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Analysis of milking cow performance based on milking styles

Masafumi Enokidani *

(* Hokkaido Dairy Management Services, Tsurui, Hokkaido, 085-1211, Japan
Correspondence: Masafumi Enokidani (enoki@seagreen.ocn.ne.jp))
(2021. 8. 21 =2A},72022. 2. 23 ZHE)

Summary

Although milking cow performance has increased due to improvements in genetics and feed management,
milking system performance has decreased over time.

This is problematic because milking system performance should not limit milking cow performance. This study
developed milking system performance standards to maximize milking cow performance.

Milking yield, milking time (ie. liner attached), peak milk yield, and average milk yield per milking time were
analyzed on three dairy farms: farm A (twice-daily milking), farm B (thrice-daily milking) and farm C (robotic
milking farm). These data were examined for possible milking system performance that the milking system should
embody.

A strong correlation was observed between the average milk yield and the peak milk yield on all farms (A:
’=0.85, B: r*=0.83, C: r’=0.92). The average + two standard deviation values of the peak milk yield on farms A and
C were 8.15 kg/min and 9.8 kg/min, respectively. Average + standard deviations of the milking time on farm A
was 6 to 7 minutes range.

The results showed that, regardless of milking style, milking time did not increase significantly due to increases
in peak milking yield on high milking yield cows.

In considering milking systems in which milking cow performance is maximized and high milking yield cows do
not get mastitis, peak milk yield, which places a heavy burden on milking systems, was suggested to be the most
important factor affecting overall improvements in milking system performance.

Key words : Milking System, Milking Time, Milking Style, Peak Milk Yield
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Summary

The present study investigated the association of teat orifice score (TOS) and linear score with somatic cell
count (SCC) in the milk of Holstein cows on a dairy farm. In the observation of milking operation, the time taken
to attach the milking unit was 103.3+44.1 seconds, and there was a large difference between each cow. Cows with
a linear score of >3 had a TOS of 1 in 41% of the quarters and a TOS of 2-4 in 59% of the quarters. In contrast,
71% cows with a linear score of <2.9 had a TOS of 1 and 29% had a TOS of 2-4. The association between a TOS
of 2-4 or 1 with a linear score of >3 or <2.9 was significantly independent for each group in the chi-square test
(P<0.001). Cows with a linear score of >3 were at a 3.85-times greater risk of having a TOS of 2-4. Consequently,
cows with an abnormal TOS were at an increased risk of presenting a high milk SCC. Observing the TOS of each

dairy cow was considered to useful for maintaining high quality milk production.

Key words : Holstein cows, teat orifice score, somatic cell count, linear score
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Summary

Clostridium perfringens (Cp) is a Gram-positive anaerobic bacterium that causes food-borne diseases in humans
as well as gastrointestinal diseases in livestock. Necrotic enteritis (NE) caused by Cp brings down massive
economic damage to poultry farm. For prevention of NE, we examined the isolation and toxinotyping of Cp from
wild crows, starlings, and sparrows in order to clarify the relationship of these resident birds with the incursion of
Cp to poultry farm. The intestinal contents of these birds captured in the Ibaraki prefecture between the 2014 to
2016 hunting seasons were examined. Isolated Cp strains were investigated the presence of toxin genes, e.g., cpa,
cpb, etx, iap, cpb2, and cpe by multiplex polymerase chain reaction (PCR). As a result, the isolation rate of Cp was
calculated as 51.3% (39/76) and 43.4% (23/53) in large-billed crows (Corvus macrorhynchos) and carrion crows
(C. corone), respectively. In white-cheeked starlings (Strnus cineraceus), the rate of Cp was 28.0% (5/18), whereas
in Eurasian tree sparrows (Passer montanus) it was 0% (0/48). Almost all Cp isolated were toxinotyped as type A
in the wild resident birds. Some were type C in both species of crow, and type C and D in white-cheeked starlings.
Among Cp isolated from both species of crow, cpb2 and cpe were detected by PCR and cpe from white-cheeked
starlings. Interestingly, in both species of crow, the numbers of Cp isolated were larger than in other wild resident
birds. Hereafter, we plan to genotype the strains and examine furthermore the pathogenicity relationship.

