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RESUMO.- [Análise econômica da terapia antimicrobia-
na no pré-parto e da vacinação com Escherichia coli J5 
em novilhas leiteiras e seu efeito sobre a produção e 
qualidade de leite.] O presente estudo objetivou realizar 
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This study aimed to determine whether prepartum antimicrobial and/or Escherichia 
coli J5 vaccination in dairy heifers influence the milk production, milk quality, and estimate 
their economic benefit. Thus, 33 dairy heifers were enrolled in four groups using a split-
-splot design. Groups were: (G1) prepartum antimicrobial infusion and vaccination with 
an E. coli J5 bacterin, (G2) prepartum antimicrobial infusion, (G3) vaccination with an E. 
coli J5 bacterin, and (G4) control heifers. Composite milk samples for somatic cell count, 
total bacteria count and milk composition were collected 15 days after calving and every 
15 days until the end of the experiment. Bacteriological analysis was carried out at the end 
of study. The milk production and the incidence of clinical cases of mastitis, as well as the 
costs associated with them were recorded. The results demonstrate a reduction on clini-
cal mastitis rates by preventive strategies, which implicated in lower volume of discarded 
milk (0.99, 1.01, 1.04 and 3.98% for G1, G2, G3 and G4, respectively) and higher economic 
benefit. Thus, in well-managed dairy herds the prevention of heifer mastitis by vaccination 
or antimicrobial therapy can reduce the amount of antimicrobials needed to treat clinical 
mastitis cases and the days of discarded milk.
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uma análise econômica do tratamento antimicrobiano no 
pré-parto e/ou da vacinação com Escherihia coli J5 em no-
vilhas leiteiras, e seu efeito sobre a produção e qualidade 
de leite. Portanto, utilizou-se o delineamento split-splot em 
esquema fatorial, no qual 33 novilhas da raça Holandesa 
foram divididas aleatoriamente em quatro grupos: (G1) an-
timicroianoterapia no pré-parto e vacinação com E. coli J5, 
(G2) antimicrobianoterapia no pré-parto, (G3) vacinação 
com E. coli J5 e  (G4) controle. Amostras compostas de leite 
foram coletadas para contagem de células somáticas, con-
tagem bacteriana total e composição do leite 15 dias após 
o parto, e a cada 15 dias até o término do experimento. A 
análise bacteriológica do leite foi realizada ao término do 
experimento. A produção de leite e a incidência dos casos 
clínicos de mastite, assim como, os custos associados à anti-
microbianoterapia no pré-parto e/ou vacinação com E. coli 
J5 foram registrados. Os resultados demonstraram redução 
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dos casos clínicos de mastite com a implementação das 
medidas preventivas resultando no menor volume de leite 
descartado (0,99, 1,01, 1,04 e 3,98% para os animais dos 
grupos G1, G2, G3 e G4, respectivemente) e maior benefício 
econômico. Desta forma, em rebanhos bem manejados, a 
implementação da antimicrobianoterapia no pré-parto e 
vacinação com E. coli J5 e novilhas pode reduzir a quanti-
dade de antimicrobianos necessário para o tratamento de 
casos de mastite clínica durante a lactação, resultando em 
menor número de dias em que o leite é descartado.
TERMOS DE INDEXAÇÃO: Mastite, leite, tratamento antimicrobia-
no, vacina, vaca leiteira.

INTRODUCTION
Mastitis is the most costly disease for dairy farmers and the 
dairy industry, and although losses have been well charac-
terized in mature cows, intramammary infections (IMIs) in 
primigravid heifers have been a more recent focus of stu-
dy (Borm et al. 2006, Fox et al. 2009). Historically, control 
of mastitis has been driven primarily by economic consi-
derations and public health (Heikkilä et al. 2012, Langoni 
2013).

Notably, the greatest development of milk-producing 
tissue in the udder occurs during the first pregnancy. The-
refore, it is important to protect the mammary gland from 
pathogenic microorganisms to ensure maximum milk pro-
duction during the first lactation (Nickerson et al. 2009, 
Piepers et al. 2009). Unfortunately, most dairy farmers as-
sume pre-calving heifers as uninfected. However, IMIs in 
heifers is not uncommon, although it does tend to be less 
prevalent than in older cows (Costa et al. 1996, Fox et al. 
2009, Nickerson et al. 2009, Sampimon et al. 2009). IMIs in 
heifers have been detected as early as at the age of puberty, 
but the rate of new infections is higher in the last few days 
of pregnancy (Compton et al. 2007, Compton et al. 2009, De 
Vliegher et al. 2012).

