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ABSTRACT

The objective of the present study was to test the as-
sociation between the presence of fluid in uterine lumen
and the fertility of repeat breeder cows (RBC). Graz-
ing Holstein cows that were clinically normal and were
not pregnant after at least 3 consecutive inseminations
were defined as RBC and included in the study (n =
358). A cut-point >2 mm of uterine lumen visible by
ultrasonography was used as indicative of the presence
of fluid in the uterus. The effect of this fluid on the fer-
tility of RBC was assessed by mixed logistic regression.
Twenty percent of the RBC had >2 mm of fluid in their
uterus, and this finding was associated with a marked
reduction in the odds of conception (odds ratio = 0.46).
Additional intrauterine sampling revealed that 24.0%
of RBC showed signs of subclinical endometritis [>5%
neutrophils in endometrial cytology (SCE)]. However,
we found no agreement between the finding of uter-
ine fluid and the diagnosis of SCE (kappa coefficient
= 0.03, 95% confidence interval = —0.07 to 0.14). In
conclusion, the presence of fluid (>2 mm) in uterine
lumen, detected by ultrasonography, was associated
with lower fertility in RBC, but was not related to the
diagnosis of SCE. Thus, ultrasonographic evaluation is
an important tool to assist in assessment of RBC.
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Short Communication

A repeat breeder cow (RBC) is described as a
clinically normal cow failing to conceive in at least 3
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consecutive inseminations (Casida, 1961; Yusuf et al.,
2010). Nutritional disorders, infections, hormonal im-
balances, genetic factors, and management decisions
have all been proposed as risk factors for RBC (Bage
et al., 2002; Katagiri and Takahashi, 2004; Kharche
and Srivastava, 2007; Khoramian et al., 2011). General
consensus is that a healthy uterine environment is a
prerequisite for the normal development of the embryo
(Walsh et al., 2011). However, very few studies have fo-
cused on uterine health as a possible cause of the RBC
syndrome. Our assumption was that with a complete
involution of the uterus, ultrasonography (US) would
allow for discrimination between healthy and diseased
endometrium. If so, US could be a quick and useful
technique to identify fluid in the uterus, an indicator
of an inflammatory process or uterine clearance defi-
ciency. To test the hypothesis that US can be a useful
diagnostic tool to identify RBC with poorer fertility, we
compared the probability of pregnancy at next Al after
enrollment [conception rate at first AI (CRF)] in RBC
with or without fluid in their uterine cavities.

We enrolled grazing Holstein dairy cows from com-
mercial dairy farms (n = 16) located in Bavio (34°54'S,
58°23'W), Brandsen (35°17'S, 58°23'W), and Lobos
(35°18'S, 59°09'W), Province of Buenos Aires, and Ale-
jo Ledesma (33°61'S, 62°61'W), Province of Cérdoba,
Argentina. A cow was defined as a RBC when having
>3 unsuccessful AT at normal intervals (between 17 and
24 d) and not showing any clinical disease. Cows hav-
ing abortions or receiving hormonal or antimicrobial
treatments during the last 3 Al were not included in
the study. Selected RBC were evaluated by US via a
7.5-MHz linear array transducer (Mindray 6600Vet,
Nanshan, China) to scan ovarian structures and the
uterus for presence of fluid. Both uterine horns were
scanned and lumen diameter from a cross sectional
view at the uterine horn base on the larger uterine horn
was recorded. Cows were then evaluated by manual
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Table 1. Descriptive data about the repeat breeder dairy cows (n = 358)

Ttem Mean SD Median Quartiles (25-75%)
Parity (no.) 2.8 1.5 3.0 2.0-4.0

DIM 275 160 226 173-326

Daily milk yield (kg) 26.2 8.2 26.4 21.0-31.4
BCS! 3.01 0.52 3.00 2.75-3.50

AI (no.) 44 2.1 40 3.0-5.0

!5-point scale.

vaginal examination to exclude cows with purulent
vaginal discharge (Williams et al., 2005; Sheldon et al.,
2006). Ovarian structures, presence of fluid in uterine
lumen, parity, number of services, milk production at
the most recent milk recording test, and BCS [1-5,
(Ferguson et al., 1994)] were recorded for every cow.
Intrauterine samples were collected with the cytobrush
technique (Kasimanickam et al., 2004), modified, and
performed as described by Madoz et al. (2013). Evalua-
tions were performed under a microscope at 400x mag-
nification (Nikon Eclipse E200, Tokyo, Japan), where
200 cells were counted to determine the percentage of
polymorphonuclear cells. The cut-point for diagnosis of
subclinical endometritis (SCE) was set at 5% polymor-
phonuclear cells (Madoz et al., 2013).

Descriptive statistics about RBC (n = 358) was ana-
lyzed with Proc Univariate (SAS, 2003). The odds of
pregnancy (i.e., CRF) was assessed by mixed logistic
regression analyses with Proc Glimmix (SAS, 2003).
The models included the random effect of farm, and the
fixed effect of parity (1 vs. > 2) and US finding of fluid
in the uterine lumen (<1 vs. >1 mm in model 1, and
<2 vs. >2 mm in model 2) and their interaction. Mod-
eling was performed by manual backward elimination
with an exclusion criterion set at P > 0.1. Agreement
between diagnosis (yes, no) of uterine fluid >2 mm and
SCE was evaluated by the kappa coefficient with Proc
Freq (SAS, 2003). Statistical significance was set at P
< 0.05, and a trend was set at P < 0.1.