Key words : Clostridium perfringens, crow, resident bird, sparrow, starling

Jpn. J. Anim. Hyg. 48, 17~24 (2022)

INTRODUCTION

Clostridium perfringens (Cp) is a Gram-positive
spore-forming anaerobic bacterium. It commonly exists
in the environment and can be found in soil and food
as well as the intestinal tracts of humans and animals.
Cp is one of the most common intestinal bacteria and

DIRMWKY: B RGP R g i A e s
T300—-0393 IR IEATEHRRT RN g 3 — 21— 1
* AR Y L] (kojluetsukak9@vce.ibarakiac.jp)

seldom shows pathogenicity. However, Cp sometimes
displays toxinogenicity and can cause serious intestinal
diseases in humans and livestock *. Cp is classified as
one of five toxinotypes (A-E). Most Cp produces only
one toxin, which is the alpha-toxin, and is toxinotyped
as type A*%.

Necrotic enteritis (NE) is an intestinal disease caused
by Cp and is lethal to the host due to a toxin produced
by Cp that is abnormally proliferated in the intestinal
tract, particularly in the upper part of the small
intestine '”. NE is prevalent in livestock, especially
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, 29) . .
>2 As NE causes massive economic damage

chickens
in poultry farm, it would become very important to
prevent the occurrence of NE. Although Cp can
produce a variety of toxins, the toxin production
mechanism is still not clear, and the critical factors and
pathogenesis of NE are also unknown '”. Then, for the
prevention of NE, clarification of the incursion route of
Cp to livestock farms would provide useful
information.

In Ibaraki prefecture, the survey of high pathogenic
avian influenza (HPAI) is performed, capturing wild
resident birds. A resident bird is defined as a bird that
spends all year in the same area without migration.
These wild resident birds include crows, starlings and
sparrows. This enabled us to perform the survey to
clarify the incursion of Cp by these wild resident birds.
A resident bird flies freely in a local area and can
repeatedly visit livestock farms and human living
areas, dropping stools periodically. This is a risk factor
for Cp infection ?. If a resident bird has Cp in its
intestine, the Cp will be dropped with the stool into
the livestock farms and the human living areas. Also,
an investigation into the prevalence of toxin genes in
Cp carried by resident birds would propose useful
information.

In this study, we isolated Cp from the intestinal
contents of resident birds, that is, crows (Corvus spp.),
starlings (Sturnus cineraceus) and sparrows (Passer
montanus). Then, we elucidated the rate of Cp isolation
and classified the toxinotypes by detecting the a-toxin
(cpa), P-toxin (cpb), ¢ -toxin (etx), ¢ -toxin (iap) genes.
Further information on the f2-toxin (cpbd2) and
enterotoxin (cpe) genes were examined using multiplex-
PCR. These results in this study propose practical
information for clarifying the possibility of Cp
transmission between wild resident birds and
livestock.

MATERIALS AND METHODS

Sample collection

In Japan, the hunting of wild birds is permitted
between November and February by Wildlife
Protection and Hunting Management Law. The wild
resident birds used in this study were collected by the
gunning of voluntary hunters over three hunting
seasons from 2014 to 2016.

The intestinal tract samples of 133 free-living wild
crows were collected from 76 large-billed crows
(Corvus macrorhynchos), 53 carrion crows (C. corone),
and 4 rooks (C. frugilegus). In addition to this, the

samples of 18 white-cheeked starlings (Sturnus
cineraceus) and 48 Eurasian tree sparrows (Passer
montanus) were examined in this study. All wild birds
were captured between the 2014 and 2016 hunting
seasons in the Ibaraki prefecture to survey the highly
pathogenic avian influenza (HPAI). After certifying a
negative reaction using a HPAI diagnosis kit, the
samples were dispensed from Ibaraki Prefectural
Kenpoku and Kennan Livestock Hygiene Service
Centers. Species identification was performed
according to the multiplex PCR methods previously
reported by Nagahata et al. (2013) with some
modifications. We performed a single gene PCR instead
of multiplex PCR. The DNA template was prepared
from crow intestinal contents or gizzards using a
commercial kit, Kaneka Easy DNA Extraction Kit
version 2 (Kaneka Co., Ltd, Osaka, Japan).

