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Exploratory study of immunodynamic changes in sows following classical
swine fever vaccination

Takehito Suzuki? *, Michiko Noguchi?, Yosuke Sasaki?, Makoto Nagai?, Hiroshi Aoki?¥
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Summary

In this study, nine sows (Landrace and crossbred Landrace X Large White) with no history of classical swine
fever (CSF) vaccination were used to analyze immunodynamic changes after CSF vaccination. Post-vaccination,
the neutralizing antibody titers increased in a time-dependent manner, as previously reported. Two weeks post-
vaccination, the neutralizing antibody titer of nine sows was log, 0.67 £0.13. Moreover, at 2 weeks after
vaccination, we identified two groups of sows based on the neutralizing antibody titers in their blood, five and four
sows without and with neutralizing antibody titers (log, 1.50 £0.50), respectively. In the former group of late-
responsive sows, the proliferation of immune cells (CD4" and CD21" cells) involved in adaptive immunity,
especially antibody production, was delayed compared with that in the latter group of early-responsive sows.
Although this difference in the immune response to the vaccine does not significantly affect vaccine efficacy or
control of CSF, the discovery that individual differences in the immune response to the vaccine exist even in
clinically healthy sows provides crucial insights to understanding CSF pathogenesis.

Key words : classical swine fever, vaccination, immune response

Jpn. J. Anim. Hyg. 49, 165~176 (2024)

Introduction

Classical swine fever (CSF) is an important infectious
disease owing to its high mortality and contagiousness,
which can cause epidemics. CSF can cause serious
damage to pig farms. Japan was free of CSF for 26

years, from 1992-2018 '* . However, after an outbreak
at a pig farm in the Chubu region of Japan in
September 2018, the virus spread rapidly throughout
the country. This has triggered a regionally-limited
vaccination of pigs in Japan to prevent future
outbreaks '%. It has been reported that neutralizing
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antibodies increase 10-14 days after inoculation with
live vaccine using attenuated classical swine fever
virus (CSFV) strain GPE™ *?, but the time required
for a sufficient increase in neutralizing antibody titer
and the final antibody titer varied among individuals.
Vaccination is an effective defense against infectious
diseases; however, it is not guaranteed that vaccinated
humans or animals can avoid an infection. Host-related
factors such as genetic factors, age, and health status
are associated with immunological responses to
vaccination, with 2-10% of vaccinated healthy humans
failing to produce antibodies to antigens in the

vaccine * %

. Particularly, non-responders to the
hepatitis B vaccine are the most well-known and
thoroughly investigated because they represent 5-10%
of the vaccinated population '*** %, In addition to
genetic predisposition due to differences in human
leukocyte antigens (HLA) class II haplotypes, lifestyle
habits such as obesity and heavy smoking have been
cited as risk factors for non-responsiveness to hepatitis
B vaccination " '%, Similarly, genetic predisposition has
also been reported to affect the effectiveness of the
influenza vaccine * .

In terms of CSF vaccination in pigs, no reports of a
high percentage of non-or low-responders are known,
as is the case with the human hepatitis B vaccine. It
has been reported that the CP7_E2alf CSF vaccine
protected all pigs vaccinated via intramuscular
injection from potential infection of a highly virulent
strain of CSF, whereas oral vaccination showed
incomplete protection through varying rates of
infection protection, and required a longer period to
acquire protective ability compared to intramuscular
vaccination * '”. However, it is not certain whether
these reports on the CSF vaccine consider the
vaccination route, differences in vaccine strains, or the
health or immune status of the animals. Although the
problem of non- or low-responders to vaccines does not
pose a serious problem in vaccine programs or CSF

Jpn. J. Anim.Hyg. Vol. 49, No.4 (2024)

control, we believe that clarifying the rationale for
identifying individual differences in vaccine responses
may provide an important foundation for further
understanding the pathogenesis of CSF.

Few studies have investigated the dynamics of
neutralizing antibody titers post-vaccination in relation
to the dynamics of immune cells in the production of
such antibodies. Therefore, we decided to inoculate
purebred and crossbred sows that were unvaccinated
with CSF vaccine and born from sows with no history
of CSF vaccine (so-called first-generation pigs) with a
live vaccine of the attenuated CSF strain (GPE™) and
analyzed the subsequent changes in immunoglobulin,
neutralizing antibody titer, and leukocyte subclass
ratio.

Materials and Methods

Animals

Nine non-littermate sows unvaccinated with CSF
vaccine and born from sows with no history of CSF
vaccine (first-generation pigs) were used in this study;
the profile of each sow is shown in Table 1. All animals
in this study were fed a gestational diet based on 1%
BW/day and raised in the laboratory piggery of the
Azabu University, Japan, which breeds pigs that have
been confirmed to be free of Aujeszky’s disease,
porcine reproductive and respiratory syndrome,
porcine circovirus type 2, and CSF through routine
surveillance using PCR and antibody tests. All
procedures were performed under the guidance of the
Committee for Animal Experimentation at the Azabu
University (Consent No. 200513-1 and 200513-2).

Classical swine fever virus vaccination and blood
collection

All sows were vaccinated with 1 mL live CSF
vaccine, which was administered using the less
virulent GPE™ strain (Swivac c¢; Kyoritsu Seiyaku
Corporation, Tokyo, Japan) via intramuscular injection

Table 1. Profile of each sow used in this study.

No. 1 No. 2 No. 3 No. 4 No. 5 No. & No. 7 Ho. 8 No. 9
Landrace
Breed Landrece Landrace Landrace Landrace Landrace Landrace Landrace Lendrace x
Large White
hee (months) 61 44 50 08 55 39 65 85 a1
Body weight {kg) 216 254 211 189.5 234 206 213 250 202
Vaccination historys none hone none none nong none none none nohe

fexeluding GSF)

# Only after introduction of the pigs to our facility.
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on January 3, 2020. Blood samples were collected from
the external jugular vein at the time of vaccination
and every 2 weeks post-vaccination for up to 8 weeks
(a total of five times). Serum was obtained after the
centrifugation of blood and stored at -30C.

Determination of serum immunoglobulin G and M

Serum IgG and immunoglobulin M (IgM) were
measured by enzyme immunoassays. For this, 100 uL
of each standard or diluted sample was dispensed into
96-well plates coated with primary antibodies (anti-pig
IgG-H chain L-chain goat, antibody: A100-105A, and
anti-pig IgM goat antibody: A100-117A from Bethyl
Laboratories Inc.,, TX, USA), and the plates were
incubated for 1 h at room temperature. After the plate
was washed five times with washing buffer (0.05 M
Tris, 0.14 M NaCl with 0.05% Tween 20, pH 8.0), 100
uL of Horseradish peroxidase (HRP)-conjugated IgG
antibody (SA00001-5, Proteintech Japan Co., Ltd,,
Tokyo, Japan) diluted 200,000-fold or HRP-conjugated
IgM antibody (HRP-conjugated anti-pig IgM goat
antibody: A100-117P, Bethyl Laboratories Inc.) diluted
50,000-fold was dispensed into each well, and plates
were incubated for 1 h at room temperature. After
washing, 100 uL of substrate solution (BCL-TMB-01/
BCL-TMB-21, Vehicle Co., Ltd., Kyoto, Japan) was
dispensed into each well, and incubated under light-
shielded conditions for 15 min. After which, 100 uL of
stop solution (1 M phosphoric acid, Fujifilm Wako Pure
Chemicals Co., Ltd., Osaka, Japan) was added to the
wells, and the absorbance at 450 nm was measured
immediately using a microplate reader (Arvo-X4,
Perkin-Elmer Co., Ltd., MA, USA).

