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The authors monitored the postpartum period during the first seven weeks
after calving at a Holstein-Friesian dairy farm in Hungary. Calvings occurred between 2013 and 2015 in three periods from June to November each year (n =
314). Data were collected from the farm record and ultrasonographic examinations were performed between 22 to 28 and 43 to 49 days in milk (DIM), respectively. The animals were followed until successful artificial insemination (AI), i.e.
until becoming pregnant or until culling, but at most at 365 DIM. The prevalence
of dystocia, twin calving, stillbirth rate and retained fetal membranes (RFM) was
23.2%, 3.8%, 3.5%, and 34.4%, respectively. Altogether 38.9% of the cows (n =
122) had bacterial complications of involution in the first 49 DIM. The prevalence
of Grade 2 clinical (puerperal) metritis (CM) was 20.1% within 5 DIM, 10.5% between 6 to 10 DIM and 13.1% from 11 to 20 DIM, while 9.9% of the cows had
clinical endometritis (CEM) between 21 and 28 DIM and 1.3% of the cows between 42 and 49 DIM, respectively. Pyometra was diagnosed in 1% of the cows
between 21 and 28 DIM and 0.3% between 42 to 49 DIM, respectively. About
80% (80.6%) of the cows were inseminated at least once (n = 253). The success
rate of the first AI was 26.9% (n = 68). Dystocia, twin calving, RFM, CM, CEM
and cyclicity had no significant effect on the days between calving and first AI,
however, according to the Kaplan-Meier analysis stillbirth significantly increased
the number of days from calving to first AI (P = 0.039). According to the KaplanMeier analysis dystocia, twin calving, stillbirth, RFM, and cyclicity had no effect
on the days open. In cows with CM developed within 5 DIM or with CEM diagnosed between 21 and 28 DIM the number of days open significantly decreased
(P = 0.009 and P = 0.007, respectively), which confirms the importance of early
diagnosis and treatment of uterine diseases. Similar surveys should be conducted
to discover the risk factors for reproductive diseases in order to decrease the reproductive losses in dairy farms.
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Periparturient management of dairy cows plays a key role in reproductive
performance. Over the past few decades, milk production has rapidly increased
and, parallel with this trend, the fertility of cows decreased (Esposito et al.,
2014); therefore, maintaining the reproductive performance of dairy cattle needs
concentrated management activities, especially during the first 100 days in milk
(DIM). Periparturient clinical and/or subclinical diseases and disorders may influence fertility. Decreasing conception rate and increasing number of days open
may increase the calving interval and also the culling rate. Maizon et al. (2004)
performed a survey on Swedish Red and White dairy cattle including more than
35,000 inseminations, and they found that dystocia, retained fetal membranes
(RFM), metritis, ovulatory dysfunction and other diseases reduced the conception rate and increased the days from calving to first service.
Abnormalities during calving such as dystocia and stillbirth as well as
twin calving may have a negative effect on the number of days open. A survey
showed that calving assistance was associated with increased number of days
from calving to first artificial insemination (AI) (Bell and Roberts, 2007). Dystocia increases the number of days to the first AI by 2.4 and to conception by 8.1
on the average (Fourichon et al., 2000). Twin calving also has a negative effect
on fertility. Some authors found a significant association between twinning and
conception to first AI (Berry et al., 2007; Inchaisri et al., 2010). The prevalence
rate of stillbirth in a large Dutch survey including more than 50,000 lactations
was 7.8% (Inchaisri et al., 2010). Bicalho et al. (2007) found a 6.6% stillbirth
rate when analysing a total of 13,608 calvings in the USA, and the hazard rate of
death/cull was 41% higher and the rate of diagnosed pregnancies was 24% lower
for cows with stillbirth. Others reported similar results, i.e. that stillbirth reduced
the conception rate both in primiparous and multiparous cows (Mangurkar et al.,
1984; Moss et al., 2002; Maizon et al., 2004).
Uterine disorders such as RFM, metritis, endometritis and ovarian dysfunction are the most frequent abnormalities of the reproductive tract during involution and may influence the date of the first AI and the days open. RFM,
which usually occurs with a frequency of 4–18%, increases the risk of other reproductive disorders (Markusfeld, 1987; Han and Kim, 2005) and is associated
with an increased number of days to first AI (by 7.4 days) as well as with prolonged days open (by 18 days). The effects of uterine infections on the reproductive system can be caused by delayed regeneration of the endometrium or a disruption of normal ovarian function (Földi et al., 2006). Puerperal metritis negatively affects fertility by increasing the days open and reducing the conception
rate (Fourichon et al., 2000; Földi et al., 2006; Dubuc et al., 2010). Many authors
have found that puerperal metritis lowers the fertility rate (Jorritsma et al., 2000;
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McDougall et al., 2007; Elkjær et al., 2013). Piccardi et al. (2016) reported a significant negative effect of puerperal metritis on fertility only in infected but not
treated cows, while Maizon et al. (2004) found that cows with puerperal metritis
had a reduced conception rate, although the difference did not reach the level of
statistical significance.
The objective of our study was to evaluate the effects of normal calving
