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a b s t r a c t

The objective of this study was to assess the impact of mastitis-causing bacteria and somatic cell count
(SCC) on pregnancy per embryo transfer (P/ET) in Holstein-Gir crossbred (Girolando) lactating dairy
cows. Cows (n¼ 1397) were subjected to a timed-embryo transfer protocol. Milk samples were collected
two days before embryo transfer for SCC and bacteriological culture analyses. Pregnancy diagnosis was
performed on days 31 and 66 after timed-embryo transfer. The animals were grouped according to the
National Mastitis Council recommendations: Gram-positive environmental (EVþ), Gram-negative envi-
ronmental (EV-), Gram-positive contagious (Cþ), coagulase-negative staphylococci (CNS) and control (no
bacterial growth). Additional analysis was made by categorizing bacteria based on degree of pathoge-
nicity (Major or Minor). Bacterial growth reduced P/ET (P < .01) at both 31 and 66 days of gestation. The
P/ET was lower (P< .05) at 31 days in EV- (30.1%) and EVþ (29.9%) groups and tended (P ¼ .09) to be
lower in the Cþ group (36.6%) than the control group (44.0%). The P/ET from the Major group at 31 days
of gestation was lower (P ¼ .03) compared with the Minor and control groups (32.1 vs 41.1 vs 43.2%,
respectively). Cows with SCC > 400,000 cells/mL had lower P/ET (P< .01) than animals with
SCC< 200,000 cells/mL at both 31 (30.4% vs 40.8%) and 66 days (24.7% vs 32.2%) of gestation. Pregnancy
loss was not different between bacterial isolates and SCC categories. Elevated SCC significantly reduced P/
ET, whereas environmental agents and those with Major pathogenicity yielded the greatest reduction in
P/ET.

© 2017 Elsevier Inc. All rights reserved.
1. Introduction

Several studies have described reduced reproductive efficiency
in high-producing (~40 kg/d) dairy cows fed TMR, typical of the US
and Canada, as well as in cows with lower production (~20 kg/d)
managed in pasture-based systems, typical of New Zealand [1,2].
One of the possible causes for the lower reproductive efficiency in
lactating animals is the high prevalence of infectious diseases, such
as infectious bovine rhinotracheitis, bovine viral diarrhea and
mastitis [3e6]. The intensification of milk production systems
increased the risk of intramammary infection and uterine diseases
uction, Faculty of Veterinary
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[7,8], as these two health disorders are considered risk factors for
reduced fertility in dairy cows [4,9] and highly prevalent in dairy
herds.

Mastitis is one of the most common infectious diseases in dairy
herds, affecting 50 to 70 cases per 100 cows/year [10]. Smith and
Hogan [11] have estimated the cost of mastitis to be an around 2
billion dollars per year in the United States, which represents
approximately 11% of the total milk production revenue. The
monitoring of intramammary infection is critical to maintain milk
quality and udder health [12]. There are several mastitis' diagnostic
methods but microbiological culture of milk samples is still
considered the gold standard [13]. However, bacterial culture is
generally expensive and time-consuming to be routinely used [12].
Thus, individual somatic cell count (SCC) is widely used to monitor
udder health by dairy farmers [14] and to establish premiums and
penalties by milk processors.
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The relationship between intramammary infection and
decrease in reproductive performance has been reported by several
studies [5,15,16]. Even in its subclinical form, mastitis can be
associated with reduced fertility [17]. Schrick et al. [3] reported that
animals with clinical or subclinical mastitis showed greater interval
from calving to first AI, and increased days open and services per
conception compared with healthy animals. Moore et al. [18] also
reported the importance of subclinical mastitis; cows with SCC
greater than 300,000 cells/mL before AI were 2.4 times more likely
to lose gestation between Day 28 and Day 40 than cows with SCC
below that threshold (30.0% vs. 12.5%). According to Philpot and
Nickerson [19] for each clinical case of mastitis there are between
15 and 40 subclinical cases, which reinforces the potential for udder
health monitoring tools and data analysis to improve reproduction
efficiency.

The mechanisms by which subclinical mastitis affect fertility of
dairy cows are not well elucidated. Possible factors described are:
ovulation failure and reduced production of 17b-estradiol [20],
lower estrous expression [21], increased prostaglandin F2a syn-
thesis [4], increased body temperature [22] and release of systemic
lipopolysaccharide and nitric oxide that can potentially affect the
oocyte and embryo development [23]. The current study was
conducted with cows subjected to timed-embryo transfer. The use
of 7 d old embryos that have bypassed some of the above
mentioned critical periods, such as oocyte development and early
embryonic development [24,25], could provide important infor-
mation regarding the relative importance of type of bacteria and
SCC solely on the uterine environment and embryonic
development.

