wash the horses with
soap, while others use only a brush and cloth.
Racehorses are groomed almost every day to maintain
their cleanliness. However, despite good grooming
practices, dermatitis is a common problem for these
animals.

In Japan, there are approximately 18,000
Thoroughbred racehorses that are registered either
with the Japan Racing Association (JRA) under the
control of the nation or with the National Association
of Racing under the control of local authority. The
former has two training centers located in rural
Japan—one in the eastern and the other in the western
side of the country. Each training center has
approximately 2,000 Thoroughbred racehorses, and
hundreds of these horses are transported every
weekend to several racetracks in large cities for
horseracing. The subjects of this study were all raised
at the western “Ritto” training center. After running in
a few races, the horses are taken to a pasture near the
training center and are replaced by other horses that
are deemed ready to race. In Japan, Thoroughbred
racehorses are bred and raised mainly in Hokkaido,
which is in northern Japan. Then, the horses are
transferred to one of the training centers at the age of
2 years or older. Such frequent changes of the
breeding and training environments make it difficult to
identify the pathophysiology of dermatitis in
racehorses.

Dermatitis is not life-threatening, does not affect
athletic ability in most cases, and often resolves
naturally. Even though the skin lesions present no
health risks, medical treatments are usually provided
to improve their appearance prior to racing activities,
because the racehorses are seen by the public at races.
Examinations to isolate pathogenic microorganisms
and drug susceptibility tests are rarely performed.
Instead, antibiotics and antifungals are often used
based on empirical decisions.

Considering these circumstances, we conducted a
study on the isolation and identification of bacteria and
fungi from infectious dermatitis skin lesions in
Thoroughbred racehorses with the purpose of

identifying the pathophysiology of their conditions.

Materials and Methods

The study subjects consisted of 133 horses that
developed suspected infectious dermatitis between
August 2016 and June 2020. The selection criterion for
the definition of infectious dermatitis is stated later in
this section. All horses included in the study were
Thoroughbreds between 2 to 7 years of age, and there
were 80 males and 53 females. Eleven of the subjects
were studied twice, because they developed dermatitis
twice at different times and in different areas. Thus,
the total number of cases studied amounted to 144.

Samples for the study were collected from the face,
neck, and shoulders in 44 cases, the back and abdomen
in 66 cases, the buttocks and tail in 15 cases, and the
limbs in 19 cases. All subjects were in good general
condition and underwent training for their upcoming
races. The animals were given outdoor exercise for
about 2 h a day and were kept in individual stalls in a
stable for the remaining hours of the day.

To obtain skin rash samples, we initially wiped the
body surface a few times with sterilized gauze to
remove dust and pieces of litter, then we scraped the
skin surface of the target lesion using an injection
needle to collect scales and body hair. The criterion for
the selection of cases with infectious dermatitis was a
gradual disappearance of the skin rash over a period of
at least 2 days after commencing cleaning of the lesion
with disinfectants, such as chlorhexidine, acidic water,
and hypochlorous acid water, or the application of
antibiotic or antifungal agents. All horses that had
been treated with a systemic administration of
antibiotics, corticosteroids, or non-steroidal anti-
inflammatory drugs within 7 days before sample
collection were excluded.

Aerobic bacteria and fungi were cultured from the
collected samples. For bacterial cultures, a soybean-
casein digest medium was primarily used. Isolated
colonies were evaluated using optical microscopy after
Gram staining. Drug susceptibility testing was also
performed. For fungal cultures, a dermatophyte
identification medium was used.

The identification of bacteria, fungi, and yeasts was
mostly outsourced to TechnoSuruga Laboratory Co.,
Ltd. (Shizuoka, Japan). In accordance with our request,



Ushiya et al. : Bacteria and fungi of horse dermatitis 75

matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry or 16S rDNA analysis was used to
identify bacteria, and microscopic morphological
observation or 28S rDNA analysis was used to identify
yeasts and fungi. For the matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
method, either the VITEK MS™ plus (bioMérieux SA,
Marcy—l'Etoile, France) or MALDI Biotyper smart
(Bruker Daltonics, Bremen, Germany) instrument was
used.

For bacterial drug susceptibility testing, 14 types of
discs were used; different types were used for different
cases, with a minimum of nine different types of discs
and a maximum of 13 discs employed per case. The
antibiotics used were: penicillin (PC), ampicillin (ABPC),
dicloxacillin (MDIPC), gentamicin (GM), tetracycline
(TC), minocycline (MINO), cephalothin, cefazolin,
orbifloxacin (OBFX), enrofloxacin (ERFX),

marbofloxacin (MBFX), sulfamethoxazole-trimethoprim
(ST), polymyxin B, and oxacillin. The discs were mostly
produced by Eiken Chemical Co., Ltd. (Tokyo, Japan)
and Nippon Becton Dickinson Company, Ltd. (Tokyo,
Japan). MBFX alone was provided without charge by
Meiji Seika Pharma Co., Ltd. (Tokyo, Japan). The
susceptibilities of the isolates were determined in
accordance with the publication standards of the
Clinical & Laboratory Standards Institute ™.

For the detection of mecA, a gene that confers
methicillin resistance, a multiplex polymerase chain

reaction assay was used.

Results

In total, 270 strains of bacteria were isolated from
144 samples. The largest number of strains isolated
from one sample was four. Table 1 shows the Gram
staining results, genus names, species names, and the

Table 1. The Gram stainability, genus name, species name and number of strains of the isolated bacteria.

