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ABSTRACT

The present study aimed to assess the occurrence of
cytological endometritis (CYTO), a nonsymptomatic
inflammation of the endometrium, at first artificial
insemination (AI) postpartum in Norwegian Red cows.
Further, risk factors for CYTO manifestation and its
effect on reproductive success and late embryo loss
were evaluated. In total 1,648 cows located in 116
herds were included in the study. On mainly sponta-
neous estrus, endometrial cytology samples were col-
lected using a cytotape technique, and a total of 300
representative epithelial cells and polymorphonuclear
neutrophils (PMN) were counted at 400x magnifica-
tion. Vaginal mucus obtained by Metricheck (Simcro)
and body condition score were recorded. Milk samples
for progesterone analysis were collected at Al and 21 d
later. Pregnancy was diagnosed by rectal palpation or
analysis of pregnancy-associated glycoproteins. Based
on the constructions of a receiver operator characteris-
tics curve, the cut-off level for PMN defined as CYTO
was set to 3.0%, representing the level at which the
PMN occurrence affected pregnancy outcome, with the
highest summation of sensitivity (32.4%) and specific-
ity (74.9%). Three logistic models with herd included as
random factor were constructed. The outcome for the
first model was the likelihood for CYTO based on the
endometrial samples, in the second model pregnancy to
first Al, and in the third model embryo loss. The pro-
portion of CYTO was 28.0% (461/1,648). The average
interval in days to first Al was 71.7 d (standard error +
0.7) and the overall pregnancy incidence to first Al was
59.8% (866/1,449). The likelihood for CYTO at first
AT was associated with Al personnel, calving to first Al
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interval, vaginal mucus characteristics, amount of red
blood cells in sample, season, and barn type. Pregnancy
to first Al was lower in CYTO-positive cows (odds ratio
= 1.51, confidence interval = 1.17-1.94). Other factors
affecting pregnancy to first AI were Al personnel, test
day milk yield, barn type, and obstetrical conditions or
fertility treatments before first AI. The proportion of
late embryo loss and abortion was 8.6% (82/948) and
2.8% (24/866), respectively. Late embryo loss was asso-
ciated with treatment against fertility disorders before
first AI, but not associated with CYTO. Overall, our
results suggest that even if Norwegian Red cows show
a fairly high prevalence of CYTO in the endometrium
at first Al it does not seem to have a major effect
on the reproductive performance. The Norwegian Red
breeding program has emphasized fertility and health
for decades, and a genetically advantageous uterine im-
munology might be one of the preserved mechanisms.
Key words: Norwegian Red, embryo loss, cytotape,
cytological endometritis, polymorphonuclear
neutrophils

INTRODUCTION

Embryo loss, defined as loss of conceptus during the
first 42 d of pregnancy (Zavy and Geisert, 1994), is one
of the major contributing factors affecting reproduc-
tive efficiency in dairy cows (Diskin and Morris, 2008).
Embryo survival is negatively affected by suboptimal
uterine environment (Hill and Gilbert, 2008). Hence,
postpartum uterine disease has a great impact on re-
productive performance in the dairy industry, causing
large economic losses (Sheldon and Dobson, 2004). As
a result, recent years has witnessed an increase in stud-
ies investigating the prevalence and effect of subclinical
endometritis in dairy cows (Kasimanickam et al., 2004;
Madoz et al., 2013; Wagener et al., 2017).

Subclinical endometritis is defined by 3 aspects: (1)
the presence of PMN on the endometrial surface or lu-
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men, (2) a reduction in reproductive performance, and
(3) the absence of clinical symptoms of endometritis
(Kasimanickam et al., 2004; Sheldon and Owens, 2017).
The diagnosis is usually based on cytology samples col-
lected from the endometrial surface or lumen, where
cytobrush or uterine lavage are the most common
collection techniques (Pascottini et al., 2016; Sheldon
and Owens, 2017; Wagener et al., 2017). Cytological
endometritis (CYTO) refers to these cytological find-
ings alone (Dubuc et al., 2010a; Pascottini et al., 2016).

It is challenging to compare studies on the preva-
lence of subclinical endometritis or CYTO because they
are based on dissimilar sample time points relative to
parturition, as well as different cut-off levels to define
the condition (Pascottini et al., 2015; Wagener et al.,
2017; Arias et al., 2018). While most published stud-
ies on CYTO or subclinical endometritis are based on
sampling 3 to 5 wk or 5 to 7 wk after calving (Arias
et al., 2018), Pascottini et al. (2016, 2017a) performed
sampling at the time of AlI, with the argument that
this is the most critical point for uterine health status.
Further, sampling at the time of Al allows for greater
standardization regarding what cut-off value of PMN
to use for the diagnosis of CYTO, as well as a more
standardized collection procedure (Pascottini et al.,
2017a). To prevent unnecessary penetration of the cer-
vix, cytology samples were collected with a piece of tape
(cytotape) attached to the sanitary sheath covering the
insemination gun (Pascottini et al., 2015, 2017a,b). A
consecutive study showed that this collection method
did not affect the pregnancy rate (Pascottini et al.,
2017a), although there was a risk of the insemination
procedure itself introducing a PMN response in the en-
dometrium (Pascottini et al., 2017b). Earlier identified
factors for the increased risk of CYTO at first Al in
multiparous cows include parity, DIM, and season of
the year (Pascottini et al., 2017b).

It has been reported in several studies that CYTO has
a negative effect on pregnancy outcome in dairy cattle
(Kasimanickam et al., 2004; Gilbert et al., 2005; Dubuc
et al., 2010a; Valdmann et al., 2018). Among the af-
fected parameters were pregnancy rate (Kasimanickam
et al., 2004; Gilbert et al., 2005; Dubuc et al., 2010a),
days open (Kasimanickam et al., 2004; Gilbert et al.,
2005; Valdmann et al., 2018), postpartum anestrus,
and Al per conception (Gilbert et al., 2005). Similar
negative effects on pregnancy outcome have also been
identified when CYTO was diagnosed at Al (Pascottini
et al., 2017a). In contrast, a small number of studies
have also reported no significant effect of CYTO on
reproductive performance in dairy cattle reared under
less intensive systems, including Holstein cattle reared
in a pasture-based, extensive dairy farming system in
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Argentina (Plontzke et al., 2010), and in small- and
medium-sized herds of mainly Simmental in Austria
(Prunner et al., 2014).

Norwegian Red has been the main breed of dairy
cattle in Norway since 1935, and since the 1970s breed-
ing programs have emphasized fertility and health, such
that female fertility has been included in the total merit
index in Norway since 1972 (Andersen-Ranberg et al.,
2005). The population average interval from calving to
first AI (CFAI) is 81.8 d, and treatments against re-
productive disorders are currently low, with treatments
against metritis and endometritis equal to 1.3/100 cow-
years in 2018 (TINE Radgiving, 2019). A pregnancy
incidence of 62.9% and a calving rate of 56.3% has
been reported in Norwegian Red (Garmo et al., 2008),
and the 56 d nonreturn rate was 72.4% in 2018 (Geno
SA, 2016). The prevalence and effect of CYTO have
not been investigated in this high fertility breed. Such
knowledge would be valuable to understand the basis
of the successful reproductive capacities of this breed,
and if the success is due to, or rather in spite of a low
occurrence of this condition. Our hypothesis was that
because of the high fertility in Norwegian Red, CYTO
is not very prevalent, as neither metritis nor endometri-
tis are highly reported issues in this breed.