First-calving heifers have a higher incidence rate of cli-
nical mastitis than older cows, with the highest rate of di-
sease occurring in the first few days after calving (Parker 
et al. 2007, Compton et al. 2009, Piepers et al. 2009). In 
the last few decades with the improvement of subclinical 
mastitis control programs, which has led to herds with a 
lower somatic cell count (SCC), clinical mastitis has become 
a major problem in many well-managed dairy herds that 
have successfully controlled contagious pathogens (Green 
et al. 2004).

The average cost of subclinical heifer mastitis has only 
been calculated once (Hujips et al. 2009), however the eco-
nomic cost of clinical mastitis in heifers around calving 
has never been reported in the literature (De Vliegher et 
al. 2012). With this in mind, the average costs per case of 
clinical mastitis, clinical mastitis by Gram-negative bacteria 
generated the highest cost per case when compared with 
Gram-positive bacteria and other pathogens that caused 
clinical mastitis (Cha et al. 2011). Here, the partial budge-
ting was used to develop a deterministic simulation model 
to estimate the net cost or benefit of dry antimicrobials 
and/or Escherichia coli J5 vaccination. Partial budgeting is 
a relative simple method to calculate economic effects. It 

is useful in studies that compare relatively small changes 
in a system such as implementation of a control program 
vs. no implementation of a control program (Swinkels et 
al. 2005).

Clinical mastitis have been associated with increased 
use of drug therapy, increase in discarded milk, and increa-
sed risk of residues appearing in the milk supply. For these 
reasons, reductions in heifer mastitis by prevention strate-
gies such as antimicrobial therapy and vaccination can lead 
to increased profitability to the dairy operator and a more 
wholesome milk supply. Coliform mastitis continues to in-
creases in importance as a disease complex of dairy cattle, 
which leads to death of cattle, milk production loss, veteri-
nary and treatment costs, excess labor demand, premature 
culling, decrease quality of milk, and discarded milk (Wil-
son et al. 2008, Heikkilä et al 2012). Most of commercially 
vaccines against coliforms mastitis are E. coli J5 vaccines. 
The J5 strain has a relatively exposed core antigen, someti-
mes, called the J5 core antigen that is present in many kinds 
of gram-negative bacteria (Wilson & González 2003). Thus, 
to the best of our knowledge, this is the first report that has 
investigated the effects of antimicrobial therapy and E. coli 
J5 vaccination alone or in association, on milk quality, and 
milk production, along with their economic implication, in 
dairy heifers.

Thus, present study sought to explore whether prepar-
tum antimicrobial therapy and/or E. coli J5 vaccination in 
dairy heifers influenced the milk production, somatic cell 
count, milk composition, and total bacteria counts in milk. 
In addition, the economic effects of the implementation of 
these control programs were also estimated on the first 
190 days in milk.

MATERIALS AND METHODS
The present study was conducted in a well-managed commercial 
dairy herd with low bulk tank somatic cell counts (<250,000 cells 
mL-1) and a history of clinical mastitis by Gram-negative bacteria 
located in Minas Gerais State, Brazil. Out of this herd, 33 Holstein 
heifers were randomly selected and enrolled in four groups using 
a full factorial split-plot design. Cows were milked three times/
day, housed in free stalls, and all animals received the same basal 
diet, which had been formulated to meet their requirements (NRC 
2001).

The treatment groups were as follows: G1, n=8, intramam-
mary infusion of all quarters with a antimicrobial dry cow prepa-
ration containing 400mg of novobiocin sodium plus 200,000 IU 
of penicillin G procaine (Albadry Plus®, Pfizer Animal Health) 60 
days before the expected parturition, as proposed by Trinidad et 
al. (1990) and vaccination with an Escherichia coli J5 bacterin (En-
viracor J5®, Pfizer Animal Health) at 60 and 30 days before the ex-
pected parturition and 15 after calving; G2, n = 9, intramammary 
infusion of all quarters with an antimicrobial dry cow preparation 
containing 400 mg of novobiocin sodium plus 200,000 IU of pe-
nicillin G procaine (Albadry Plus®, Pfizer Animal Health) 60 days 
before the expected parturition; G3, n = 8, vaccination with an E. 
coli J5 bacterin (Enviracor J5®; Pfizer Animal Health) at 60 and 30 
days before the expected parturition and 15 days after calving and 
G4, n=8, no intramammary infusion and no vaccination.