Gr n Genus n Species n Gr n Genus n Species n

equorum 33 stationis 10

xylosus 22 ammoniagenes 8

aureus”™ 21 casei 5

hyicus 15 . tapiri 2

arlettae 6 Corynebacterium 33 ulcerans™ 2

lentus 6 glutamicum 2

saprophyticus 5 Sreneyi 1

pseudintermedius 5 sp. 3

vitulinus 4 amyloliquefaciens 3

scium: - 3 arr | 53 . cereu‘s* 2

Staphylococeus 137 delp.hzm 2 Bacillus 8 pumz/u:s 1

gallinarum 2 aerophilus 1

chromogenes 2 megaterium 1

intermedius 2 casel 2

stmulans 2 Brevibacterium 5 | epidermidis 2

GPC | 164 caprae 1 linens 1

epidermia:’is 1 Brachybacterium 4 paraconglomeratum 1

haemolyticus 1 sp. 3

kloosii 1 Kurthia 2 | populi 2

schleiferi 1 Terribacillus 1 | saccharophilus 1

succinus 1 Junii 3

warneri 1 Acinetobacter 8 | lwoffii 2

Aavus 8 sp. 3

Micrococcus 12 | luteus 3 GNR 15 Pseudomonas 2 | putida 2

terreus 1 Chryseobacterium 2 | indologenes 2

Aerococcus 9 | viridans 9 . . hotanense 1

- Sphingobacterium 2 -

Kocuria 9 atrinae 1 daejeonense 1

rhizophilia 1 Sphingomonas 1 | adhaesiva 1

Kytococcus 2 | sedentarius 2 unidentified 38

Exiguobacterium undae 1 total 270
Streptococcus 1 | dysgalactiae™ 1

Gr: Gram stainability, nnumber, GPC:Gram-positive cocci, GPR:Gram-positive rods, GNR:Gram-negative rods,

* Biosafety level 2
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number of isolated bacteria.

The identified bacteria consisted of 164 strains of
Gram-positive cocci, 53 strains of Gram-positive rods,
and 15 strains of Gram-negative rods. Thirty-eight
strains could not be identified.

When classified by genus, 137 strains of
Staphylococcus were identified, accounting for the
largest proportion (50.7% of all identified bacteria),
followed by 33 strains of Corynebacterium, 12 strains of
Micrococcus, nine strains of Aerococcus, eight strains of
Bacillus, and eight strains of Acinetobacter.

Among the commonly isolated Staphylococcus
strains, S. equorum was the most common (33 strains),
followed by S. xylosus (22 strains), S. aureus (21 strains),
S. hyicus (15 strains), and S. lentus (six strains).

Among the isolated Corynebacterium strains, there
were 10 C. stationis strains, eight C. ammoniagenes
strains, and five C. case: strains.

According to the biosafety levels ' specified in the
biosafety guidelines established by the Japanese
Society for Bacteriology, which are used as an index of
pathogenicity in humans and animals, most of the
isolated strains were classified as biosafety level 1,
indicating that they are opportunistic pathogens. A
total of 27 strains from four genera were classified as
level 2, including 21 strains of S. aureus, one strain of
Streptococcus dysgalactiae, and two strains each of
Corynebacterium ulcerans and Bactllus cereus. None of
the isolated bacteria were classified as level 3 or
higher.

Table 2 shows the types, genera, species, and
numbers of isolated fungi strains. In 20 of the 144
samples, no fungal colonies were observed after a
3-week cultivation period. In the remaining 124
samples, 141 fungal strains were isolated, of which 81
were mycelial fungal strains and 36 were yeast fungal
strains. Twenty-four strains could not be identified. Of
the myecelial fungal strains, Penicillium (PEN) strains
were the most frequently isolated (26 strains), followed
by 15 Paecilomyces (PAE) strains, and eight strains
each from the genera Scopulariopsis, Cladosporium
(CL), and Aspergillus (ASP). Among the yeast fungal
strains, strains of Debaryomyces, a non-pathogenic
yeast, were the most frequently isolated (27 strains),
followed by six Trichosporon strains, and three
Candida strains.

Table 2. Genus name, species name and number of
strains of the isolated fungi

Type n Genus n Species n

e glabrum 2
Penicillium 26

sp. 24

. variotii 10
Paecilomyces 15

sp. 5

ochraceus 3

niger 2

Aspergillus 8 | flavus 1

versicolor 1

sp. 1

Cladosporium 8 | sp. 8

Scopulariopsis 8 | sp. 8

. . nigrum 1
Mycelial 81 | Epicoccum 2

sp. 1

Mucor 2 | sp. 2

Nigrospora 2 | sp. 2

Phoma 2| sp. 2

Alternaria 1| sp. 1

Arthrinium 1| sp. 1

Curvuilaria 1| sp. 1

Chaetomium 1| sp. 1

Fusarium 1| sp. 1

Geotrichum 1| sp. 1

Microsporum 1 | Canis 1

Trichophyton 1| sp. 1

nepalensis 23
Debaryomyces 27

sp. 4

Yeast-type 36 . dermatis 1
Trichosporon 6

sp. 5

Candida 3 | parapsilosis 3

unidentified 24

total 141

n: number

Table 3 shows the drug susceptibility test results.
According to the criteria for disc susceptibility testing,
samples were classified as susceptible, resistant, or
intermediate (indeterminable). In total, 137
Staphylococcus strains and eight Acinetobacter strains
met the published criteria of the Clinical & Laboratory
Standards Institute.

