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ABSTRACT

The fertility of dairy cows has decreased draméicaorldwide over the last few decades, and
several causes of this trend have been reportedr@etudies have associated compromised udder
health with deteriorating reproduction performarteebclinical ketosis (SCK) has also been reported
to be a risk factor for decreased conception. Tdjeobive of the present study was to describe how
SCK might interact with the reported associatiotwleen udder health and conception in dairy cows.
Data from the French Milk Control Program and daia8,549,667 instances of artificial insemination
(Al) and their corresponding preceding and subsepest-days from 5,979,701 Holstein cows were
examined over a 5-year period (2008-2012). Thecefieudder health was evaluated through a low
(L) or high (H) somatic cell count (SCC) before aitbr Al using a threshold of 200,000 cells/mL,
and transformed into 4 groups (LL, LH, HL, and HHlhree proxies for defining SCK were proposed
based on the milk fat and protein content (or thetio) before Al. Statistical analysis first indied a
generalized additive model to help defining theéropt threshold values. Next, a logistic regression
with a Poisson correction was performed. On averthgerisk of conception at first Al was reduced
by 14% for LH or HH cows (relative risk [and 95%G1)0.86 [0.85-0.87]) when the SCC increased or
remained high within 40 days before and after Allative to LL group. The reduction of conception
success associated with SCK (fat and protein cetdranges) varied from 3 to 17% depending on
the used SCK proxy. Including the interaction t&8C SCK clearly showed that the association of
increased SCC around Al with conception successwaakfied by the presence of SCK. A cow that
already has SCK and experiences an increase ina8@@d or after Al exhibits up to 2 times further
decrease in conception success compared to a dbvawigh SCC without SCK. In conclusion, this
study reinforces the previously described assatidietween intramammary inflammation around or
after Al and a decreased rate of conception. Thregimgs highlight how SCK interacts with the
above-mentioned relationship by strengthening #gative association between mastitis and
conception success. Additionally, the present veoiiports the theory that local inflammation may

affect the whole-body response and alter the fanstbf other organs, such as the reproductive. tract
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1. Introduction

Reproductive performance has always been considenegjor determinant of dairy herd
profitability because of its associations with #mount of milk produced, the culling rate, the aufst
breeding and the value of calves. Over the lasdif years, reproductive performance has been
declining worldwide [1]. Genetic selection for higtilk yield has likely exerted negative effects on
reproduction and health, and the demand for hidk pnoduction can contribute to a decrease in
reproduction ability and reduce the likelihood oégnancy establishment in high-producing cows [1-
3]. Dairy cow reproduction is also highly dependemtperipartum infectious [4,5] or nutrition-based
disorders [1,6]. Many studies have shown that rabdtese disorders are risk factors for other
disorders. Depending on the studied disorder, gseribtions of epidemiological relationships have
varied in comprehensiveness, and the strengthecidhociations remains imprecise in some cases. It
is of great interest to clearly understand thetiaiahips and interactions among different peripart
disorders of dairy cows, particularly for decisimaking, prioritization of risk factors in the figldnd,
more broadly, resource allocation [7]. The indingasitive or negative consequences of these

disorders must be accounted for during decisioningak

Recent studies have clearly shown that both timéceliand subclinical mastitis are associated
with deteriorated fertility parameters, such agjlEmintervals from calving to conception, increased
services per conception, and increased days opd®]8The odds ratio between clinical mastitis or
high somatic cell count (SCC) and successful cammepas varied from 0.40 to 0.85 [11-14]. The
relationship between the severity of mastitis amaception rate appears to have a linear trend. The
impact of mastitis on conception appears to bedriftr clinical than for subclinical mastitis arat fa

large SCC increase than for a small increase. Tdst anitical risk period in which mastitis can redu

4



77  conception success has been reported to be atthet [11,13] or within the month after service

78 [8,10].