The present study aimed to assess the occurrence of
CYTO, as defined by presence of PMN in the endome-
trium at first Al postpartum in Norwegian Red cows
and to establish associated risk factors. Additional aims
were (1) to investigate how pregnancy to first Al is
affected by CYTO and by other already known risk fac-
tors and (2) to investigate the risk for late embryo loss
and abortion with regard to PMN status at first Al

MATERIALS AND METHODS

A prospective cohort field trial was conducted be-
tween September 2017 and March 2019. The study unit
was Norwegian Red cows presented for first Al after
parturition (n = 1,648). The sample size was based on
a difference in pregnancy to first AT of 10% between
CYTO-positive and -negative animals, and the desired
power and confidence interval (90% and 95%, respec-
tively), and the true prevalence was expected to be
10%. In total 116 herds in the counties of Hedmark (n
= 52) and Trendelag (n = 64), with a range from 1 to
123 cows, were included in the study. The herds were
selected based on the farmers’ willingness to participate
in the study. The animals were housed in 35 tiestall
herds (17.5%) and 87 freestall herds (82.5%) of which
66 (69.1%) had an automated milking system and 21 a
traditional milking parlor system (13.4%). The ethical
approval for the present study was given by the Nor-
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wegian Food Safety Authority with approval number
17/152686—1. A cytological sample was collected from
the endometrium in connection with first Al in 1,738
cows. Of these, 90 samples were excluded due to poor
quality, resulting in the study being based on 1,648
endometrial samples. The cows were selected for Al
mainly on spontaneous estrus, detected by mucus, es-
trus behavior, electronic activity monitors, or a combi-
nation of these. There was no voluntary waiting period,
but a general recommendation from the Norwegian Red
breeding organization (Geno SA) of at least 42 d from
CFAL

Data from the Norwegian Dairy Herd
Recording System

All herds used in the study were part of the Norwe-
gian Dairy Herd Recording System (NDHRS), which
routinely records data on parity; parturition and Al
date; pregnancy controls; culling data; disease occur-
rence; calf sex; dystocia; milk yield (MY); concentrate
allocation (CA); milk fat, protein, and lactose content;
natural logarithm of somatic cell count (LnSCC); and
urea. All feed and milk data were measured and ana-
lyzed monthly and reported to NDHRS.

Disease Treatment and Culling

Registrations of disease treatments were retrieved
from NDHRS for the period from 30 d before parturi-
tion until first Al in subsequent lactation. All diagnoses
and treatments registered in NDHRS are performed
and reported by veterinarians according to predefined
health codes (Animalia, 2020). Calving-related condi-
tions and diseases were diagnosed in 241 of the 1,648
cows included in the study. There were 48 cases of ob-
stetrical conditions: dystocia, 9; prolonged pregnancy,
3; uterine prolapse, 1; uterus torsion, 1; retained pla-
centa, 21; early metritis, 12; and others, 1. In total,
52 cases of fertility disorders were reported before
first Al: anestrus, 16; ovarian cysts, 8; silent heat, 22;
endometritis, 2; and estrus synchronization, 4. Other
conditions with treatment registered were mastitis, 59;
ketosis, indigestion, or both, 32; lameness, bone, and
claw disorders, 9; and others, 41.

In total, 327 of the included cows were culled dur-
ing the study period: 68 pregnant, 156 nonpregnant,
and 103 with uncertain pregnancy status. Thirteen of
these cows were culled 6 to 29 d after first Al and were
not included in statistical analysis with pregnancy as
outcome. The reasons for culling were abortion, 21; low
MY, 49; mastitis or high SCC or poor udder confirma-
tion, 75; poor fertility, 86; bone and confirmation, 20;
and others, 76.
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Al Personnel

Eleven Al technicians and 3 veterinarians employed
at GENO SA performed the sampling from the endo-
metrium at first AI. The AI personnel were selected
based on interest, experience, and competence, and
before sampling, they participated in a one-day prac-
tical course. The course included a tutorial of body
condition scoring and evaluations of the quality of their
endometrial cytology samples. Five persons, both Al
technicians and veterinarians, who in total performed
only 7.5% (n = 124) of the AI and collected <46 en-
dometrial cytology samples each, were counted as one
group in the statistical analyses, due to small numbers
of Al ranging from 7 to 46. The distribution of Al and
endometrial samples between the other AI personnel
was 22.5% (n = 370), 19.7% (n = 324), 15.5% (n =
255), 8.8% (n = 145), 6.9% (n = 114), 6.9% (n = 113),
4.9% (n = 80), 4.5% (n = 74), and 3.0% (n = 49).

BCS, Mucus Evaluation, and Endometrial
Sampling on the Farm

Body condition was scored by the AI personnel at
first AT on a scale from 1 (very thin) to 5 (obese), in
increments of 0.25 (Edmonson et al., 1989), modified
and adjusted for Norwegian Red according to Gillund
et al. (1999).

A Metricheck device (Metricheck, Simcro) was used
to investigate and score the appearance of the vaginal
mucus. Samples of mucus were collected and evaluated
from 1,442 of the cows. The instrument was advanced
to the cervix to collect mucus and withdrawn. The Al
personnel assessed the content in comparison to pic-
tures of vaginal mucus characteristics and gave a score
from 0 to 3: score 0 = clear or translucent mucus; score
1 = mucus containing flecks of white or off-white pus;
score 2 = discharge containing <50% white or off-white
mucopurulent material; score 3 = discharge containing
>50% purulent material, usually white or sanguineous
(Williams et al., 2005).

A cytotape device was mounted and used to collect
cytology samples from the endometrium, according to
the technique developed by Pascottini et al. (2015).
Briefly, paper tape was glued to the sanitary sheaths
(IMV technologies Split Universal sheaths 007494) cov-
ering the insemination gun. A protective disposal plas-
tic tube (Continental plastic, Sheath protector tubes
262-728-4800) was mounted over the sampling device.
Following the cleaning of the vulva and perineum, the
protective tube was passed into the uterus. The endo-
metrial samples were collected by penetrating the pro-
tective tube, rolling the tape against the endometrium,
releasing the semen, withdrawing the tape into the
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protective tube, and rolling the tape onto a microscope
glass slide.

Microscopic Evaluations and PMN Assessment

The microscopic evaluation of the slides was per-
formed by 3 veterinarians. A subset of 40 cytology
slides were randomly chosen from the first 475 samples
to calculate the interobserver reliability. Randomiza-
tion was made using Sergeant, ESG, 2018, Epitools
Epidemiological Calculators, Ausvet (available at http:
//epitools.ausvet.com.au). Calculations were made
using Stata (Stata SE/15.1, Stata Corp.). Kendall’s
W was 0.72, which was assessed as high (Martin and
Bateson, 2007). Calibration was performed by using
example pictures and support from of a professional
cytologist. The evaluation distribution between the 3
observers was 55.2% (n = 909), 31.4% (n = 518), and
13.4% (n = 221).