Determination of classical swine fever virus-specific
antibody in serum

The virus-neutralizing antibody titer in serum was
measured as previously reported ¥, The swine sera
samples were first deactivated (56°C for 30 min), then
diluted 2-fold, and to each diluted serum an equal
volume of viral solution containing 100 median tissue
culture infectious dose (TCID;y) of GPE™ strain (live
attenuated CSF vaccine) per 0.025 uL was added and
incubated for 1 h at 37C. Then, 0.1 mL of CPK-NS cell
suspension (5%10* cells/100 uL) was added to the
diluted serum and incubated at 37C for 7 days. The
highest serum dilution in which the cytopathic effect
was not induced by the GPE™ strain was used as the
neutralizing antibody titer. In this study, a neutralizing
antibody titer of 2-fold or higher was considered

antibody-positive. In accordance with the international
standard method for classical swine fever diagnostics
established by the International Epizootic Office (OIE),
this test was performed in duplicate wells per
specimen. Neutralizing antibody titers are shown
converted to logarithm (log,). CSFV-specific antibodies
were evaluated in the sera of the sows using a
commercial enzyme-linked immunosorbent assay
(ELISA) kit (Classical Swine Fever ELISA Kit II;
Nippon Gene Co., Ltd., Tokyo, Japan). The ratio of
absorbance of the test serum to that of the positive
control serum (S/P ratio) was determined using the
formula instructed in the ELISA kit and judged as
negative if the value was less than 0.05, false positive if
the value was between 0.05 and 0.10, and positive if
the value was greater than 0.10.

Subset analysis of leukocyte

Leukocytes were collected from whole blood
hemolyzed using a lysis buffer (0.899% NH,CI, 0.1%
KHCO;, and 0.0037% EDTA4Na) for 3 min. The cells
were washed once with phosphate-buffered saline
(PBS) and stained with anti-pig cluster of differentiation
(CD) antibodies for 30 min at 22°C. The following five
anti-pig CD antibodies were used: PE-Cy7 conjugated
anti-pig CD4 antibody, PE-conjugated anti-pig CD8a
antibody (BD Biosciences, Franklin, NJ, USA),
unlabeled anti-pig CD14 antibody (Bio-Rad
Laboratories, Inc. Hercules, CA, USA), fluorescein
isothiocyanate (FITC)-conjugated anti-pig CD21
antibody (Abcam PLC. Cambridge, UK), and unlabeled
anti-pig CD335 antibody (Bio-Rad Laboratories, Inc.
Hercules, CA, USA). For unlabeled primary antibodies,
FITC-conjugated anti-IgGl or IgG2b antibodies were
used as secondary antibodies for 30 min at 22T
following rinsing of the cells using PBS. Antibody
staining was performed using an EC800 flow
cytometer (Sony Imaging Products & Solutions Inc.,
Tokyo, Japan) for at least 10,000 events, using the
software provided by the manufacturer.

Statistical analyses

The blood properties, serum IgG and IgM and
neutralizing antibody titers were tested with repeated
measures using analysis of variance (ANOVA), with
time as the main factor for the effect of vaccination.
Data analyzed for leukocyte subclasses were
segregated based on neutralizing antibody titers 2
weeks post-vaccination and tested using a linear
mixed-effects model for the effect of time and antibody
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titer on subclass proportions. The repeated measure
was time, and the model was tested using sow ID as
the subject term. P value <0.05 was considered
statistically significant. All data are expressed as mean
+standard error of the mean (SEM). All statistical
analyses were performed using the SAS software (SAS
version 94; SAS Institute, Cary, NC, USA).

Results

The blood properties of sows up to 8 weeks after
inoculation with the live attenuated CSF vaccine
(GPE™ strain) are shown in Figure 1. There was no
change in the leukocyte count. Erythrocyte-related
parameters were slightly lower only at 6 weeks,
possibly indicating anemia, but the differences were
small and not significant.

Changes in CSFV-neutralizing antibody titers and
IgG and IgM concentrations in the serum after CSF
vaccination are shown in Figure 2. IgG and IgM
concentrations did not change post-vaccination, but the
virus-neutralizing antibody titer (log,) significantly
increased in a time-dependent manner from 0.67 +0.31
at 2 weeks post-vaccination to 7.11 +0.46 at 8 weeks
post-vaccination. Table 2 shows the neutralizing
antibody titers, ELISA S/P ratios, and diagnostics for
each individual up to 8 weeks post-vaccination.
Diagnostics by ELISA showed that all pigs tested
negative until 2 weeks post-vaccination and became
positive from the 4™ week onwards. Meanwhile, 2
weeks post-vaccination, neutralizing antibodies were
detected in only four of nine pigs (Table 2 and Figure
3), but neutralizing antibody titers (log,) increased by
more than 4 in all pigs tested 4 weeks post-vaccination.
The nine pigs were divided into two groups according
to whether the neutralizing antibody titers (log,) at 2
weeks post-vaccination were <1 (undetectable; late
responder group; n=5) or > 1 (early responder group;
n=4). As a result, the neutralizing antibody titer (log,)
of the early responder group was 1.50 =050 at 2 weeks
post-vaccination, which was higher than the average
value of all sows. Despite the differences, neutralizing
antibody titers did not differ between the two groups
4 weeks after vaccination (late responder group: 5.00 =
0.55; early responder group: 4.75 +0.48).

The ratio change in the major leukocyte subclass up
to 8 weeks post-vaccination is shown in Figure 4 for all
pigs tested, and the average values when the pigs
were divided into two groups as described above are
shown in Figure 5. The ratio of leukocyte subclass in
CD4", CD8", CD21", and CD4/8-duble positive (DP)

cells tended to be divided into two groups: those with
a peak at 2 weeks post-vaccination (including pigs with
almost equally high values at 2 and 4 weeks post-
vaccination) and those with a peak at 4 weeks post-
vaccination. CD14" cells increased in most pigs 2
weeks after inoculation, but there was no difference
thereafter. CD335" cells showed no clear peak during
the study period. As a result of the observed grouping,
the ratio of CD4" and CD21" cells in the group with
higher neutralizing antibody titers (early responder
group) at 2 weeks post-inoculation was significantly
higher than in the group with lower titers (late
responder group) (Figure 5, P < 0.05).

Discussion

This study is one of the few to analyze immune cell
dynamics after CSF vaccination of sows over a long
period (8 weeks) and to correlate them with the
dynamics of neutralizing antibody titers. Previously,
there was no clear reason to assume that the post-
vaccination reactivity (i.e., the rate and amount of
increase in neutralizing antibodies) would vary among
individuals, therefore variations in individual
immunodynamics was often overlooked; however, this
study showed that individuals can exhibit differences
in immune cell differentiation and proliferation.
Although we cannot determine whether these results
apply to pigs other than sows, such as piglets, at the
appropriate stage of vaccination, we suggest that the
uniformity of the immune response to vaccination is
ensured by the immunocompetence of the individual
pig, which should be useful in developing feeding
management techniques that do not reduce the
immune response.

Pigs vaccinated with the GPE strain were
protected from attack by ALD, a particularly virulent
strain of CSF, 3-4 days post-vaccination, and produced
virus-neutralizing antibodies at 10-14 days, or at the
latest 21 days, post-vaccination®?”. In this study, virus-
neutralizing antibodies were detected in all pigs until 4
weeks post-vaccination, and all pigs tested positive
using ELISA. The immune responses of these pigs to
vaccination were normal, with no deviations from
previous reports (Table 2 and Figure 2). Meanwhile,
the period between vaccination and the production of
virus-neutralizing antibodies showed a maximum
difference of 10 days, which is usually regarded as an
individual difference.

No anti-CSF antibodies were detected by ELISA at 2
weeks post-vaccination in any of the pigs (Table 2), but
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Figure 1. Changes in blood properties of inoculated sows after vaccination.

During the study period, blood properties of the sows inoculated with classic swine fever
vaccine (GPE~ strain) were measured every 2 weeks. Values are expressed as mean = SEM of
nine animals. No superscripts are indicative of no statistically significant difference (P < 0.05).
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Figure 2. Changes in serum immunoglobulin (Ig) levels or neutralizing antibody titers after vaccination.