For comparative data, the intestinal tracts of
chickens (Gallus domesticus) reared in Ibaraki
prefecture were prepared. The intestinal tracts of 27
fighting cocks (831 strain, sex unknown, about 12
month-old) and 29 layer chickens (strain unknown,
female, about 220 day-old) (15 chickens from farm No.l
and 14 from farm No.2) were examined.

All specimens were taken from healthy individuals,
and no pathologic lesions were observed in their
intestinal tracts. The specimens were stored at -80C
until the culture examination.

Isolation and identification of Cp.

Intestinal contents were collected from the cecum of
layers and fighting cocks. The ceca of resident birds
were much smaller than the ones of layers and
fighting cocks, but they show the ends of the ileum. So,
the intestinal contents of resident birds were collected
from the terminal parts of the ileum. Specimens were
diluted tenfold serially from 10 to 10" with sterilized
phosphate-buffered saline (PBS). Then, 0.1ml of each
diluted solution was smeared on 5% egg-yolk-
containing Clostridium welchii (CW) medium agar
plates with 100 ng/ml kanamycin. After they were
anaerobically cultured at 38C overnight, some colonies
that displayed a reaction with the egg-yolk were
selected. Tests were then performed to identify Cp.
These were a growth test with a cocked-meat medium
(BD Difco, USA), motility test with a semi-solid gifu
anaerobic medium (GAM,; Nissui, Japan), aerobic
culture test, Gram staining, and cpa gene detection by
PCR.
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DNA extraction and Multiplex-PCR

Toxinotyping was carried out only on Cp isolated
from resident birds. For toxinotyping, the isolated Cp
was anaerobically grown on 10% egg-yolk-containing
CW medium agar plates with 10% kanamycin at a
temperature of 38C overnight. The loopful cultures
were mixed with 1 ml sterilized distilled water and
boiled for 10 min. After centrifugation at 15,000 rpm
for 5 min, the supernatants were collected and used as
a DNA template.

In the preliminary examination, genes of « (cpa), f
(cpb), € (etx), 1 (uap), B2 (cpb2), and cpe were detected
by PCR using previously reported methods "' with
some modifications. The multiplex PCR was arranged
into two separated PCR amplifications, that is, PCR1 to
amplify «, f, ¢ and 1, and PCR2 to 2 and cpe. In
both PCR1 and 2, the reactions were performed in 50 ul
volumes containing 5 ul DNA template (50 - 500ng),
1.75 mM MgCl,, 0.6 mM each dNTP, 10 ul of 5 X KAPA
Taq Extra Buffer (Mg* free), 1.25 units of KAPA Tagq
Extra DNA polymerase (Takara Bio, Co., Ltd., Shiga,
Japan), 0.2 uM of each appropriate primer. Primers are
listed in Table 1. Each reaction was performed at an
initial denaturation at 94C for 5 min; 35 cycles of 94C
for 1 min, 53°C for 1 min, 72C for 1 min; and a final
extension at 72C for 10 min. The PCR products were
visualized under ultraviolet (UV) light in 2% agarose
gel stained with ethidium bromide.

The following Cp reference strains were used as
positive controls for the different toxin genes: GTC
15078 (NCTC4964, Type B), GTC 15081 (NCTC8084,
Type E), Cp-46 (cpb2 positive), Kaki-26 (cpe positive).
Kaki-26 strain was isolated in our laboratory from

commercial oysters. Possession of the ¢pe gene was
confirmed and was used as a positive control.

