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Milk quality in Holstein dairy herds with and without antimastitis intra-
dermal vaccination in the Bohemian-Moravian Highlands (Czech Republic)
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ABSTRACT

Vaccination is considered one of the potential tools to reduce antibiotic use in dairy herds by preventing mastitis.
This study compared milk yield (2024) and milk quality (June 2022-2024) in two groups of Holstein herds in the Bo-
hemian-Moravian Highlands (the Czech Republic): eight vaccinated herds and eight unvaccinated herds. The groups
were comparable in days in milk, calving interval, and altitude. A periodic intradermal autogenous vaccine targeted
gram-negative pathogens. Milk yield was slightly higher in unvaccinated herds (vaccinated vs. unvaccinated: 1+t lacta-
tion 10,372 + 935 vs. 10,503 + 2,139 kg; later lactations 11,510 £ 1,270 vs. 11,780 £ 2,491 kg). The somatic cell count
(187 £ 71 vs. 178 + 47 10%/ml; P<0.001) and the total count of mesophilic microorganisms (TCM; 23.1 + 68.4 vs. 15.0
+ 41.5 10° CFU/ml; P<0.01) were slightly higher in vaccinated herds. The count of coliform bacteria (COLI) was 9.7 +
24.1 vs. 17.3 = 34.7 CFU/ml (P>0.05), which may indicate the vaccine’s focus on gram-negative pathogens. To assess
longer-term trends, bulk tank milk samples from the pre-vaccination period (2021-May 2022) were also included.
Comparison of pre- and post-vaccination periods showed observable improvements over time in vaccinated herds,
more notably increased fat (2.9%), lactose (0.61%), and solids-not-fat (0.56%), and reduced free fatty acids (-3.23%),
TCM (-9.09%, based on geometric means), and COLI (-60%, based on geometric means). Overall, vaccination was as-
sociated with slight improvements in several milk quality indicators, which tended to move closer to those observed
in unvaccinated herds.

Keywords: somatic cell count, bulk tank milk, autogenous vaccine, gram-negative mastitis pathogens, antibiotic
reduction

ABSTRAKT

Vakcinace je povaZovana za jeden z moznych nastrojli ke snizeni pouzivani antibiotik v chovech dojnic prostred-
nictvim prevence mastitid. Studie porovnavala mlé¢nou uzitkovost (2024) a kvalitu mléka (cerven 2022-2024) u dvou
skupin stad dojnic holtynského skotu na Ceskomoravské vrchoviné: osmi vakcinovanych a osmi nevakcinovanych
stad. Obé skupiny byly srovnatelné z hlediska dnt laktace, mezidobi i nadmorské vysky. Byla pouZita periodicka intra-
dermalni autogenni vakcina cilend na gramnegativni patogeny. MIéc¢na uZitkovost byla mirné vyssi u nevakcinovanych
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stad, a to jak v prvni laktaci (vakcinovana vs. nevakcinovana: 10 372 + 935 vs. 10 503 + 2 139 kg), tak u vyssich laktaci
(11 510 £ 1 270 vs. 11 780 + 2 491 kg). U vakcinovanych stad byl zaznamenan mirné vyssi pocet somatickych bunék
(187 £ 71 vs. 178 + 47 10%/ml; P < 0,001) i celkovy poc&et mikroorganismti (CPM; 23,1 + 68,4 vs. 15,0 + 41,5 10° CFU/
ml; P < 0,01). Pocet koliformnich bakterii (KOLI; 9,7 + 24,1 vs. 17,3 + 34,7 CFU/ml; P > 0,05) by mohl souviset se
zamérenim vakciny na gramnegativni patogeny. Pro posouzeni dlouhodobéjsich trendd byly do hodnoceni zahrnuty

také vzorky bazénového mléka z obdobi pfed zahajenim vakcinace (2021-kvéten 2022). Porovnani obdobi pred a po

vakcinaci ukazalo u vakcinovanych stad pozorovatelna zlepSeni v ¢ase, zejména zvyseni obsahu tuku (2,9 %), laktozy
(0,61 %) a tukuprosté susiny (0,56 %) a soucasné snizeni obsahu volnych mastnych kyselin (-3,23 %), CPM (-9,09 %,
vypocteno z geometrickych praméra) a KOLI (-60 %, vypocteno z geometrickych pramért). Celkové byla vakcinace

spojena s mirnym zlepsenim vybranych ukazatel( kvality mléka, které se v priibéhu sledovani priblizily hodnotam u

nevakcinovanych stad.

Klicova slova: pocet somatickych bunék, bazénové mléko, autogenni vakcina, gramnegativni plvodci mastitid, re-

dukce antibiotik
INTRODUCTION

Dairy farming is generally characterized by a con-
tinuous increase in milk yield (in the Czech Republic,
from 9,099 kg per lactation in 2019 to 9,741 kg in 2023;
Syrlcek et al., 2024), driven by genetic improvement, im-

proved nutrition, and enhanced animal welfare.

Production disorders of the mammary gland (dis-
orders of milk secretion, subclinical and clinical mas-
titis) are a constant problem in dairy farming (Pyorala,
2003; Sumon et al., 2020; Bucek et al., 2021). Hisira et
al. (2023) mentioned: “Despite the considerable efforts
made by many scientists and experts in mastitis, the dis-
ease has not been eliminated on dairy farms and remains
a serious problem, causing significant losses to farmers.”
The plasticity of the problem contributes to its long-term
persistence, which is shaped by the dynamic changes in
its nature. In the past, contagious mastitis (mainly caused
by Streptococcus agalactiae and Staphylococcus aureus)
represented the predominant challenge. Later, environ-
mental mastitis (e.g., due to Streptococcus uberis) became
more prevalent. Currently, mastitis of non-bacterial or-
igin is gaining increasing importance, particularly in as-
sociation with the unicellular alga Prototheca bovis (Ma-
linowski et al., 2002; Bzdil, 2013; Ely et al., 2019; Shave
et al., 2021; Seydlova et al., 2022; Beinhauerova et al.,
2024). In addition, nonspecific lactation disorders and
related conditions remain relevant despite continuous
prophylactic measures by farmers and therapeutic inter-

ventions by veterinarians.