Seventy-one (51.8%) of 137 Staphylococcus strains
and two (25.0%) of eight Acinetobacter strains were
resistant to at least one of the tested antibiotics.
Twenty-one (15.3%) of 137 Staphylococcus strains were
resistant to three or more types of antibiotics, while
none of the Acinetobacter strains showed resistance.

Staphylococcus strains showed relatively high
sensitivity to tetracyclines and cephems—132 of 137
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Table 3. The result of drug susceptibility tests of strains of genus Staphylococcus and genus Acinetobacter

Genus Staphylococcus Acinetobacter
Number of isolated strains 137 8
Number of the resistant strains 71 2
Rate of the resistant strains 51.8% 25.0%
Number of strains resistant to 3 or more 21 0
Number S I R Number S I R
PC Number 80 41 39
Rate 51.3% 48.8%
ABPC Number 132 70 62
Rate 53.0% 47.0%
Number 91 83 3 5
MDIPC
Rate 91.2% 55%
M Number 137 115 4 18 8 5 1 2
Rate 83.9% 13.1% 62.5% 25.0%
TC Number 137 125 0 12 8 8 0 0
Rate 91.2% 8.8% 100% 0%
MINO Number 137 132 4 1 8 7 1 0
Antibiotic Rate 96.4% 0.7% 87.5% 0%
Number 136 129 5 2
CET
Rate 94.9% 1.5%
CEZ Number 121 111 9 1
Rate 91.7% 0.8%
OBFX Number 115 72 41 2 7 5 2 0
Rate 62.6% 1.7% 714% 0%
ERFX Number 133 109 23 1 8 6 2 0
Rate 82.0% 0.8% 75.0% 0%
MBEX Number 55 55 0 0 3 0 3 0
Rate 100% 0% 0 % 0%
ST Number 137 132 3 2 8 8 0 0
Rate 96.4% 15% 100% 0%

S: Susceptibile, I: Intermediate, R: Resistant,

PC: Penicillin, ABPC: Ampicillin, MDIPC: Dicloxacillin, GM: Gentamicin, TC: Tetracycline, MINO: Minocycline, CET: Cephalothin, CEZ: Cefazolin,
OBFX: Orbifloxacin; ERFX: Enrofloxacin, MBFX: Marbofloxacin, ST: Sulfamethoxazole-Trimethoprim

strains (96.4%) were susceptible to MINO, and 129 of
136 (94.9%) were susceptible to cephalothin.

Staphylococcus strains were resistant to most
penicillin antibiotics—39 of 80 strains (48.8%) were
resistant to PC, and 62 of 132 (47.0%) were resistant to
ABPC. However, their resistance to MDIPC, another
penicillin antibiotic, was lower than their resistance to
PC and ABPC, with only 5.5% (five of 91 strains)
showing resistance. With regard to aminoglycoside
resistance, the rate of resistance to GM was 13.1%, and
that to TC was 8.8%.

With regard to susceptibility to fluoroquinolones, the
results showed differences among different
antibiotics—72 of 115 strains (62.6%) were susceptible
to OBFX, and 109 of 133 strains (82.0%) were

susceptible to ERFX; these were lower than the 100%
susceptibility seen for MBFX, although the rates of
resistance were generally low—1.7% for OBFX, 0.8%
for ERFX, and 0% for MBFX.

The number of samples of Acinetobacter strains was
too small to determine any trends in susceptibility/
resistance to each antibiotic agent.

Table 4 shows the number of antibiotic-resistant
strains by species among the four most frequently
isolated strains.

Strains that were resistant to at least one of the
tested antibiotics were S. xylosus strains, which
showed the highest proportion of resistant strains (17
of 22 strains; 77.3%), followed by S. aureus strains (16
of 21; 72.7%). Most S. xylosus strains were resistant to
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Table 4. The drug-resistance of Staphylococcus for 4 species

CNS CPS
S. equorum S. xylosus S. aureus S. hyicus
Number of isolated strains 33 22 21 15
Number of resistant strains 9 17 16 2
Rate of resistant strains 27.3% 77.3% 72.7% 13.3%
Number of strains resistant to 3 or more 1 1 13 0
PC 4/23 13/13 11/13 0/9
ABPC 6/33 15/20 15/20 2/15
Antibiotic MDIPC 0/20 1/16 0/13 0/14
GM 1/33 0/22 14/21 1/15
TC 0/33 1/22 7/21 0/15

b/a; a: number of strains b: number of resistant strains CNS: coagulase negative staphylococci, CPS: coagulase positive staphylococci,
PC: Penicillin, ABPC: Ampicillin, MDIPC: Dicloxacillin, GM: Gentamicin, TC: Tetracycline

PC or ABPC. S. aureus strains most frequently showed
resistance to three or more antibiotics, with 13 of 21
strains resistant to PC, ABPC, GM, and TC. Among
the four types of staphylococci, only one of the total 75
strains was resistant to MDIPC.

Oxacillin susceptibility testing was performed on 12
of the 21 strains that were identified as S. aureus. The
zone of inhibition of only one strain showed resistance,
but mecA was not detected.

Discussion

There have been a few reports about the bacterial
and fungal flora on the body surface of healthy
horses " '**. Cook et al. studied healthy skin biopsy
specimens from 27 horses in New York, USA, and
reported the presence of cocci in 7% of the samples,
and the absence of fungi'’. In contrast, according to a
report by Adams et al, who cultured aerobic bacteria
from skin swabs of the left chest of 20 healthy horses
aged 2 to 23 years in Colorado, USA, species of the
genera Bacillus, Staphylococcus, and Enterobacter were
isolated from 18 horses (90% of all the horses)". The
distinct difference in results between the two studies
indicates that the microorganism flora on the body
surface is significantly affected by the region in which
the animals are bred, their stall environment, and the
types of work they perform.