79 In addition, most transition dairy cows experieaasegative energy balance (NEB) as a

80 consequence of increased energy demands aroundigg@ntand decreased dry matter intake shortly
81  before calving. Negative energy balance may becgssa with an increased incidence of metabolic
82 disorders, impaired fertility and other health pesbs [15]. Both udder health and conception have

83  been shown to deteriorate in cases of subcliniedis (SCK), although clear epidemiologic evidence
84  supporting these relationships is scarce [16].dased concentrations of b@ydroxybutyrate

85  (BHBA) and non-esterified fatty acids (NEFA) in bbbare often used as markers of SCK, and the

86  most common definition of SCK is a blood BHBA leggkater than 1.4 kh during early lactation

87 [17]. Changes in the milk fat and protein contears additional markers used to identify SCK because
88 lipolysis results in an increased fat content iftkrand because a lack of energy in the rumen esult

89 low protein synthesis by ruminal bacteria and sseguent decrease in the protein content [18,19].

90 The present study aimed to investigate the com@tionship among conception, SCC

91 changes and metabolic disorders using milk compsraindicators of subclinical ketosis.

92

93 2. Materials and Methods

94 2.1. Data and variables

95 The records from herds in the Milk Control ProgrdtCP) in France from 2008 to 2012

96 (inclusive) were provided by France Génétique Eevidnttp://www.francegenetique-elevage.fr/).

97  These records included the lactation number, cgldate, all test-day milk results and lactatioradat

98 (length and production) for all lactations. Therkaie MCP represented 61, 57 and 85% of the herds,

99  cows and milk produced, respectively. The repredem of dairy cows included in the MCP varies
100 among dairy productions areas and ranges from 8@% Measurements of milk urea is optional for

101  farmers registered in the MCP and is conductednoavarage of 57.7% of test-days. The records for
5
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milk urea during the same time period were provibgthe France Conselil Elevage
(http://Iwww.france-conseil-elevage.fr/). The Frehdfestock Institute (http://idele.fr/) providedtda

on artificial insemination (Al), including the idgties of the dams and sires and the dates oflall A
Data were collected using MySQL software (MySQLrswen 5.0, Oracle Corp., Redwood City, CA).
Restrictions were implemented so that only Holsteiws and instances of Al prior to 200 days in
milk (DIM) were included in the study. The milk Yiewas adjusted to correspond to a reference
lactation period of 305 days (305-day MY). A brikfscription of the contents of the dataset is shown

in Table 1.

For each Al, conception was considered as a binaityand defined as successful if the
instance of Al was followed by a calving 265-29%sltater. This duration was defined as the average
period of gestation for Holstein cows +15 daysiea®mmended by the French Livestock Institute.
Udder health around Al was investigated throughSB€ on the test-day. The SCC has been
classified as low (L) or high (H) based on varittugsholds but only results for a threshold of
200,000 cells/mL will be detailed in this studyrEach Al, cows were categorized into four groups
according to the dynamics of the SCC as followsicwith a low SCC both before and after Al (LL,
control group); cows with a low level before andigh level after Al (LH); cows with a high SCC
before and a low SCC after Al (HL); and cows withigh SCC both before and after Al (HH). In
accordance with the average of 1 test-day per marfhance, the test-days within the 40 days before
and 40 days after Al were primarily included in trealysis. Test-days from other period, including
from 40 to 80 days before and after Al, were alsseased. The SCK status at the time of Al was
defined by the milk fat and protein contents of shene test-days in which the SCC was quantified
[18,19]. A descriptive schematic of the experimétitae periods and test-days included in this study

is presented in Fig. 1.

2.2. Statistical analysis

Data were analyzed using R (version 2.10.1, 2009+4,2The R Foundation for Statistical

Computing, Vienna, Austria). A two-step statistiapproach was used. The optimal thresholds for

6
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stratifying the categorical variables includedhe final logistic regression (SCC, SCK, DIM and 305
day MY) were first obtained using a generalizeditadeimodel (GAM, the gam package in R). The
use of GAMs allowed the nature of the relationdieépveen the response and the set of the
explanatory variables to be determined rather #ssuming some form of parametric relationship
[20]. All continuous explanatory variables wereadatuced into the model as smooth without any
priori assumptions. This approach allowed to determinenibet efficient thresholds for stratifying
the explanatory variables, such as SCC, DIM, 30bMH#, urea concentration, fat and protein
contents and the fat/protein ratio. Conception sgdained with explanatory variables maintained in
their continuous distribution. Univariate modelsreveeparately generated for all of the above-
mentioned explanatory variables, and the multivanaodels were constructed by integrating the
significant variablesp<0.05) into the same model one by one. No interactios t@ated because this

was outside the scope of this first step.