An important factor influencing the occurrence of
mastitis is the physiological and metabolic burden as-
sociated with the onset of lactation, particularly in
high-producing cows. The transition to early lactation
is accompanied by negative energy balance, oxidative
and inflammatory stress, and reduced immune compe-
tence (Zhang et al., 2024). These processes increase the
cow'’s susceptibility to intramammary infections, which
explains why high-yielding dairy cows are more prone to
mastitis during this period (Atasever and Erdem, 2009).

Mastitis has been and continues to be a significant
source of economic losses in dairy farming (Stanek et
al., 2024), primarily due to reduced milk production and
quality, and it is also the main reason for the use of anti-
biotics (ATB) for both treatment and prevention. Kvapilik
et al. (2014, 2015) estimated the economic impacts of
mastitis on milk production. The total loss per case of
mastitis was approximately CZK 9,000 (EUR 360). This
still could be valid: the largest loss from reduced milk
yield (37%); the second from culling of dairy cows (20%),
etc. However, the total loss should be adjusted upward
by about 30% due to significant inflationary effects (i.e.,
to approximately CZK 11,700; EUR 468). Arikan et al.
(2024) mentioned that the total economic loss in sub-
clinical mastitis, as the main cause of losses in the herd,
is not only due to the loss of milk production, but also to
the cost of treatment and the loss of milk from the cow
in the case of ATB treatment. They estimated this vol-
ume at 41.15, 80.5 and 114.5 L of milk per treatment in
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cases of mild, moderate and severe disease, respective-
ly. Furthermore, Atasever and Erdem (2009) recorded
in Holstein cows in Turkey with an average somatic cell
count (SCC) for 10 years of 705 103/ml relative losses in
daily milk yield, lactation milk yield and milk yield for 305
days of lactation of 14.6 to 17.4, 11.6 and 12.8 to 15.4%,

respectively.

A similar problem is the continuously increasing resis-
tance of pathogens to ATB (Pitkéla et al., 2004; Ferges-
tad et al., 2021; Naranjo-Lucena and Slowey, 2023). The
overuse of ATB in both human medicine and agricul-
ture accelerates the rapid emergence of antimicrobial
resistance (AMR) and multidrug-resistant bacterial “su-
perbugs” worldwide. AMR has been recognized by the
World Health Organization (WHO) as one of the top
ten global threats to public health (O’Neill, 2016; Roope
et al., 2019; Abdelaziz et al., 2024; Maeda and Furusa-
wa, 2024). The risks associated with AMR affect both
domestic animals and human populations, where even
the treatment of minor diseases can become problem-
atic (Boireau et al., 2018; Murray et al., 2022; Laxmina-
rayan, 2022; The Lancet, 2022; Alenezi et al., 2024). A
significant source of ATB use - and consequently of ATB
residues entering the environment - is the treatment
of mastitis in dairy cows. Therefore, there is increasing
pressure to ensure the responsible and effective use of
ATB in animals, not only in pigs and poultry but also in
companion animals such as dogs (Singleton et al., 2020;
Nunan, 2022).

The potential to reduce ATB consumption in dairy
farming is supported, among other factors, by ecological
(organic) farming compared to conventional practices.
The relevant studies indicated that further reduction of
ATB consumption in dairy farming is still realistic (Wil-
helm et al., 2009; Krogh et al., 2020). Modern methods
such as vaccination (Freick et al., 2016; Sedky et al.,
2020; Rainard et al., 2021) or newly tested procedures,
such as acoustic pulse technology in the therapy of dairy
cow mastitis (Leitner et al., 2021), are offered to reduce
ATB consumption in the mastitis treatment.

Another option to reduce ATB consumption may be
to switch from routine preventive treatment of mastitis
with ATB during the dry period of dairy cows (all ani-
mals). Here, a more efficient way of ATB use (reducing
their overuse) is to select cows for ATB treatment during
the dry period. This switch was described in Finland by
Niemi et al. (2022) in the period 2015-2017, where they
also warned against introducing this switch too radically
due to the risk of losses in milk yield and high SCC in
the following lactation. Since up to 31% of dairy farms
still use blanket preventive administration of ATB during
the dry period, there is room for rationalization of ATB
application. This is in line with the concept of socially
acceptable animal husbandry (Bennewitz et al., 2021).
Therefore, the general goal is to reduce ATB consump-
tion in dairy farming.

The possibility of vaccination of dairy cows as a pre-
vention of mastitis has already been mentioned. In the
CR, antimastitis intradermal vaccination of dairy cows
(AIVDC) was carried out in several dairy herds before
2021 (Masek et al., 2022). Hypothetically, this could be
considered a means to improve mammary gland health
in dairy cows, enhance milk yield and quality, and re-
duce ATB use for both economic and environmental rea-
sons. In general, in this variant, this vaccination method
(vaccine) is effective primarily in solving problems with
gram-negative pathogens (i.e., environmental pathogens
- mastitis).