Shimozawa et al. reported on the isolation of bacteria
from the hair of 87 horses with suspected infectious
dermatitis and 30 healthy horses at the eastern “Miho”

training center in 1997 *®. However, the types and
proportions of isolated bacteria in their study differed
from those of our present study. Major changes that
have affected the skin condition of racehorses at our
training centers in the last 20 years include
improvements in grooming techniques, improvements
in the method of drying horses after washing, and the
change of the litter from rice straw to wood chip
shavings, which help keep the body surface of the
horses cleaner and drier. The differences seen in the
types and proportions of isolated bacteria between this
study and previous studies are thought to have
resulted from these changes in the training centers.
The bacterial genera isolated in our study were, in
descending order of frequency, Staphylococcus,
Corynebacterium, Micrococcus, Aerococcus, Bacillus,
and Acinetobacter. Kloos et al.® studied the bacterial
flora of the skin of healthy people in North Carolina in
the northern part of the United States and in New
Jersey in the southern part of the United States, and
reported that the bacterial flora found in the two states
were generally similar. When comparing the results
between their study and our study, the types and the
order according to isolation frequency were mostly
similar, with the exception of Aerococcus. It is possible
that the aforementioned study failed to identify strains
of the genus Aerococcus due to misidentification, as
such strains have been reported to be prone to
misidentification as staphylococci and streptococci in

. . . . 13, , 41
smear microscopic examinations 530 ).



Ushiya et al. : Bacteria and fungi of horse dermatitis 79

Recent studies on skin flora using next-generation
sequencing have revealed unique skin flora
compositions for humans and animals that are affected
by diet, geographical location, cohabitation between
humans and pets, and other factors ® * ¥ Ross et al.
studied the skin microbiota of 38 mammal species and
reported that human skin microbiota is undoubtedly
different from that of other animals, including non-
human primates. They concluded that the reason for
this difference lies in the human lifestyle—humans live
in buildings, wear clothes, and wash their bodies with
soap *. While the subjects in their study included 68
horses, no information was provided on the types of
work that these horses performed or the cleanliness of
their bodies. However, microflora exceptionally similar
to human skin microflora have been found in two dogs
O Tt is

noteworthy that the horses in our study are washed

that were frequently bathed, and in house cats

with water every day.

Our study was conducted on dermatitis in
racehorses. It is assumed that many of the horses
developed dermatitis due to the increased growth of
indigenous bacteria as a result of stress from training
and racing, which lowered the resistance of horses to
infection. For this reason, it can be considered that
many of the isolated bacteria reflect the normal
microbiota. A possible reason for the similarity
between the skin microbiota of healthy people and that
observed in our study is the clean breeding
environment of our racehorses.

In our study, about half of the isolated bacteria (137
of 270 strains) were staphylococci. Staphylococci is
considered to be a typical indigenous bacterium of the
skin not only in horses * ' ®* but also in humans ¥,
cattle, swine, sheep, and goats . Factors causing
staphylococci proliferation include trauma, malnutrition,
stress due to childbirth, and crowded environments, in
addition to other skin diseases " ".

In our study, S. equorum was the most commonly
isolated strain, followed by S. xylosus, S. aureus, S. hyicus,
and S. lentus. S. equorum, which is one of coagulase-
negative staphylococci (CNS). S. equorum, as its name
suggests, is a commensal organism found in healthy
horses and has been reported to have low

3)

pathogenicity ®. S. xylosus was commonly isolated

bacterium in both horses with and without

B4 According to previous reports, the

dermatitis
staphylococci most frequently isolated from horses
with dermatitis are S. aureus, S. hyicus, and

"2 Tn the report of Shimozawa et al.,

S. intermedius
S. aureus or S. hyicus was isolated from approximately
70% of horses with dermatitis.

Corynebacterium, which accounted for 14% of the
isolated bacteria, has been reported to be one of the
indigenous bacteria on the skin of horses and
humans " 2. Corynebacterium pseudotuberculosis has
been reported to cause dermal abscesses known as
pigeon fever " ®, but this bacterium was not isolated
in our study. While Micrococcus has been reported to
be one of the indigenous bacteria on the skin of horses
and humans #*, there have been no reports on its
association with dermatitis. Additionally, while
Aerococcus is known to induce serious infections,
such as bacteremia and urinary tract infections, in

30, 41 .
) there have been no reports on its

humans
association with dermatitis or other infections in
horses. As for streptococci, one of the most common
bacteria that causes dermatitis in horses ', only one
strain was isolated in our study.

Next, the fungi isolated in this study are discussed.
According to previous reports, most cases of fungal
infections in horses are categorized as superficial or
cutaneous, and dermatophytosis (ringworm) is most
commonly caused by Microsporum or
Trichophyton ' 1% 3,
dermatophytosis were reported in military horses in
1903 ' and in racehorses in 1972 *. Takatori et al.

studied reported cases of superficial dermatomycosis

In Japan, epidemics of

in horses in Japan from 1970 to 1980 and reported that
the causative fungus was Microsporum canis or

% These fungi were frequently

Trichophyton equinum
isolated not only from lesions, but also from the body
surface of horses that were not affected by
dermatomycosis. Fungi isolated from unaffected horses
also included those of the genera ASP, PEN, CL, and
PAE.

