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The objectives of this study were to evaluate the reproductive and productive performance
of dairy cows with and without puerperal metritis and to evaluate the effectiveness of using
a long-acting ceftiofur preparation. Dairy cows in one dairy farm, calving from July 2009 to
January 2010, were examined between 3 and 14 days postpartum and classified on the basis
of vaginal discharge into three groups: cowswith normal discharge (control; C); cowswith a
bloody mucus purulent or pathologic nonfetid discharge (PnFD), and cows with bloody
mucopurulent or purulent fetid discharge (PFD). Cows in C and PnFD groups were not
treated, whereas those in the PFD group were randomly allocated to receive 2.2 mg/kg of
ceftiofur subcutaneously behind the ear (PFD-T) or remain untreated (PFD-No T). From the
640 cows examined, 58.2% formed the C group, 13.4% formed the PnFD group, and 28.4%
formed the PFD group. Survival curves differed between cows in the C group and PFD-No T
group (P¼ 0.0013) and between PFD-No T versus PFD-T group (P¼ 0.0006). Survival curves
of PnFD were intermediate and did not differ from those in the C group (P ¼ 0.2) and PFD-T
group (P ¼ 0.1) but tended to be different from the PFD-No T group (P ¼ 0.056). The post-
partum interval to achieve a 25% pregnancy ratewas 72 days for cows in the C group, 73 days
for the PFD-Tgroup, 83 days for PnFD group, and 95 days for the PFD-NoTgroup. The chance
of pregnancy in a cow in the C group was 1.98 times higher (95% confidence interval ¼ 1.33,
3.08) and in cows in the PFD-T group was 2.16 times higher (95% confidence interval ¼ 1.37,
3.50) than that in the PFD-No T group. Finally, the chance of pregnancy in cows in the PnFD
group tended to be higher (P¼ 0.08) than that in the PFD-No Tgroup but did not differ from
the other two groups. Cumulative 305-day milk production was higher (P < 0.0001) in C
group than thosewith vaginal discharge, regardless of fetidness and regardless of treatment.
It is concluded that puerperal metritis affects the reproductive and productive performance
of dairy cows and the treatment with ceftiofur was effective in reducing the adverse effects
on reproductive performance but not on milk production.
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1. Introduction

Puerperal metritis is an inflammation of all the layers of
the uterus, which is characterized by the presence of a
watery, reddish-brown vulvar discharge [1]. In some cases,
puerperal metritis is classified as a disease complex
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without distinguishing the severity or clinical presentation,
which hinders comparisons between studies [1]. Sheldon
et al. [2] standardized the clinical definition of puerperal
metritis to include clinical symptoms such as reduced milk
production, dullness, or other clinical signs of toxemia with
fever (>39.5 �C) within 21 days postpartum.

Several factors contribute to the etiology, severity, and
duration of puerperal metritis. Several studies have sug-
gested that risk factors for metritis include dystocia, twins,
retained placenta, stillbirth, abortion, and prolapsed uterus
[3–7]. Although metritis and endometritis are common
postpartum uterine diseases that have a profound negative
effect on reproduction in dairy cows [6,8–11], the reported
results of their effects on milk production are conflicting
[12–14]. Thus, Dubuc et al. [15] found that metritis
decreased milk production only in multiparous cows.

Prevention and early treatment of puerperal metritis
may result in an economic benefit because progress of the
condition is avoided [16]. Treatment has historically
involved intrauterine infusion of antibiotics [17,18] or in-
jection with PGF2a [19,20]. Parenteral administration of
ceftiofur sodium [21] or ceftiofur hydrochloride [22] has
been shown to be effective for treatment of metritis. Cef-
tiofur reduced the incidence of metritis in cows with
retained fetal membranes [10,23,24]. This effect was pro-
posed to be linked with a decrease in the uterine pathogen
load in the early postpartum period [25]. The information
regarding its efficacy in the treatment of metritis in pasture-
based production systems such as those in Argentina is
limited. Previous studies performed in Argentina with dairy
cows under total mixed ration formulated diets have shown
that daily treatment with ceftiofur hydrochloride for three
consecutive days did not affect the cure rate of metritis or
peak milk production, but it increased the risk for preg-
nancy at timed artificial insemination (AI) and reduced the
risk for reproductive culling [26]. However, one of the main
problems regarding daily treatments in pasture-managed
systems has been the failure to continue the treatments
properly that significantly affect the cow’s response to the
therapy. Therefore, the objectives of this study were to
evaluate the reproductive and productive performance of
dairy cows with and without puerperal metritis and to
reevaluate the effectiveness of using ceftiofur, a long-acting
antibiotic treatment on those cows with metritis in pasture-
based production systems.