The slides were fixed and stained with Kruuse Dip
Quick Stain (Jorvet, J0322A1, A2, A3, Jorgensen
Laboratories) and examined under the 100x magnifi-
cation in a light microscope. The amount of red blood
cells (RBC) was scored from 0 to 3: 0 = none, 1 =
low, 2 = moderate, 3 = high, as previously described
by Pascottini et al. (2015). The slides were assigned
a quality score based on proportion of nonfragmented
cells; <50%, 50-75%, >75% (Pascottini et al., 2015).
At 400x magnification, a total of 300 representative
epithelial cells and PMN were counted in several fields
and the proportion of PMN calculated.

Estrus Confirmation and Pregnancy Detection

Milk samples were collected by hand for progesterone
analysis at the time of Al and 21 d post-Al. A Broad
Spectrum Microtab tablet was added (D&F Control
Systems Inc.), and the samples were stored frozen at
—18°C before laboratory analysis. Milk progesterone
was measured by enzyme immunoassay (Waldmann,
1993), which was modified by a second antibody coating
technique. The specificity of the monoclonal antibody
was described previously (Waldmann, 1999). For this
method, the interassay coefficient of variation was 9.2
and 5.3%, at milk progesterone concentrations of 1.48
and 19.66 ng/mL, respectively, whereas the intraassay
coefficient of variation was less than 10%. The thresh-
old for progesterone content in estrus was <3.0 ng/
mL, while >3.0 ng/mL indicated AI during diestrus.
A progesterone content of <3.0 ng/mL 21 d after first
Al was evaluated as return to estrus. Pregnancy to
first Al was confirmed by rectal palpation by the Al
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personnel or by milk samples analyzed for pregnancy-
associated glycoproteins (PAG) at 42 d after first Al
The PAG concentration was analyzed using an Idexx
Milk Pregnancy Test (99-41209, Idexx Laboratories).
A corrected optical density value of >0.250 was used as
a cut-off to confirm pregnancy, whereas <0.1 indicated
nonpregnancy. Results between 0.10 and 0.25 were re-
corded as re-check or uncertain. Cows presented for a
subsequent Al within 18 to 42 d, and a new calf born
later than 290 d after first Al were assessed not to be
pregnant after first Al

Late Embryonic Loss

Late embryonic loss was defined as having happened
in cows with progesterone levels >3.0 ng/mL 21 d after
the first AI, who were not pregnant on rectal palpation
or PAG analysis <42 d after the first AL, or cows that
were presented for a new Al > 42 d after first Al, and
with no recording on pregnancy status. Cows with >3
ng/mL at Al were excluded from the material in the
late embryonic loss model.

Missing Observations

Due to some missing observations, there are varia-
tions in cow numbers for milk samples, data retrieved
in the field, and from NDHRS. There were missing milk
samples for progesterone analysis both at first Al (n
= 160) and at d 21 (n = 201), but 1,287 cows were
registered with progesterone data both at first Al and
21 d later.

Statistical Analysis

All statistical analyses were performed in Stata (Stata
SE/15.1, Stata Corp.). Pearson’s chi-squared test was
used to test the univariate relationship between the
different outcome variables and explanatory variables.
Three logistic models were built: model 1 with CYTO
based on endometrial samples, with no = 0, yes = 1, as
the outcome. Model 2 with pregnancy >42 d after first
Al with yes = 0, no = 1, as the outcome. Model 3 with
embryo loss, with yes = 0 or no = 1, as the outcome. To
select the best cut-off point for the definition of CYTO
in the logistic model with pregnancy as outcome, we
constructed receiver operating characteristic (ROC)
curves (Dohoo et al., 2009). The highest summation of
sensitivity on 32.4% and corresponding specificity value
on 74.9% was detected at the 3.0% level, Figure 1. The
positive and negative predictive values was 46.6% and
62.2%, respectively, and the area under the curve was
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Figure 1. Receiver operating characteristics (ROC) curve with
sensitivity of 32.4%, specificity of 74.9%, and area under the curve
equal to 0.54 for cytological endometritis using cut-off at 3.0% poly-
morphonuclear cells in endometrial samples collected at first Al post-
partum in Norwegian Red, n = 1,449.

0.54. In the logistic models with CYTO (model 1) and
embryo loss (model 3) as outcomes, CYTO equal to
3.0% PMN was also used as the cut-off level.

Associations between the outcomes in the 3 models
and the explanatory variables were tested separately
using the random effects logistic model, ztlogit, in Stata
SE/15.1 with herd included as the random effect in
the models. The following explanatory variables were
tested univariately: parity (first, >1), CFAI, test day
MY, test day CA, urea, and the LnSCC closest to first
AT, herd size, barn type (automated milking system,
milk parlor, tied), season (December—February, March—
May, June-August, September—November), BCS at Al
(<2.75 thin, 3.0-3.75 optimal, >4.0 fat), vaginal mucus
(clear = score 0 and opaque = score 1 or 2 combined),
RBC occurrence in endometrial samples (0 = none, 1
= low, 2 = moderate, 3 = high), calf size, as reported
to NDHRS by the farmer based on experience (small,
medium, large, twins), dystocia (none, some, large), ob-
stetrical condition or fertility treatment before first Al,
and finally milk fat, protein, and lactose % at test day
closest to first Al In addition, the occurrence of PMN
as a continuous variable or CYTO defined by a 3.0%
level (no = 0, yes = 1) was added as an explanatory
variable in model 2 and model 3.

In all 3 models, explanatory variables with P < 0.20
when assessed separately were included in an extended
multivariable model with herd included as random
effects in the respective models. Co-linearity was as-
sessed between explanatory variables by calculation
of the Pearson correlation coefficient (Dohoo et al.,
2009). Except for a correlation between CA and MY
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of 0.7, no co-linearity between explanatory variables
was detected, and MY was selected to be included
in a multivariable model due to biological relevance.
The backward elimination procedure was applied for
explanatory variables with P > 0.05 in the multivari-
able model, eliminating the variable with the highest
P-value, re-running the model for each elimination of
an explanatory variable. None of the interaction terms
tested between the explanatory variables in the final
models were associated with (1) CYTO in endometrial
sample at first Al, (2) pregnancy to first Al, or (3) the
occurrence of ED, and hence not included in either of
the final models. The herd level residuals in the logistics
models were reasonably normal. Only explanatory vari-
ables with P < 0.05 were retained in the final models.
Number of cows with endometrial samples, BCS, milk
yield, concentrate allocation, mucus evaluation, milk
content samples, progesterone samples, and pregnancy
diagnosis are presented in Appendix Table Al.