Blood samples were collected from the inoculated sows every 2 weeks throughout the study period. Ig in the blood was
measured using ELISA, and the neutralizing antibody titer was measured using a classical swine fever virus (CSFV)-
specific neutralization test and expressed as a log, index. Different superscripts indicate significant differences between the
time points (a-c) (P < 0.05). Values are expressed as mean + SEM of the nine test animals.
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Table 2. Changes in the neutralizing antibody titers, ELISA S/P values and ELISA diagnoses for
each sow post-vaccination.
Post No. 1 Ho. 2 No. 3 Ho. 4 No. §
vaccination  MAb EL154 NAb EL15A NAb ELISA NAb ELISA NAb ELISA
{weeks) (logsd) S/P  Diagnosis {logy S$/P  Diagnosis f(logs S/P  Disgnosis flogy) S§/P  Diagnosis (logs S/F  Diagnosis

0 4| 0. 003 - < 0. 004 - < 0.004 - < 0.003 - < 0.003 -

2 <1 0,004 - <1 0. 008 - <1 0.024 - <1 0. 004 - <1 0.003 -

4 4 0.307 + B 0.365 + b 0.233 + 4 0.202 + 7 0.377 +

6 5 0. 356 + 6 0.472 + 5 0. 608 + 3 0. 361 + & 0. 464 +

8 7 0. 600 * 8 0609 * 5 0. 625 * 8 0.558 * 8 0. 440 *
Greups of Late responder Late responder Lata respondar Lats responder Late respondsr

immunodynami cs

Post No. 6 No. 7 Ne. 8 No. &
vaccination NAb EL1SA NAbL EL1SA NAb ELISA NAbL ELISA
(weaks) (log) 8P Diagnosis {logy) &P Diagnosis (logyy S/F  Diagnosis (log) &P Diagnosis
0 <1 0,000 - <1 0.004 - <1 0.006 - <1 0.002 -
2 1 0.028 - 1 0.011 - 1 0. 002 - 3 0 122 -
4 4 0. 530 + [ 0. 229 + 4 0. 301 + 5 0. 278 +
6 5 0. 453 + 8 0. 366 + 4 0. 360 + 5 0. 280 +
8 8 0. 730 + ] 0. 505 + 5 0. 434 + B 0. 388 +
Groups of Early responder Early responder Ear |y responder Ear |y respander

immunadynami cs

109 -¢-No. 1 -%-No.2  -OF-No.3
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Figure 3. Changes in serum neutralizing antibody titers after vaccination of each tested sow.

Blood samples were collected from the inoculated sows every 2 weeks throughout the study period. The
neutralizing antibody titer was measured using a classical swine fever virus (CSFV)-specific neutralization test
and expressed as a log, index. No. 1-9 are individual sow numbers and the same as Table 1. Neutralizing
antibody titers > log, 1 (detected, n=4) at 2 weeks after vaccination are indicated by solid lines, and those < log,
1 (undetected, n=5) by dashed lines.



Suzuki et al. : Immunodynamic changes after CSF vaccination

4.0 r  -¢-No.1 =%=-No.2  -O-Me. 3 40 ¢
35 | ~&-Ne.d -O-No.5 —+No. 6 35 |
==No. 7 —B=No. § =—=No.9

30 F
25
20
1.5 |
.G
05 r
0.0
4.0 ¢
5 B
0 F
g
- 2.5 |
£
o 20 F
o ¢
=
o 1.5 |
)
&0
05 F
0.0
20 50
&0 | 45t (CD4/8-DP)
?_0 L 4A0 d
60 | 33 r
30 F
50
25 -
40
20
3.0 15 L
2.0 B 1_0 .
Lo 05 -
0.0 0.0

Ow 2w Aw bw 8w 12w

Post vaccination (weeks)

Figure 4. Changes in the relative ratio of immune cells post vaccination of each tested sow.

Leukocyte subclass (CD4, CD8, CD14, CD21, CD335, CD4/8 double positive) was analyzed by flow cytometry
to examine the ratio of immune cells in both groups every 2 weeks for up to 8 weeks after vaccination.
No. 1-9 are individual sow numbers and the same as Table 1. Neutralizing antibody titers > log, 1 (detected,
n=4) at 2 weeks after vaccination are indicated by solid lines, and those < log, 1 (undetected, n=5) by dashed
lines. The Y-axis represented the number of cells at pre-vaccination (0 week) as 1 and the relative change in
cell count thereafter.
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Figure 5. Changes in the relative ratio of each immune cell post vaccination.

The sows were divided into two groups based on the presence or absence of neutralizing antibodies in
their blood 2 weeks after vaccination. Leukocyte subclass (CD4, CDS8, CD14, CD21, CD335, CD4/8
double positive) was analyzed by flow cytometry to examine the ratio of immune cells in both groups
every 2 weeks for up to 8 weeks after vaccination. The Y-axis represented the number of cells at pre-
vaccination (0 week) as 1 and the relative change in cell count thereafter (solid line: > log, 1; detectable
(n=4), dashed line: < log, 1; undetectable (n=5), dotted line: all animals tested (n=9)). Different
superscripts indicate significant differences among the time points (A-C, a-b) within the same group
and between groups (x-y) (P < 0.05). Values are expressed as mean + SEM.
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neutralizing antibody titers (log,) were < 1 in five sows
and > 1 in four sows (Table 2 and Figure 3). During
this period, the cellular immunity defended itself
against the CSFV through increased macrophages and
activation of CD8" T cells via dendritic cells in the
tonsils, the initial site of infection ?®. In addition, live
attenuated CSF vaccines, not only the GPE™ strain,
have been reported to show protective effects within a
few days post-vaccination . Since the present study
did not analyze the early days post vaccination, it did
not capture in real time the enhanced ability to protect
against infection by activation of cellular immunity as
previously reported. The first analysis point after
vaccination in our study was 2 weeks later. As
mentioned above, cellular immunity and humoral
immunity with neutralizing antibodies are considered
to be fully functional at this time * . Although, CD14*
cells showed large individual differences in the early
responder group (Figure 4), with the mean value after
2 weeks post vaccination remained on a plateau but
was lower than the mean values in the late responder
group (Figure 5). When CSFV infection or vaccination
causes an increase in tonsil macrophages, it will not
necessarily increase monocytes in the blood. Various
immune cells in secondary lymphoid tissues such as
tonsils are supplied from the blood, and since the
balance between migration to lymphoid tissues and
hematopoiesis in the bone marrow may differ
depending on the time course of the infection, it would
be difficult to make a correct determination without
analyzing the number of macrophages in the tonsils.
Meanwhile, the proportion of cells involved in adaptive
immunity after 2 weeks in this study showed tendency
to increase generaly, although there were individual
differences (Figure 5, dotted line). Considering the
infection defense by cellular immunity of the innate
and adaptive immune systems, both CD4" cells
involved in the differentiation and maturation of B cells
and induction of antibody production and CD21" cells
responsible for antibody production are essential for
antibody production against pathogens '** *”, When
pigs are inoculated with a virulent wild strain rather
than the attenuated strain for vaccines, CD4", CD8",
and CD4/8-DP cells increase transiently after 4 weeks
and then decline . Even though it is an attenuated
strain, infection for cells also occurs with vaccination.
The ratio changes of the cells in this study were
similar to those of wild strain infection, which were
also higher 4 weeks after vaccination (Figure. 4). The
subsequent decrease in these cells is also similar to

that of wild strain infection, whereas the transient
decrease at 6 weeks observed in this study was not
detected in the wild strain . Tt is not clear whether
this was related to the simultaneous decrease in
erythrocyte or to the vaccination.

In this study, neutralizing antibodies were detected
2 weeks after vaccination (Figure 2, 1.50 +0.50 (log,)),
but they were only detected in half of the pigs.
Although the detected difference in the neutralizing
antibody titer was only a one dilution step difference,
an observation was made when the data from the
leukocyte subclass analysis was reclassified based on
it. In the leukocyte subclasses of each of the nine
tested pigs, especially in CD4", CD8", CD4/8-DP, and
CD21" cells, the early responder group (Figure 4, solid
line), in which antibodies were detected 2 weeks post-
vaccination, showed either a peak at 2 or 4 weeks but
in both cases the ratio remained sufficiently high for 2
to 4 weeks post vaccination. In contrast, the late
responder group (Figure 4, dashed line) showed either
a peak at 4 weeks or no clear peak. Considering this
grouping, when the mean values per group (solid line:
early responder group, dashed line: late responder
group) and the mean values for all sows (dotted line) of
the ratio of leukocyte subclasses are shown (Figure 5),
the characteristics observed in Figure 4 become more
apparent. An analysis of the temporal effect after
vaccination showed that the ratio of CD4" cells was
significantly higher in the early responder group at 2
and 4 weeks after vaccination, whereas it was
significantly higher in the late responder group at 4
weeks only (P < 0.05). The ratio of CD21" cells was
also significantly higher (P < 0.05) at 2 weeks in the
early responder group, with the highest mean value at
4 weeks, but there were no significant differences
associated with the date of sampling in the late
responder group. Furthermore, an analysis of the
difference in the ratio of CD4" and CD21" cells
between both groups showed that the ratio of each cell
type was significantly higher in the early responder
group than in the late responder group only at 2
weeks after vaccination (P < 0.05). This indicates that
neutralizing antibodies were detected 2 weeks post-
vaccination in the early responder group, in which
immune cells involved in antibody production
increased early, while neutralizing antibodies were not
detected in the late responder group, in which the
increase in immune cells involved was delayed. Thus,
the subclass ratios of CD4" and CD21" cells suggest a

temporal change in cellular dynamics between the two
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groups at exactly 2 weeks; however, its effect on
vaccine efficacy may be limited because neutralizing
antibody titers were no different in the two groups
after 4 weeks of vaccination.