Clinical mastitis was assessed by udder examination and a 
strip cup test for the presence of clots, flakes or otherwise ob-
viously abnormal secretion at every milking. When a clinical 
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case of mastitis was detected, the animals were treated with an 
intramammary infusion of lactation cow antimicrobial prepara-
tion once a day for three days or until clinical cure occurred. Any 
episode occurring more than 14 days after the previous episode 
was considered a new clinical mastitis case (Barkema et al. 1998). 
When a recurrent case of clinical mastitis appeared, the animal 
was treated with an infusion of antimicrobial preparation at all 
milking times for three days or until clinical cure was observed.

Composite milk samples for SCC and milk composition (fat, 
lactose, protein and total solid contents) were collected 15 days 
after calving and every 15 days until the end of the experiment 
(190 days of lactation) in a 40-mL vial containing microtablets of 
bronopol (2-bromo-2-nitropane-1,3-diol) and analyzed using a 
calibrated Bentley CombSystem 2300® unit (Chaska, USA). Com-
posite milk samples for total bacteria count (TBC) were also col-
lected in a vial containing azidiol at the same time points descri-
bed above. The TBC was determined using a Bactocount ICB 150® 
unit (Bentley Instruments, Chaska, USA). Milk production measu-
rement was assessed every milking for each cow using a milking 
meter system (DeLaval ALPROTM, DeLaval®, Sweden).

Composite milk samples from each cow were collected asep-
tically for bacteriological analysis at the end of the experiment 
(190 days of lactation). The milk samples were kept frozen until 
cultured.  Bacterial analysis was conducted by culturing 0.01mL 
of each sample on 5% ovine blood agar plates and MacConkey 
agar. The plates were incubated for 48 hours at 35oC, which was 
followed by Gram staining, observation of colony morphology and 
biochemical testing (Oliver et al. 2004). For Gram-positive cocci, 
catalase tests was used to differentiate between the catalase-
-positive staphylococci and catalase-negative streptococci. Mor-
phology, hemolysis patterns, coagulase, DNAse testing and pig-
ment production were used to distinguish Staphylococcus aureus 
from CNS. The streptococci were subdivided into esculin-positive 
streptococci (Streptococcus uberis) and esculin-negative strep-
tococci (S. agalactiae and S. dysgalactiae). Coliforms, including 
Escherichia coli, Klebsiella spp. and Enterobacter spp., were diffe-
rentiated from each other and from other Gram-negative bacteria 
based on appearance on MacConkey agar, KOH testing, triple su-
gar iron reactions, indole production and motility. A milk sample 
was considered culture-positive when the growth of ≥ 10 similar 
colonies was detected, except for those infected with S. aureus or 
S. agalactiae, which were considered as culture-positive when the 
growth of ≥ 1 colony was detected. Samples yielding colonies of ≥ 
3 different bacterial species were considered to be contaminated. 

Economic effects are calculated as total revenues weighed 
against total costs. The partial budget analysis per cow during the 
present trial were estimated by the cost of the mastitis prevention 
strategy, the cost of the clinical cases of mastitis, and the differen-
ce in milk yield. The costs of the mastitis prevention strategy were 
the dry antimicrobials and/or E. coli J5 vaccination, the labor time 
and support material required to implement the vaccination and 
antimicrobials (teat disinfectant, paper towels, needle and al-
cohol 70%). The costs of a clinical case of mastitis include milk 
withdrawal, costs of treatment, labor time and the materials ne-
cessary to implement mastitis treatment. The difference in mean 
milk production of all treatments groups (G1, G2 and G3) during 
the trial period compared with the control group (G4) was mul-
tiplied by the milk price  paid by the dairy industry to dairy pro-
ducers (USD/liter of milk) to estimate the economic benefits. The 
bacterial culture and the culling costs were not evaluated here.