2. Materials and methods

2.1. Data

The studywas conducted from July 2009 to January 2010
in nine commercial dairy herds in the center of Santa Fe
province (32�31030.0500S; 61�16040.8700W). The total popu-
lation of the farm used for the study was 3300milking cows
with an average production of 7550 kg per lactation, and
data from 690 animals calving during the period of the
study were included. Animals were milked twice daily.
Prepartum cows were housed in lots 30 days before partu-
ritionwhere theywere fed daily and providedwithwater ad
libitum. At least 35 m2 was available to each cow. The diet
consisted of corn silage, feed with anionic salts and alfalfa
hay. This ration was composed of 14% protein, 1.6 Mcal net
energy of lactation/kg of dry matter (DM). Lots were looked
four times a day to observe periparturient cows.

All events occurring at calving were recorded by dairy
staff. The type of calving was classified as: (1) normal
calving (cows that had no difficulty in giving birth to a
single calf without assistance); or (2) assisted calving (cows
that needed assistance by herdsperson or veterinarian).
Assisted calving was further rated as: assistance as a pre-
caution, calf bad presentation, or a large-sized calf (forced
extraction). Retained fetal membrane was considered if the
placenta was not released within 24 hours of calving, for
both normal and assisted calvings. The primiparous or
multiparous state of the cow was considered as a second-
level variable.

After calving, the cowswere placed in a sanitary herd for
2 to 4 days and then transferred to a herd where all cows
have calved recently (fresh cows). Diet consisted of alfalfa
and graminoid grazing, corn silage, and balanced feed in-
side the milking parlor; diet was based on 16% protein, 1.5
to 1.7 Mcal net energy of lactation/kg DM, reaching a total
of 18 to 20 kg DM intake in the first 21 days postpartum.
Vaginal discharge of all cows was analyzed 3 to 14 days
postpartum. The time window of the examination of
vaginal discharge (3–14 days) was determined on the basis
of the standard practice of the veterinarian health visit to
the dairy farms, which is usually once every 2 weeks or
even once every month for the commercial herds in
Argentina. The type of discharge was determined by
extraction with a clean palpation sleeve after vulva disin-
fection with water containing a quaternary ammonium
solution (Bagodryl, Biogenesis-Bago, Buenos Aires,
Argentina). The criteria to determine the presence of pu-
erperal metritis was the presence of a fetid, watery, puru-
lent, sometimes brown fluid discharge; depression, sunken
eyes, and loss of appetite [2]. Thus, cows were classified as
having three types of discharge: (1) normal discharge or
control (C), with a similar appearance to egg whites; (2)
pathologic nonfetid discharge (PnFD), with amucopurulent
or pathologic nonfetid discharge, and (3) pathologic fetid
discharge (PFD), with bloody, mucopurulent or purulent,
fetid discharge. Cows in C and PnFD groups were not
treated with antibiotics, whereas those in the PFD group
were subdivided into two subgroups; one was treated with
2.2 mg/kg of slow-release ceftiofur hydrochloride (Excede,
Zoetis, Buenos Aires, Argentina) administered at the base of
the ear (PFD-T), whereas the other subgroup was not
treated with antibiotics (PFD- No T). The use of long-acting
(slow release) ceftiofur is accepted in Argentina and other
countries like the United States and Canada; it is not
necessary to discard the produced milk from cows under
treatment. However it could happen that such therapy may
not be acceptable in other countries.

Afterward, between Days 21 and 30 postpartum, all
cows were tested for possible clinical endometritis in cows
that had normal discharge between 3 and 14 days post-
partum and to check if those cows that had been treated
were cured. The criterion used to diagnose clinical endo-
metritis was the presence of a purulent or mucopurulent
discharge, which was extracted with a clean sleeve after
disinfection of the vulvar area, as described above. All cows
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which exhibited clinical endometritis at the time of
checkup received a dose of PGF2a (25-mg dinoprost,
Lutalyse; Zoetis, Argentina) intramuscularly.