Meanwhile, the CSF vaccine used in this study is a
live vaccine, which allows CD8" cells to recognize viral
antigens presented by MHC class I molecules of
infected cells that emerge during the growth of the
vaccine strain, activating cellular immunity *'®. The
late responder group showed a slower increase in
CD8" cells of the adaptive immunity and NK cells
(CD335" cells) of the innate immune system, which are
also responsible for cellular immunity **®, although the
difference was not significant (Figure 5). This may
have a negative impact on the protection against
infection by cellular immunity in the early post-
vaccination period; however, further analysis of the
response of these cells upon CSFV exposure is
required, which was difficult to determine from the
results of this study. In addition, CD4/8-DP cells have
been reported to be involved in immune memory in
pigs ', and although not significantly different, the
higher mean values at 2-4 weeks post-vaccination in
the early responder group may be important for
prompt protection against future infection.

In conclusion, when the GPE™ strain was used as a
CSF vaccine, neutralizing antibody titers (log,) at 2
weeks post-vaccination were only less than 1 in half of
the pigs, even though it is reported that virus
neutralizing antibodies are produced in 10-14 days
post-vaccination * V. Individual differences were
attributed to the fact that the proliferation of CD4"
cells involved in adaptive immunity, particularly
immunomodulation, and CD21" cells involved in
antibody production occurred up to 2 weeks later in
the late responder group than in the early responder
groups.

This study was not conducted on a general pig farm
but on a very clean piggery at Azabu University,
where microbial contamination and animal housing
environments are highly controlled. Therefore, the
individual differences among pigs detected in this
study may be masked by various external factors such
as the piggery environment, breeding density, and
feeding in a typical pig farm. Moreover, the
experimental conditions were limited because this
study was conducted at a time when vaccination
requirements arose owing to the spread of swine fever
infection in Japan. Nevertheless, this is a valuable
study that reveals that differences in immune cell

dynamics are involved in individual differences in
immune response to vaccination. The results obtained
in this study may provide important basic knowledge
for the effective use of vaccines. Because this study is
positioned as an exploratory study and has low
statistical power, future studies to confirm this
phenomenon will require replication on a larger sample
size as well as additional experiments to corroborate
these results.
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Summary

As farmers increase the number of milking cows, milking time increases, which increases milking labor time.
This study focused on milking preparation time (MPT), and examined how milking procedures affect milking time
and how milking preparation affects improvements in labor efficiency, in different milking systems. Parlor rotation
time and MPT were investigated at nine dairies (A to I) with different milking procedures.

The average deviation in attached milking time (min: sec) and the total milking time per cow at Dairy A, which
received milking preparation coaching, was 05:10 and 07:38, respectively. For Dairy B, a first-visit dairy, these
values were significantly longer at 08:23 and 10:51, respectively, (P<0.01, P<0.05). Total milking times at coached
Dairies A, C and D were shorter than that at Dairy B.

Dairy F had significantly shorter exiting times between before and after coaching (P<0.01), but the time per
parlor rotation was unchanged. Comparisons of milking-worker teams at Dairy G showed that total milking time
was not significantly different across teams.

The longer total milking time per cow for the first-visit Dairy B was attributed to problems with milking
workflow, milking procedures, and milking equipment. In the milking parlor at Dairy F, total milking time
increased due to other work aside from milking, so the grouping of cows had to be reset. When milking
procedures were manualized at Dairy G, each worker team could milk with the same MPT.

In terms of milking labor time, efficiency was more affected by worker-related factors than by cow-related
factors.

Key words : Milking parlor, Milking preparation, Milking time, Milking worker
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each dairy farm to consider improving the labor

Introduction efficiency of milking workers while maintaining the

In recent years, as dairy farmers have increased the

number of milking cows '

and the time per milking,
the working hours of milking workers have increased

accordingly. As a result, it has become important for
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performance of their milking cows.

Factors that can significantly affect milking time
include the milking system, number of milking clusters,
number of milking workers, number of cows, milking
parlor style, automatic detachment setup, milking
procedures, and oxytocin release . Calvo et al.? and
Carreira et al. ? studied milking time on small dairy
farms using different milking systems. Carreira et al. ¥



178 Jpn. J. Anim.Hyg. Vol. 49, No4 (2024)

concluded that the characteristics of each farm need to
be considered independently in order to optimize
milking parlor performance and labor efficiency. They
found that in some cases, improvements in milking
management necessitated increasing the number of
dairy workers or resetting milking cow groups.

Nitzan et al. " constructed a simulation model of
milking parlors to predict milking parlor performance
based on cow herd size, number of milking stalls,
worker quality, and cow characteristics. They found
that the size and style of milking parlors should be
selected according to the milking management
conditions at each dairy farm.

1. compared the milking performance

Thomas et a
of herringbone and parallel parlors and found that the
milking performance response of a parlor decreases
significantly from 13.3 to 16 milking clusters per
milking worker under standard-type milking
conditions. They also showed that parlor performance
is highly dependent on milking yield, so similar milking
yields are needed to compare milking preparation time
(MPT) among farms. On the other hand, Enokidani ”
reported that milking system performance is important
for high milk-producing cows and that milking system
performance should be capable of achieving a peak
milk yield of 8.0 kg/min or higher. The findings of that
study showed that high-performance milking systems
were capable of milking high milk-producing cows in a
short time with a high peak milk yield. However, that
study also showed that some cows require longer
milking times.

% showed that for every additional hour that a

Grant
cow rests beyond 7 h, milk yield increases by 0.7-1.0
kg/day. Thus, adequate lying rest and ruminating
activity are the basis for maintaining healthy and

productive dairy cows. Gomez et al.? showed that

lameness in dairy cows has a significant impact on cow
time allocation. Lame cows take longer to get to the
parlor, resulting in an increase in total milking time.
They found that lame cows also had shorter lying
times, which affected rest time. Thus, for cows that
freely spend their daily time allocation (i.e., cow time
budget) '”, not only the barn environment, but also the
human influence on the cows is significant. That study
concluded that the treatment of dairy cows has
important economic consequences.

The present study focused on MPT in different
milking systems; specifically, how milking procedures
affect milking time and how milking preparation affects

labor efficiency.

Materials and Methods

Overview of the dairies investigated in this study

The nine dairies investigated in this study consisted
of four tie stall dairies using manual detachers, one tie
stall dairy using a Carry Robot system (Orion
Machinery Co., Nagano, Japan), three parallel parlors,
and one herringbone parlor (Table 1). On inspection
day, a survey of MPTs was conducted from the
beginning to the end of the milking session. The
average days in milk ranges were from 177 to 219
days and no lactation stage bias was observed among
the herds.

Three tie stall dairies (A, C and D) and all milking
parlor dairies had been consulted by the author on
matters related to milking preparation and workflow.
Dairy G employed a manualized milking preparation
strategy and fixed milking preparation on milking
teams.

As in previous studies *?, MPTs were measured
using videos captured during milking.