RESULTS
Descriptive Statistics: Herd Level

In the present study, the average herd size was 39
cows with a range from 13 to 110 cows. The average
305-d ECM production was 8,402.8 kg + 83.3, whereas
the average milk fat and protein content was 4.31% =4
0.03 and 3.45% =4 0.01, respectively. There were 736
first and 912 >1 parity cows included in the study.

Descriptive Statistics: Cow Level

The overall pregnancy incidence to first AT was 59.8%
(866/1,449), and the corresponding values were 62.5%
(412/659) and 57.5% (454/790) for first and >1 parity,
respectively.

The overall average CFAI was 71.7 d £ 0.7, and the
corresponding values were 70.1 d + 1.0 and 72.9 d £+
1.0 for first and >1 parity, respectively. The proportion
of double Al as a new Al recorded 1 to 4 d after first
AT was 3.4% (56/1,648).

Average MY closest to test day was 31.6 kg £+ 0.2 (n
= 1,602), whereas the average CA was 11.2 kg + 0.1
(n = 1,600). Average milk fat-, protein-, and lactose
content at test day closest to the first AI was 4.08% =4
0.02, 3.27% =+ 0.01, 4.71% =+ 0.01, respectively, whereas
the average test day LnSCC and urea was 3.89 + 0.03
and 4.67 mmol + 0.03, respectively (n = 1,586).

The distribution of Al (n = 1,648) by season was
32.5% (n = 535) from December to February, 28.0%
(n = 461) from March to May, 22.9% (n = 377) from
June to August, and 16.7% (n = 275) from September
to November.
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The distribution of calf size (n = 1,600) was 13.9%
small (n = 223), 69.9% medium (n = 1,118), and 16.2%
large (n = 259). Twins were recorded in 1.7% (28/1639)
of the births, whereas dystocia was reported by the
farmer in 148 cows (44 major and 104 minor).

The distribution of BCS (n = 1,637) was divided into
3 groups: 13.2% (n = 216) with a BCS <2.75, 75.7%
(n = 1,240) with a BCS between 3.0 and 3.75, and
11.1% (n = 181) with a BCS > 4.0. Fourteen cows were
recorded with a BCS between 2.0 and 2.25. Vaginal
mucus was assessed in 1,442 cows. In 93.1% (n = 1,343)
of the animals, the mucus was given score of 0, whereas
6.2% (n = 89) had score of 1, and 0.7% (n = 10) had
a score of 2. No sample was characterized with score 3.
There was no difference in pregnancy to first Al with
60.4% (717/1,188) and 62.3% (48/77) for cows with
clear and opaque mucus, respectively. For the 10 cows
with opaque or mucopurulent mucus, 2 were pregnant,
4 nonpregnant, 1 had uncertain pregnancy status, and
3 cows were inseminated during the luteal phase.

CYTO and Descriptive Associations

The distribution of PMN at first Al (n = 1,648) is
presented in Table 1. The CYTO was present in 28.0%
(461/1,648) of the endometrial samples. Successful
pregnancy, following the first AI, was recorded in 53.4%
(217/406) and 62.2% (649/1,043) of cows positive and
negative for CYTO, respectively, P < 0.01. The propor-
tion of CYTO-positive samples was 26.7% (357/1,343)
and 45.5% (45/99) for cows with clear and opaque mu-
cus, respectively, P < 0.01.

The distribution of RBC in the endometrial samples
(n = 1,648) was 57.8% (n = 953) without, 22.6% (n
= 372) with low, 10.5% (n = 173) with moderate, and
9.1% (n = 150) with a high amount of RBC. Pregnancy
following first AI was 59.8% (500/836) and 59.4%
(364/613) for endometrial samples classified with or
without RBC, respectively. Red blood cells were de-
tected in 52.0% (239/460) and 38.4% (456/1,188) of
the CYTO-positive and CYTO-negative samples, re-
spectively, P < 0.01.

Insemination During the Luteal Phase

Progesterone concentration at Al was <3.0 ng/mL
in 96.1% (1,430/1,488) of the cows. The Al in diestrus
was detected by a progesterone concentration of >3.0
ng/mL in 3.9% (n = 58) of the cows, and these were
excluded from the model with pregnancy as outcome.
Among these cows, 32.8% (19/58) were CYTO posi-
tive. Fifteen cows with progesterone concentrations be-
tween 0.1 and 1.0 ng/mL at first AT were presented for
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a new Al 21 d later with progesterone concentrations
between 7.8 and 27.9 ng/mL. In 40.0% (6/15) of these
cows, CYTO was observed in the endometrial sample
at Al Thirteen of these cows were presented for a new
Al later in lactation or registered as nonpregnant by
pregnancy control.

Embryo and Fetal Loss

The proportion of late embryo loss was 8.6% (82/948)
and was restricted to 49 herds, with 1 to 7 embryo
losses in each herd.

Fetal loss was recorded in 24 cows that was preg-
nant 42 d after first AI and presented for a new Al
later, such that abortion percentage was 2.8% (24/866).
The CYTO was observed in 29.3% (24/82) and 12.5%
(3/24) of the endometrial samples in cows with late
embryo loss or fetal loss, respectively, and there was no
difference in the chi-squared test, P = 0.25.

Model 1: Associations Between the Likelihood
for CYTO in Endometrial Samples at First Al
and Explanatory Variables

The univariable analyses on relationships between
the CYTO in the endometrial samples at first Al and
explanatory variables are presented in Table 2. The
following variables were associated with CYTO: Al
personnel, CFAI, BCS, vaginal mucus condition, RBC
in sample, barn type, and season.

In the multivariable model presented in Table 3, the
likelihood of CYTO in the endometrium at first Al
was associated with following predictors: Al personnel,
CFALI, vaginal mucus condition, RBC in sample, season,
and barn type. The likelihood of CYTO decreased from
an odds ratio of 0.99 to 0.86 by increasing the interval
for first AI by 21 d, also meaning that the likelihood

Table 1. The occurrence of PMN counting 300 cells in endometrial
samples from Norwegian Red cows at first Al (n = 1,648) and
pregnancy to first Al (n = 1,449)

Cumulative Pregnancy %
PMN % n % % (no./total)
No PMN 686 41.6 41.6 62.5 (383/613)
<0.9 259 15.7 57.3 57.7 (128/222)
1.0-2.9 242 14.7 72.0 66.3 (138/208)
3.0-4.9 116 7.0 79.1 57.3 (59/103)
5.0-9.9 130 7.9 87.0 56.1 (64/114)
10.0-19.9 96 5.8 92.8 53.0 (44/83)
20.0-49.9 86 5.2 98.0 47.4 (36/76)
>50.0 33 2.0 100.0 46.4 (14/30)
Total 1,648 1,449
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Table 2. Univariable analyses describing associations between the occurrence of cytological endometritis (0 = no, baseline, 1 = yes) and

explanatory variables in 1,648 Norwegian Red cows from 116 herds (herd is included as a random effect)