and dystocia on the occurrence of RFM and postparturient uterine diseases (clinical metritis and endometritis) as well as on the interval from calving to the first
AI and the length of the days open in a large-scale Hungarian Holstein-Friesian
dairy farm.
Materials and methods
Animals and housing
The experiment was carried out at a large-scale dairy farm in Hungary
(N47°18'191'' E18°48'336'') with around 900 lactating Holstein-Friesian cows.
The examinations were performed between 2013 and 2015 in three periods from
June to November each year (n = 314). The average 305-day milk production
was 8,638 kg in 2013, 8,305 kg in 2014 and 8,178 kg in 2015. After calving, the
cows were housed in postpartum pens, each including four animals. Cows were
fed a postpartum TMR ad libitum with a 60:40 forage to concentrate ratio on a
dry matter basis. After calving, the cows were milked twice daily in a four-stall
herringbone milking parlour (DeLaval International AB, Tumba, Sweden) during
the first five DIM. After 5 DIM, healthy cows were introduced to the fresh lactation group and milked twice daily at 05:00 and 15:00 h in a 2 × 28-stall parallel
Bosmark milking parlour (Bosmark Kft., Biatorbágy, Hungary).
Study design and examinations
The animals (n = 314) were monitored from calving until 43 to 49 DIM.
According to Mee et al. (2011), normal calving (eutocia) was regarded as a combination of ‘no assistance’ and ‘slight assistance’ by one person (where assistance
was brief, traction slight and the cow may otherwise have calved unassisted).
The incidence of dystocia was diagnosed based on the duration of the second
stage of calving (initiated by rupture of the allantoic sac), judged by the absence
of progression and straining without progress and, in the case of assisted births,
the force applied, as follows. Prolonged spontaneous calvings (> 1 h from the
appearance of hooves to delivery) and calvings with assistance by two or more
people with considerable force (with a calving rope or by using a calf puller during delivery) were regarded as dystocic. In this way dystocia was evaluated as a
dichotomous (yes/no) variable. Stillbirth was defined as the death of a mature
calf after 260 days of gestation during calving or within 24 to 48 hours after parturition (Szenci and Kiss, 1982; Mee, 1991).
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Every cow had at least six examinations during the involution period.
Each cow was checked from 12 to 24 h after calving for RFM by transvaginal
examination and on 5 DIM and between 6–10 and 11–20 DIM for Grade 2 clinical (puerperal) metritis (CM) by transrectal palpation. CM was diagnosed when
fetid red-brown watery uterine discharge, atonic enlarged uterus and pyrexia
(> 39.5 °C) were found (Sheldon et al., 2009). From 22 to 28 and from 43 to
49 DIM, transrectal ultrasonography with a 7.5-MHz linear array transducer
(Easi-Scan bovine scanner, BCF Technology Ltd., Bellshill, United Kingdom)
was used to diagnose clinical endometritis/pyometra (CEM). CEM was diagnosed if echogenic fluid was found in the uterine cavity and/or purulent vaginal
discharge in the vulva was presented after transrectal massage of the uterus.
Pyometra was diagnosed when echogenic fluid was seen in the uterine cavity together with a corpus luteum, but purulent vaginal discharge was not present in
the vulva because of the closed cervix (Sheldon et al., 2009). Ovarian structures
such as corpus luteum and follicles were examined and recorded as well.
If RFM occurred, efforts were made to pull out the placenta by gentle traction and 2000 mg of tetracycline hydrochloride (Tetra-Bol 2000 intrauterine tablet A.U.V., CP-Pharma Handelsges. GmbH, Germany) was administered into the
uterus for the prevention of CM. This intrauterine treatment was repeated 2 or 3
times on every second day according to the label. If CM developed with or without RFM, 500 mg ceftiofur (Excenel RTU inj. A.U.V., Pfizer Manufacturing
Belgium N.V./S. A.) was given subcutaneously for 3 to 5 days. If CM developed
between 6 and 21 DIM, ceftiofur treatment was performed or repeated (in the case
of recurrence) as mentioned previously. The milk production was controlled in
the farm and, if there was a decreased milk yield in the first three weeks, the cows
were examined for the incidence of CM as well. If CEM occurred, 500 mg of
cefapirin (Metricure intrauterine suspension A.U.V., Intervet International B. V.)
was given by intrauterine administration. In case of pyometra 0.526 mg cloprostenol sodium (PGF Veyx forte inj. A.U.V., Veyx Pharma B. V.) was given
and 3 days later, when luteolysis occurred, the treatment was the same as for CEM
(Szenci, 2016).
Data associated with involution such as dystocia, twin calving, stillbirth,
RFM and CM presenting in the first 3 weeks after calving were collected from
the farm management software (RISKA, Systo Ltd., Budapest, Hungary). After
the involution period the cows were followed up until the first successful AI or
culling but at most for one year after calving. The date and the result of each AI
were recorded. The inseminated cows were checked for pregnancy by means of
transrectal ultrasonography using an Easi-Scan bovine scanner between 28 to 35
days after service.
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Statistical analysis
The Kaplan-Meier estimator of survival is a nonparametric estimator of
the survival function or the survival curve S(t), which is calculated by the formula
S(t) = P(T ≥ t) = 1–F(t),
where T is the survival time with a probability distribution F(t) and probability function f(t). If all the failure times at which the event occurs are ordered
and labelled tj such that t1 ≤ t2 ≤ … ≤ tn, the Kaplan-Meier estimator is calculated
by the formula