Table 1. Information about inspected dairy farms

Number of Number of Number of

Milking

Dairy farm  Milking system workers milking units milking cows Milking procedure Auto detacher times/day Coaching Note

A High line 4 6 60 Individual No 2 Yes Hospital cluster
B High line 2 5 30 Individual No 2 No

C High line 3 4 40 Individual No 2 Yes

D High line 2 4 30 Individual No 2 Yes

E High line 2 12 90 Individual Yes 2 No & Yes  Carry Robot* 4
F D10 parallel 4 20 250 Group routine Yes 2 Yes

G D16 parallel 4 32 450 Group routine Yes 2 Yes

H D8 parallel 3 16 220 Group routine Yes 2 Yes No crowd gate
1 D8 herringbone 4 16 240 Sequential routine Yes 3 Yes Scrubber

*Carry Robot system: Detaches milking cluster,, moved to next miking location, and connected the milk tube to milk line automatically.
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Comparison of MPTs in various milking systems

Comparisons of MPTs associated with different

milking systems was performed as follows:

1. Comparison of MPTs with and without milking
preparation coaching (MPC) in tie stall barns
(Dairies A, B, C and D) employing manual
detachers

2. Comparison of MPTs for each worker in a tie
stall barn (Dairy E) and when using a carry robot
system

3. Comparison of MPTs on a parlor milking system
(Dairy F) before and after MPC

4. Change in MPTs at Dairy F over several years

5. Comparison of MPTs by worker teams at Dairy G

6. Comparison of MPTs between milking routines at
same-sized parlors

MPC at tie stall and free stall dairies
The coaching points in a tie stall dairy included the
following:
1. Do not perform any other tasks during milking.
2. Ensure that all of the milking implements are
fitted to your body.
Clean teats for at least 20 seconds.
Milking order is based on milking theory.
Understand oxytocin and adrenaline theory.

S O W

All milking preparation process must be

performed in one time action at the cow side.

7. Milking preparation begins when the milking unit
is brought to the next cow.

8. Understand that the liner is attached to the teats

for approximately 6 min before it is detached.

Territorial Milking Routine

The main points in free stall dairies are as follows:

1. Reduce the possible number of steps required for
milking; even if it only one step.

2. Measure each milking preparation time and
determine the number of milking cow setting in
territory.

3. Reduce the difference in the times that the liner
attached between the first and last cows.

4. Ensure that all of the milking implements are
fitted to your body.

5. Follow the supervisor’s instructions.

6. Do not perform any other tasks during milking.

7. Handle cows with gentle care.

Measurement items

We visited nine dairy farms (A to I) at milking time
and measured the MPTs for each milking procedure
using video recordings "?. The survey time was based
on parlor milking style and included the working time
from the start to the end of each milking session. Work
flows at milking time were monitored by the author
for consulting purposes.

MPTs do not include the idle time between each
preparation step, but the total milking time includes
this idle time.

Difference between parlor milking methods

The milking routine (Figure 1) can be divided into a
territorial milking routine/grouping routine and a
sequential milking routine . The territorial milking
routine is a method in which the milking preparation
working area is predetermined and a single worker

Number of stalls

Milking preparation 1 3 4 5 6 7 8
Firststep  Predip+ Forestrip+ Predip | |
First worker Second worker
Second step Clean and dry teat+ attached | | g Py )
First worker econd worker
Sequential Milking Routine Number of stalls
Milking preparation 1 3 4 5 6 7 8
First step Predip+ Forestrip+ Predip | First worker
Second step Clean teat by scrubber | Second worker
]
Third step Dry teat + attached | First worker

Figure 1. Comparison of territorial and sequential milking routines.
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completes the milking within that milking area by
themselves. The group milking routine refers to when
the territorial milking routine is repeated several
times. The sequential milking routine is one in which
individual workers perform each milking preparation
step in a workflow, with other workers performing
different steps of the workflow. The effectiveness of
each method depends on the milking management
system employed by the dairy farm, but the sequential
milking routine is recommended when using teat
cleaning equipment (e.g., teat scrubbing device).

The standard total milking time **

is generally
considered to be four rotations per hour (about 15 min)
for parlor milking systems and about 8 min per cow
(about 6 min for attached milking time; ie., duration

the liner is attached to the teat) for tie stall milking®.

Statistical processing

Times for measured tasks were compared by t-tests
according to dairy characteristics, such as MPTs per
dairy, MPTs per worker, etc. For comparisons of three
or more data groups, Kruskal-Wallis’ test was used.

RESULTS

1. Comparison of MPTs with and without MPC in tie
stall barn dairies employing manual detachers
Figure 2 shows a comparison of MPC efficiency in

tie stall barn dairies using manual detachers. Dairies A

Dairy A

Tie stall Barn Milking preparation time on coached Dairy A without aute detacher
20:00

O Postdip + waiting 0 Milking time
O Clean teat

=
E

O Forestrip + predip

E E
B B

I
B

=
=
-

preparation time (min:see)
= 1
2 -]
E E

04:00 -

D2:0 o

Waorker

6 units, 4 workers, 60 cows and coached dairy
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had received MPC while Dairy B was a first-visit dairy
that had not received any coaching. The average teat
cleaning times (min: sec * standard deviation [SD]) for
Dairies A and B were 01:52+01:12 and 02:37 =01:18,
respectively, with Dairy B taking longer, but not

+

significantly (P=0.21). Similarly, the average attached
milking time was 05:10+01:56 at Dairy A and
significantly longer at 08:23 £02:53 at Dairy B (P<0.01).
The average total milking time per cow was 07:38 £
01:56 at Dairy A and significantly longer at 10:51 =
03:57 at Dairy B (P<0.05), indicating the effectiveness
of MPC for Dairy A.

Figure 3 shows a comparison of MPC efficiency
without an automatic detacher device. The average
teat cleaning times (min: sec £ SD) for Dairies C and
D were 01:22+00:23 and 01:45*00:39, respectively,
which was longer for Dairy D, but not significantly
(P=0.14). The times for attached milking were 05:33+
01:22 for Dairy C and 04:21 £01:12 for Dairy D,
indicating that milking times were longer for Dairy C
(P=0.07). The average total milking time per cow was
08:04 £01:31 at Dairy C and 07:59 +00:44 at Dairy D,
and there was no significant difference between
dairies.

The average total milking time per cow was also the
same at about 8 min for the three tie stall dairies where
MPC was performed (Dairies A, C, and D); however, at
Dairy B where no coaching was performed, the average

Preparation time (min:sec)

Dairy B
Tie stall Barn Milking preparation time on first-visit Dairy B without avto detacher
A T Milking time
180 0 Clean teat i
1601 OForestrip + predip B
14:00 - —
12:00 ]
10:00
1H8: 04
11600 L
(4404 | 1
012000 H e I
|

A A A A A A A A B B B B B B B B
Waorker

5 units, 2 workers, 30 cows, first-visit Dairy, and hospital cluster

Unit: min: sec  Averages = SD

Time of teat cl Attached on time Total miking time Number of cows
Dairy A 01:52+01:12 05:10£01:56 07:38+01:56 13
Dairy B 02:37+01:18 08:23+02:53 10:51£03:57 16
P value P=0.21 P<0.01 P<0.05

Dairy A: Coached tie stall dairy, 4 workers, 60 milking cows and 2 milking time per day.
Dairy B: First-visit tie stall dairy, 2 workers, 30 milking cows and 2 milking time per day.

Figure 2. Comparison of total milking time between Dairy A and Dairy B.
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Dairy C Dairy D
Ties stall Barn Milking preparation time on coached Dairy C without auto detacher Tie stall Barn Milking preparation time on coached Dairy D without auto detacher
12:00 12:00
O Postdip + waiting 0 Milking time O Postdip + waiting CMilking time
OClean teat o Forestrip + predip ) 0 Clean teat O Forestrip + predip
0 [ il 1000 4 -
¢ OStart 2 OStart
£ e [T Fm ] Z oso0 | mm [
g 060 S o |
E 2 i
E. 400 E 04:00
) — E
- — i - (L i
012:00 i | Eir 02:00 | I
L L] ==
10:00 : . —— — ==k ek 000 At | - —
A A A B B B B C C C A A A A A A B B
Worker Worker

4 units. 3 workers, 40 cows, no detacher and coached Dairy

4 units. 2 workers, 30 cows, no detacher and coached Dairy

Unit: min: sec  Averages * SD

Time of teat cl g Attached on time Total miking time Number of cows
Dairy C 01:22+00:23 05:33+01:22 08:04+01:31 10
Dairy D 01:45%00:39 04:21+01:12 07:59+00:44 8
P value P=0.1378 P=0.07 P=0.87

Dairy C: tie stall dairy, 2 workers, 40 milking cows and 2 milking time per day.
Dairy D: tie stall dairy, 2 workers, 30 milking cows and 2 milking time per day.