The final logistic regression with a Poisson caiimetwas then performed using the nlme package of
R. A log link model with a Poisson distribution wa®posed as a method to calculate relative risks
instead of odd ratios and to simultaneously addhesgssue of the lack of convergence occasionally
observed when performing log binomial regressi@is-3]. The same step-by-step procedure was
used to include explanatory variables as that destiabove for the GAM. This model included the
SCC as a categorical variable and SCK as a biraigihle, as well as a term representing interaction
between these variables. Additionally, this moda$wdjusted for the lactation stage, milk yield and
parity. The urea concentration was not retainecubse of the consistent lack of statistical sigaifice
based on the univariate analysis. This model wpbaapfor the different proxies of SCK created by
the GAM. The logistic model, which included herdsasindom variable, was applied to the entire
dataset from the period 2008-2012 or from each giher to the first Al (All) following each

calving or to all Als. Although only the results foonception at All are discussed in this artittie,

results were similar for all Als.
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3. Results

3.1. GAM and definition of thresholds

The thresholds defined by the smoothing functighnat differ between the univariate and
multivariate models, and only graphs from the uniata model are shown here (Figures 2 and 3). The
results showed high consistency between yearsaiaceto the explanatory variable. A linear but
small decrease in conception was associated withcaeased SCC before Al (Figure 2). The
conception rate was strongly associated with S@& Afl, with a linear decrease in conception rate
up to 400,000 to 500,000 cells/mL followed by aera¥ very gradual decrease in conception rate as
the SCC further increased. Conception success was cfosely associated with changes in milk fat
content after Al than before Al (Figure 3). Theasation between milk protein and conception
(Figure 3) was present both before and after Alhaaigh it was stronger after Al. The results of the
GAM led to the retention of 200,000 cells/mL as tiein threshold of the SCC on which to base the
associated categorical variable. A threshold 0d@ Kg of 305-day MY was used to define highly
productive cows. Three proxies of SCK (Table 2)eniemplemented according to the associations of

fat and protein contents with conception successhawn in Fig. 3.

3.2. The relationship between SCC and conception is strengthened by the presence of SCK

The logistic regression model clearly showed thaiharease in the SCC (from low SCC
within 40 days before All to a high SCC within 48yd after All; LH group) was associated with a
12 to 17% decrease in conception success at All€T3). Similar associations were observed for
cows with a high SCC both before and after All (§dup) compared to those with a low SCC
before and after All (LL group). Including all Ails the model, a similar reduction in conception
success was observed (results not shown). Fonatiee thresholds of the SCC, the average decreases
in conception success in the LH or HH groups coemban the LL group were 10, 15, 21 and 26%
using SCC thresholds of 100,000, 200,000, 400,000880,000 cells/mL, respectively. The

conception success at All was significantly highben performed between 50 and 100 DIM than
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when performed outside that period, for primiparoows than for multiparous cows and for low-
producing cows compared to high-producing cows i@&B to 5). No interaction of the above-

mentioned variables was significant.

Depending on the SCK proxy, the decrease in tlkeofisonception at All associated with
SCK was between 3 and 17% for All (Table 3). Theffaments of the interactions of SCC with SCK
were systematically negative (RR < 1). A cow tHegady had SCK and experiencing an increase in
the SCC around or after All (LH and HH groups; €al8 to 5) exhibited a decrease in the relative
risk of conception compared to a cow with high S@ihout SCK due to the multiplication of the
coefficients of these two events (multiplicativéeef), in addition to the inclusion of an interacti
term with a coefficient of 0.97 to 0.93. Consedlyerthe relative risk of conception could be
decreased up to 0.66 in cases of SCK concomitahtaniiigh SCC. The effect sizes of the'BEK
and HH*SCK interactions were greater for certaiarge particularly for SCK2, in which the
interaction term had a coefficient of 0.90 and e@636 (data not shown). Similar results were

obtained via analysis of all Als instead of onlylAl

Using the periods of 40-80 days before All to def8CK and 0-40 days before and after Al
to define SCC or 40-80 days before and after Alddfine all indicators instead of the period 0-40

days led to similar results (Tables 4 and 5).