=∏

|
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,

where dj is the number of animals who experience the event at time tj and
nj is the number of animals who have not yet experienced the event at that time
and are therefore at risk of experiencing it, including those censored at tj. The
product is over all failure times less than equal to t.
The logrank test is a rank test that can be viewed as an extension of the
Mantel-Haenszel test applied to survival data. Assume that we are interested in
comparing the survival experience of the r groups. Assume also that, in all
groups combined, there are k distinct failure times, and that at failure time tj there
are nj animals at risk, of which dj fail and nj–dj survive. Then the log-rank test
statistic is computed by combining the information from the contingency tables
obtained at every failure time by constructing at each of the k distinct failure
times an r × 2 contingency table and then combining results from these k tables.
With the logrank test we can take into account the entire survival experience and
not just a specific point in time.
For each time tj the expected number of failures in group i at time tj under
the null hypothesis of no difference in survival among the r groups is Eij = nijdj/nj.
The chi-squared test is then calculated, which has a χ2 distribution with r–1 degrees of freedom under the null hypothesis.
If the observed values are different enough from the expected value to
produce a highly significant chi-squared value, then with the log-rank test we can
reject the null hypothesis that the survivor functions of the two groups are the
same (Cleves et al., 2010).
Results
Altogether 314 calvings were monitored (Table 1). The prevalence of dystocia, twin calving, stillbirth rate and RFM were 23.2% (n = 73), 3.8% (n = 12),
3.5% (n = 11), and 34.4% (n = 108), respectively. Dystocia significantly increased the prevalence of RFM (P < 0.000) and CM (P < 0.000), while CEM
(P = 0.451) was not influenced (data not shown). The prevalence of CM was
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20.1% (n = 63) in the first five DIM, 10.5% (n = 33) from 6 to 10 DIM and
13.1% (n = 41) from 11 to 20 DIM. The prevalence of CEM from 22 to 28 DIM
was 9.9% (n = 31) and 1.3% (n = 4) from 43 to 49 DIM. Three cows (1%) had
pyometra diagnosed between 22 and 28 DIM and another 1 cow (0.3%) between
43 and 49 DIM. Altogether 38.9% (n = 122) of the cows had bacterial complications during the involution period: 100 cows had clinical metritis, while 22 cows
had clinical endometritis.
Table 1
Prevalence rate of reproductive conditions and their correlation to days to first AI and days open
(n = 314)*

Dystocia
Twinning
Stillbirth
RFM
CM ≤ day 5 DIM
CM 6 to 10 DIM
CM 11 to 20 DIM
CEM 22 to 28 DIM
CEM 43 to 49 DIM
CL 22 to 28 DIM
CL 43 to 49 DIM

Ratio
%

n

Days to first AI
P value

Days open
P value

23.2
3.8
3.5
34.5
20.1
10.5
13.1
9.9
1.3
50.5
56.9

73
12
11
108
63
331
412
31
4
158
178

0.213
0.525
0.039
0.208
0.675
0.406
0.133
0.231
0.493
0.201
0.337

0.211
0.585
0.979
0.157
0.009
0.939
0.798
0.007
0.161
0.061
0.137

RFM – retained fetal membranes, CM – clinical metritis, CEM – clinical endometritis, CL – presence of corpus luteum, DIM – days in milk; *one cow was culled immediately after calving; 1out of
33 CM cases from 6 to 10 DIM 25 were recurrent clinical metritis; 2out of 41 CM cases from 11 to
20 DIM 12 were recurrent clinical metritis and in 7 cases the first clinical metritis developed during
the first 5 days after calving