The main objective of this study was to assess the impact of
bacteria isolates that cause mastitis and of SCC categories during
the timed-embryo transfer protocol on pregnancy per embryo
transfer (P/ET) in lactating dairy cows. We hypothesized that P/ET
will be most negatively affected by subclinical inflammation asso-
ciated with a) infection from gram negative bacteria, b) infection
from bacteria with major degree of pathogenicity and c) greater
SCC.

2. Material and methods

2.1. Animals and facilities

This study was conducted in a single commercial dairy herd in
the southwestern region of the state of Minas Gerais, Brazil. A total
of 1397 Holstein x Gir crossbred cows (Girolando) were enrolled.
The average days in milk of cows enrolled in the experiment was
125.9± 6.2 and milk production averaged 19.2± 0.7 kg/cow/day.
The herd was managed in a semi-confinement system, in which
cows had access to a Panicummaximum (cultivarMombasa) pasture
and a TMR based on corn silage, ground corn and soybean meal in
feed bunks. The cows were fed to match or exceed the nutritional
requirements for milk production of 25 kg/day [26]. Milking was
performed twice daily and mastitis control practices were
executed. In short, the farm personnel performed fore stripping in a
strip cup to check for abnormal milk (clinical mastitis), pre-dipping
with an iodine solution, drying teats with disposable paper towel
and post-dipping. Dry-cow therapy and treatment of clinical cases
were also part of the mastitis control program. Two milk samples
were collected from each cow two days before embryo transfer
(Fig. 1) for microbiological culture and SCC measurements. Milk
production was recorded on the same day.

All cows with over 40 days in milk had their reproductive tracts
evaluated by transrectal ultrasonography (Mindray - 2200VET DP;
Shenzhen Mindray Bio-Medical Electronics CO., Shenzhen, China)
and those without visible pathology in the uterus and ovaries were
subjected to a timed-embryo transfer protocol (Fig. 1). Cows
received an intravaginal device containing progesterone (CIDR®

1.9mg, Zoetis, SP, Brazil) and an injection of 2mg of estradiol
benzoate i.m. (2mL Estrogin®, Farmavet, SP, Brazil) on d �11. On
d �4, cows received 25mg of dinoprost thrometamine i.m. (5mL
Lutalyse®, Zoetis, SP, Brazil), Two days later, the CIDR inserts were
removed and cows received 1mg of estradiol cypionate i.m. (0.5mL
ECP®, Zoetis, SP, Brazil). On day 7, all cows had their ovaries scanned
by ultrasound and only cows with a visible corpus luteum received
an embryo that was transferred to the uterine horn ipsilateral to the
corpus luteum. The transferred embryos were produced by in vitro
fertilization technique and were classified according to the rec-
ommendations by Mapletoft [27]. Only grade 1 embryos (best
quality) were then transferred as described by Pereira et al. [28].
2.2. Collection of samples for microbiological culture and SCC

For the microbiological culture sample collection, teats were
disinfected by pre-dipping, dried with paper towel, and further
cleaned with a gauze embedded with 70% ethanol. The first three
milk streams from each teat were discarded and a composite
sample from all four quarters was collected into a sterile tube.
Samples were placed on ice immediately after collection. Samples
were then frozen and shipped to a private laboratory for subse-
quent culture and analyses (VidaVet, Botucatu, SP, Brazil). The milk
samples for SCC were collected in vials containing 2-bromo-2-
nitropropane-1-3-diol and analyzed by flow cytometry (Soma-
count 300, Bentley, Chaska, MN).
2.3. Microbiological culture

Milk samples (100 mL) were plated on agar medium supple-
mented with sheep blood (10%) defibrinated and in MacConkey
agar medium. The samples were incubated aerobically at 37 �C for
24e48 h. The colonies were subjected to biochemical and bacterial
differentiation tests. The readings of the plates were conducted at
24 and 48 h after plating with the description of the colony macro-
morphology. Themicro-morphologywas carried out using the slide
smear method and stained by the Gram technique. The microbio-
logical identification was based on morphological, biochemical and
staining characteristics according to Quinn et al. [29]. Cows were
removed from the study if more than one bacteria from different
groups were isolated in the culture (n¼ 36). Samples yielding more
than two different bacterial species were considered to be
contaminated and also removed from statistical analysis (n¼ 10).
2.4. Bacterial classification