This work aimed to evaluate the possible impact of
long-term application of AIVDC (2021-2024) in Holstein
cow herds in the CR (the Bohemian-Moravian Highlands)
on the quality of their milk compared to reference herds
with the absence of AIVDC. The results of the impact of
the above type of mastitis vaccination on milk produc-
tion and quality are not well known. Similar results have
not been published in the available materials (CR) so far.
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MATERIAL AND METHODS

Study herds, data sources, and sampling procedure

Data from the dairy herds (8 without AIVDC and 8
with AIVDC) were extracted from the official milk quali-
ty control database (Czech Moravian Breeders’ Corpora-
tion, a.s. (CMSCH, a.s.)). For the vaccination period (June
2022-2024; 31 months), a total of 2,676 bulk tank milk
samples were collected, of which 1,388 were from herds
without AIVDC and 1,288 with AIVDC. For the period
before vaccination (2021-May 2022; 17 months), 1,302
samples were included, 756 without AIVDC and 546
from later vaccinated herds. Milk yield (kg per lactation)
in 2024 was obtained from the milk recording system
(CMSCH, a.s.). In the experimental comparison, approx-
imately 200-440 dairy cows per herd were included in
each of the 8 herds without AIVDC, and 150-260 dairy
cows per herd in each of the 8 herds with AIVDC during
the respective time periods. All samples were collected
proportionally using automatic sampling devices once
or twice a month, immediately cooled (<6 °C) and trans-
ported to a laboratory.

Environmental and nutritional conditions

Feed production and nutrition of dairy cows may be
related to altitude, especially when it comes to the quan-
tity and quality of production of energy-rich roughage
(maize and maize silage). Feed utilization may also be re-
lated to the cow breed. For this reason, all 16 dairy herds
were of the Holstein breed and were located at altitudes
of 2400 m. The cows were kept in free-range barns with
straw-filled box bedding and a controlled microclimate.
The animals were fed by TMR (total mixed ration), main-
ly twice a day with roughage moving closer to the ani-
mals regularly on the feeding table. The TMR consisted
of corn silage, grass silage (feed base from fermented
roughage), hay, feed concentrates, and mineral and vita-
min supplements. The TMR was adjusted to the needs of
the dairy cows according to their milk yield and lactation
group in terms of nutrient intake. The cows were milked
in milking parlors (fishbone or side-by-side).

Intradermal vaccination protocol

A preventive method maintaining the health of the
mammary gland of cows, AIVDC (Masek et al., 2022) fo-
cused on gram-negative mastitis pathogens, consists of a
vaccine applied to dairy cows four times a year, in intra-
dermal form. The high-pressure Agro-Jet device (Medical
International Technologies Inc., MIT, Canada) powered
by compressed CO,, was used for vaccine administration.
A veterinary technician can vaccinate approx. 300 dairy
cows per hour with this device, depending on farm con-
ditions. It applies the vaccine approx. 2-5 mm deep into
the subcutaneous tissue. The intradermally applied vac-
cine (Sevax manufactured by Sevaron Ltd.) acts through
Langerhans cells in the skin, which transmit information
to the animal’s immune system. It is a gentle vaccination
method, considerate of animal welfare, with a low risk of
abscess formation. Sevax is an autogenous preparation,
an antigen and its required concentration is obtained by
taking samples on the farm and their subsequent labo-
ratory microbiological processing. The dose of vaccine
for the animal was 0.5 ml. Revitalization of vaccines (a
microbiological upgrade) during revaccination of cows,
according to the results of microbiological examination
of milk samples, took place twice a year. Vaccines were
therefore prepared individually at half-year intervals
(June 2022-2024) based on previous bacteriological ex-
aminations of dairy herds. The vaccines were herd-spe-
cific in their antigenic spectrum, with a primary focus on
environmental mastitis. The following agents were re-
corded in the spectrum of antigen origin of specific vac-
cines: Escherichia coli; Klebsiella pneumoniae (permanent
contact with the herd is key to catching the correct sero-
type, most often 2, i.e. 90% of the possible 11 for effec-
tiveness); Serratia species. The concentration of antigens
is 20 to 25 units. Antigens may change in composition
and characteristics relevant to the periodic detection of
the dominance of gram-negative mastitis pathogens in
the dairy herd during revaccination after 6 months. Table
1 presents a methodological decision-making scheme for
approaching AIVDC in a herd based on previously ob-
served and investigated manifestations of problems with
the health of the mammary glands of dairy cows.
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Table 1. Methodological and decision-making framework for implementing AIVDC in a dairy herd

Acute mastitis Chronic mastitis Overall deterioration of health

Local therapy Infusion therapy

Cultivation

Yeasts G-

Candida albicans,
Candida kefyr

NSAID, infusions,
local therapy.

Vaccination according to herd status,
somatic cells, cultivation.

Infusion and supportive therapy
Antibiotics only at temperatures above
40 °C

Klebsiella pneumoniae,

Escherichia coli,

Serratia marcescens.

G+ Sterile

Antibiotics, both general and local,
infusion therapy.

Supportive therapy.

Streptococcus uberis - antibiotics always,
even without fever.

Streptococcus dysgalactiae -
intramammary preparations

Staphylococcus xylosus - intramammary
and submucosal therapy.

Staphylococcus aureus - often does not
respond to therapy.

AIVDC = antimastitis intradermal vaccination of dairy cows; G- and G+ =

Farmers’ motivation for accessing herd AIVDC was
twofold: - to improve the health status, milk yield and
milk quality when the herd’s health state was deterio-
rated due to mastitis; - to save on ATB costs when the
herd’s health state was average and better, while cover-
ing the costs of AIVDC from these savings.