The first ultrasonographic examination performed between 22 and 28 DIM
demonstrated that 50.3% (n = 158) of the cows had a corpus luteum as a proof of
cyclic ovarian activity, since these cows had at least one ovulation. Of the corpora lutea, 29.1% (n = 46) had a cavity. The second ultrasonographic examination
made performed 43 and 49 DIM showed that 56.7% (n = 178) of the cows had a
corpus luteum. The ratio of corpora lutea with cavity was 32.0% (n = 57).
The effects of dystocia, twin calving, stillbirth, RFM, CM and CEM on the
interval from calving to first AI are shown in Table 1. Only cows having at least
one AI were included in the statistical analysis. The effect of ovarian cyclic activity on the days to first AI was also evaluated at two different intervals. The
analysis demonstrated that dystocia, twin calving, RFM, CM and the presence of
ovarian cyclic activity between 22 and 28 DIM and also between 43 and 49 DIM
had no significant effect on the interval between calving and the first AI. At the
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same time, cows with stillbirth had a longer time interval between calving and
first AI than cows with normal calving (P = 0.039) (Fig. 1).
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Fig. 1. The effect of stillbirth on the number of days to first AI. Time between parturition and first
artificial insemination (days) (hazard by stillbirth [y])

The effects of dystocia, twin calving, stillbirth, RFM, CM and CEM on the
number of days open for cows that became pregnant within 365 DIM are presented in Table 1. There were no significant differences between dystocia, twin
calving, stillbirth, RFM and the presence of ovarian cyclic activity between 22
and 28 and also between 43 and 49 DIM and the days open. Cows suffering from
CM within 5 DIM had shorter days open than those which did not have CM during that period (P = 0.009). Cows having CEM diagnosed between 22 and 28
DIM also had significantly shorter days open than those without CEM (P =
0.007). CM occurring between 6 and 20 DIM and CEM developing between 43
and 49 DIM had no significant effect on the length of days open (P = 0.939 between 6 and 10 DIM, P = 0.798 between 11 and 20 DIM and P = 0.161 between
43 and 49 DIM) (Table 1).
Altogether 26.4% (n = 83) of the cows were culled before getting pregnant, 3.2% (n = 10) of the cows were culled in the first three weeks after calving,
while 21.0% (n = 66) of the cows were culled before the first AI after calving.
RFM and CM had no effect on the interval until first AI and on the days open
(Table 2); however, when intramuscular antibiotic treatments due to clinical metritis were performed, somewhat less days were needed for the first AI and days
open, but the differences among the groups did not reach a statistically significant level. At the same time, the culling rate was significantly higher (P =
0.0326) when CM developed without RFM, compared with cows with RFM
Acta Veterinaria Hungarica 66, 2018

620

BUJÁK et al.

without CM. The culling rate was more than three times higher (OR: 3.103, 95%
CI: 1.178–8.175) in cows developing CM than in cows with RFM, the difference
being statistically significant (P = 0.0219).
Table 2
Effect of retained fetal membranes (RFM) and clinical metritis (CM) on culling, days to first AI
and days open (n = 313)
Types of uterine diseases

RFM without CM
RFM with CM
CM without RFM
No CM and no RFM

Culling
n (%)
a

8 .(2.6)
15.(4.8)
16b.(5.1)
44.(14.1)

Days to first AI
n (%)

45 (14.4)
40 (12.8)
29 (9.3)
116 (37.1)

Mean ± SD

Days open
Mean ± SD

84 ± 60
78 ± 48
72 ± 22
86 ± 46

155 ± 95
116 ± 73
118 ± 61
149 ± 79

a,b

Values marked with different superscripts are significantly different at P = 0.0326