After microbial identification, the animals were grouped into 5
groups as recommended by the National Mastitis Council: Control
(No bacterial isolation), coagulase negative staphylococci (CNS),
contagious gram positive: (Cþ; Corynebacterium bovis, Staphylo-
coccus aureus, Streptococcus agalactiae), environmental gram posi-
tive (EVþ; Bacillus spp., Enterococcus spp., Micrococcus spp.,
Streptococcus spp.), environmental gram negative: (EV-; Citrobacter
freundii Coliformes, Enterobacter spp., Klebsiella spp.).

The cows were also divided according to the pathogenicity of
the isolated agent as suggested by Schepers et al. [30] and were:
Control (No bacterial isolation), Major agents (Staphylococcus
aureus, Streptococcus agalactiae, Bacillus spp., Enterococcus spp.,
Micrococcus spp., Streptococcus spp., Citrobacter freundii, Escherichia
coli, Pseudomonas spp, Enterobacter spp., Klebsiella spp), and Minor
Agents (CNS and Corynebacterium bovis).



Fig. 1. Schematic diagram of Experiment 2. D-11: 2mg of estradiol benzoate (EB) and CIDR insertion, D-4: 25mg Dinoprost, D-2: CIDR removal and 1mg of estradiol cypionate
(ECP); D5: measurement of the production and collection of milk samples for SCC analysis and microbiological culture; D7: ultrasound evaluation of the ovaries for CL detection, and
ET in cows with CL; D31: first pregnancy diagnosis; D66: second pregnancy diagnosis.

Table 1
Number of animals and previous milk yield, days in milk, number of services and
parturition by group of bacteria.

Item Groupa

Control EVþ EV- CTþ
Cows, n 869 82 201 245
Milk (kg/day) 19.4± 0.4 19.3± 0.9 19.1± 0.7 18.7± 0.6
Days in milk b 122.7± 3.5 118.5± 11.6 136.6± 7.3 130.4± 3.5
Services (n) c 1.8± 0.1 1.7± 0.3 2.0± 0.2 2.1± 0.2
Parity 2.2± 0.1 2.4± 0.2 2.5± 0.1 2.4± 0.1

a Control: No bacteria detected. EVþ: Presence of gram positive environmental
bacteria. EV-Presence of gram-negative environmental bacteria. CTþ: Presence of
contagious gram positive bacteria.

b Average of days in lactation on the day of embryo transfer.
c Number of services (ET).
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2.5. Pregnancy diagnosis

Pregnancy diagnoses were performed by transrectal ultraso-
nography (Mindray - 2200VET DP; Shenzhen Mindray Bio-Medical
Electronics CO., Shenzhen, China) by detection of an embryo on day
31, or a fetus on day 66 of gestation. The P/ET was calculated by
dividing the number of pregnant cows on day 31 or day 66 by the
number of cows that received an embryo on day 7 by timed-
embryo transfer. Pregnancy loss was calculated by dividing the
number of cows that lost their pregnancy between days 31 and 66
by the number of pregnant cows on day 31.

2.6. Statistical analysis

The binomial variables P/ET (days 31 and 66 of gestation) and
pregnancy loss were analyzed by logistic regression using the
glimmix procedure of SAS (SAS Institute Inc., Cary, NC; [31]). The
model included the effects of the initial group of bacteria, SCC, days
in milk, parity, milk production and interactions. Two contrasts
were evaluated. The first contrast (C1) compared: control vs.
presence of agents (EVþ, EV-, and Cþ), while the second contrast
(C2) compared the presence of environmental agents (EVþ and EV-
) vs. presence of contagious agents (Cþ). The second evaluation
regarding the group of bacteriawereMajor agents vs. Minor agents.
Results were considered significantly different if P � .05 and a
tendency if 0.05� P� .10. Significant effects were reported by least
squares means. The non-significant variables were excluded from
the model according to the Wald's criterion (P> .20).

3. Results

No differences were detected in milk production, days in milk,
service number and parity between SCC and type of intramammary
infection bacteria groups (Table 1). The overall prevalence of
intramammary infection in milk samples was 55.9% (Table 2).
Considering only the samples with positive culture, the agentsmost
frequently isolated were CNS (32.8%), Corynebacterium bovis
(16.2%), Streptococcus agalactiae (12.6%), Escherichia coli (11.7) and
Klebsiella spp. (8.8%).