RESULTS

Isolation of Cp from the intestinal contents of resident
birds

Results of quantitative culture of Cp from the
intestinal contents of wild resident birds over the three
years are listed in Table 2. Among the resident birds
examined, Cp was isolated from 39 out of 76 large-
billed crows (51.3%), 23 out of 53 carrion crows (43.4%),
and 5 out of 18 white-cheeked starlings (28.0%),
respectively. No Cp was isolated from the 4 rooks and
48 Eurasian tree sparrows. Using poultry as a
comparative control, Cp was isolated from 4 out of 27
fighting cocks (14.8%), 13 out of 15 layers from farm
No.l (86.7%), and 11 out of 14 layers from farm No.2
(62.7%).

The number of Cp isolated from wild resident birds
is also listed in Table 2.

Large numbers of Cp were observed in large-billed
crows (up to 7.78 log,;, CFU/g, avg. 506 = 0.53 log,
CFU/g) and carrion crows (up to 7.26 log,, CFU/g, avg.
460 = 0.76 log,, CFU/g). In commercial chickens,
which are used as a comparative control, the number
of Cp isolated was different between the two farms.

Toxinotyping of Cp

The toxinotyping results of the resident birds is
shown in Table 3. For all three bird species, the
majority of the Cp isolated was type A. In large-billed
crows, 214 strains were type A, and 18 strains were
type C. In carrion crows, 138 strains were type A, and

Table 1. Primers used in this study

Gene Sequence (5-3) Amplicon size (bp) Citation
F TGCTAATGTTACTGCCGTTGATAG
cha 247 (12)
R ATAATCCCAATCATCCCAACTATG
F GCGAATATGCTGAATCATCTA
cpb 196 (14)
R GCAGGAACATTAGTATATCTTC
F GCGGTGATATCCATCTATTC
elx 655 (14)
R CCACTTACTTGTCCTACTAAC
. F ACTACTCTCAGACAAGACAG
iap 446 (14)
R CTTTCCTTCTATTACTATACG
F GGAGATGGTTGGATATTAGG
cpe 233 (14]
R GGACCAGCAGTTGTAGATA
F GAAAGGTAATGGAGAATTATCTTAATGC
cpb2 573 (12)
R GCAGAATCAGGATTTTGACCATATACC
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10 strains were type C. In white-cheeked starlings, 15
strains were type A, and the remaining 2 strains were
type C and type D.

The proportion of cpb2- and cpe-positive Cp strains is
shown in Table 4. In large-billed crows, 232 Cp was
isolated in total, and 13 (5.6%) and 42 (18.1%) Cp were
cpb2- and cpe-positive, respectively. And 76 large-billed
crows were surveyed in total, and c¢pb2- and cpe-
positive Cp were isolated from 5 (12.8%) and 13 (33.3%)

birds, respectively. In carrion crows, 148 Cp was
isolated in total, and 19 (12.8%) and 33 (22.3%) Cp were
cpb2- and cpe-positive, respectively. And 53 carrion
crows were surveyed in total, and ¢pb2- and cpe-
positive Cp were isolated from 5 (21.7%) and 6 (26.1%)
birds, respectively. In white-cheeked starlings, 12 Cp
were cpe-positive in total 17 Cp (70.6%), and cpe-
positive Cp was isolated from 2 birds (40.0%) in total
18 birds. No cpb2-positive Cp strains were isolated.

Table 2. Prevalence of Clostridium perfringens in the intestinal contents of wild resident birds
in Ibaraki prefecture from 2014 to 2016.