In the report of Shimozawa et al., there were no
cases of infection by a mixture of fungi and bacteria,
and among the 29 isolated fungal strains, 26 strains
were 1. equinum and three strains were Microsporum

38)

equinum In contrast, only one strain each of

M. canis and genus Trychophyton were isolated in our
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study. The method of drying the horse body after
grooming has been greatly improved over time, and
the litter has been changed from rice straw, which
gets wet easily, to wood chip shavings, which stay
dryer. It was considered that the reason why the
results of this study differed from those of Takatori et
al. and Shimozawa et al. was that it has become harder
for fungi to colonize the litter and the body surface of
horses.

In studies conducted by Bourdeau et al. on the skin
of healthy horses® and by Rota et al. on preputial and
penile surfaces of horses®, the dominant isolated fungi
included ASP, PEN, Scopulariopsis, and PAE. Wolny-
Kotadka et al. examined airborne microorganisms in
riding stables, and reported that they found the genera
ASP, PEN, and CL*. Andersen et al. reported that the
genera ASP and PEN were isolated and cultivated
from hay and haylage, which make up the main diets
of horses that live in stables ”.

The types and proportions of fungi identified in our
study were similar to those reported previously in
healthy horses ®* *. The study results also suggested
the possibility that the identified fungi were derived
from the stable environment, including the feed and
litter. Our results also suggested that cases of fungal
dermatitis are rare, and that cases of bacterial
dermatitis are more common. However, Takatori et al
used two types of agar media to culture samples, and
the use of improved methods for sampling and
culturing may yield different results.

One result that is inconsistent with previous reports
is the frequent isolation of PAE. PAE-associated
dermatitis has been reported in humans, cats, and
dogs "™ ® but not in horses. PAE-associated diseases
are generally caused by a weakened host immune

20 We therefore cannot rule out the

system
possibility that racehorses develop dermatitis due to a
weakened immune system as a result of fatigue from
racing.

Finally, the drug resistance of the isolated bacteria
was evaluated. As shown in Table 3, resistance to
penicillin antibiotics was the most frequently observed
antibiotic resistance in our study. In the horseracing
industry, while penicillin is widely distributed in the
form of procaine benzylpenicillin, the use of procaine
immediately before races is prohibited. For this reason,

PC is rarely used at our training center. ABPC is also
rarely used at our training center since there have
been a number of cases in which ABPC affected the
intestinal microflora and resulted in enteritis. On the
other hand, MDIPC is commonly used in the form of
topical preparations. Although we cannot rule out the
possibility that the resistance rates to all penicillin
antibiotics were high as a result of cross-resistance to
MDIPC, the resistance rate to MDIPC was significantly
lower than that to PC and ABPC. Therefore, other
factors, such as co-selection of other antibiotic classes,
transmission from human living environments via
harnesses or other equipment used for horses, and
acquisition at breeding ranches, should be considered
as reasons for the high resistance rates to PC and
ABPC 29, 31, 43, 44).

Table 4 shows the drug resistance rates by species
in the genus Staphylococcus. In our study, the drug
resistance rates of S. aureus and S. xylosus were over
70%, while those of S. equorum and S. hyicus were
below 30%), showing a big difference. The natural hosts
of S. aureus and S. xylosus are considered to be
humans, while those of S. equorum and S. hyicus are
other animals; the natural hosts of S. equorum are
considered to be horses, and those of S. hyicus include
pigs.

The results for S. aureus indicated that it has the
propensity to acquire drug resistance, which is
supported by previous reports * % In addition,
S. hyicus causes exudative epidermitis in pigs, and the
PC and ABPC resistance rates of bacteria isolated
from pigs in Japan were reported to exceed 70% ',
which is much higher than our results. Both S. aureus
and S. hyicus were the main bacteria isolated by
Shimozawa et al. from racehorses with dermatitis;
however, there was a large difference in the resistance
rates between S. aureus and S. hyicus in our study.

S. equorum and S. xylosus, both of which are CNS,
are similar to each other biochemically ** and

' and both have commonly been used in

genetically %'
the fermentation of food products, such as cheese and
salami. In recent years, however, an increase in their
drug resistance rates has become a concern in terms
of food hygiene *. Despite this concern, there have
been no reports on antibiotic resistance in these two

species of bacteria isolated from horses. S. xvlosus is a
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common commensal bacterium found in many mammal
species. Many cases of opportunistic infections
associated with S. xylosus have been reported in

humans *

. Although S. equorum and S. xyvlosus have
similar properties, in our study, a big difference was
seen in their rates of resistance against PC and ABPC,
even though these antibiotics are less frequently used
than other antibiotics in the surrounding environment.
Yasuda et al. studied the mecA gene in staphylococci
isolated from healthy broodmares and riding horses
and reported that the expression rate of the mecA
gene in CNS is dependent on the frequency of contact
with humans in their work *’. They also reported that
methicillin-resistant CNS cannot be easily transmitted
among horses even when they are raised in the same
area . Kuroda et al. analyzed the genotype of
methicillin-resistant S. aureus isolated from the nasal
cavity of veterinarians working at the horse hospital in
our training center and suggested that the methicillin-
resistant S. aureus was not derived from horses, but

 These findings

from the human living environment
indicate the possibility that drug-resistant S. aureus
and S. xylosus strains are transmitted from the living
environment of humans, which are their natural hosts,
to racehorses.