The CNS positive cows was grouped with the Control cows for
the statistical analysis. This was done because CNS positive and
Control cows had similar P/ET (42.2% [109/258] vs. 42.2% [258/
611]).

Cows with positive bacterial growth had reduced P/ET (P< .01)
at both 31 and at 66 days of gestation compared with the Control
group (Table 3). Cows with milk samples containing environmental
agents, regardless if classified gram-positive or gram-negative, had
reduced P/ET at 31 and 66 days of gestation, whereas cows with
milk samples containing contagious gram-positive agents had only
a tendency (P¼ .09) to decrease P/ET at 31 days of gestation
compared with Control. There was no effect of bacterial isolation in
milk on pregnancy loss between 31 and 66 days (Table 3). Cows
detected with isolation of environmental agents in milk had a
tendency (P¼ .08) to reduce P/ET on day 66 of gestation compared
with cows detected with contagious infectious agents (Table 3).

Cows diagnosed with Major agents in the bacterial milk culture
had reduced P/ET at both pregnancy diagnoses compared with
cows classified in the Minor agents group. No difference on P/ET
was found between cows diagnosed with Minor agents and Control
groups (Table 4). Cows with SCC > 400,000 cells/mL had lower P/ET
at 31 and 66 days of gestation than cows with SCC < 200,000 cells/
mL. Cows in the intermediary group (SCC between 200,000 and
400,000 cells/mL) had similar P/TE compared with the other two
groups. Therewas no effect of SCC class on pregnancy loss (Table 5).
4. Discussion

This study evaluated the effects of udder health on P/ET at day
31 and 66 of gestation in recipient lactating dairy cows. The use of
timed-embryo transfer was important to remove the effects of
udder health before day 7 of gestation (ovarian follicle, oocyte,
fertilization and early embryonic development). The use of a large
number of animals (n¼ 1397) with collection of milk samples, for
SCC and microbiological evaluation of milk samples, close to the
timing of timed-embryo transfer allowed to group SCC and intra-
mammary infection into different classes. In turn, it permitted a



Table 2
Prevalence of mastitis-causing pathogens.

Microorganism Total (n) Total (%) Positive Culture (%)

Total Samples 1397
Samples with negative culture 611 43.3
Samples with positive culture 786 55.9
Bacillus ssp. 24 1.7 3.1
Citrobacter freundii 3 0.2 0.4
Corynebacterium bovis 127 9.0 16.2
Enterobacter spp. 13 0.9 1.7
Enterococcus spp. 14 1.0 1.8
Escherichia coli 92 6.5 11.7
Klebsiella spp. 69 4.9 8.8
Micrococcus spp. 20 1.4 2.5
Pseudomonas spp. 24 1.7 3.1
Coagulase Negative Staphylococcus spp. 258 18.3 32.8
Staphylococcus aureus 19 1.3 2.4
Streptococcus agalactiae 99 7.0 12.6
Streptococcus bovis 8 0.6 1.0
Streptococcus dysgalactiae 7 0.5 0.9
Streptococcus uberis 9 0.6 1.1

Table 3
Effect of bacterial growth on pregnancy per embryo transfer [P/ET; % (n/n)] and
pregnancy loss [% (n/n)] in dairy cows.

Item P/ET at 31 days P/ET at 66 days Pregnancy loss

Group1

Control and CNS 44.0 (367/869)ax 32.6 (286/864)a 20.6 (81/367)
EVþ 29.9 (24/82)b 18.1 (17/82)b 33.3 (7/24)
EV- 30.1 (68/201)b 19.6 (52/197)b 25.8 (16/68)
Cþ 36.6 (86/245)by 28.1 (69/243)ab 17.0 (17/86)

Contrast2

C1 P< .01 P< .01 P¼ .35
C2 P¼ .23 P¼ .08 P¼ .13

a, b Numbers in the column followed by distinct letters are different (P< .01). x, y

Averages in the same row followed by distinct letters are different (P < .10). 1

Control: Cows without isolation. CNS: Isolation of coagulase-negative staphylococci.
EVþ: Isolation of gram-positive environmental bacteria. EV-Isolation of gram-
negative environmental bacteria. Cþ: Isolation of contagious gram-positive bacte-
ria.2 C1: control and CNS vs. isolation of agents (EVþ, EV- and Cþ). C2: Isolation of
environmental agents (EVþ and EV-) vs. Isolation of contagious agents (Cþ).