Analyses of bulk tank milk samples (milk quality control)

Milk samples were analyzed according to the relevant
standard operating procedures of an accredited labora-
tory (testing laboratory CMSCH, a.s. 1312.2 accredited
by the CIA according to CSN ISO/IEC 17025 (CAS, 2018),
Milk Analysis Laboratory (LRM) Brno-Tufany) for: - com-
ponent indicators, i.e. fat content (F; %), crude protein
(CP; %), casein (CA; %), lactose monohydrate (LM; %), sol-
ids-not-fat (SNF; %), urea (U; mg/100 ml), free fatty acids
in milk fat (FFA; mmol/100 g of fat); - milk freezing point
equivalent (MFPE; in °C x -1,000 (e.g. -0.525 = 525.0)).
The analyses were performed on infrared milk analyz-
ers using the MIR-FT method (infrared spectroscopy in
the mid-infrared region with a Michelson interferome-
ter and use of Fourier transformation). CombiFoss FT+
instruments (Foss Analytical A/S, Hilleréd, Denmark)
were used. The values that exceeded the MFPE limit (in
°C x -1,000) using the MIR-FT method were confirmed

through validation measurement of MFP (milk freezing

gram-negative and gram-positive bacteria.

point) using the cryoscopic method on the CryoStar au-
tomatic device (Funke-Gerber, Berlin, Germany) accord-
ing to the CSN 1SO 5764 (UNMZ, 2010b).

SCC was determined using the flow cytometry (FC)
method on a fluoro-opto-electronic particle counter
CombiFoss FT+ (Foss Analytical A/S, Hilleréd, Denmark).
This was regularly calibrated (CSN 1SO 13366-1 (CNI,
2008) and CSN ISO 13366-2 (CNI, 2007)).

The total count of mesophilic microorganisms (TCM;
10° CFU/ml) was determined using FC by direct counting
of bacterial cells on the BactoScan FC device (Foss Ana-
lytical A/S, Hillerad, Denmark) with subsequent conver-
sion using the relevant conversion equation to CFU/ml
according to the reference cultivation method according
to CSN 1SO 4833-1 (UNMZ, 2014).

Count of coliform bacteria (COLI; CFU/ml) by cultiva-
tion at 30 °C for 24 hours with pouring with agar medi-
um (agar with crystal violet, neutral red, bile salts; Mil-
com Tabor) according to CSN 1SO 4832 (UNMZ, 2010a).

Residues of inhibitory substances (RIS; -/+) were
checked using a microbiological procedure (Geobacillus
stearothermophilus; a test microorganism with high sensi-
tivity to ATB), an inhibition test (cultivation at 65 °C) with
the pH indicator Eclipse 50 (ZEU-IMMUNOTEC, Spain).
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Statistical evaluation of results

The following parameters were calculated for the
milk indicators: mean values (arithmetic mean (x), me-
dian (m)); variability in the form of standard deviation
(SD) and coefficient of variation (CV in %); minimum and
maximum. The significance of differences between the
means of milk indicator values was tested by a classical
unpaired t-test (MS Excel, Microsoft, Redmond, Wash-
ington, USA) at conventional confidence interval levels
(P>0.05 ns; P<0.05 *; P<0.01**; P<0.001***). Data with
frequent deviation from normal frequency distribution,
such as SCC, TCM and COLI, were logarithmically trans-
formed (log, ) to approach normal frequency distribution
and calculate geometric mean (xg).

RESULTS AND DISCUSSION

The results in Tables 2 and 3 summarize the basic
breeding characteristics of the herds with and without
AIVDC in the 1%t and higher lactations. The differences
were also due to the relatively lower number of herds,
statistically insignificant (P>0.05), with the exception of
F (Table 3, in the 2"¢ and higher lactations; P<0.05). F
(Table 3) was recorded by 0.16% higher (3.93 + 0.1%) in
the group with AIVDC, compared to the reference herds
(3.77 £ 0.17%). The difference in the 1t lactation was
similar, 0.15% (3.95 + 0.1 vs. 3.8 £ 0.18%; P>0.05). The
other indicator differences are insignificant. The differ-
ences in CP content were 0.06% (Tables 2 and 3) in favor
of herds without AIVDC (3.29 = 0.03 vs. 3.35 + 0.16%

Table 2. Basic breeding characteristics of Holstein dairy herds in the vaccinated (with AIVDC) and unvaccinated (without AIVDC)
groups according to summarized data from milk recording and significance of differences between them at the end of the vacci-
nation period (2024, control year of milk recording system), first lactation

Group Indicator NL DIM MY (kg) F (%) F (kg) CP (%) CP (kg)
With AIVDC n 8 8 8 8 8 8 8
X 152.3 294.6 10,372 3.95 408.3 3.29 341.3
SD 73.8 2.7 935 0.1 27.9 0.03 28.7
cv 13.2 0.9 9 2.5 6.8 0.9 8.4
min 27 291 9,547 3.74 373 3.25 317
max 239 298 12,557 4.07 469 3.32 409
m 153 295 10,152 3.95 403 3.3 332
Without AIVDC n 8 8 8 8 8 8 8
X 238.5 297.3 10,503 3.8 397 3.35 353.5
SD 111.8 2.6 2,139 0.18 71.9 0.16 75.9
cv 46.9 0.9 20.4 4.8 18.1 4.9 215
min 32 294 5,839 3.55 238 3.06 178
max 437 301 12,524 4.07 469 3.64 418
m 230 298 11,260 3.78 417 3.35 373
Difference t 1.82 1.99 0.16 2.04 0.41 1.03 0.43
sig ns ns ns ns ns ns ns