In the present study on infectious dermatitis in
Thoroughbred racehorses, we reported the types and
numbers of microorganisms isolated from lesions.
However, we did not discuss which isolates cause
dermatitis. To determine which bacteria might cause
dermatitis, we are planning to conduct a detailed,
comprehensive study on the types and combinations of
microorganisms concurrently isolated from a single
sample, the clinical symptoms, the reactions to drugs
and other events during treatment as well as the
changes in microbiota. The results of the present study
suggested that cohabitation with humans affects the
skin microbiota of active racehorses. A more detailed
study on the causative microorganisms based on this

indication is required.
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Summary

Mannheimia haemolytica serotype 1 was isolated from a dairy farm with frequent pneumonia in adult cattle. In
order to investigate the cause of M. haemolytica serotype 1 strain showing low cefazolin (CEZ) susceptibility, the
occurrence of mastitis prior to pneumonia and the use of antimicrobial agents were investigated and compared
with a control farm in the same series with low pneumonia incidence. In addition, M. haemolytica isolates from the
control farm were examined for drug susceptibilities. The annual incidence of mastitis was 1.29 and 055 in the
study and control farms, respectively, and the incidence ratio between the two farms was 2.35, which was
significantly higher in the study farm. The antimicrobial agents used for mastitis treatment at the study farm
were cephalosporin-based, and consisted of 70.2 g of CEZ intramammary infusion and 129 g of CEZ systemic
injection to the intramammary for off-label use. Only intramammary infusions were used on the control farm, and
CEZ was administered at a dose of 12.9 g. Per head of the study farm enrollment, the amount of CEZ
intramammary infusion and intramammary injectants used (4.6 g) was more than 5 times that of the control farm
(0.89 g), and approximately 2.6 times the standard dosage of CEZ intramammary infusion for lactation (0.15 g/dose
per container X 4 mammary glands X 3 days = 1.8 g) for cattle with 4 affected mammary glands. Also, the MIC
values for CEZ of M. haemolytica isolated from the control farm were low. Thus, it can be inferred that excessive
use of CEZ was one of the factors responsible for the decreased susceptibility of M. haemolytica in the study farm.
Another factor could be the external invasion of CEZ low-susceptible M. haemolytica. However, it was inferred
that it was unlikely to have been introduced from this farm, as only individuals raised on the control farm were
introduced.

Key words : antimicrobial usage, drug susceptibility, Mannheimia haemolytica, intramammary therapy
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Introduction

The development of drug resistance in various
bacteria has been suggested to be caused by a
significant increase in the use of antimicrobial agents
and their continued inappropriate use. In Japan, sales
of antimicrobials and internal parasiticides in 2019
accounted for more than 33% of total sales of
veterinary drugs, which constitutes the greatest
proportion by pharmacological class ¥, suggesting that
antimicrobial agents are routinely used in the field. In
production animal veterinary medicine, the incidence
of bacterial infections in cattle remains high ', and the
use of various antimicrobial agents are likely to
increase excessively on some farms. This is thought to
be due to the increasing scale of farms and the
resulting expansion of herd rearing systems, and it is
feared that drug resistance will increase in the future.
Under these circumstances, we previously reported ”
that Mannheimia haemolytica serotype 1 strains isolated
from the lungs and nasal secretions of affected cows at
a dairy farm in Hokkaido, Japan, where pneumonia in
adult cows was frequent, were more resistant to
cefazolin (CEZ) than previously reported > ' '™, We
suggested that this may be due to the frequent use of
CEZ intramammary infusion for the treatment of
mastitis on the same farm, and that its use may have
increased significantly ”. Therefore, the purpose of this
study was to investigate the incidence of mastitis and
the use of various antimicrobial agents in its treatment
prior to the high incidence of pneumonia on this farm,
and the relationship between these factors and the low
susceptibility of M. haemolytica serotype 1 strains to
CEZ was investigated. In addition, we suspected that
M. haemolytica with low susceptibility to CEZ might
have been introduced from outside, and we decided to
try to isolate M. haemolytica from the same series of
farm, where individuals were replaced between farms,
to confirm the drug susceptibility.

Materials and Methods

The study farm was farm A in Hokkaido, Japan,
where the minimum inhibitory concentration (MIC) of
six M. haemolytica serotype 1 strains isolated from the
lungs and nasal cavities of cattle with pneumonia and
cattle that died of pneumonia in November 2017

ranged from 2 to 8 pug/mL against CEZ". Farm B,
which is about 70 km away from farm A and has a low
incidence of pneumonia in the same series, was used as
the control farm. The study period was one year
(November 2016-October 2017) until the occurrence of
pneumonia at farm A. During this period, there were
53 Holstein milking cows enrolled at farm A and 26 at
farm B. On both farms, adult cows were kept in a
mooring system with paddocks, and several individuals
were moved between farms annually. On farm A, a
total of 10 of the 17 adult cows with pneumonia had
mastitis and were treated with CEZ. In addition, until
November 2017, pneumonia outbreaks in calves were
rare, and florfenicol was mainly used as a treatment.
The survey items were 1) incidence of clinical mastitis,
2) type and amount of mastitis intramammary
infusions, 3) type and amount of antimicrobials (other
than mastitis intramammary infusions) for mastitis
treatment, and 4) drug susceptibility of M. haemolytica
isolated from farm B in November 2018. Based on
medical records data, clinical mastitis was defined as
gross abnormalities in milk and udder during lactation
with or without systemic symptoms °. If there were
multiple mastitis treatment records for the same
individual, each was counted as one animal. The sum
of the observation periods of the cows on both farms
(adult dairy cows per year considering the number of
months enrolled) was 43.3 cows/year on farm A and
14.4 cows/year on farm B. The incidence rate was
compared between farms by calculating the incidence

15)

rate ratio (IRR) using the following formula ™.
IRR = (a/T))/(b/Ty)

Where, ‘a’ is the number of mastitis cases in farm A,
T, is the sum of 43.3 cows/year during the observation
period, ‘b’ is the number of mastitis cases in farm B,
and T, is the sum of 14.4 cows/year during the
observation period. Confidence intervals are shown as
e{In(IRR) +1.96 X SD[In(lRR)]I.