Table 5
Pregnancy per embryo transfer (P/ET) according to the somatic cell count (SCC) class.

Item SCC categories (cells/mL)

<200,000 200,000e400,000 >400,000

P/ET, % (n/n)
At day 31 40.8 (292/716)a 37.3 (50/134)ab 30.4 (75/247)b

At day 66 32.2 (231/716)a 27.6 (37/134) ab 24.7 (61/247)b

Pregnancy Loss 20.9 (61/292) 26.0 (26/50) 18.7 (14/75)

a-b Numbers in the same row followed by distinct letters are different (P< .01).
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broader analysis of the subclinical infection types, as well as to
evaluate pregnancy losses. According to McDermott et al. [32], the
main objective of choosing a specific SCC threshold is to optimize
the mastitis control program. The use of an appropriate threshold
minimizes intramammary infection diagnostic errors and di-
minishes the propagation of agents within the herd [12]. In spite of
the fact that categories of SCC were formed for P/ET analyses, a pilot
study (unpublished) was conducted prior to the current experi-
ment and found that the threshold of 100,000 cells/mL had greater
sensitivity in detecting intramammary infection comparedwith the
other thresholds, whereas the greatest specificity was observed
with threshold at 400,000 cells/mL. In short, it is noteworthy to
emphasize the need for strategies that include an aggressive
Table 4
Effect of isolation of major or minor agents on pregnancy per embryo transfer [P/ET; % (

Item Group1

Control Major

P/ET, % (n/n)
At day 31 43.2 (258/611)a 32.1 (13
At day 66 33.5 (200/607)a 24.4 (10

Pregnancy loss 20.2 (54/258) 19.1 (26

a, b Numbers in the same row followed by distinct letters are different (P< .01). 1Contr
Bacillus spp., Enterococcus spp., Micrococcus spp., Streptococcus spp. Citrobacter freundii C
Contrast: control vs. isolation of agents (Major þ Minor).
surveillance program that contains frequent milk collection for
bacterial culture in addition to SCC to improve herd health and
overall interpretation of intramammary infection on reproduction.

Several studies have shown deleterious effects of clinical as well
as subclinical mastitis on the fertility of dairy cows [3,5,16,17]. In
general, studies monitoring for subclinical mastitis were based
solely on SCC [17,33,34]. However, in this study, subclinical mastitis
was evaluated based on the isolation of the causative agents of the
infection. The presence of mastitis-causing bacteria decreased the
P/ET (Table 3). Some authors [4,23] state that disturbances in
fertility of cows with mastitis are caused mainly by gram-negative
bacteria, and that these disturbances could be influenced by lipo-
polysaccharide. On the contrary, this experiment clearly found the
negative impact on P/ET is independent of the type of bacteria
isolated, which agrees with previous studies using AI [3,5,15]. In
those studies [3,5,15], it was shown that both gram-positive and
gram-negative bacteria negatively impacted the fertility during the
late embryonic and early fetal stages of development. Cows diag-
nosed with Minor pathogens did not show reduced P/ET. Interest-
ingly, cows diagnosed with Corynebacterium bovis had P/ET similar
n/n)] and pregnancy loss [% (n/n)] in dairy cows.

Contrast2

Minor

3/411)b 41.1 (154/385)a P¼ .03
2/396)b 32.3 (122/383)a P¼ .09
/133) 18.2 (30/154) P¼ .42

ol: Cows without isolation. 1Major: Staphylococcus aureus, Streptococcus agalactiae,
oliforms, Enterobacter spp., Klebsiella spp. Minor: CNS and Corynebacterium bovis. 2
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to Major pathogens and lower than CNS (35.4% vs. 42.2%), sug-
gesting that Corynebacterium bovis is not a minor pathogen in
regards to fertility and perhaps has a more specific influence in the
early embryo and endometrium cross-communication. On the
contrary, CNS-induced mastitis was indeed shown to be a Minor
pathogen regarding P/ET. Nevertheless, it is important to note that
it does not mean CNS, for example, do not induce any negative
effects in reproduction tissues that could lead to sub-fertility in AI
programs. Lavon et al. [34] have demonstrated that follicular
functions, such as steroid synthesis, delayed ovulation, alteration of
major steroidogenic gene expression, alteration of follicular dy-
namics and dominance could be altered and eventually associated
with significant reductions in pregnancy per artificial insemination
in subclinical mastitic cows infected by CNS.