Bird species

Number of samples

Number of Cp (CFU"/g)

Total Positive (%) Average log Range
Large-billed crow 76 39 (513 510 = 057 200 — 7.78
Carrion crow 53 23 (434) 460 = 0.75 200 — 7.26
Rook 4 0 (0.0 0.0
White-cheeked starling 18 5 (28.0) 258 + 1.14 1.00 — 3.30
Eurasian tree sparrow 48 0 (0.0 0.0
Fighting cock® 27 4 (14.8) 264 = 017 247 = 270
Layer (Farm 1)* 15 13 (86.7) 456 = 0.60 330 — 648
Layer (Farm 2)* 14 11 (62.7) 361 = 097 1.30 — 585
a) Cp isolation was surveyed only in one year (2014).
b) CFU: coloby forming unit
Table 3. Toxinotyping of the Cp isolates from wild resident birds.
Number of toxinotypes of isolated Cp strains
Bird species
A B C D E
Large-billed crow 214 0 18 0 0
Carrion crow 138 0 10 0 0
White-cheeked starling 15 0 1 1 0

Table 4. Detection of ¢pb2 and cpe genes in the Cp isolates by PCR.

Number of positive Cp strains (%) *

Number of positive bird samples (%)

Bird species

cpb2 cpe cpb2 cpe
Large-billed crow 13 (5.6) 42 (18.1) 5 (12.8) 13 (33.3)
Carrion crow 19 (12.8) 33 (22.3) 5 (21.7) 6 (26.1)
White-cheeked starling 0 (0.0) 12 (70.6) 0 (0.0) 2 (40.0)

a) Percentage relative to the number of isolated Cp strains.
b) Percentage relative to the number of bird samples.
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DISCUSSION

In this study, we surveyed the prevalence of Cp in
wild resident birds and examined the toxinotype of Cp
isolated as well as the possession of enterotoxin and
the f2 toxin gene. Cp is a common intestinal
bacterium, that does sometimes cause enteritis in
livestock. Therefore, the survey of Cp in wild animals
could propose useful information for domestic animal
hygiene.

Indeed, survey of Cp in wild reindeer and polar
bears in Norway are reported for domestic animal
hygiene *'®. In the survey of wild reindeer, the rate of
Cp isolation was 59% and all Cp isolated were
toxinotyped as A. Among 98 wild reindeer, 15 deer
possessed f2 toxin-positive Cp, and 2 possessed
enterotoxin-positive Cp. In the survey of wild polar
bears, the isolation rate of Cp was 44%. Among the Cp
isolated, 30 Cp were picked up and toxinotyped, and
results showed all were type A. While only one Cp
strain possessed f2 toxin gene, no Cp possessed
enterotoxin gene. Additionally, there is also a report on
Asiatic black bears, which discusses enterotoxemia
caused by Cp 2.

In this study, practical information about Cp
possession in wild crows, starlings, and sparrows is
proposed for domestic animal hygiene. Among the
three species of resident birds we surveyed in this
study, the isolation rate of Cp was highest in wild
crows, followed by starlings, while no Cp was isolated
in sparrows. Cp is a commensal in the intestinal tract
of vertebrates ” and is one of the most widespread
flora in the gastrointestinal tract of most animal
species . So, it is hard to conclude that sparrows have
no Cp in their intestinal tracts. It is suspected that the
number of Cp in sparrows might be lower than the
threshold level of the Cp isolation method applied in
this study. In fact, Cp was isolated from the intestinal
contents through serial dilution, using a plate culture
of bacteria. For example, quantitative PCR (qPCR) is
used to detect Cp in the intestinal contents or stools *”.
Using this qPCR method, the threshold level of Cp
detection would become lower than that of a plate
culture. So, there might be possiblity that the Cp gene
could be detected by qPCR in the intestinal contents
of sparrows.

The isolation rate of Cp in large-billed and carrion
crows was higher than fighting cocks in this study,
while less than either of the layer chicken farms. While
many surveys regarding Cp isolation have been

reported in poultry, the isolation rate of Cp varies
significantly among reports ®*". This variance might be
influenced by the differences in breeding environment
among the broiler chicken farms, including the
contents of the feed, the type of straw used, and the
usage of antibiotic.