AIVDC = antimastitis intradermal vaccination of dairy cows; n = number of cases; x = arithmetic mean; SD = standard deviation; CV = coefficient of
variation (%); min = minimum; max = maximum; m = median; t = value of the test criterion of the unpaired t-test; sig = significance (ns = P>0.05, not
significant); NL = number of lactations; DIM = days in milk; MY = milk (milk yield); F = fat in milk; CP = crude protein in milk; everywhere standardized
lactation = 305 days. According to Table 2, the comparison (2024, control year of milk recording system) included: - with AIVDC (152.3 x 8) 1,218
closed lactations (each lactation includes 10 measurements of each milk indicator during lactation in the milk recording system, such as ML, F and
CP), it means 12,180 individual measurements; - without AIVDC (238.5 x 8) 1,908 closed lactations, i.e. 19,080 individual measurements.
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and 3.29 £ 0.04 vs. 3.35 + 0.14%). Milk yield was slight-
ly higher in herds without AIVDC (Tables 2 and 3). This
may be related to the trend in F. The herd groups are
very similar in terms of days in milk (Tables 2 and 3). This
is important for the objectivity of the comparison. The
same argument also applies to the reproductive indica-
tor of the length of the calving period (Table 3; 382.8
+ 8.0 vs. 380.0 £ 11.8 days). A significant argument for
a good possibility to compare herd groups is the insig-
nificant difference between the average altitudes of the
location of herd groups (Table 3; P>0.05; with AIVDC vs.
without AIVDC, 555.8 + 73.5 vs. 558.8 + 75.8 m). This

is perceived as an indicator of the comparability of the

nutritional and feeding characteristics of the cow herd
groups. Although there are larger differences in the num-
ber of lactations (NL) included (Tables 2 and 3), the dif-
ferences are insignificant, mainly due to their large vari-
ability among herds. If the main motivations for AIVDC
technology adoption are considered - namely, the po-
tential for reduced ATB use and related cost savings, as
well as improved dairy cow health leading to increased
milk yield - then the comparable milk yield per lacta-
tion between groups (with AIVDC vs. without AIVDC =
10,372 + 935 vs. 10,503 + 2,139 kg and 11,510 + 1,270
vs. 11,780 + 2,491 kg; Tables 2 and 3) provides evidence
that the intended goal could be achieved.

Table 3. Basic breeding characteristics of Holstein dairy herds in the vaccinated (with AIVDC) and unvaccinated (without AIVDC)
groups according to summarized data from milk recording and significance of differences between them at the end of the vacci-
nation period (2024, control year of milk recording system), second and other lactations

Group Indicator A (m) BC (day) NL DIM MY (kg) F (%) F (kg) CP (%) CP (kg)
With AIVDC n 8 8 8 8 8 8 8 8 8
X 555.8 382.8 437.6 295 11,510 3.93 451.8 3.29 378.5
SD 73.5 8 238 2.3 1,270 0.1 38.8 0.04 38.7
Ccv 13.2 2.1 54.4 0.8 11 2.6 8.6 1.2 10.2
min 494 373 74 292 10,427 3.7 409 3.25 347
max 708 397 795 298 14,486 4.04 537 3.35 470
m 523 382 440 296 11,068 3.96 442 3.28 367
Without AIVDC n 8 8 8 8 8 8 8 8 8
X 558.8 380 635.8 297.5 11,780 3.77 440.8 3.35 396
SD 75.8 11.8 286.1 2.7 2,491 0.17 824 0.14 85.8
Ccv 13.6 3.1 45 0.9 211 4.6 18.7 4.3 21.7
min 420 361 96 293 6,446 3.56 261 3.13 202
max 658 399 1,082 301 13,965 4.05 520 3.63 470
m 573 379 718 298 12,649 3.72 473 3.36 421
Difference t 0.08 0.55 1.51 1.99 0.27 2.26 0.34 1.15 0.53
sig ns ns ns ns ns * ns ns ns

AIVDC = antimastitis intradermal vaccination of dairy cows; n = number of cases; x = arithmetic mean; SD = standard deviation; CV = coefficient of
variation (%); min = minimum; max = maximum; m = median; t = value of the test criterion of the unpaired t-test; sig = significance (ns = P>0.05, not
significant); * = P<0.05, significant; A = altitude; BC = between calving period; NL = number of lactations; DIM = days in milk; MY = milk (milk yield); F
= fat in milk; CP = crude protein in milk; everywhere standardized lactation = 305 days. According to Table 3, the comparison (2024) included: - with
AIVDC (437.6 x 8) 3,501 closed lactations (each lactation includes 10 measurements of each milk indicator during lactation in the milk recording
system, such as MY, F and CP), it means 35,010 individual measurements; - without AIVDC (635.8 x 8) 5,086 closed lactations, i.e. 50,860 individual
measurements. In total (Tables 2 and 3), this equals 117,130 measurements for each milk indicator separately. In this way, 11,713 dairy cows (2024,
control year of milk recording system) were included in the comparison. This means 4,719 dairy cows with AIVDC and 6,994 without AIVDC.
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In accordance with this reasoning Masek et al. (2022),
in a retrospective case study of a five-year profile (ap-
prox. in the middle of the period there was transition
from injectable, i.e. intramuscular, vaccine application to
intradermal) of one Holstein dairy herd with AIVDC stat-
ed that an autogenous vaccine with Escherichia coli and
Klebsiella pneumoniae antigens, with the simultaneous
use of the Valiant post-dip, brought: - a decrease in mas-
titis cases (clinical and severe subclinical) per year from
98 to 9; - a decrease in the % of cows culled and dead
in connection with mastitis by more than 93%; - based
on cultures, significantly reduced ATB consumption from
1,160 thousand CZK (2" year) to 135 thousand CZK (5t
year); - an increase in milk sales from 93.3% (3 year)
to 99.2% (5t year). Since the beginning of AIVDC, the
following effects have been observed: - lower incidence
of reproductive diseases (pyometra, retained placenta); -
lower costs of reproduction and lower costs of mastitis
treatment. At slaughter, quarters of the mammary glands
affected by abscesses after injection of the vaccine were
confiscated, which was eliminated by intradermal ap-
plication. The characteristics of milk quality indicators
before the vaccination period are summarized in Table
4. In comparison, significant differences were noted be-
tween herd groups (with AIVDC (in the future) and with-
out AIVDC) for: F, CP, CA, LM, SNF, U, FFA, MFP, TCM,
log TCM, and COLI. Overall, the milk quality, as well as
general indicators of lactation metabolism of cows in the
pre-vaccination period, can be assessed as slightly better
for the group without AIVDC. This may (by the previ-
ous bacteriological status of the herds) indicate a reason
for higher motivation for the later introduction of Al-
VDC. The indicators CP (+0.03%, in original units of %),
CA (+0.04%), LM (+0.12%), SNF (+0.16%), U, FFA (+0.07
mmol/100 g of fat) and MFPE are slightly better. The re-
sults of TCM (-14, respectively -4 10 CFU/ml) and COLI
(-22.1, respectively -5 (xg) CFU/ml) are clearly better.
However, the aforementioned differences were not very
significant from a practical point of view. Examination of
milk samples (Table 4) for the presence of RIS showed a
ratio of positive findings of 0 out of 299 in total (i.e. 299
negative) in the group with AIVDC and O out of 646 (646
negative) in the group without AIVDC.