Odds
Variable Level (n) 5] ratio SE 95% CI P-value N
Parity’ >1 parity (912) — 1.0 — — 0.76 1,648
1 parity (736) 0.04 1.04 0.12 0.83-1.29
Al personnelll Several levels® — — — — <0.01 1,648
CFAI interval® — —0.01 0.99 <0.01 0.99-1.00 <0.01 1,648
BCS' class' <2.75 (216) — 1.0 — — 0.04° 1,637
3.0-3.75 (1,240) —0.09 0.91 0.16 0.65-1.28 0.59
>4.0 (181) —0.58 0.56 0.14 0.34-0.92 0.02
Vaginal mucus' Clear (1,343) — 1.0 — — <0.01 1,442
‘ Unclear (99) 0.84 2.32 0.51 1.51-3.56
RBC" in sample' No (953) — 1.0 — — <0.01° 1,648
Low (372) 0.40 1.49 0.21 1.14-1.96 <0.01
Moderate (173) 0.68 1.96 0.36 1.38-2.80 <0.01
High (150) 0.75 2.11 0.40 1.46-3.06 <0.01
Calf size' Small (223) — 1.0 — 0.72 1,623
Medium (1,118) 0.08 1.09 0.19 0.78-1.52 0.63
Large (259) —0.06 0.94 0.20 0.62-1.43 0.77
Twins (23) 0.35 1.42 0.67 0.56-3.59 0.46
Dystocia' No (1,481) — 1.0 — — 0.85° 1,629
Some (104) —0.07 0.93 0.22 0.59-1.49 0.77
Large (44) 0.16 1.17 0.40 0.60-2.27 0.64
Milk yield test day AT — <—0.01 1.00 0.01 0.98-1.01 0.85 1,602
Concentrate test day Al — 0.03 1.03 0.03 0.98-1.08 0.22 1,600
Fat % — 0.06 1.06 0.07 0.93-1.22 0.40 1,586
Protein % — 0.04 1.05 0.23 0.68-1.60 0.84 1,586
Lactose % — 0.33 1.39 0.43 0.76-2.53 0.29 1,586
LnSCC’ — —0.06 0.94 0.05 0.86-1.04 0.22 1,586
Urea — <0.01 1.00 0.06 0.90-1.12 0.97 1,586
Season' Dec-Feb (535) — 1.0 — — <0.01° 1,648
Mar-May (461) —0.06 0.94 0.14 0.71-1.26 0.70
Jun-Aug (377) —-0.35 0.70 0.12 0.51-0.98 0.04
Sep-Nov (275) 0.38 1.46 0.24 1.06-2.00 0.02
OCFT"® No (1,545) — 1.0 — — 0.94° 1,648
Obstetrical (51) 0.79 1.05 0.33 0.56-1.98 0.87
Fertility (52) —0.53 0.90 0.30 0.47-1.75 0.76
Barn type' AMS? (1,138) — 1.0 — — <0.01° 1,648
Milk parlor (221) —0.15 0.86 0.17 0.58-1.27 0.45
Tied (289) —0.66 0.52 0.10 0.36-0.75 <0.01
Number cows — 0.01 1.01 <0.01 1.00-1.01 0.18 1,648

!Categorical variable.

’Levels A-J for AT personnel.

3CFAI = interval from calving to first AL

BCS = level 1-5.

®Overall Wald test for categorical explanatory variables.

SRBC = red blood cells.

"LnSCC = natural logarithm somatic cell count.

SOCFT = obstetrical condition or fertility treatment before first AL
9AMS = automated milking system.

for no CYTO increased odds ratio from 1.01 to 1.16 by
increasing the interval to first Al by 21 d.

Model 2: Associations Between
the Likelihood of Pregnancy to First Al
and the Explanatory Variables

The univariable analyses on relationships between
pregnancy after first Al and predictor variables are
presented in Table 4. The following variables were
associated with pregnancy to first Al: CYTO or the
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PMN occurrence as a continuous variable, parity, Al
personnel, test day MY, test day CA, barn type, and
obstetrical conditions or fertility treatments before first
AL

In the multivariable model presented in Table 5, the
pregnancy success after first Al was associated with
CYTO, Al personnel, test day MY, barn type, and
obstetrical conditions or fertility treatments before first
Al The odds ratio for nonpregnancy increased by a
factor of 1.51 for a cow with CYTO compared with a
CYTO-negative cow.
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Odds
Variable Level 5} ratio SE 95% CI P-value
AT personnel* A — 1.0 — — <0.012
B —1.54 0.21 0.07 0.12-0.39 <0.01
C —1.28 0.28 0.09 0.15-0.54 <0.01
D 0.19 1.21 0.49 0.54-2.67 0.65
E —1.11 0.33 0.07 0.22-0.49 <0.01
F —0.79 0.46 0.09 0.31-0.68 <0.01
G —0.42 0.66 0.28 0.29-1.50 0.32
H —1.05 0.35 0.14 0.16-0.77 0.01
1 —0.25 0.78 0.19 0.49-1.25 0.30
J —0.51 0.60 0.17 0.34-1.04 0.07
CFAT® interval —0.01 0.99 <0.01 0.98-1.00 <0.01
Vaginal mucus’ Clear — 1.0 — — 0.03
Opaque 0.50 1.65 0.38 1.05-2.60
RBC* in sample' No — 1.0 — — <0.01°
Low 0.25 1.28 0.20 0.94-1.74 0.11
Moderate 0.66 1.93 0.38 1.32-2.83 <0.01
High 0.58 1.79 0.37 1.18-2.70 <0.01
Barn type' AMS’ — 1.0 — — 0.01°
Milk parlor 0.02 1.02 0.20 0.69-1.50 0.93
Tied —0.60 0.55 0.11 0.37-0.81 <0.01
Season’ Dec-Feb — 1.0 — — 0.03*
Mar-May —0.04 0.97 0.16 0.71-1.32 0.83
Jun—Aug —0.46 0.63 0.16 0.39-1.02 0.06
Sep-Nov 0.30 1.35 0.24 0.96-1.90 0.09
Constant <0.01 1.00 0.24 0.63-1.60 0.99

!Categorical variable.

*Overall Wald test for categorical explanatory variables.

3CFAI = interval from calving to first AL
*RBC = red blood cells.
®AMS = automated milking system.

Model 3: Associations Between Late Embryo Loss
and Explanatory Variables

In model 3, late embryo loss was only associated with
the variable obstetrical conditions or treatment against
fertility disorders before first AI. The odds ratio for late
embryo loss was 4.37 (95% CI: 1.77-10.83, P < 0.01) in
cows treated against reproductive disorders compared
with pregnant cows without treatment, whereas for
obstetrical conditions, there were no association with
late embryo loss.

DISCUSSION

The present study demonstrated that Norwegian
Red, a breed with high calving rates due to selection
for fertility and health over the last 50 years, has a
high prevalence of cows with CYTO at first Al. The
condition had a significant negative effect on the fertil-
ity of the breed. However, pregnancy to first Al was
still high, as presented in Table 1. The herds and cows
included are highly comparable with the population
of Norwegian Red according to management system,
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herd size, season for AI, and MY (TINE Radgiving,
2019). Moreover, the present study is the first study of
CYTO in Norwegian Red and is the largest field study
of CYTO so far described in the literature, including
1,648 cows from 116 farms. Other comparable field
studies involved between 383 and 1,044 individuals from
1 to 18 farms, mainly with Holstein breed (Dubuc et
al., 2010a; Ribeiro et al., 2013; Pascottini et al., 2017a).