First, for statistical analysis, the distribution of all variables 
was examined through the use of normal probability plots using 
the Anderson-Darling test. All SCCs and TBCs were log 10 trans-
formed, as their distribution was not normal. Student’s t test was 
applied to evaluate differences in SCC, TBC, milk composition and 

milk production. The percentage of days that milk was discarded 
was compared using the chi-square test. The statistical analyses 
were performed using SAS statistical software (Statistical Analy-
sis System, Release 9.1, 2002; SAS Institute Inc., Cary, NC). The 
results are reported as the mean ± standard deviation. The signi-
ficance was set at P<0.05, unless otherwise indicated.

RESULTS
In the present study, the control untreated and unvacci-
nated heifers (G4) displayed a higher incidence of clinical 
mastitis (10 cases) compared with heifers that received 
prepartum antimicrobial infusion (G2; 3 cases), heifers that 
received prepartum antimicrobial infusion and was vacci-
nated with an E. coli J5 bacterin (G1; 2 cases) and heifers 
that was vaccinated with an E. coli J5 bacterin (G3; 2 cases). 
This fact led to a higher number of days that milk was dis-
carded due to the treatment of clinical cases of mastitis and 
the withdrawal periods of antimicrobials (Table 1). Most of 
the clinical cases of mastitis in our study occurred in the 
first weeks of lactation or after a period of heavy rains.

Table 1. Number of days that milk was discarded due to the 
treatment of clinical  mastitis

 Groups Days that milk Days without discarded % of days that milk
  was discarded  was discarded

 G1  15b 1,512a 0.99
 G2  18b 1,791a 1.01
 G3  16b 1,528a 1.04
 G4  59a 1,480b 3.98
 Total 108 6,311
ab Values within lines with different superscript letters differ significantly 
(P<0.001) according to χ2 test. G1 = heifers that received prepartum anti-
microbial infusion and was vaccinated with an Escherichia coli J5 bacterin, 
G2 = heifers that received prepartum antimicrobial infusion, G3 = heifers 
that was vaccinated with an E. coli J5 bacterin, G4 = heifers that received 
no intramammary infusion and no vaccination.

The percentage of bacteriologically positive milk sam-
ples at the end of trial was higher in heifers that received 
antimicrobial treatment (G2, 44.0 %) followed by the con-
trol untreated and unvaccinated heifers (G4, 25.0 %). The 
lowest percentage of infected animals was observed in vac-
cinated and treated animals (G1) and vaccinated heifers 
(G3, 12.5%; Table 2).

The percentages of lactose, protein and total solid con-
tent in composite milk samples and the total bacteria count 
(TBC) were not significantly different among groups (data 
not shown). Otherwise, the fat content values throughout 
the study were lower for G2 (3.30±0.70%) compared with 
G1 (3.54±0.62%; P=0.011) and G3 (3.51±0.66%; P=0.019). 
However, no significant difference was found for the con-
trol group (G4; 3.46±0.67%) compared to the other groups.

No significant difference in logarithmic SCC mL-1 was ob-
served in the first samples (15 days after parturition) (G1 
=5.21±0.54; G2=5.23±0.65; G3=5.00±0.56; G4=4.91±0.43; 
P=0.61). The logarithmic SCC mL-1 throughout the entire 
study was higher in G2 (4.88±0.62) than G4 (4.66±0.49; 
P=0.03). No significant difference was found between G2 
and G1 (4.84±0.60; P=0.77) or G3 (4.68±0.40; P=0.11).

The mean milk production was 30.75 (±2.90) kg/day, 
29.61 (±4.01) kg/day, 27.66 (±6.24) kg/day and 26.57 
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(±5.03) kg/day for G1, G2, G3 and G4, respectively, and 
was not significantly different among groups. However, a 
tendency toward a higher milk production in G1 compared 
with G4 was observed (P=0.06).

The partial budget analysis of the antimicrobial treat-
ment and/or E. coli J5 vaccination are shown in Table 3.

and unvaccinated control heifers, under the conditions of 
our experiment.

Borm et al. (2006) observed that prepartum intramam-
mary therapy did not significantly affect milk production or 
linear SCC in the first 200 days of lactation, although it had 
a significant effect on the cure rate of infected mammary 
glands. Conversely, Sampimon et al. (2009) reported lower 
SCC and higher milk yield over the first lactation in antimi-
crobial-treated dairy heifers. This indicates that potential 
herd-specific factors not yet fully understood may play a 
role in heifer mastitis (De Vliegher et al. 2012).