The characteristics of milk quality indicators during
the vaccination period are summarized in Table 5. Due
to the high number of samples (2,676; with AIVDC vs.
without AIVDC, 1,288 vs. 1,388) and, of course, exper-
imental influences, most of the differences were signifi-
cant. Insignificant differences were recorded for MFPE,
log SCC, COLI and log COLI (Table 5). Logically, a trend
difference F (P<0.001) between groups was recorded in
Table 5 during the 31 months of the experimental peri-
od, as shown also in Tables 2 and 3. This difference was
0.16% (with AIVDC vs. without AIVDC = 3.9 + 0.22 vs.
3.74 £ 0.22%). This may be related to the slightly low-
er milk yield in the group with AIVDC, as already men-
tioned. However, the difference (Table 5) in the same
trend as in Tables 2 and 3 for CP was lower, 0.04%,
although significant (P<0.001; 3.35 + 0.11 vs. 3.39 +
0.15%). The same trend is observed in the CA difference
(Table 5): P<0.001; 2.63 + 0.09 vs. 2.66 + 0.12%. For
LM, the same difference (P<0.001) was 4.91 + 0.07 vs.
4.95 £ 0.04%. For solids-not-fat content, the difference
(P<0.001) was 8.96 + 0.16 vs. 9.05 = 0.17%. For U, the
difference (P<0.001) was 23.93 + 4.28 vs. 22.82 + 5.69
mg/100 ml. This difference was relatively, also practical-
ly, small, although significant. The content of FFA also
differed significantly (P<0.05), 0.9 + 0.3 vs. 0.86 + 0.19
mmol/100 g of fat.

SCC was slightly higher (P<0.001) in the group with
AIVDC (187 + 71 > 178 + 47 10%/ml), but this is practi-
cally negligible. The above points to the possibility that
herds adopting this technology to improve cow health
(with a worse initial state of mammary gland health) and
reduce milk losses gradually achieved their goal. The
difference in the TCM (Table 5) was significant (P<0.01
and <0.05) and amounted to for the groups with AIVDC
vs. without AIVDC 23.1 + 68.4 > 15.0 + 41.5 10% CFU/
ml. It points to a worsening initial hygienic condition of
milking in herds with AIVDC, while the incidence of COLI
showed an insignificant difference (P>0.05; lower num-
ber of measurements) 9.7 + 24.1 < 17.3 + 34.7 CFU/ml. It
may perhaps indicate the original targeted orientation of
AIVDC on gram-negative bacteria.
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Table 4. Statistical parameters of milk quality indicators of Holstein dairy herds in the later vaccinated (with AIVDC) and unvaccinated (without AIVDC) groups, including a

test of the significance of the differences between them during the monitoring in the period before vaccination (2021-May 2022, 17 months)

Group Indicator ~ F cP CA LM SNF U FFA  MFPE  SCC ngfé TCM TL(?EA coLl chfl
With AIVDC n 546 546 546 546 546 546 546 546 546 546 300 300 21 19
X 379 335 262 488 891 2347 093 52685 179 22322 263 10334 401  1.0207
SD 029 017 0.1 024 027 467 041 2.9 52 0141 614 0467 598  0.825
cv 7.6 5.1 3.9 49 1.8 199 441 0.6 29.3 233.5 149
min 179 303 236 40 8.1 12 0 516 18 1.2553 5 0.699 0
max 435 399 287 549 923 42 1.95 534 338 25289 599 27774 151 2179
m 386 335 262 496 899 24 097 52605 184 22648 7 0.8451 2 0.602
xg 171 11 10
Without AIVDC n 756 756 756 756 756 756 756 756 756 756 647 647 469 433
X 376 338 266 5 907 2174 086 52798 177 223 123 08488 18  0.6998
D 021 014 012 006 015 514 039 423 47 0137 49 026 346 0772
cv 5.5 41 47 1.3 17 236 457 0.8 26.6 397.9 1922
min 304 281 215 473 8.5 5 0 514 45 16532 5 0.699 0
max 472 364 291 517  9.42 35 273 540 342 2534 599 27774 151 2179
m 375 339 266 499 907 22 0.85 528 181  2.2565 6 0.7782 4 0.6021
xg 170 7 5
Difference t 219 352 617 1323 1362 623 312 539 059 028 376 779 276 177
sig \ . s s o s