Figure 3. Comparison of total milking time on coached small tie stall dairy without auto detacher

total milking time was approximately 3 min longer than
average total milking time.

2. Comparison of MPTs for each worker in a tie stall

barn dairy using a Carry Robot system

Figure 4 shows a comparison of MPTs for each
worker using a Carry Robot system in a tie stall barn.
At Dairy E, which we visited for the first time, we
compared the MPTs between workers A and B. The
average teat cleaning time (min: sec * SD) for
workers A and B was 01:16 £00:29 and 01:08 =00:24,
respectively, with no significant difference (P=0.61).
The average time to attach the liner to a teat was
01:48 =00:28 for worker A and 01:30 +00:25 for worker
B, with no significant difference (P=0.13). Average
milking time was 08:12=+03:05 for worker A and 10:05
+03:32 for worker B, with no significant difference
(P=0.2). The average total milking time per cow was
10:00 £ 03:18 for worker A and 11:45+03:45 for worker
B, with no significant difference (P=0.26). Compared to
the tie stall dairies after the MPC, Dairy E had an
average total milking time per cow longer than 10 min.

3. Comparison of MPTs on a parlor milking system
before and after MPC
Figure 5 shows a comparison of MPTs on a parlor
milking system before and after MPC at Dairy F.

There was no significant difference in average teat
cleaning time (min: sec £ SD) before (02:37 +01:36) and
after (02:40=+00:48) MPC (P=0.917). There was no
significant difference in the average time to attach the
liner to the first cow teat before (02:52+01:14) and
after (02:32+00:21) MPC (P=0.320). There was no
significant difference in the average time to attach the
liner to the last cow teat before (03:17 =01:53) and after
(04:11 £01:27) MPC (P=0.174). The average cow exit
time after milking was significantly longer before the
MPC (06:09 £01:51) than after the MPC (05:20 =01:13)
(P<0.01). No significant difference was observed in
average total milking time before (22:04 +04:42) and
after (20:54 £04:24) MPC (P=0.517). At Dairy F, the
total milking time was longer than standard time. The
reason for this long total milking time was because
that sick cow was treated in the parlor during milking.
A hospital pen had to be created, but this was not
easy.

4. Change in MPTs at Dairy F over several years
Figure 6 shows the change in the average total
milking time, the minimum total milking time, and the
maximum total milking time per parlor rotation at
Dairy F over several years. The average total milking
time did not decrease over the years, but the
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Worker A Dairy E Worker B
Tie stall Barn Milking preparation time on first-visit Dairy E wtith auto transpart system Tie stall Barn Miking Preparation time on first-visit Dairy E with auto transport system
e 2000
1500 | ~ OMilking time oo . OMilking time -
1 | O Time from starting preparation to attaching teat o O Time from starting preparation to attaching teat M
g 14:00 4 § 14:00 1 — =
£ E ]
E nm E 1m0 | 1
2 2 |
£ E 100 | |
= H : |
£ 0w £ 000 ¢ |
£ £ | |
T G I 0600 - |
2 H | |
£ gem . & ag00 |
|
0z | | : 2400 1 = | M M ]
B0:00 -
o000 L e i I e i " A
: 5 : F - . N . . = 1 H 3 4 s [ 7 8 9 wooon 1B
Timnes of milking Time of milking
Unit: min: sec  Averages £ SD
Dairy E Time of teat cleaning Time to attach Attached on time Total milking time ~ Number of cows

Worker A 01:16+00:29 01:48+00:28
Worker B 01:08+00:24 01:30£00:25
P value P=0.608 P=0.125

08:12+03:05 10:00£03:18 10
10:05£03:32 11:45+03:45 13
P=0.195 P=0.261

Dairy E: First-visit tie stall Dairy, 2 workers, stanchion automatic system (Carry Robot System), robot 6 systems with 12 units, 90
cows and 2 milking times per day. Carry Robot system: Detaches the milking cluster, moves to next milking location, and connects

the milk tube to the milk line automatically.

Figure 4. Comparison of total milking time between workers on first-visit tie stall dairy using a

Carry Robot System

Before coaching Dairy F

After coaching

Preparation time before coaching on Dairy F

Preparation time at one month after coaching on Dairy F

R BTRD O Cow enters O Start predip O First cow milking O Last cow milking
O Last cow ex.lts. - E.“d of mllk}ng. OEnd of milking 0 Exist gate opens 0 Last cow exits
Last cow milking First cow milking 0
30:00
=z - -
a AN | oy =
£ 1300 s = e ]
E £ —
5o £ 1000 o [
H 20:00 L 1 =]
= i ] L]
£ 1500 bR =
k-] 2 i W om e —
= w I
; 10:00 {" 1000 | - free]
B g
z2 & 4l (s S O
~ s L ] — L e
- V00 — 4
A 34 s & 7 ] W1 12 13 14 16
Milking times Milking times
Unit: min :sec  Averages = SD

Dairy F Teat cleaning time Time first cow attached Time last cow attached Exit time Total milking time Inspection number

Before coaching 02:37+01:36 02:52+01:14 03:17+01:53 06:09+01:51 22:04+04:42 11

After coaching 02:40+00:48 02:321+00:21 04:11£01:27 05:20+01:13 20:54+04:24 16

P value P=0.917 P=0.320 P=0.174 P<0.01 P=0.517

Dairy F: D10 parallel parlor, territorial milking routine, 4 workers, 250 milking cows and 2 milking times per day .

Figure 5. Change in total milking time before and after coaching at Dairy F

maximum average total milking time varied markedly,
ranging from 25 to 40 min. The minimum total milking
time was 15 min in January 2023.

The author pointed out that the milking time was

too long, but a reduction in this time was not realized
because it involves increased investment. However,
improvements in milking times were made because
milking workers leaved the workforce after a short
period at 2022.
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Change in total miking time on inspection day on Dairy F

== Average lime of group = @®=Maximum time of group —# Minimum time of group

40:00

183

35:00 »>~

30:00 [ 3 ’

Total milking time (min: sec)

05:00 Coaching

-

Hospital pen

D-2017 J-2018 N-2021

M-2022 A-2022 N-2022  16-J-2023 17-1-2023

Inspection day (month-year)

(night) (morning)

A hospital pen was established in January 2023

Figure 6. Change in total milking time with milking preparation coaching at Dairy F

5. Comparison of worker teams

A comparison of MPTs across the four milking
worker teams (A-D) at Dairy G was conducted (Figure
7). No significant differences were observed in MPTs,
time to start milking the first cow, time to finish
milking the last cow, and exit time throughout the
parlor. There was a significant difference in the time
taken between teams in the average total milking time
(P<0.01). In each team, the average total milking time
was less than the standard value of 15 min.

6. Comparison of MPTs between milking routines at

same-sized parlors

A comparison was performed between the territorial
(Dairy H) and sequential (Dairy I) milking routines in
same-sized double-8 parlors (Figure 8). The time taken
(min: sec = SD) to attach the liner to the first cow teat
was significantly longer for the sequential routine
(02:15+00:31) than for the territorial routine (01:33 +
00:30) (P<0.01). However, no significant difference was
observed in the average total milking time (time per
rotation) between the territorial (12:39 +£02:35) and
sequential (13:01 =02:16) routines (P=0.733).

Discussion

The standard milking time for parlor milking is four

) and about 8 min

rotations per hour (about 15 min
per cow (about 6 min attached milking time) for tie
stall milking ¥; these values were used as standard
values in the present study.

In studies on MPTs, it has been reported that no
fore-stripping during milking preparation results in
lower milk yield with poor oxytocin stimulation, and
that teat cleaning is not a substitute for fore-stripping
stimulation '** %,

Teat cleaning and the relationship between teat
cleaning methods, and somatic cell and bacterial counts
in bulk tank milk have been reported previously in
detail *.

Previous studies on oxytocin release ™' have shown
that oxytocin lag time is important for milking.