In regards to antimicrobial treatment, Sampimon et al. 
(2009) reported that the cumulative risk of clinical masti-
tis throughout lactation was much lower in dairy heifers 
that received prepartum antimicrobial therapy compared 
with untreated ones. It is known that E. coli J5 bacterin tre-
atment does not prevent IMIs, although the treatment re-
duces the severity of clinical signs of mastitis (Hogan et al. 
1992). Indeed, dairy cows that contracted Escherichia coli 
mastitis and had been vaccinated with E. coli J5 bacterin 
presented 75% lower milk loss than unvaccinated cows, 
and the hazard of being culled for all reasons and masti-
tis were significantly lower for J5 vaccinates (Wilson et al. 
2009). Altogether, these data can explain, at least in part, 
the lower amount of milk discarded due to treatment of 
clinical cases of mastitis and a reduced lactating antimicro-
bial withdrawal period in animals that received antimicro-
bial treated and/or E. coli J5-vaccinated dairy heifers found 
here.

We did not observe any benefits of antimicrobial and/
or E. coli J5 vaccination on milk composition and TBCs 
throughout the experiment period or any benefits for the 
bacteriological status of the udders at the end of the ex-
periment. In contrast, Oliver et al. (2003) and Sampimon 
et al. (2009) demonstrated that prepartum antimicrobial-
-treated heifers had a lower prevalence of culture-positive 
milk samples at calving, which, in turn, could lead to higher 
milk production. Although in our study, we did not perform 
any bacteriological analysis at calving, it should be kept in 
mind that coagulase-negative staphylococci (CNS) is the 
most prevalent cause of subclinical mastitis in heifers (Oli-
ver et al. 2007, Fox et al. 2009, Piepers et al 2009, Tenhagen 
et al. 2009, De Vliegher et al. 2012), as described in Brazi-
lian dairy herds (Costa et al. 1996) and observed here in 
the middle of first lactation. The non-significant difference 
in composite milk SCC in the first milk sampled here (15 
days post-partum) pointed out to no significant difference 
in prevalence of mastitis pathogens among groups. There-
fore, it should kept in mind that the composite SCC cannot 
allow us to discriminate infected and uninfected animals 
using SCC as an indicator of inflammation (mastitis), as 
CNS microorganisms often lead to a low quarter milk SCC 
(Schukken et al. 2009, Schwarz et al. 2010), and most of 
their IMIs are cured in early lactation (Oliver et al. 2007, Ni-
ckerson et al. 2009, Piepers et al. 2009, Piepers et al. 2010, 
De Vliegher et al. 2012).

In addition, some studies have demonstrated that sub-
clinical mastitis from CNS does not have a large impact on 
future milk production and udder health (Nickerson et al. 

Table 2. Bacteriological results for composite milk samples 
at the end of present study

 Group Number of Isolated bacteria Infected quarters
  animals  (%)

 G1  1 Streptococcus esculin positive
  1 Contaminated 12.5
  6 Negative
 G2  2 CNS
  1 CNS / Streptococcus esculin negative
  1 Staphylococcus aureus
  2 Contaminated 44.0
  3  Negative
 G3  1 Pseudomonas sp. 12.5
  7 Negative
 G4  1 CNS
  1 CNS/Klebsiella sp. 25.0
  2 Contaminated
  4 Negative

Contaminated = contaminated milk sample (at least three different spe-
cies were isolated). CNS = Coagulase-negative staphylococci. G1 = heifers 
that received prepartum antimicrobial infusion and was vaccinated with 
an Escherichia coli J5 bacterin, G2 = heifers that received prepartum an-
timicrobial infusion, G3 = heifers that was vaccinated with an E. coli J5 
bacterin, G4 = heifers that received no intramammary infusion and no 
vaccination.

Table 3. Partial budget analysis per heifer due to prepartum 
antimicrobial treatment and/or Escherichia coli J5 vaccination

 Group G1 G2 G3 G4

 Costs of antimicrobial and/ 143.36 80.80 62.56 00.0
 or vaccine (USD)
 Milk discarded (USD) 96.26 110.38 68.46 328.62
 Labor cost to apply the
 antimicrobial and/or vaccine (USD) 1.52 1.35 0.54 0.00
 Material used to apply 0.30 0.24 0.13 0.00
 antimicrobial and/or vaccine
 Antimicrobials used to treat 14.13 18.09 21.37 111.21
 clinical mastitis case (USD)
 Labor and material used to 0.53 0.80 0.53 2.65
 apply antimicrobial (USD)
 Costs 256.1 211.66 153.59 442.06
 Increased milk production
 (USD) 161.16 119.96 42.28 0.00
 Benefit	 161.16	 119.96	 42.28	 0.00
	 Net	profit	(USD)	 -	89.94	 -91.70	 -111.31	 -442.06