4. Discussion

The relationship between changes in SCC and canocegéscribed in the present study is in
accordance with previous studies that reportedjatige association between udder inflammation
around or after Al and deteriorated reproductioriggeance [12—14,24]. The comparison of the
present results with the literature is limited bg tnconsistency of studies on (i) the outcomealdeis
used to qualify reproduction performance; (ii) tiedinitions of udder health status and SCC

variations; (iii) the adjustment of regressionscorvariates; (iv) the timing of the events, paricly

9
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the period of udder inflammation around Al; andtw} manner in which the results were reported
(odd ratios, relative risks or mean values amowogigs). Despite these limitations, previous studies
showed a correlation between more severe mastiisd large SCC increase compared to a small
SCC increase or clinical mastitis compared to @a8CC increase) and a greater decrease in
conception rates. Specifically, the percent dee®asconception were approximately 15-18% when
SCC increased above the threshold of 280,000 elIf12]; 5-12% when various SCC thresholds
and various periods of increased SCC were consld&8}; and up to 60% when SCC increased
above the threshold of 200,000 cells/mL duringdtseception period [14]. This last result represents
an exception among the above-mentioned studiegioReestudies reported that the percent decrease
in the conception rate in cases of clinical mastitas higher, at approximately 13-32% depending on
the time of the clinical mastitis relative to Ald[land at 33-44% in cases of clinical mastitis odng
after an SCC increase, respectively [24]. Thoseltseare in accordance with the observed decrease i
conception success with increased SCC in the prefaly and with the greater decrease in
conception success when the higher thresholds 6f\8&e tested. Together, these findings reinforce
previous but limited studies showing that more sewelder inflammation leads to greater decrease in

the conception success [24].

The GAM allows the relationship between two varsio be described without aayriori
assumptions. The results of the GAM showed a highpact of SCC change on conception rate after
Al than before Al, and this finding is in accordanaith the results of logistic regression analysis.
These results are also in accordance with the pofinding that conception is more strongly affelcte
by clinical mastitis or increased SCC when thesmts/occur during or only after Al compared to
before Al [8,9,11,13,25]. One exceptional resulswatained in a study focusing on SCC only before
Al [26], and another exceptional result was produicethe context of a definition of mastitis based
culture findings, among other factors [11]. Theikanrelative risks of an increased SCC at the tohe
Al (LH group) and a high SCC both before and aftefHH group) observed in the present study

confirm that conception is dramatically impacteduolger health status following Al.

10
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Subclinical ketosis is a risk factor for deteriedteproductive performance, including a
reduced first service conception rate [16], as aslfor mastitis [27,28]. To the authors’ knowledge
no peer-reviewed quantification of the link betw&K and increased SCC or clinical mastitis is
available [16]. Despite the proxy used in placa ebnsensus definition of SCK (based on BHBA or
NEFA), the present study reported a decrease icegiion success ranging between 3 and 17% in
cows exhibiting SCK. The proxies of SCK used irs tiudy were defined by the GAM and are in
accordance with the criteria generally used irfitld and reported in the literature [18,19]. The
sensitivity and specificity of these indicators emmoderate [18]. The fact that the effect of SCK
remained similar between the period of 0-40 daysrbeAl and the period of 40-80 days before Al is
in accordance with previous results showing a fitant decrease in conception associated with the

NEB that occurs 80 to 60 days before Al [29].

No previous study has reported an interaction betv&CK and SCC that affects conception.
This is the first report demonstrating that SCK rirdgract with the relationship between SCC and
conception. For all the definitions of SCK proxiesed here, the presence of SCK magnified the
negative association between high or increased &@@onception success. Further work is needed

using a definition of SCK that better aligns witfe tconsensus definition.