The prevalence of RBC with >1 mm of fluid in uter-
ine lumen was 52% (186/358), whereas the prevalence
of RBC with >2 mm of fluid in uterine lumen was 20%
(73/358, Table 1). Repeat breeder cows with >1 mm
of fluid had similar odds of pregnancy as cow mates

without uterine fluid (adjusted odds ratio = 0.87, P =
0.66; Table 2) given that their CRF were 20.4 versus
22.6%, respectively. Conversely, RBC with >2 mm of
fluid had 2-fold lower odds of pregnancy at the subse-
quent Al as cows with <2 mm (adjusted odds ratio =
0.46, P = 0.05; Table 2), given that they had a 12 per-
centage point reduction in CRF compared with their
counterparts (15 vs. 27%, respectively). As it has been
reported that lumen size varied with the estrus cycle
and parity number (Lenz et al., 2007), we assessed their
effects on uterine lumen in RBC. We found that RBC
having large follicles (>10 mm) had more fluid in uter-
ine lumen than cows without them, at 1.12 (0.82-1.41)
versus 0.57 mm (0.24-0.90), respectively [mean (95%
CI); P = 0.004]. Also, RBC with corpora lutea had less
fluid in uterine lumen than RBC without CL, at 0.66
(0.40-0.92) versus 1.02 mm (0.66-1.38), respectively (P
= 0.057). Finally, the interaction between the presence
of follicles >10 mm and corpora lutea had no effect
on the amount of fluid in uterine lumen (P = 0.254).
Regarding parity, primiparous and multiparous RBC
had similar volumes of fluid in uterine lumen, at 0.75
(0.35-1.15) versus 0.93 mm (0.70-1.16), respectively (P
= 0.390). According to our findings, by using a cutoff
of 2 mm, normal cows (i.e., those in estrus and multipa-
rous) would not be considered as having an abnormal
presence of fluid in their uteri. Thus, we propose that a
threshold of 2 mm should be used to detect RBC with
signs of diseased endometrium. Therefore, in agreement
with our hypothesis, RBC having >2 mm of fluid in
uterine lumen had lower odds for pregnancy than RBC
without it.

To our knowledge, this is the first study evaluating
the effects of fluid in uterus diagnosed by US in RBC.

Table 2. Effect of fluid in uterine lumen detected by ultrasonography (US) on conception rate at first Al after

enrollment (CRF) in repeat breeder cows (n = 358)"

Us CRF % (no./no.) AOR? (95% CI) P-value
<1 mm 22.6 (31/137) Referent 0.655
>1 mm 20.4 (38/186) 0.875 (0.485-1.578)
<2 mm 26.8 (68/254) Referent 0.046
>2 mm 14.5 (10/69) 0.456 (0.211-0.985)

'Cows with missing data in the data set (n = 35) were excluded from the statistical analysis (358 — 35 = 323).

?Adjusted odds ratio.
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Our results are in line with previous reports document-
ing that postpartum cows (20-33 DIM) having fluid
in the uterine lumen, but no signs of purulent vaginal
discharge, had lower pregnancy rates than cows with-
out fluid in the postpartum uterus (Kasimanickam
et al., 2004), and that cows 21 to 27 DIM having >2
mm of fluid in uterine lumen had lower probability of
pregnancy per Al (Lenz et al., 2007). Thus, our results
in RBC >100 DIM are consistent with these previous
findings in postpartum cows. The diagnosis by US,
however, showed a poor agreement with the diagnosis
by uterine cytology. The prevalence of SCE in RBC
was similar 26% (93/358) to the prevalence of fluid
in the uterus, but no agreement occurred between the
diagnosis by US and cytology (kappa = 0.03, 95% CI
= —0.07 to0 0.147, P = 0.55). Previous studies have also
reported poor agreement between tests [kappa = 0.28
and 0.25 for Kasimanickam et al. (2004) and Barlund
et al. (2008) respectively], and also a weak association
between uterine cytology and vaginal discharge (Dubuc
et al., 2010). Tt must be noted that our results are for
RBC later in lactation, whereas other studies were con-
ducted with cows at the end of the postpartum period.

Currently 4 hypotheses, developed in the mouse
model, explain the negative effects of intrauterine fluid
on fertility. These hypotheses are (1) a direct toxic ef-
fect on the developing embryo; (2) mechanical interfer-
ence with embryo implantation; (3) a flush out effect on
the embryo; and (4) altered endometrial receptivity due
to changes in gene expression (Lu et al., 2013).

In conclusion, the detection by US of >2 mm of fluid
in uterine lumen of RBC was associated with lower
odds of pregnancy at the subsequent AI; therefore, this
methodology may be useful in the assessment of RBC
dairy cows. Evidence showed that fluid in the uterine
lumen and endometrial cytology do not represent the
same pathologies.
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