1.® reported that over-milking by

Fernandes et a
approximately 30 sec at the end of the milking occurs
in more than 78% of milking sessions, and that bimodal
lactation is due to inadequate teat stimulation and
oxytocin lag time. Thus, fore-stripping, teat stimulation
(oxytocin release), lag time, and teat cleaning are all

essential components of milking preparation.
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Unit: min : sec  Averages = SD

Start time  First cow milking Last cow milking Last cow end of milking  Exittime  Total milking time Inspection number

Team A 00:58+00:36  01:39+00:26 02:52+00:49 06:17+01:47 00:38+00:46  12:17+01:00° 7
TeamB 01:13+00:31  01:37+00:23 03:53+00:46 07:00+00:16 00:33+£00:24  14:16+01:01° 5
Team C 01:06+00:28  01:31%00:32 03:38+01:01 06:24+01:02 00:39+00:34 13:18+00:41 6
Team D 00:58+00:24  01:32+00:09 04:06+00:42 06:26 +01:32 01:02+01:15  14:04+01:27° 6
P Value P=0.734 P=0.915 P=0.07 P=0.80 P=0.628 P<0.01 ab

Figure 7. Comparison of total milking time between milking teams at Dairy G.
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Dairy H 00:46 +00:29 01:33£00:30 01:21£00:45 06:54+01:33 12:39£02:35 17
Dairy I 01:41£01:56 02:15+00:31 01:45%00:25 05:52+01:35 13:01£02:16 8
P value P=0.0798 P<0.01 P=0.167 P=0.138 P=0.733

Dairy H: D8 parallel parlor, territorial routine, 3 workers, 220 cows and no crowd gate
Dairy I: D8 herringbone parlor, sequential routine, 3 milking time per day, 4 workers, 240 cows and using scrubber system

Figure 8. Comparison of total milking time between territorial and sequential milking methods at same-
sized parlors
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Enokidani ” reported the duration of attached the
liner to teat time for most milking cows is in the 6 min
range. However, the findings also showed that some
cows have exceptionally long milking times. He also
reported a case where the milking system actually
improved milking system performance and contributed
to improved milk yield and milk quality °.

Proper adjustment of automatic removal cluster
settings is also important, with Krawczel et al. *®
reporting an adjustment milk yield of 048 kg/min, and
Magliaro et al.'” reporting an adjustment milk yield of
0.6 kg/min using a shorter milking time without
reducing milking yield. Wieland et al.® recommended
limiting manual removal milking to prevent over-
milking. Xoan et al.? stated that the relationships
among milking workers is important because different
farm characteristics require different responses in
order to optimize parlor performance and maximize
labor efficiency. They mentioned the milking system
as another important factor that affects milking time.

As for recommendations regarding dairy workers,
Grant ' reported that it is important to be gentle with
cows and to allow them to rest in order to increase
milk production. Hanna et al. ' showed the importance
of dairy workers in improving milk yields and dairy
cow behavior. Thus, dairy workers are also an
important factor that affects milking time.

Rasmussen '” reported that standard milking
preparation practices that ensure cows are treated
uniformly at each milking, regardless of lactation stage
or milking worker, increased milk yield and milk
quality, but did not affect udder health. In addition, the
importance of milking the same way irrespective of
who performs the milking was highlighted.

Thus, milking time is affected by the relationship
between milking system performance and oxytocin
release, as well as adjustment between the milking
cluster and milking cluster detachment by workers.
Oxytocin release, milking cluster detachment, and
adjustments are factors that can be controlled by
milking workers.

The total milking time per cow at Dairy B, which
was visited for the first time, was 3-4 min longer per
cow than the milking times per cow at Dairies A, C,
and D, which had received MPC. This difference in
milking time per cow was due to walking back-and-
forth to the milking cart and due to the milking order
(using a hospital cluster resulted in the different
milking order). These activities delayed the manual
removal time of the cluster and resulted in over-

milking.

Staff at Dairy A were working with all of the
necessary equipment (e.g., pre- and post-dipper, fore-
strip test cup, cotton towels) on their belts and only
exited the tie stall after completing all milking
preparation tasks for the cows. These improvements
significantly enhanced the workers’ labor efficiency.

Okada ' reported that when the workflow was
changed from two workers milking at the same
position to separate positions, the total milking time
decreased from 96 to 78 min and the number of
walking steps decreased from 3239 to 2373 steps
compared to conventional workflows. In addition, there
was a significant decrease in crouching style, improved
milk yield, and improved somatic cell count score.
Observation of milking worker behavior (workflow) by
others is thus considered to be important for
improving labor efficiency.

In Dairies C and D where the workflow of milking
preparation was established after MPC, attached on
time (Le., liner attached to teat time) was within the
5-min range and total milking time per cow was as
short as 8 min. The milking preparation and workflow
based on milking theory markedly reduced milking
time.

Dairy E is run by a farmer who uses an automatic
transport system, which automatically detaches the
milking cluster, moves to the next milking location,
and connects the milk tube to the milk line. However,
in the actual milking preparation at Dairy E, the
automatic detachment system was out of order and
most of the milking required manual detachment and
over-milking was the norm. As a result, the milking
time per cow was over 10 min. Dairy E reported a
reduction of approximately 1 hour in milking time
(personal communication) when the workflow was
changed to a manual detachment process, and when
milking preparation, in which all the necessary
equipment was on the worker’'s belt, was terminated
in one time action at the cow side.

The fact that milking time was reduced by changing
milking workflow and using manual take-off, even
though the automatic detacher was out of order, is a
significant improvement. It is important to understand
the current situation and develop improvement
methods.

Dairy F, which used a milking parlor system, was
treating sick cows in the parlor in addition to milking,
and the milking time per rotation varied markedly,
with a standard deviation of more than 4 min for the
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average total milking time. Based on records of time
per milking rotation over several years at Dairy F, the
minimum value was approximately 15 min, which
would have been the standard value if there had not
been any cows being treated in parlor. However, the
maximum value varied markedly and ranged from 25
to 40 min. The maximum, minimum, and average
values also decreased to near standard values when a
hospital pen was created in January 2023.

In the milking team comparison after MPC, the
milking rotation for each team at Dairy G was less
than the standard of 15 min. It was found that when
the procedures for milking preparation were
manualized and fixed, the same MPTs could be
achieved as a team.

A comparison of different milking procedures at
double-8 milking parlors of the same size showed that
there was no difference in total milking time per
milking rotation between the territorial and sequential
methods, indicating that it is important to follow
established milking procedures. The number of
scrubber-type teat cleaners was small compared to the
number of milking workers, and the sequential method
was best suited to using scrubber teat cleaners. In
addition, it was demonstrated that the time required
to start each milking preparation steps was important.
It is therefore important to determine and simulate the
time required for each milking preparation steps based
on the video recording results.

The findings clearly showed that reductions in
milking time and improvements in labor efficiency
were more influenced by changes to workflows than
by changes in the way that the cows were processed.
It is therefore considered necessary to review the
milking preparation steps and workflow based on
milking theory to improve labor efficiency, reduce
milking time, and improve the milking system.
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Summary

This study aimed at determining how dry period shortening (35 days) and daily bypass protein dietary
supplementation affect subsequent milk production and reproductive traits in primiparous Holstein cows.

We assigned the cows to one treatment at each station: traditional 60-day dry period, 35-day dry period, and 35-
day dry period with bypass protein dietary supplementation (“‘control”, “shortening”, and “shortening and
strengthening” groups, n = 39, 32, and 37, respectively). We registered significantly (P < 0.01) higher milk yield in
the control group, although the difference between the treatments was smaller when add extension of milking
period. The negative energy balance condition during early lactation was alleviated in the “shortening” and
“shortening and strengthening” groups. Milk fat, protein, and solid non-fat percentages were significantly (P < 0.05;
P < 0.01) higher in the “shortening” and “shortening and strengthening” groups. We detected earlier first standing
estrus in the “shortening” and “shortening and strengthening” groups. Finally, we observed and pregnancy rate of
cumulative was earlier rise in the “shortening and strengthening” group.

In conclusion, the 35-day dry period in primiparous Holstein cows might improve health and reproductive
performance through nutritional sufficiency, although it could reduce milk yield. And daily dietary
supplementation with bypass protein during a 35-day dry period might enhance health and reproductive

performance.