The variability in the coefficients of the interiaet term among the different years (in
particular for SCK2) observed in the present stody originate from the changes in the prevalence
of SCK between the years of the study. The validitgn interaction between the SCC and SCK is
strengthened by the difference in the coefficientthe SCC variable when the model without
interaction was alternatively used to analyze tygupations with and without SCK (results not

shown).

The mechanism underlying the relationship describede present work remains unclear.
However, a positive genetic correlation betweenreundigtalth and conception has been reported in
several studies [30,31]. The mechanisms by whiictical or subclinical mastitis potentially interact

with conception may include alterations in endoggpmofiles and follicular development, inhibitioh o

11



256 LH and FSH via cytokine release, and intrauterimémyonic survival [32]. Whether the link between
257  mammary inflammation and reproduction failure mayoive changes in the cytokine network is also
258  uncertain. The well-described changes in immunetfan during SCK [33,34] are also in accordance
259  with the SCCSCK interactions that explain conception succesidrpresent work. This is also in

260 accordance with a recent study showing that evees figh-SCC genetic lines have increased NEFA
261  and BHBA concentrations after energy restrictiohjol reinforces the hypothesis of a genetic

262  association between mastitis susceptibility andgnemetabolism [35].

263 From a practical perspective, the present resldeslg support the concept of loser cows

264  [36,37]. As a result of the strong associations @grtisorders, an ill animal is more likely to be

265  affected by other disorders, thereby creating mugcycle. This characteristic is of importance in
266  allocating resources and calculating the indirestx of disorders [7]. However, the present results
267 should not be used as a criterion to select cowee tgerved at this point. First, cows with mastitis
268  before Al and no mastitis within 1 or 2 months afi¢ were not highly affected (HL cows), and there
269 is no justification for excluding cows with madditbefore estrous from being served unless the

270  mastitis is chronic. More broadly, excluding cowanfi being served because they were predicted to
271  have a low rate of conception success (e.g., witli)Smproves the indicator “number of Als per

272 conception”, but may simultaneously reduce theinglinterval or increase culling and turnover. The
273 cost of Al (induced labor) remains the key paramietedeciding whether to serve a given cow in this

274  situation.
275
276 5. Conclusion

277 The present work is in accordance with previoudistuthat demonstrated the negative impact
278  of mastitis at the time of Al on conception succdsmese results also reinforce previous but limited
279  studies showing that the more severe udder hidiéittion or inflammation exacerbates the decrease

280 in conception success. A high SCC after Al has a much greater negative association with decreased

12
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290

conception success than a high SCC before Al. An increase in the SCC was clearly associated with a 12
to 17% decrease in the conception success. A cavalteady had SCK and experiences an increase
in SCC at the time of or after Al exhibits a mulitptive decrease in the conception success compare
to a cow with a high SCC without SCK. However, lignt research is needed to improve the

quantification of these interactions using moreuaate definitions of SCK.
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390 Tablel.

391  Data summary for the study population by year.

Year

Item 2008 2009 2010 2011 2012
Number of herds 44,124 42,169 39,648 37,905 36,683
Number of cows 1,325,171 1,228,949 1,180,592 19ra1, 1,073,018

% in 1° lactation 36.4 35.3 36.7 38.1 38.9

% in 2" lactation 26.5 27.8 26.5 26.7 27.7

% in 3¢ lactation 17.8 17.7 18.1 17.1 16.5

% in >3° lactation 19.3 19.2 18.7 18.2 16.9
Mean of DIM' (days)+SD 91.0+32.6 92.5+33.1 93.0+33.2 94.4+33.85.6+33.7
Mean of 305-day MY (kg) 8187 8187 8383 8608 8476
Number of all Alg 1,909,776 1,761,726 1,686,025 1,674,491 1,517,649

Success rate (%) 36.7 36.5 37.3 36.3 38.1
Number of firstAl 1,050,762 983,333 950,582 946,876 867,175

Success rate (%) 39.6 39.6 40.5 39.4 415

392 'Days in milk at the time of the first artificialsemination.
393 2Milk yield adjusted to a reference lactation perdd®05 days.

394  3Artificial insemination.
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395 Table2.