AIVDC = antimastitis intradermal vaccination of dairy cows; n = number of samples tested; x = arithmetic mean; SD = standard deviation; CV = coefficient of variation (%); min = minimum; max =
maximum; m = median; xg = geometric mean; F = fat content (%); CP = crude protein content (%); CA = casein content (%); LM = lactose monohydrate content (%); SNF = solids-not-fat content
(%); U = urea concentration (mg/100 ml); FFA = content of free fatty acids in milk fat (mmol/100 g of fat); MFPE = milk freezing point equivalent (°C x -1,000); SCC = somatic cell count (103/ml);
log SCC = log,, SCC; TCM = total count of mesophilic microorganisms (10° CFU/ml); log TCM = log,, TCM; COLI = count of coliform microorganisms (CFU/ml); log COLI = log,, COLI; t = value of

the test criﬂiﬁoﬁmﬁnﬁre&—tﬁst; sig = significance (ns = P>0.05, not significant); *, ** and *** = significant, P (probability of the null hypothesis) <0.05, <0.01 and <0.001).
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Table 5. Statistical parameters of milk quality indicators of Holstein dairy herds in the vaccinated (with AIVDC) and unvaccinated (without AIVDC) groups, including a test

of the significance of the differences between them during the monitoring of the vaccination period (June 2022-2024, 31 months)

Group Indicator ~ F cp CA LM SNF u FFA  MFPE  scC 2% Tam (%8 cou [
With AIVDC n 1288 1288 1288 1288 1288 1288 1288 1288 1288 1288 663 663 49 43
X 39 335 263 491 896 2393 09 52991 187 22394 231 09898 9.7 05745
sD 022 011 009 007 016 428 03 611 71 0174 684 0414 241 0576
cv 57 33 33 14 18 179 328 12 377 296.8 248.7
min 288 256 185 386  7.16 8 009 414 50 1699 5 0699 0
max 498 37 291 504 932 40 38 547 532 27259 599 27774 151 2179
m 393 335 263 491 898 24 089 530 184 22648 7 08451 2 0301
xg 174 10 4
Without AIVDC n 1388 1388 1388 1388 1388 1388 1388 1388 1388 1388 1170 1170 775 717
X 374 339 266 495 905 2282 086 52963 178 22349 15 09541 173 06703
SD 0.22 0.15 0.12 0.04 0.17 5.69 0.49 5.13 47 0.114 41.5 0.31 34.7 0.791
cv 58 44 44 08 19 249 565 1 267 2768 200.8
min 266 285 221 469 83 1 0 491 54 17324 5 0699 0
max 434 38 298 513 948 36 624 542 664 28222 599 27774 151 2179
m 374 339 267 495 906 23 082 530 175 22418 7 08451 3 04771
Xg 172 9 5
Difference ¢ 1875 787 751 1903 1411 567 255 129 407 08 313 209 15 078
e . . , " . , .

AIVDC = antimastitis intradermal vaccination of dairy cows; n = number of samples tested; x = arithmetic mean; SD = standard deviation; CV = coefficient of variation (%); min = minimum; max =
maximum; m = median; xg = geometric mean; F = fat content (%); CP = crude protein content (%); CA = casein content (%); LM = lactose monohydrate content (%); SNF = solids-not-fat content
(%); U = urea concentration (mg/100 ml); FFA = content of free fatty acids in milk fat (mmol/100 g of fat); MFPE = milk freezing point equivalent (°C x -1,000); SCC = somatic cell count (103/ml);
log SCC = log,, SCC; TCM = total count of mesophilic microorganisms (10° CFU/ml); log TCM = log, , TCM; COLI = count of coliform microorganisms (CFU/ml); log COLI = log,, COLI; t = value of

the test criterion of the unpaired t-test; sig = significance (ns = P>0.05, not significant); *, ** and *** = significant, P (probability of the null hypothesis) <0.05, <0.01 and <0.001).
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The discussed papers in the field of antimastitis vac-
cination mainly deal with intramuscular application. Fur-
thermore, there are not many works that comment on
differences in milk quality over a longer period. Mata et
al. (2023) studied the effectiveness of vaccines in the
prevention of mastitis by meta-analysis: - effectiveness
decreases over time; - vaccines administered after calv-
ing are not effective; - vaccines administered before calv-
ing show reduced effectiveness; - commercial vaccines
are ineffective; - own production of vaccines (relevant to
microbiological examinations before treatment) shows
effectiveness in increasing milk and dry matter produc-
tion. Therefore, vaccination can be considered a com-
plementary tool to traditional preventive measures. The
results of this work show that AIVDC technology can be
one of the methods of controlling part of mastitis prob-
lems in the practice of dairy herds, with support for milk
quality in time. However, for possible further control of
the decrease in ATB consumption in dairy farming, fur-
ther support for reduction is necessary, e.g. by selecting
their preventive use during the drying-off of lactation in
dairy cows. Comparison of the average results of milk in-
dicators in consecutive observation periods (before and
during vaccination) in groups of dairy cow herds with and
without AIVDC is carried out in Tables 6 and 7. Signifi-
cant changes in milk indicators over time in the group
with AIVDC were recorded (Table 6) for: F, CA, LM, SNF,
U, MFPE, SCC, COLI, and log COLI. Changes in F (2.9%,
relatively), LM (0.61%), SNF (0.56%), FFA (-3.23%), TCM
(xg, -9.09%) and COLI (xg, -60%) can be considered as
more significant improvements. With regard to the cor-
responding results in the group without AIVDC (Table 7),
it can be stated that a more significant improvement in
milk quality over time during the vaccination period was
more often observed in the group with AIVDC. Here, it
is also possible to observe the reason for a certain par-
tial motivation for the use of AIVDC health technology
in dairy herds. However, it should be objectively noted
that this improvement was not very significant overall.
From a practical point of view, this technology needs to

be further evaluated.