Sampling at Al or directly after AI has been pub-
lished only in 2 studies (Kaufmann et al., 2009; Pascot-
tini et al., 2017a). Thus, solid evidence for cut-off levels
defining CYTO-positive animals at Al still remains to
be documented. Both studies counted the proportion
of PMN from 300 cells. Kaufmann et al. (2009) defined
CYTO positive to include all cows with at least one
PMN in the slides, whereas Pascottini et al. (2017a)
concluded that optimal cut-off was 1% with sensitivity
and specificity equal to 33.8% and 88.6%, respectively.
The predicative positive and negative value was 89.2%
and 32.4%, respectively, indicating that a CYTO-posi-
tive cow is very likely to not become pregnant, but also
that a negative sample at Al was not at good indicator
for a cow to be pregnant. The constructed ROC curve
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in their study showed an area under curve (AUC) equal
to 0.62. In the present study, the AUC was 0.54 with a
sensitivity and specificity equal to 32.4% and 74.9%, re-
spectively. The positive and negative predicative value
was 46.6% and 62.2%, respectively, indicating that the
cut-off has a modest ability to predict a CYTO-positive
cow to become nonpregnant. However, the odds ratio

of a CYTO-positive nonpregnant cow compared with a
CYTO-negative pregnant cow was 1.51 and significant
in the model presented in Table 5. Overall pregnancy to
first Al was 59.8%, and 53.4% in CYTO-positive cows,
which is high compared with similar studies (Gilbert et
al., 2005; Galvao et al., 2009; Pascottini et al., 2017a)
and could explain the modest AUC. Various studies

Table 4. Univariable analyses describing associations between nonpregnancy to first AI (0 = pregnant baseline, 1 = not pregnant) and
explanatory variables in 1,449 Norwegian Red cows from 116 herds (herd is included as a random effect)

Odds
Predictor Level (n) 5] ratio SE 95% CI P-value N
Parity' >1 parity (790) — 1.0 — — — 1,449
1 parity (659) —0.22 0.80 0.09 0.65-1.00 0.05
AT personnel’ Several levels® — — — — <0.01 1,449
CFAT interval <0.01 1.00 <0.01 1.00-1.00 0.87 1,449
PMN* continuous 0.01 1.01 0.01 1.01-1.02 <0.01 1,449
CcYTO" No (1,043) — 1.0 — — — 1,449
Yes (406) 0.40 1.50 0.18 1.18-1.91 <0.01
BCs' 2.0-2.75 (188) — 1.0 — — 0.11° 1,439
3.0-3.75 (1,096) 0.29 1.34 0.23 0.95-1.88 0.09
>4.0 (155) 0.03 1.03 0.25 0.64-1.65 0.91
Vaginal mucus' Clear (1,188) — 1.0 — — — 1,265
Opaque (77) —0.07 0.93 0.23 0.58-1.51 0.78
RBC’ in sample' No (839) — 1.0 — — 0.39° 1,449
Low (329) —0.01 1.00 0.14 0.76-1.29 0.94
Moderate (152) 0.29 1.33 0.25 0.93-1.91 0.12
High (131) —0.10 0.91 0.18 0.61-1.34 0.62
Calf size' Small (199) — 1.0 — 0.56" 1,430
Medium (989) 0.16 1.17 0.19 0.84-1.61 0.35
Large (224) 0.24 1.27 0.26 0.85-1.90 0.25
Twins (18) 0.54 1.72 0.77 0.59-4.08 0.28
Dystocia' No (1,307) — 1.0 — — 0.27° 1,434
Some (88) —0.01 0.99 0.23 0.63-1.56 0.98
Large (39) 0.54 1.72 0.58 0.89-3.32 0.11
Milk yield test day AT 0.02 1.02 0.01 1.01-1.04 <0.01 1,406
Concentrate test day Al 0.07 1.07 0.03 1.02-1.12 <0.01 1,406
Fat % 0.03 1.03 0.07 0.90-1.17 0.69 1,394
Protein % —0.04 0.71 0.15 0.47-1.08 0.11 1,394
Lactose % —0.20 0.82 0.23 0.47-1.42 0.47 1,394
LnSCC® 0.02 1.02 0.05 0.93-1.11 0.72 1,394
Urea 0.05 1.05 0.06 0.95-1.16 0.38 1,394
Season' Dec—Feb (464) — 1.0 — — 0.28° 1,449
Mar-May (409) 0.10 1.11 0.16 0.84-1.46 0.48
Jun-Aug (338) 0.05 1.05 0.17 0.77-1.43 0.77
Sep-Nov (238) —0.23 0.80 0.14 0.57-1.12 0.18
OCFT"’ No (1,360) — 1.0 — — 0.01° 1,449
Obstetrical (44) 0.11 1.11 0.36 0.60-2.08 0.74
Fertility (45) 0.94 2.55 0.82 1.36-4.80 <0.01
Milking system' AMS' (1,000) — 1.0 — — <0.01° 1,449
Milk parlor (196) —0.45 0.64 0.1 0.45-0.90 0.01
Tied (253) 0.58 1.78 0.26 1.34-2.37 <0.01
Number cows <—0.01 1.00 <0.01 0.99-1.00 0.51 1,449

!Categorical variable.

’Levels A—-J for Al personnel.

3CFAI = interval from calving to first AL

*PMN = polymorphonuclear neutrophils on a continuous scale.
"CYTO = cytological endometritis.

Overall Wald test for categorical explanatory variables.

"RBC = red blood cells.

SLnSCC = natural logarithm somatic cell count.

OCFT = obstetrical condition or fertility treatment before first AL
WAMS = automated milking system.
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Table 5. Multivariable model describing associations between nonpregnancy to first AI (0 = pregnant baseline,
1 = not pregnant) and explanatory variables in 1,406 Norwegian Red cows from 116 herds (herd is included

as a random effect in the model)

Odds
Variable Level 5} ratio SE 95% CI P
cYTO" No — 1.0 — — —
Yes 0.41 1.51 0.19 1.17-1.94 <0.01
AT personnel* A — 1.0 — — <0.01°
B 0.16 1.18 0.28 0.75-1.86 0.48
C 0.38 1.46 0.36 0.90-2.36 0.12
D 0.57 1.77 0.43 1.10-2.86 0.02
E 0.08 1.08 0.21 0.75-1.57 0.67
F —0.12 0.89 0.16 0.63-1.26 0.51
G —0.07 0.94 0.34 0.46-1.90 0.85
H —0.08 0.93 0.28 0.51-1.69 0.80
1 1.05 2.87 0.71 1.77-4.65 <0.01
J 0.46 1.59 0.45 0.91-2.76 0.10
Milk yield test day Al 0.02 1.02 0.01 1.00-1.03 0.01
Barn type' AMS* — 1.0 — — <0.01°
Milk parlor —0.48 0.62 0.11 0.43-0.89 0.01
Tied 0.70 2.02 0.32 1.48-2.76 <0.01
OCFT'? No disease — 1.0 — — 0.04°
Obstetrical 0.17 1.19 0.39 0.63-2.25 0.60
Fertility 0.80 2.23 0.73 1.18-4.22 0.01
Constant —1.45 0.24 0.07 0.13-0.41 <0.01

!Categorical variable.
*CYTO = cytological endometritis.