Discussion
The prevalence of dystocia may vary between 2 and 14% internationally
(Mee, 2008); however, this finding applies to pasture-based small farms. In contrast, the prevalence rate of dystocia in the large-scale dairy farm investigated in
this study was 23.3%, which is consistent with findings reported previously by us
(22.3%; Szenci et al., 1987) and by other authors (23.4%; Laster and Gregory,
1973); however, Meyer et al. (2000) reported somewhat lower prevalence rates
for dystocia (overall: 9.3%; 19% for heifer calving and 6% for cow calving). The
prevalence of twinning (3.8%) observed in this study was similar to that found in
other studies (Silva del Rio et al., 2007), while stillbirth rate proved to be slightly
lower than reported earlier (Bicalho et al., 2007; Inchaisri et al., 2010). The fact
that the data were collected between June and November in each year of study
may have influenced the stillbirth rates (Szenci et al., 1987). The frequency of
RFM was 34.4%, which was much higher than in other studies (Markusfeld,
1987; Han and Kim, 2005). Although the exact reason for this high prevalence
rate of RFM was not examined in this study, we have recently demonstrated that
in cases of premature obstetrical assistance (from 5 to 48 min after the appearance of fetal hooves vs. appropriately timed obstetrical assistance from 68 to
82 min after the appearance of fetal hooves) the prevalence of RFM increased
significantly (Kovács et al., 2016). In agreement with the findings of a previous
study (Bell and Roberts, 2007), dystocia (calving assistance by two or more people) also significantly increased the prevalence of RFM and CM in our study.
The prevalence of CM, CEM and pyometra varies within a wide range in
different studies, and our results may are more or less consistent with the previActa Veterinaria Hungarica 66, 2018
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ous findings (Bell and Roberts, 2007). In line with the results of Hadley et al.
(2006) who found a 31.6% culling rate in the USA, the culling rate from calving
to conception was 26.4% in the present study.
The interval from calving to the first AI and the days open depend on
many factors. These parameters have an effect not only on fertility but on other
factors as well. Cows with RFM, stillbirth, dystocia or twin calving are at an increased risk of developing CM during involution (Potter et al., 2010), while dystocia is associated with twinning and stillbirth (Bicalho et al., 2007). Thus, these
factors can have direct or indirect effects on fertility. In the present study, only
those factors were examined which might have a direct effect on days to first AI
and days open. We did not find any significant relationship between days open
and stillbirth, but cows giving birth to stillborn calves had an increased number
of days open from calving to first AI. These findings are in agreement with those
of previous studies, because many researchers have found associations between
stillbirth and fertility (Maizon et al., 2004; Bicalho et al., 2007). The reason why
we found correlation only with the number of days to first AI could be again the
low number of cases (5/11) as mentioned previously. It is important to mention
that some authors have found an association between twinning and reduced fertility (Berry et al., 2007; Inchaisri et al., 2010); however, due to the relative low
number of our cases we were not able to confirm their findings. We included in
the analysis only those twinning cows which became pregnant within one year
after parturition (8/12) or had at least one insemination (9/12).
RFM is a risk factor for periparturient reproductive and metabolic disorders decreasing fertility (Gröhn et al., 1989). Although cows with RFM had increased number of days to the first AI and days open (Table 2), the differences
were not statistically significant. Most authors found associations between RFM
and days to first AI or days open (Han and Kim, 2005), while others could not
demonstrate such correlations (Fourichon et al., 2000).
In the statistical analysis, we examined separately the effect of CM and CEM
occurring at different time periods on fertility. This indicated that cows with CM
occurring before 5 DIM had significantly decreased numbers of days open, while
the number of days open in cases of CM occurring in other time periods did not
differ. Several authors have also found a significant correlation between CM and
days open (Jorritsma et al., 2000; Bell and Roberts, 2007; McDougall et al., 2007;
Elkjær et al., 2013). On the other hand, Maizon et al. (2004) could not find any
significant differences regarding days open between cows with CM and the control group. It is possible that CM occurring in different time periods during involution may influence the fertility in different ways. We did not find any study using the same subdivisions for CM in the literature. Therefore, further studies are
needed to confirm the effect of CM diagnosed between different time periods after calving on fertility. In agreement with the findings of a recent study (Okawa

Acta Veterinaria Hungarica 66, 2018

622

BUJÁK et al.

et al., 2017), CEM occurring between 22 and 28 DIM and treated with intrauterine antibiotics also had a significant positive effect on the days open.
We did not find any correlation between the type of the ovarian structures
and the days to first AI or the days open; however, several authors have found
correlations between anoestrus and the days open (Harman et al., 1996;
Ouweltjes et al., 1996; Fourichon et al., 2000). This might be because we only
evaluated the ovarian structures. During ultrasonographic examinations the corpus luteum was evaluated as the proof of ovulation; however, the lack of a corpus luteum is not a proof of an anoestrus case. Further examinations are needed
to obtain general results about conditions possibly influencing the days to first AI
and the days open. Evaluation of the effects of CM occurring in different time
periods on the conception rate is also necessary.
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