The present study described that high SCC also had a negative
impact on P/ET; cows that presented SCC � 400,000 cells/mL had a
P/ET reduced by 25.5%. Hudson et al. [17] observed a reduction in
reproductive performance of cows with an SCC> 399,000 cells/mL.
Similarly, Pinedo et al. [35] reported that cows with an
SCC> 300,000 cells/mL before artificial insemination had a 44%
lower risk of becoming pregnant than cows with an
SCC< 300,000 cells/mL. It is important to mention that most
studies discussed herein are based on AI programs. In spite of the
agreements on fertility outcomes, the same cannot be suggested on
the mechanistic effects.

The mechanisms by which mastitis affect reproductive perfor-
mance are not yet fully known, especially in its subclinical form.
Mastitis triggers the production of a number of pro-inflammatory
bioactive molecules (IL-1b, IL-8, TNFa, lipopolysaccharide, nitric
oxide and prostaglandin F2a) that can potentially harm the
reproductive tract tissues and the embryo [4]. The release of such
molecules is triggered in response to the inflammation in the
mammary gland, but little can be determined as far as the exact site
where these molecules have been synthesized [4]. This explains the
fact that even without clinical signs of inflammation in the mam-
mary gland, inflammatory agents may be involved in the fertility
decline processes.

Soto et al. [23] suggested that cows with mastitis have lower
fertility due to disturbances in oocyte development, cleavage and
embryonic development into the blastocyst stage. Lower estrous
expression [21], lack of ovulation [20,36], follicular growth inter-
ruption [37], and lower LH pulsatility and reduced production of
17b estradiol [20] are all potential factors that decreased the
fertility of cows with mastitis. In the present study, we used seven
day old embryos as the starting point (blastocyst stage and pres-
ence of a corpus luteum in the recipient), which eliminates or at
least partly rule out several of these ovarian and early embryonic
associated factors previously found to decrease overall fertility. A
further hypothesis for the reduced fertility is the involvement of
inflammatory mediators in the adhesion and implantation pro-
cesses. One factor possibly involved in the associated reduction in
fertility is nitric oxide [23]. This molecule has been found to be
active in physiological processes such as embryonic implantation
and inflammation [38]. This radical can block embryonic develop-
ment by apoptosis activation [23].

Lastly, the presence of agents in the mammary gland can
possibly trigger the inflammatory cascade and consequently in-
crease in systemic prostaglandin F2awhich could, by lysis of the CL,
impedes the maintenance of gestation. This cascade could be
initiated in response by either lipopolysaccharide release from
gram-negative bacteria membranes [4] or by lipoteichoic acid or
teichoic acid by gram-positive bacteria. Both molecules could affect
fertility in a similar manner; an infusion of teichoic acid was able to
induce abortion in femalemice [39]. Although the current study did
not find an effect of mastitis on pregnancy loss, a recent systematic
review of epidemiologic studies [40], found that pregnancy loss
(after first pregnancy diagnosis) can indeed be caused by mastitis
events, particularly in cows with lower body condition score.
However, several authors also found inconclusive results inmany of
the articles reviewed and the need for studies to prove the effect of
clinical versus subclinical mastitis, timing of diagnosis and lactation
number on pregnancy loss are warranted.

5. Conclusion

Cows with bacterial growth in milk samples collected close to
embryo transfer had reduced P/ET at both 31 and 66 days of
gestation. The P/ET was reduced at 31 days of gestation regardless
of the pathogen group compared with healthy cows, but cows in
the Major pathogenicity group had an even further reduction in P/
ET. Following a similar pattern, cows with SCC > 400,000 cells/mL
had lower P/ET than animals with SCC < 200,000 cells/mL at both
31 and 66 days of gestation. Pregnancy loss, on the other hand, was
not different between bacterial isolates and SCC categories. In
summary, elevated SCC significantly reduced P/ET, whereas envi-
ronmental agents and those with Major pathogenicity yielded the
greatest reduction in P/ET. The current study improves the notion
that several agents, regardless on how the isolated bacteria from
milk was grouped, negatively influence fertility. Moreover, these
subclinical infections likely have a prominent effect on the uterine
environment and its ability to maintain pregnancy during the early
and late embryonic stages of development.
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