*Overall Wald test for categorical explanatory variables.

1AMS = automated milking system.

POCFT = obstetrical condition or fertility treatment before first AL

use ROC curves to establish the cut-off point for the
diagnosis of cytological endometritis (Kasimanickam et
al., 2004; Dubuc et al., 2010a; Madoz et al., 2013). In
the mentioned studies including in this study, the sum
of sensitivity and specificity is modest, which can be
expected as reproductive success is affected by numer-
ous other factors than the inflammatory status of the
uterus (Kasimanickam et al., 2004).

The PMN in the endometrium is a first line of defense
against bacterial infections after calving, which should
reach its highest occurrence in the first month post-
partum, and then a decline (Pascottini and LeBlanc,
2020). Early sampling resulted in a higher cut-off level
for the diagnosis of CYTO (Madoz et al., 2013; Arias et
al., 2018). Accordingly, we were expecting a low preva-
lence of CYTO in the present study where the sampling
was performed at an average of 72 DIM. However, the
prevalence of CYTO in our study population was high-
er than in other studies sampling at Al or at similar
time period after parturition (Kaufmann et al., 2009;
Dubuc et al., 2010a; Pascottini et al., 2017a). The aver-
age CFAI of 122 d, compared with 72 d in the present
study, partially explains the lower prevalence of CYTO
reported by Pascottini et al. (2017a). This assumption
is also supported by the trend that a shorter CFAI was
a risk factor for the occurrence of CYTO (Pascottini et
al., 2017b). Kaufmann et al. (2009) sampled 4 h after
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AT on median 78 DIM using cytobrush and detected at
least 1 PMN out of 300 counted cells (i.e., 0.3% PMN)
in 42.8% of the cows. Dubuc et al. (2010a) sampled on
average 56 DIM and diagnosed 13.8% of cows as CYTO
positive, using cytobrush and a cut-off level of 5% PMN.
In the present study, simulating cut-off at 0.3%, 1.0%,
and 5.0% PMN, the proportion of CYTO-positive cows
would be 58.4%, 42.7%, and 20.9%, respectively. In
20.6% of the samples, 1 to 3 PMN (0.3-1%) was found.
Pascottini et al. (2017a) reported only 3 samples with
1 to 3 PMN, whereas 72% of the samples had no PMN.
We suggest that the differences in detection of PMN
may be explained by scanning and counting technique.

Pregnancy to first Al in the study population was
59.8% and comparable to the pregnancy incidence of
61.3% in Norwegian Red reported by Garmo et al.
(2008), supporting the findings by Pascottini et al.
(2017a) that pregnancy success is not affected by cy-
totype sampling of the endometrium at Al. However,
Pascottini et al. (2017a) reported an overall conception
rate of 43%, which is substantially lower compared with
the present study.

In the present study, the odds ratio for nonpregnancy
was 1.51 in cows with CYTO, whereas the correspond-
ing odds ratio reported by Pascottini et al. (2017a) was
1.76, although AI was performed much later in their
study. However, Kaufmann et al. (2009) found no dif-
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ference in conception rate between animals free from
PMN or with medium (>0-15%) or high (>15%) levels
of PMN. Previous studies that reported no correlation
between PMN in the endometrium and pregnancy out-
come suggest that their results might have been due
to one or more of the following contributing factors:
a lower bacterial load, a more thorough reproduction
management in their study designs, or a more effective
immune system in the animals (Plontzke et al., 2010;
Prunner et al., 2014). It is reasonable to believe that
breed is an important factor because fertility trait has
been included in Norwegian Red breeding program since
1972 (Andersen-Ranberg et al., 2005). Earlier literature
suggests that CYTO is a result of a nonoptimal uterine
immune function (Cheong et al., 2011; Wagener et al.,
2017; Pascottini and LeBlanc, 2020). Although mecha-
nisms for good reproductive performance in Norwegian
Red are not fully known, the high pregnancy rate in
animals with CYTO, as well as the low incidence of
clinical cases of endometritis, may indicate that Norwe-
gian Red has a beneficial uterine immunology.

Opaque vaginal discharge was detected in few cows,
and very few (0.7%) cows were diagnosed with clinical
endometritis according to the definitions by Sheldon
et al. (2006). Dubuc et al. (2010a) reported clinical
endometritis in 12% of the cows using Metricheck in
Holstein cows. Metricheck has been shown to better
detect clinical endometritis than other methods such
as vaginoscopy and gloved hand technique (Pleticha et
al., 2009). Hence, several studies might have underesti-
mated the condition. Individuals with clinical endome-
tritis have generally been excluded in studies of sub-
clinical endometritis, due to the interference between
the definition of the conditions (Kasimanickam et al.,
2004; Kaufmann et al., 2009; Plontzke et al., 2010). In
some studies that investigated CYTO (Dubuc et al.,
2010a; Pascottini et al., 2017a), the higher prevalence
of positive animals might be explained by inclusion of
individuals with opaque vaginal discharge. However,
because only 10 cows in the present study suffered from
endometritis, the results of CYTO were not affected
by this condition. This is supported by low number of
treatments against metritis and endometritis of 1.3/100
cow-years in the NDHRS (TINE Radgiving, 2019).

The risk of contaminating the endometrial samples
with PMN from the vagina and cervix was reduced by
the plastic sheet covering the insemination gun. Opaque
mucus in the Metricheck test was associated with
CYTO in endometrial samples, but not with pregnancy
outcome. Dubuc et al. (2010a) found that only 38% of
the individuals with purulent vaginal discharge diag-
nosed by Metricheck also suffered from CYTO, when it
was diagnosed by cytobrush, which contradicted earlier
beliefs that purulent vaginal discharge normally comes
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from the endometrium. The only other study of risk
factors for CYTO at Al used visual registration of the
perineum, which was not sufficient to diagnose purulent
vaginal discharge or its relation to CYTO (Pascottini
et al., 2017b).

Red blood cells in the endometrial samples were asso-
ciated with CYTO, but not with the pregnancy success
after first Al, and hence were not related to postestrus
bleeding. The occurrence of RBC could be due to sensi-
tive mucosa, by sampling method, or perhaps a tighter
cervix in Norwegian Red compared with Holstein. How-
ever, PMN was not necessarily found close to RBC in
the slides, rather between epithelial cells in the focus
areas. Pascottini et al. (2015) used amount of blood
as a slide quality control and did not consider RBC as
a risk factor for CYTO (Pascottini et al., 2017b), but
suggested it could change the CYTO diagnosis due to
low amounts of PMN circulating in blood. However,
a comparison between cytotape and cytobrush tech-
niques revealed agreement in PMN occurrence despite
increased amount of RBC in cytobrush samples (Pas-
cottini et al., 2015).