On the other hand, the number of Cp in the
intestinal contents of wild crows was larger than the
fighting cocks, and layer chicken farms. The number
of Cp in the small intestine of healthy chickens is
reported to usually be 10°~10* CFU/g. However, in the
intestinal tract of chickens affected by NE, this is
reported to be 10°~10° CFU/g '®. Therefore, it is
considered that wild crows carry higher quantity of
Cp in their intestines than chickens affected by NE.
There might be diffrences in the number of Cp in
intestinal tract among the species of animals.

Protein is required for the proliferation of Cp, and it
is reported that vultures have a high quantity of Cp in
their intestinal tracts *. NE occurs when Cp
extraordinarily proliferates in the intestinal tract. NE
caused by Cp has been reported in various bird

13, 25 — 28, 3 . . . 1
55-8.3 including wild crows . However, as

species
shown in the results of this study, a wild crow would
be able to evade enteritis in the case of larger number
of intestinal Cp than chickens affected by NE.
Therefore, it is suspected that there might be
something unique about the intestines of wild crows,
which is why they can evade NE from Cp.

However, there is a thing to pay attention in the
mode of sample strage in this study. In this study,
freeze storage of samples could not be avoided, and
samples were stored at -80C until the culture
examination from two months to one year. Such
storage under low temperature for long period might
provide some serious effects on bacteria in samples.
While some Cp survey reports also use samples which
were stocked at -20C *, -70C ®, and -80C ", it should
be noted that samples in this study were stored at
-80C until the culture examination.

It is suspected that the toxin produced by Cp has
some relationship with the pathogenesis of NE. We
performed toxinotyping using multiplex PCR for
detecting the major toxin genes in the isolated Cp
strains. As a result, most of the Cp strains were
classified as type A. Type A was the most prevalent
toxin type in crows and white-cheeked starlings. In
other reports, type A was seen to be the most
prevalent toxin type in other poultry °.

In a past study, Cp was seen to contain the
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enterotoxin gene at a rate of less than 5% 2. However,
in this study, it was higher in resident birds. Among
small animals such as mice and rats, it is well known
that there is less spore formation of Cp in their
intestine *. This study shows that crows are unique
with regards to the Cp prevalence conditions
compared to other poultry.

Beta-2 toxin is one of the toxins produced by Cp,
and it has been suggested that it may potentially be a
factor ® in neonatal pig, horse, and cattle infections by
Cp type A "% However, the reproducibility of NE by
the experimental administration of the 2 toxin has
not yet been achieved.

In this study, for prevention of NE, we examined the
isolation and toxinotyping of Cp from wild crows,
starlings, and sparrows. As a result, it is suspected
that among three wild resident bird species, crows are
likely to have some relationship with the incursion of
Cp to poultry farm. The movement of Cp incursion
might take place from both directions, between wild
resident birds and broilers in poultry farms, not only
one direction. And in addition, the incursion of Cp from
broilers in poultry farms to wild resident birds might
occur before the Cp from wild resident birds to
broilers in poultry farms occurs. To confirm this, we
are planning to conduct a genetic analysis.

We sincerely thank Ibaraki Prefectural Kenpoku and
Kennan Livestock Hygiene Service Centers for
dispensing the wild resident birds samples.
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Mycoplasma bovis DEALTH3
IS4 T 4OV BRI BT T

OHEF 0 - T8 AiAlY - 4 RHT D - A - NI - IR -
FAR R - MG - LATS) - BOAERD
(V) B RERFERE AR BREEf A=y b
2 JelplE IR AR -y st vy — BRSO BUNRE SR
S EINIAFZER S NS Bl ESERON R ST SERERE B AT AT RN WREIE TR MR A AR = b
DR BB R AR
O IR R S
Key word : Mycoplasma bovis, /54 F 7 4 V2, J55 KT

ExbLUEM]

Mycoplasma bovis \ I Y IZFER, Hide, B R ERBFNIELOREZ LR A T X I TWREARTH 5. M. bovis
WENAF T4 NVEEEETLIENNOENTVDY, ZOZEIHEEE EDLHICHBL TV LMz Eh
T, ZZTABIETIE, A4 7 4V AEERRD R % 5 8O Tk % BN L 2 DR IEPE O % 54
7z.