Increasing milk yield is a prerequisite when using an-
timastitis vaccination of cows. This secondary premise
is conditioned by the primary premise of reducing the
frequency of mastitis. Mata et al. (2023) mentioned the
observed increase in milk yield in the case of in-house
vaccine production. Ismail (2017) mentioned that milk
production parameters significantly improved in cows
vaccinated with autogenous vaccines (Freick et al., 2016).
In this study, similar milk yields were found after a lon-
ger period of AIVDC application. These herds were able
to catch up with the milk yield of herds originally with-
out significant problems with mammary gland health.
Tashakkori et al. (2020) compared the efficacy of two
commercial vaccines (Startvac® and Mastivac®) against
bovine mastitis. When administered, the incidence of
clinical mastitis did not differ significantly between
groups. Similarly, SCC means did not differ significant-
ly during the 15, 2" and 3™ months of lactation. Isako-
va et al. (2021) determined the quality profile of milk in
high-yielding dairy cows vaccinated (Startvac vaccine)
against mastitis. During the test period, the detection
of Staphylococcus aureus decreased by 19.41%. Over the
four years of testing, a decreasing trend in SCC in bulk
tank milk was detected. SCC in milk from vaccinated an-
imals decreased by 286 at the milk unit and 432 103/ml
on the farm. With regard to the aforementioned literary
results, in our case, a slight improvement in milk qual-
ity and production was shown through the use of the
AIVDC method. This was in accordance with a little bit
more significant results (Freick et al., 2016; Ismail, 2017,
Isakova et al., 2021; Masek et al., 2022; Mata et al., 2023)
discussing similar and other forms of antimastitis vacci-
nation of dairy cows. Our conclusions were also only
slightly different from those of Tashakkori et al. (2020).
Samples tested for RIS (Table 5) showed a positive rate
of O out of 663 in the group with AIVDC (i.e. 663 neg-
ative) and 0 out of 1,165 in the group without AIVDC
(1,165 negative). This suggests that no difference was
observed between the investigated groups, with RIS fre-
quency results of O and 0%.
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ANLDC

L v o =2

Group Indicator F cP CA LM SNF u FFA MFPE  SCC SCC TCM TCM COLI coul
(xg) (xg) (xg)
During X 3.9 3.35 2.63 491 8.96 23.93 0.9 529.91 187 174 26.3 10 401 4
Before X 3.79 3.35 2.62 4.88 8.91 23.47 093  526.85 179 171 26.3 11 40.1 10
Difference d 0.11 0 0.01 0.03 0.05 0.46 -0.03 3.06 8 3 0 -1 0 -6
rd 29 0 0.38 0.61 0.56 1.96 -3.23 0.58 447 1.75 0 -9.09 0 -60
t 8.84 0 2.15 415 496 2.05 1.76 11.18 24 0.85 0.7 1.45 3.05 245
sig *0k K ns * *k K *okk * ns *kk * ns ns ns *%k *

AIVDC = antimastitis intradermal vaccination of dairy cows; F = fat content (%); CP = crude protein content (%); CA = casein content (%); LM = lactose monohydrate content (%); SNF = solids-
not-fat content (%); U = urea concentration (mg/100 ml); FFA = content of free fatty acids in milk fat (mmol/100 g of fat); MFPE = milk freezing point equivalent (°C x -1,000); SCC = somatic cell
count (10%/ml); TCM = total count of mesophilic microorganisms (102 CFU/ml); COLI = count of coliform microorganisms (CFU/ml); x = arithmetic mean; xg = geometric mean; d = difference; rd
= relative difference (%; 100 % = group before); t = value of the test criterion of the unpaired t-test; sig = significance (ns = P>0.05, not significant); *, ** and *** = significant, P (probability of the
null hypothesis) <0.05, <0.01 and <0.001).

Table 7. Significance of differences between the means (during vaccination - before vaccination) of milk indicators in the group of dairy herds without AIVDC

Group Indicator F CP CA LM SNF U FFA MFPE SCC SCC TCM TCM COLI coul
(xg) (xg) (xg)
During X 3.74 3.39 2.66 4.95 9.05 22.82 0.86 529.63 178 172 15 9 17.3 5
Before X 3.76 3.38 2.66 5 9.07 21.74 0.86 527.98 177 170 7 11 5 10
Difference d -0.02 0.01 0 -0.05 -0.02 1.08 0 1.65 1 2 8 -2 12.3 -5
rd -0.53 0.3 0 -1 -0.22 4.97 0 0.31 0.56 1.18 114.3 -18.2 246.0 -50
t 2.06 1.53 0 22.64 2.69 4.34 0 7.55 0.13 0.88 1.24 7.33 0.36 0.62
sig * ns ns orx ** o ns ok ns ns ns o ns ns

AIVDC = antimastitis intradermal vaccination of dairy cows; F = fat content (%); CP = crude protein content (%); CA = casein content (%); LM = lactose monohydrate content (%); SNF = solids-
not-fat content (%); U = urea concentration (mg/100 ml); FFA = content of free fatty acids in milk fat (mmol/100 g of fat); MFPE = milk freezing point equivalent (°C x -1,000); SCC = somatic cell
count (103/ml) TCM = total count of mesophilic mlcroorgamsms (103 CFU/mI) COLI = count of collform mlcroorgamsms (CFU/mI) X = anthmehc mean; xg geometrlc mean; d dlfference rd
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CONCLUSIONS

The treatment of dairy cows with AIVDC is widely
recognised as a modern supportive preventive measure

in dairy herd health management.

In this study, the milk quality indicators in herds with
AIVDC in the Czech Republic were comparable to those
in herds without AIVDC. It can be inferred that this com-
parable quality was gradually achieved during the ob-
served period, as the herds with AIVDC had a slightly
worse starting position. The most pronounced, though
still modest, differences in the group with AIVDC be-
tween the pre- and post-vaccination periods were the
increases in F, LM, and SNF, and the reduction of FFA,
TCM, and COLI. This allows us to presume that AIVDC
has the potential to improve milk quality.

However, further research with larger datasets is
needed to confirm these tendencies.
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