396  Definition of subclinical ketosis (SCK) proxies lea@son milk fat and protein contents (mg/kg) or thei

397 ratio and prevalence of SCK according to each spmading definition.

Definition Prevalence of
Proxy code
SCK
Presence of SCK Absence of SCK
SCK1 Protein before A30 Protein before A+30 35%

SCK2 Fat before Al >45 and protein Fat before Al between 35 and 45 5%

before Al <28 and protein before At32
SCK3 Fat/protein ratio before Al Fat/protein ratio before Al 10%
>1.5 between 1.1 and 1.4

398 !Artificial insemination.
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399

400

401

402

Table 3.

Relative risk (95% CI) of conception associatechulite different explanatory variables for the first

artificial insemination (All) and for all subcliratketosis (SCK) proxies considering records from t

period of 0-40 days around Al1l.

SCK proxy
Variable
SCK1 SCK2 SCK3
Class of SCC LL Reference Reference Reference
LH 0.86(0.85-0.87)  0.87(0.86-0.88)  0.84(0.83-0.84)
HL 0.96(0.95-0.98)  0.96(0.95-0.97)  0.98(0.97-0.99)
HH 0.86(0.85-0.87)  0.86(0.86-0.87)  0.83(0.82-0.84)
SCK Without Reference Reference Reference
With 0.93(0.92-0.93)  0.83(0.82-0.85)  0.97(0.95-0.99)
Interaction LH SCK  0.99(0.97-1.01)  0.95(0.90-1.00)  0.99(0.98-1.01)
HL®SCK  0.99(0.97-1.01) 1.00(0.95-1.05) 0.96(0.94-Y.98
HH® SCK 0.97(0.96-0.99)  0.93(0.89-0.98)  0.94(0.93-0.94)
DIM* (days) 50 - 100 Reference Reference Reference
<50 0.82(0.81-0.83)  0.84(0.82-0.86)  0.83(0.80-0.85)
100-200  1.00(0.99-1.00) 0.98(0.97-089) 1.00(1.00-1.01)
305-day MY (kg) <7000 Reference Reference Reference
>7000 0.96(0.95-0.96) 0.97(0.96-0.98)  0.95(0.94-0.95)
Parity T Reference Reference Reference
2 0.89(0.88-0.89)  0.91(0.90-0.97Y  0.90(0.90-0.91y
3¢ 0.83(0.82-0.83)  0.85(0.84-0.86)  0.84(0.84-0.85)
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> 3¢ 0.71(0.70-0.71)  0.73(0.72-0.74)  0.72(0.72-0.73)

403  ""P<0.001; “P<0.01; "P<0.05; 'P<0.1.
404  'Days in milk at the time of the first artificialsemination.

405  Milk yield adjusted to a reference lactation peridd@®05 days.
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406 Table4.

407  Relative risk (95% CI) of conception associatechwlite different explanatory variables for the first
408  artificial insemination (Al1) and for all subclirdatketosis (SCK) proxies considering SCC records

409  from the period of 0-40 days around All and comsngerecords of SCK from the period of 40-80

410 days before All.
SCK proxy
Variable
SCK1 SCK2 SCK3
Class of SCC LL Reference Reference Reference
LH 0.87(0.86-0.88)  0.87(0.85-0.88)  0.87(0.86-0.88)
HL 0.96(0.94-0.97)  0.97(0.96-0.99)  0.96(0.95-0.97Y
HH 0.87(0.86-0.88)  0.87(0.86-0.88)  0.87(0.86-0.87)
SCK Without Reference Reference Reference
With 0.95(0.95-0.96)  0.87(0.86-0.88)  0.93(0.92-0.94Y
Interaction LH SCK  1.00(0.98-1.01) 0.97(0.94-1.01) 1.00(0.97-1.02
HL SCK  1.00(0.98-1.02) 0.98(0.93-1.02) 0.99(0.97-1.02
HH SCK 0.98(0.96-0.99)  0.96(0.93-0.99)  0.96(0.94-0.98)
DIM* (days) 50 - 100 Reference Reference Reference
<50 0.81(0.79-0.84)  0.83(0.80-0.86)  0.82(0.80-0.85)
100-200  1.00(1.00-1.01) 1.00(0.99-1.01) 1.(8YAL.00)
305-day MY (kg) <7000 Reference Reference Reference
>7000 0.96(0.95-0.96)  0.93(0.93-0.94)  0.94(0.94-0.95)
Parity r Reference Reference Reference
2 0.89(0.89-0.90Y  0.91(0.90-0.92Y  0.90(0.89-0.90Y
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3¢ 0.83(0.83-0.84)  0.85(0.84-0.86)  0.84(0.83-0.84)