In addition, udder-fed antimicrobials for lactation and
dry lactation were investigated. In the drug
susceptibility test, M. haemolytica strains isolated
according to the usual methods ® were used to
determine the MIC with a drug susceptibility kit
(Etest” for drug susceptibility testing, Biomeleu Japan
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K.K., Tokyo, Japan). The following drugs were tested:
ampicillin (ABPC), CEZ, cefuroxime (CXM), cefotaxime
(CTX), streptomycin (SM), gentamicin (GM), and
norfloxacin (NFLX).

Results

Incidence of clinical mastitis

Of the milking cows enrolled during the study
period, 56 cows were found to have clinical mastitis on
farm A and 8 cows on farm B, with an annual
incidence rate of 1.29 and 0.5, respectively. The IRR
was 2.35 (95% CI: 1.27-5.57), indicating a significantly
higher rate of mastitis in farm A. In farm A,
Staphylococcus aureus (SA) was the most frequently
isolated organism; it was found in 13 cows, 9 of which
had recurrences, and the total number of cows treated
was 22. This was followed by an outbreak of other
(environmental) Streptococcus (OS) in 9 animals (3 of
which were recurrent), for 14 as the total number of
cows treated. In farm B, there was no information on
the causative organism of mastitis in the medical
records.

Type and amount of intramammary infusions

At farm A, CEZ was used for lactation and
cephalonium (CEL) was used for the dry period, and no
other intramammary infusions other than
cephalosporins were used. The isolates were all
susceptible to CEZ by the disc method (drug
susceptibility kit, Japan Becton Dickinson Co., Ltd.,
Fukushima, Japan). The amount used was recorded as
pure powder equivalent, 70.2 g of CEZ intramammary
infusion for lactation and 20.0 g of CEL intramammary
infusion for the dry period (Table 1). On the other
hand, at farm B, dicloxacillin (MDIPC), CEZ and

pirlimycin (PLM) were used for lactation and CEZ for
dry period. The total amount used was 3.2 g of MDIPC,
0.9 g and 12.0 g of CEZ for lactation and the dry
period, respectively, for a total of 129 g, and 0.15 g of
PLM. The amount of CEZ used per adult dairy cow
during the study period was low at 0.89 g (0.06 g for
lactation and 0.83 g for dry period) in farm B compared
to 1.62 g in farm A.

Type and amount of antimicrobial agents (other than
intramammary infusions) for mastitis treatment

The antibacterial agents used other than
intramammary infusions were CEZ and GM injections
at farm A. Both agents were used off-label in the udder
based on the drug susceptibility results of mastitis-
causing bacteria. The amount of CEZ used was 48.0 g
for systemic administration (intravenous or
intramuscular) and 129.0 g for intramammary
administration. The total amount of CEZ used per
adult cow during the study period was 2.98 g. In
addition, all GMs were administered intramammarily,
and the amount used was 2.76 g (0.12 g X 23 times)
(Table 2). On the other hand, no other drugs were used
in farm B except for the intramammary infusions.

Table 1. Types and amounts of udder infusions

Antimicrobial agents "

Lactation period Dry period

MDIPC CEZ PLM CEZ CEL
Farm A 0 70.2 0 0 20
Farm B 3.2 0.9 0.15 12 0

1) MDIPC, dicloxacillin; CEZ, cefazolin; PLM, pirlimycin;
CEL, cephalonium.
Figures are presented as g of pure powder equivalent.

Table 2. Amount of antimicrobial agents used by type other than udder infusions

Antimicrobial agents”

CEZ GM
systemic ? intramammary systemic intramammary
Farm A 48.0 129.0 0.0 276
Farm B 0.0 0.0 0.0 0.0

1) CEZ, cefazolin; GM, gentamicin, 2) intravenous or intramuscular, 3) off-label use.

Figures are presented as g of pure powder equivalent .
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Drug susceptibility of M. haemolytica isolated from
the nasal cavities of cows of farms A and B

Nine M. haemolytica isolates were obtained from
farm B. Their MIC;, and MICy, were 0.64 and 256 ug/
mL (range: 0.047- >256) for ABPC, 0.125 and 0.25 ug/
mL (0.0625-0.25) for CEZ, 0.094 and 0.19 pug/mL (0.094-
0.19) for CXM, and <0.016 and <0.016 pg/mL (<0.016)
for CTX, respectively, SM was 64 and 96 ug/mL (16-96),
GM was 12 and 24 ug/mL (3-24), and NFLX was 0.125
and 2 pug/mL (0.125-2) (Table 3). On the other hand, the
MICs, and MICy, values for CEZ of the six isolates
from farm A were 2 and 8 ug/mL, respectively ?,
which was 16-32 times higher than those of the isolates
from farm B. However, susceptibility to CXM and
CTX, which are also cephalosporins, was about the
same as that of the isolates from farm B.