(M¥tH L VHE]

HAEIND< A a7 7 A< i (LB 2 vk, Mgk 78k, BIEI& 28k, OWIBEE 1#R) o0 ES N7z M. bovis
B L ORMERR (M. bovis PG45) %M L7z, OM. bovis D4 7 MFEHT, @M. bovis D34 F 7 14 )V L g L IpRELA
ER%EE, (DM, bovis ® RNA-seq T IZ & % I G-l % 47 - 7.

[#ER]

M. bovis 12MRDA ) D3P S, 7 D HCEBIRAT 2 O i E IR 05HE € STz M. bovis BRODIENIZ X Y /3 A F
TANVLPELREN R LD ENY S L ), EEREFBEBEBIRD 5N+ 7 4V L PELRR D R ORI BRI
% B LNz, RNAFEBURHNT A5 M. bovis D54 F 7 4 )V AR E AT 2 W 725380 bh .

[Zx=]

M. bovis FEEIEIZ BV THRIC K 53BN ADS, NAF 7 4 VAEARICHE L TWAZ LB EZ LN, M. bovis DR
HRDBRLE LN T ) AN B LN VA7) =7 M —LAMBHNC X ) ZORENTZ2HE L, WEL T
% 72D DOIEBER M AAE SNz RFFRIERZHFEE N TR WM. bovis DT 7 F ¥ 72 & WG E DO RIZINE %
W5 2R ) 23D TH 5.
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PNAE—XIZX 5= 4275 A<ELED
PBRAERN O L 206

ORBEIRT - BFHET - HF 5 - fiD g
(BE R RR P ERE AR BRI RS 1=y )
Key word : Mycoplasma bovis, PNAY —X, <4 375 A<3E%

(E=H LU EB

B a7 FTATABERIEIVA AT T AVERHICL > TH IR SNAEREABERO—2TH L. EEAMI L
W R BRRIEIRZ R S Vb 00, (RN % % L 728k Tkl ORI mZ, S w0
RERLE VS REREEEEZFRT LS. F 4 BB Mycoplasma bovis (M. bovis), M. californicum B X O
M. bovigenitalium T 5. ZNHITHROAL O THNAEIIBVWTORDILLLAFHINLEFRETSH Y, HAE
WTHERINTVWE YA 377 AR TIIHEESE . TS 2 RE IS T2 2 L1, AROPKEZHIET
5 ETHOTEETHAH. Peptide Nucleic Acid (PNA) ¥— X, T4, HEMBMEDORMBICBWTERSRT
WAMABEM D—DTH L. A TIE, PNAY—RXZHWER A 37 F A< 35 RISKT 2 BBl 2B o b 7%
kAT

(#1#t5 L UFHE]

OPNAE—X R E— R~ A a7 7 A~EE MMy 2 #ad 5. Sheflitho~x A a7 7 X< #ET
LB EED. XA AT TATEREME LIZPNA Y — XEHEAIC L - THIRE /214, PCRICK > TR T 5.
@MHBGRER - LB IR L L CHER D PCRE:B & URE 28L& J20i L 72 LIS M. bovis % 5 x10'~ 5 x10° cfu /ml®

RETHRML72d D2l e L7z,

[#EE]
PNAVY — X ClEHMA & LTHEEL75 X10'~ 5 x10° cfu DHPHIZ BT M. bovis MM L, HERDPCR & 13T
FEEDRBREZ AT S EPWPS NI R o7,

(E]

Dk, RWFRORER LY, PNAY = X33~ A 277 A OMRMICAERTH 5 W RetEAVRIR S 7z, PNA
E— R LMD m <, A X 28I Ol - lRATRTH L. SHICHEHEZLEL LRvizd, WA
BRI Z RIS 5. G, WMEEMO A Z EERGICBWTURCHET S LPHETH 5.
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