> 3¢ 0.71(0.70-0.71)  0.72(0.71-0.73)  0.72(0.71-0.72Y

411 7 P<0.001; "P<0.01; "P<0.05; 'P<0.1.
412 'Days in milk at the time of the first artificialsemination.

413 Milk yield adjusted to a reference lactation peridd805 days.
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414

415

416

417

Tableb.

Relative risk (95% CI) of conception associatechwlite different explanatory variables for the first
artificial insemination (All) and for all subcliratketosis (SCK) proxies considering records from t

period of 40-80 days around Al1l.

SCK proxy
Variable
SCK1 SCK2 SCK3
Class of SCC LL Reference Reference Reference
LH 0.84(0.83-0.85)  0.84(0.83-0.85)  0.84(0.83-0.84)
HL 0.98(0.97-0.99)  0.98(0.97-0.99)  0.98(0.97-0.99)
HH 0.83(0.82-0.84)  0.84(0.83-0.85)  0.83(0.82-0.84f
SCK Without Reference Reference Reference
With 0.96(0.95-0.96)  0.87(0.86-0.89)  0.94(0.93-0.94Y
Interaction LH SCK 0.99(0.97-1.00)  0.94(0.91-0.97)  0.97(0.95-0.99)
HL"SCK 0.98(0.96-1.00)  1.00(0.97-1.03) 0.99(0.98-1.01)
HH"SCK 0.97(0.96-0.99)  0.93(0.90-0.96)  0.96(0.94-0.98Y
DIM* (days) 50 -100 Reference Reference Reference
<50 0.82(0.79-0.84)  0.83(0.80-0.85)  0.83(0.80-0.85)
100-200  1.01(1.00-1.0T) 1.00(1.00-1.01) 1.00(1.00-1.01)
305-day MY (kg) <7000 Reference Reference Reference
>7000 0.95(0.95-0.96)  0.93(0.93-0.94f  0.95(0.94-0.95§
Parity ' Reference Reference Reference
2" 0.90(0.89-0.90)  0.92(0.91-0.92)  0.90(0.90-0.91Y
3¢ 0.84(0.83-0.84)  0.86(0.85-0.87)  0.84(0.84-0.85)
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> 3¢ 0.72(0.72-0.73)  0.73(0.72-0.74)  0.72(0.72-0.73)

418 " P<0.001; “P<0.01; ‘P<0.05; 'P<0.1.
419  'Days in milk at the time of the first artificialsemination.

420  *Milk yield adjusted to a reference lactation peridd@®05 days.
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Figure 1. A Schematic representation of the time periodsraddhe first artificial insemination (Al1)

and the measurements examined in this study. Se@matic cells counts (SCC) thresholds were

tested within 40 days before and after Al1, buiydhe results for the threshold of 200,000 cells/mL

were detailed in this article. A proxy of subcliaiketosis (SCK) was built using the fat and protei

contents (mg/kg) or their ratio within 0-40 dayslamthin 40-80 days before All.
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Figure 2. A 3-dimensional representation of the annual i@kship between SCC before and

after the first Al and conception success (vertzas).
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435  Figure 3. A 3-dimensional representation of the annual i@tahip between milk fat (left) or milk

436  protein (right) contents before and after the fikkand conception success (vertical axis). Only 3

437  vyears of data are reported.
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Worsened udder health is known to be negatively associated with reproduction.
Early postpartum dairy cows often experience a negative energy balance that
may lead to subclinical ketosis. Subclinical ketosis has also been reported to be
deleterious to both conception and mastitis. However, the interactions between
subclinical ketosis, udder health and conception are still unclear. The present

paper is an attempt to identify and quantify these interactions.