G1 = heifers that received prepartum antimicrobial infusion and was vac-
cinated with an Escherichia coli J5 bacterin, G2 = heifers that received pre-
partum antimicrobial infusion, G3 = heifers that was vaccinated with an E. 
coli J5 bacterin, G4 = heifers that received no intramammary infusion and 
no vaccination.

DISCUSSION
Our results demonstrate a positive effect of prepartum 
vaccination and/or treatment of dairy heifers on the rate 
of clinical mastitis. Consequently, less milk was discarded 
due to antimicrobial treatment. This finding explains the 
higher economic benefit of antimicrobial treatment and/or 
E. coli J5 vaccination in heifers compared with untreated 
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2009, Piepers et al. 2009, Schukken et al. 2009, Piepers et al. 
2010, De Vliegher et al. 2012). Though prepartum antimi-
crobial therapy has been proposed as a single and effective 
way of controlling heifer mastitis, the positive long-lasting 
effects on SCC and milk yield do not always occur, ruling 
out the universal recommendation of this practice. When 
CNS are the major cause of IMIs in heifers, productivity is 
not affected, making prepartum treatment redundant and 
even unwanted (De Vliegher et al. 2012). Furthermore, pre-
partum treatment has been successful in reducing the pre-
valence of infection but had no effect on SCC or milk yield 
during the subsequent lactation (Nickerson 2009). Thus, if 
most of the pre-existing CNS IMIs were cured using anti-
microbials, it did not necessarily lead to higher milk pro-
duction. This finding may explain, at least in part, the non-
-significant difference in milk production observed in the 
present study for all groups.

Therefore, though a tendency toward a higher milk 
production in both antimicrobial treatment and E. coli J5 
vaccination was observed in the present study, it may not 
be linked to the effect of contagious pathogens on milk 
production (no significant difference on milk SCC at 15 
days after calving). These findings may be related to the 
lower clinical mastitis rates observed in this study, and 
the reduction of the severity of the clinical cases of mas-
titis and the lower milk losses reported in clinical cases 
of mastitis in J5-vaccinated cows (Wilson et al. 2009). In-
deed, Gentilini et al. (2012) and Molina et al. (2013) also 
found higher milk production, a reduction in the occur-
rence of clinical mastitis cases by E. coli in the first 100 
days of lactation in J5-vaccinated dairy cows, although no 
significant difference was found in SCC. Similarly, Maia et 
al. (2013) observed a lower persistence of clinical masti-
tis cases in J5-vaccinated cows.

The higher percentage of infected quarters in heifers 
that received antimicrobial drugs compared with control 
heifers is most likely related to new infections acquired 
during lactation and the higher SCC and lower fat content 
observed for this group. The degradation of fat by milk SCC 
(Le Roux et al. 2003), together with the upregulation of ge-
nes related to immune response functions and the down-
regulation of genes involved in fat metabolism (Buitenhuis 
et al. 2011), can explain, at least in part, the higher SCC and 
lower fat content in these animals. In contrast, the percen-
tage of infected animals was lower in heifers that received 
antimicrobial and E. coli J5 vaccination or E. coli J5 vaccina-
tion compared with control animals.

In regard to the higher incidence rate of clinical mastitis 
in first-calving compared with multiparous cows (Parker et 
al. 2007, Compton et al. 2009, Piepers et al. 2009, De Vlie-
gher et al. 2012) and the results of the present study, the 
use of antimicrobial therapy and/or E. coli J5 vaccination 
can be justified by the lower incidence of clinical mastitis 
and consequently the lower volume of discarded milk and 
the related economic benefits, especially in well-managed 
dairy herds (Green et al. 2004).

Thus, our results indicated that in well-managed dairy 
herds, the prevention of heifer mastitis by vaccination with 
an E. coli J5 bacterin and antimicrobial therapy can reduce 

the amount of antimicrobials needed to treat clinical mas-
titis cases and the days of discarded milk leading to econo-
mical benefits.
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