Season for Al has been evaluated as a risk factor for
CYTO in several studies. For example, Pascottini et
al. (2017b) found that heat stress was a risk factor for
CYTO at AI, whereas Prunner et al. (2014) found no
correlation between season and the occurrence of PMN.
The present study found lower risk for CYTO in the
summer and spring time compared with winter season.
In Norway, the cold summer climate reduces the risk
for heat stress compared with warmer countries. Fertil-
ity is better in the summer months (Geno SA, 2016),
perhaps due to outdoor management and more daylight
(Reksen et al., 1999). Nevertheless, pregnancy success
was not affected by season in the present study.

Barn type was associated with CYTO, where tiestall
herds had less CYTO-positive cows. In contrast, Prun-
ner et al. (2014) reported higher PMN occurrence in
tiestalls than calving pens. Regardless of CYTO status,
the pregnancy success to first Al was higher for cows in
freestall herds, hence not largely affected by the higher
incidence of CYTO. These results correlate with earlier
evidence of a higher reproductive success in Norwegian
Red managed in freestalls (Simensen et al., 2010), as
well as a calculation from NDHRS data where the non-
return rate on d 56 for freestalls and tiestalls was 72.3
(n = 85,793) and 67.8 (n = 55,562), respectively (Geno
Breeding and Al Association, Hamar, Norway, personal
communication).

A shorter CFAI interval was a risk factor for CYTO.
This finding was supported in one earlier study per-
formed in average 68 DIM (Cheong et al., 2011),
whereas another study only found such correlation after
124 DIM (Pascottini et al., 2017b). These data support
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the use of lower cut-offs to diagnose CYTO at Al than
what has been used in most studies that sampled at
earlier time points. The length of CFAI did not affect
pregnancy results in the present study even though the
interval was approximately 10 d shorter than the popu-
lation average of 82 d (Geno SA, 2016).

Low or decreasing BCS has previously been shown to
contribute to a higher risk for CYTO (Wagener et al.,
2017; Valdmann et al., 2018), whereas other studies did
not report this association (Cheong et al., 2011; Pascot-
tini et al., 2017b). In the present study, BCS at first AT
was not associated with CYTO or pregnancy outcome,
which could be explained by few cows with low BCS at
Al In a previous study, loss in BCS from CFAI was re-
lated to pregnancy success in Norwegian Red (Gillund
et al., 2001). Hence, measurement of BCS loss from
parturition to Al would be a more relevant measure.
Norwegian Red is a dual-purpose breed selected for
both milk and meat, and has a relatively thick muscle
layer. The backfat thickness has been measured to be
less than half of that measured in Holstein dairy cows
at the same BCS score (Gillund et al., 1999). Most of
the cows (75.2%) in this study were in optimal body
condition (3.0-3.75), which may have contributed to
a high rate of embryo survival despite the relatively
high frequency of CYTO. Earlier literature supports
an association between a nonoptimal BCS and poor
blastocyst development in vitro (Snijders et al., 2000;
Armstrong et al., 2001).

Negative energy balance and systemic inflammation
plays an important role in control of uterine immune
function and the development of CYTO in Holstein
cows (Dubuc et al., 2010b; Cheong et al., 2011; Pascot-
tini and LeBlanc, 2020). Parameters such as nonesteri-
fied acids, BHB, or haptoglobin that measure levels of
negative energy balance or systemic inflammation have
not been published in Norwegian Red.

Our definition of embryo loss did not consider fertil-
ization failure. Fertilization rate is described to be 90
to 100% for heifers and probably a bit lower and more
variable in high-producing dairy cows (Diskin et al.,
2016). The study population showed a lower occurrence
of embryo loss compared with global estimates (Sreenan
et al., 2001). Cows treated for fertility disease before
first AI had a much higher risk of losing an embryo
(odds ratio = 4.37), whereas obstetric conditions did
not affect the outcome. Embryo quality is dependent on
the microenvironment of the uterus (Evans and Walsh,
2012; Gilbert, 2012; Leroy et al., 2017), which in turn
may be altered by many factors. Medical treatment as
such may alter the metabolism of the uterus, or the
disease leading to treatment may alter it. Earlier litera-
ture describes an association between both insufficient
and exaggerated blood progesterone levels preceding
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AI, and high embryo mortality rate (Diskin et al.,
2016). In this context, Lamming and Darwash (1998)
earlier reported that a persistent corpus luteum could
alter the progesterone levels and affect embryo survival
rate negatively. The association between treatment for
fertility disease and late embryo loss found in the pres-
ent study may not be a result of the treatment itself,
but rather connected to the treated disorders that can
cause imbalances in the hormone cycle.

Interestingly, CYTO at first Al did not affect late
embryo survival, suggesting that late embryo loss is
mainly influenced by other factors yet to be investi-
gated. Earlier literature supports that an inflamed
environment has a negative effect on embryo quality
in vitro (Hill and Gilbert, 2008). However, in one in
vivo study of superovulated cows the embryo survival
rate was higher in cows whose proportion of PMN had
a slight increase from Al to flushing at d 7, compared
with those with no PMN at the 2 occasions (Drillich et
al., 2012). The present study, together with the previ-
ous study of Drillich et al. (2012), indicates that some
extent of inflammation, as measured by PMN in the
uterine endometrium, may not be of major concern
regarding pregnancy outcome.

CONCLUSIONS

The overall pregnancy incidence to first Al was
high and the negative association with CYTO was
significant, although its biological effect appears to be
modest. The risk for CYTO was associated with CFAI
abnormal mucus condition, RBC, season, Al personnel,
and barn type. Risk factors for nonpregnancy to first Al
were CYTO, Al personnel, barn type, MY, and obstet-
rical conditions or fertility treatments before first Al
The occurrence of embryo loss was low compared with
global estimates and late embryo loss was not related to
CYTO at first AI. Our results suggest that even if Nor-
wegian Red cows show a fairly high prevalence of PMN
in uterine cytology, it does not seem to have a major
effect on fertility. It appears that the inclusion of fertil-
ity in Norwegian red breeding programs for almost 50
years has resulted in improved production traits, with
genetically advantageous uterine immunology possibly
being one of the mechanisms behind this observation.
Further studies are necessary to reveal the genetics
behind these traits, a hot topic considering a recent
change from progeny testing to genomic selection.
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APPENDIX

Table A1l. Number of cows with endometrial samples, BCS, milk yield, concentrate allocation, mucus
evaluation, milk content samples, progesterone samples, and pregnancy diagnosis

Ttem

Number of cows

Endometrial samples
BCS

Mucus evaluation
Milk yield recorded
Concentrate recorded

Test day milk content; protein, fat, lactose, urea, and SCC

Progesterone first Al
Progesterone 21 d after first Al
Progesterone at first AT and 21 d

Pregnancy controls, manual rectal palpation, or pregnancy-associated

glycoprotein analysis

1,648
1,637
1,442
1,602
1,600
1,586
1,488
1,287
1,287
1,449
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