Key words : primiparous Holstein cows, dry period shortening, milk production, reproductive traits
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FWHLEGRIED D B, BLAFEIZOWTIE X — 7 — RAEETRHE

R L7:. AMBRSER (Fo4 7Y AN, 208
W, ORED), MEKUMN (VA 7T A, LigHE, K’
50, WHMHRAEE (F5F7F3I v 2 A, £FE
FaO), KUk (BRRGERHE 7 V-7, KR,
Fo) 2R 2 IR TEHATRA LR L., SK5- 608
DOHHEIEFR 2 DL BY TH Y, EiimILX O
B CPEEURL, IR FL A W R B X OV X 5z
FLEE & ORICRLESRA ~ b o#EEFZIT 72 WL
FRHE— e 2 WAL R SR CRRBR & 47 - 72
AT ho X b HARMZEEEAEZLE (20064 k)
2 & B HERE + BIK H 803 kg + 10RO W AL ke
(TDN) - ¥i&mHE (CP) ZERENI00% % TR T 5 &
INHEOKREN SHF LTS L. F-feksny
DEYIVBESLIvZ A (100 g472h ¥y I VA
50,000 IU, €% 3 D,6,0001U, ¥% 3 YE 1000 mg,
AT 200 mg, —IFUEETINIOg IV 23 g,
F7IVI2 g@A, FYaFuiad ) —HY
72050 gy G- L7z, etk 4 B RN FLI A SR 2
WIAFEA~OY W FE M & L, 5% 5 HH 2 5
FLBIFEL100% # o &8, U YBA Iy LA
Ly M (7779 YHIVMG50, /NFHEALEETE, K
7)) %200~300 g, ¥¥IVBBTLIvZ AIE—HY
720100 gk L7z, AWM B CTHEEHG G-l 0 3
&L, 88 :30~9 :00, H13:00~13:30, 416
00~16:30& L7z.

3. AITEE S LVAIESE

ki, KF4ar5F43ar2a7 (BCS) 35y
52 6 BMAT, 2 EEE, 1AM, SWH, 5%k 1E,
33, 1238, BI 16D TH L REIZHE L7z, filkHE
ML, MEMEORREZEHIL, B5E2LELT W
TME L7z, 203U 3G 5RO 700l CRLEDEHC
DWTIIEFGEGHTE, BEAFEHIOWTIE A = —ff
AEfE) oML LRI O 2 M oL IS EH
L, FLEMAE (IRDE, MREES, &OE, 76 RE
RER, M) g L7

BRI, IEBILE, EhMA B X ORI
(RIVAZ A H) 12X B NTEEZITV, 5% OR)
WIHESE H L, % RUE HE, P £ cCoHE, <Mk
DA, ZHEFTICE LA, BB ZhEco
WAL SMBoOMRERE T TO I, 5k
445 H i 2 R PR Z2 R IART & L, J815A%ma LT b %
Kzl L7270, ThLBETRNOIEE TIZE L
HEE L7z, ZROAEIGHRE2GETOZROAEL
L, SZHEIE240E F Tl L7z B e L
bk L RitzhRiE, Lzt 2zERITEC
BE L THRA LY, #HRZEOZHBEREZEN L2 TR
L7-.

MEE, Fe7L7 e 4 M, ZRLEAL 58P ES
B, 208, 1HEFT, otk 18, 48, 88, 1238, 16
BOF% 1 (FIRHES-0 4 BRI ) 12A8) Y ADE
ZERRINAE £ 19GERIMEE (& 12 TERUMO, #u() %



1

€
i

192 K& e

u

WCSHBIR2 HERIL, SNy~ 7 VidiE b i
K& L7z, w058k (2000xg, 47T, 2043) (ki
SeakgmEL, MEFT-30CUTTRIELZ. ImiEn—
AL (Fva—R, RFEEFE (BUN), BEH
(TP), 7Vv7 3> (ALB), #aL A7u—) (T-Cho),
FYZUERY K (TG), V7 I VEEF SV OlfiE S
VAT I5—¥ (GOT), ZFIVZ I VBENVEVELS
VAT I7—+¥ (GPT), AWK AKKZME (LDH), 7
VAN T+ AT 75— (ALP), v~ ZI¥ 3N
NS U ARTFF—F (yGTP), # V¥ 7Ah (Ca),
R >~ (IP)), EEERDIR (NEFA)) L7 4
B — AR BRI v & — (BLIE) ~OZFECITXL D
L8 B By #3508 (BM-8060 ; HAR®E T, Hm) 12T
1otz F72, &7 MK, 7T MEEEE, 3 - FuF
UEEEBIZY — - A - TV (BT ICTHE L.

V— X Y INFSRIIRZ LR, v e 50, 258, 1
W, Wefe 10, 458, 838, 123, 16D % 1K
CEBREAZITAEDOLV— A VI TF—F U (ZMT
¥, BN, BIOBELELE R 2HWOROT
B, B2V — X Vifik 3EA—ETHHLT:
BICpHZWE L, b= RSHTE T-30CTHRE L

J 14

49555 4 7 (2024)

2. TYESTRERRER, A F7 )/ —VEICK
Wikt L7z (7vE=T7 -F AN a—, B4
IV AHDGHSE, KF). WEENENIEE (short-chain fatty
acid, SCFA) &Eix, 7o b U2 NEREEHE & L,
10% Y YBRICX Dy v LBl 2 A 7a< b7
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TDNI/FS % 104.7 19 104.5 19 105.0 19 NS
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TDNI kg/ H 175 04 16.6 0.4 17.2 0.4 NS
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5. WEEF O ILEDY 2 B OREFUSGERIC KU

xf R IX SR X rAm R L IX P
iy SE B2 SE Ty SE
&SRy kg/day 38.6a 11 33.8b 1.2 34.2b 1.2 <001
3 FCM kg/day 36.92a 13 334b 1.3 34.0b 1.3 0.01
35 SCM kg/day 36.2a 1.2 33.1b 1.3 33.6ab 1.3 0.02
FLAR % 3.75b 0.12 400a 0.12 4.06a 0.12 0.02
FLAGR kg/ H 1.44 0.06 1.33 0.06 1.36 0.06 NS
HLEAER % 3.02b 0.04 3252 0.04 324a 0.04 <001
AEAEE kg/ H 116 0.04 1.09 0.04 110 0.04 NS
IR [ 455 % 846b 0.05 8.72a 0.05 8.74a 0.05 <001
4 N [ 594 kg/ H 3.26a 0.10 2.94b 0.10 2.98h 0.10 0.01
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FLAER kg/ H 1.72a 0.05 1.52b 0.05 1.55b 0.05 <001
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Multiple necrotizing myocarditis observed in chickens infected with H5N1
subtype highly pathogenic avian influenza virus in Saitama Prefecture
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Summary

In December 2021, an outbreak of subtype H5N1 highly pathogenic avian influenza (HPAI) occurred in Saitama
Prefecture. An immunochromatographic assay for influenza A virus (IAV) was conducted using two live chickens
and eleven dead chickens. Since all the chickens tested positive, two live chickens, five dead chickens, and three
cohabiting chickens were used to evaluate the pathogenicity of the disease.

Histopathological examination revealed multiple necrotizing myocarditis with mild to severe lymphocyte and
macrophage infiltration in the heart in all autopsied chickens. Immunohistochemical examination using mouse anti-
TIAV antibodies revealed viral antigens in the nuclei and cytoplasm of cardiomyocytes consistent with necrotic foci
in the heart, but no viral antigens were detected in systemic vascular endothelial cells. Genes spesific to H5 IAV
were detected by PCR in two live chickens and five dead chickens, and the genes were identified as H5N1
subtype HPAI virus (HPAIV) by genetic analysis.

HPAIV is known to often cause necrosis of the spleen and pancreas and rarely causes myocarditis. In this case,
multiple necrotizing myocarditis was seen in all chickens. It has been reported that myocarditis appears about a
week after infection, and that viral antigens are detected in vascular endothelial cells 2 to 3 days after infection,
and decrease markedly 4 to 5 days after infection. Therefore, this case was considered to have been about a week
after infection.

Key words : HPAI, H5N1, Chicken, Multiple necrotizing myocarditis
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