Discussion

Regarding the relationship between bacterial drug
resistance and antimicrobial use, in human medicine,
Albrich et al.? systematically examined a number of
studies on total antimicrobial use and the proportion of
penicillin-non-susceptible Streptococcus pneumoniae in 20
countries on three continents between 1994 and 2000,
and found a significant correlation between the two in

In veterinary medicine, Saini et al.'®

all countries.
examined antimicrobial use and resistance of mastitis-
derived Gram-negative bacteria at the group level in
89 dairy farms in Canada, and reported an association
between the use of some drugs and resistance of
Escherichia coli. In Japan, Asai et al.? examined the
resistance of E. coli fecal isolates from apparently

healthy cattle and other animals to 11 antimicrobial

agents, and reported a significant correlation with the
amount of antimicrobial agents used in the animals. In
addition, Hiki et al.” examined the drug susceptibility
of E. coli fecal isolates from healthy broilers during
2010-2013, and reported that the cause of the high CEZ
resistance rate (>16%) in 2010 and 2011 was the off-
label use of the same strain of ceftiofur, such as
inoculation in eggs. Thus, although there are many
reports of an association between antimicrobial use
and drug resistance at the national level, insufficient
data are available at the farm level. Therefore, in this
study, we investigated the relationship between CEZ
usage and drug resistance at the farm level. In this
study, two affiliated farms were surveyed, and the
incidence of mastitis on the survey farm (farm A) was
significantly higher than that on the control farm (farm
B), and was higher than the incidence in Hokkaido in
2016-2018 (about 38%, Hokkaido NOSAI project report,
not disclosed). Further, only CEZ was used for this
treatment. As a result, the amount of CEZ
intramammary infusion used per head enrolled (1.62 g)
was 1.8 times that of the control farm. In addition, CEZ
injections were administered intramammarily on the
study farm, and the total amount of CEZ used per cow
(4.6 g) was more than five times that of the control
farm. In Japan, this amount is about 2.6 times higher
than the standard dose of 1.8 g (0.15 g/dose/bottle as
product X 4 mammary glands X 3 days) of lactation
CEZ udder infusions for cows with 4 affected
mammary glands.

On the other hand, M. haemolytica isolated from the
control farm with low mastitis incidence and low CEZ
use had MICs, and MICy, of 0.125 and 0.25 pg/mL to

Table 3. Drug susceptibility (MIC) of Mannheimia haemolytica isolated from farm A and B

Antimicrobial agents”

ABPC CEZ CXM CTX SM GM NFLX
b MG >956 2 0.064 <0016 16 8 075
2:16) MICy >256 8 0.094 <0016 32 12 15
,,,,,,,,,,,,,,,,,,,, Range ~ >256 28 00470094 <0016 1632 612 07515
MIC,, 0.064 0125 0.094 <0016 64 12 0.125
Farm B
g MiCa >956 0.25 0.19 <0016 96 2% 2
Range  0047->256  00625-025  0.094-019 <0016 1696 324 0.125-2

MIC; Minimum inhibitory concentration. Units are ug/mL. The results of farm A are calculated based on reference #3.
1) ABPC, ampicillin; CEZ, cefazolin; CXM, cefuroxime; CTX, cefotaxime; SM, streptomycin; GM, gentamicin; NFLX, norfloxacin.
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CEZ, respectively, which were much lower than those
of 2 and 8 pug/mL in the study farm ", although the
isolation period was different from that of the study
farm. Although this study was limited to a survey of
medical records data for one year, considering the fact
that the study farm had a previous report of frequent
mastitis and use of CEZ injections, it can be inferred
that the reason for the low susceptibility of
M. haemolytica to CEZ in the case reported by the
authors ? was due to the previous overuse of CEZ.
While the effect of antimicrobial agents administered in
the udder on other tissues/organs is unknown, the
pharmacokinetics of CEZ has been investigated for the
purpose of veterinary drug evaluation, and it has been
confirmed that CEZ administered in the udder is
transferred to the blood at low concentrations *. In
addition, Maynou et al. '? reported that Pasteurella
multocida isolated from nasal swabs of calves fed
waste milk on a dairy farm had a higher percentage of
colistin resistance than calves fed milk replacer,
suggesting that feeding waste milk containing low
concentrations of antimicrobial agents contributes to
the emergence of resistant bacteria, not only in the
intestinal tract but also in the respiratory tract. In the
context of these findings, it is possible that CEZ
administered in the udder was circulated in the blood
at low concentrations and affected the drug
susceptibility of M. haemolytica, a commensal
bacterium of the upper respiratory tract. The MIC;,
and MICy, of CXM, a second-generation cephalosporin,
and CTX, a third-generation cephalosporin, were
similarly low in isolates from farms A and B, indicating
no effect of CEZ administration. On the other hand, we
cannot deny the possibility that M. haemolytica with
low susceptibility to CEZ was introduced from outside.
However, only individuals raised in the control farm
were introduced to the study farm, and it is unlikely
that M. haemolytica was introduced from this farm,
which had a low MIC value for CEZ. Other routes of
entry could not be investigated.

As a countermeasure against drug resistance, Hiki
et al.” found that when the use of ceftiofur, which had
been used off-label for broilers, was discontinued, the
CEZ resistance rate of E. coli was greatly reduced,
suggesting that limiting drug use may be useful. Kato
et al.? also reported that the therapeutic efficacy of

ABPC as well as the susceptibility of P. multocida to
ABPC was recovered in a farm where penicillin
antibiotics were suspended for a certain period of time.
On the farm surveyed in this study, we are currently
focusing on mastitis control and first-line injection agent
change (narrowing of the antimicrobial spectrum) to
reduce CEZ use, and we plan to investigate how this
will affect the CEZ susceptibility of M. haemolytica.

We would like to thank Professor Yutaka Tamura of
Rakuno Gakuen University for his comments and
Professor Kohei Makita of the Epidemiology Unit of
Rakuno Gakuen University for his guidance in
calculating the incidence ratio.
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