Reproductivemanagement started betweenDays 40 and
47 postpartum, when all cowswere subjected to transrectal
palpation to determine uterus condition and ovarian status
and were given a dose of PGF2a. During the following
14 days, estrus was detected and those showing signs of
estrus were inseminated following the AM-PM rule. Cows
that were not in estrus received a second dose of PGF2a
14 days later and were inseminated 12 hours after estrus
detection. Finally, cows that were not inseminated at 65 to
72 days postpartum were enrolled in a timed-AI protocol.
The protocol consisted of inserting a device with 1.9-g
progesterone (CIDR; Zoetis, Argentina) and an intramus-
cular application of 10-mg buserelin (GnRH, Receptal; MSD-
Agvet, Argentina) on Day �10. On Day �3, the intravaginal
devicewas removed and PGF2awas administered, followed
by a second GnRH 56 hours later. All cows were timed
artificially inseminated on Day 0, 72 hours after removal of
the device. After insemination, all cows were painted at the
base of the tail and estrus was observed between Days 18
and 24 after insemination. Pregnancy diagnosis was per-
formed by transrectal palpation 50 days after insemination.

2.2. Statistical analyses

An exploratory analysis was initially performed to
characterize the different animal groups according to the
presence and type of discharge, number and type of calv-
ings, and average days in milk to first service(D1S). A
multiple logistic regressionwith odds ratio was obtained to
evaluate assisted or normal calving and number of births as
risk factors of metritis. A multiple logistic regression was
adjusted using software version 9.0.1 JMP [27] to estimate
the relative contribution of factors affecting the probability
of conception at the first service and at the second service.
The model included treatment, animal category, type of
calving, and days in milk to service as independent vari-
ables. Model outputs included the regression coefficients
and odds ratios, which indicate how the independent var-
iables introduce changes in the probability of occurrence of
an event, in this case, conception.

To evaluate the effect of number of days postpartum in
which the cows were examined for vaginal discharge and
treated for metritis on fertility, the 3 to 14 days postpartum
window of examination was divided into two periods (3–
8 days and 9–14 days). However, the statistical analysis did
not reveal differences among time periods; thus, all the in-
formationwas considered together as one data set. Survival
curves were obtained to compare the proportion of preg-
nant animals across days in milk (DIM) depending on the
types of discharge, and then, in relation to the typeof calving
(normal or assisted). The curves were calculated according
to the Kaplan and Meier algorithm for each of the treat-
ments (type of discharge), and the equality of two or more
survival curves was compared with the log-rank test [28].
High log-rank values are associated with low P values
(probability that the curvesweredifferent by chance). In this
study, P < 0.05 was used to indicate statistically significant
differences between survival curves. A Cox proportional
hazard model [29] was also fitted using PROC PHREG of SAS
[30] to estimate the risk of pregnancy in terms of treatment,
animal category, type of calving (normal or assisted), and
productive level. For the survival analysis and Cox regres-
sion, the animals cows entered the “at risk set” of pregnancy
after the voluntary waiting period (45 days postpartum) to
150 days postpartum (last day of observation).

Finally, lactation curves for each animal category from
each treatment were modeled considering the subject-
specific effect given by the cow to estimate the accumu-
lated 305-day yield and peak yield, using the PROC
NLMIXED of SAS [30].

3. Results and discussion

The study evaluated 690 calvings; 50 of them were not
included in the analysis due to cows being culled, lack of
data on calving type, or any other incomplete information
that may influence the results. Thus, 640 calvings were
evaluated, with 372 (58.2%) being classified as C, 86 (13.4%)
as PnFD, and 182 (28.4%) as PFD, the latter considered as
exhibiting puerperal metritis. This group was randomly
divided into two subgroups, one including 102 cows
(15.90% of the total) that were treated (PFD-T) and the other
group including the remaining 80 cows (12.50%) that were
not treated (PFD- No T). The overall incidence of puerperal
metritis was 28.4%. Of the 87 cows with assisted calving,
39.08% were classified as C, 13.79% as PFD, and 47.1% as
PnFD. Dubuc et al. [10] reported that the incidence of
metritis was 28% in cows with high risk of uterine disease
(cows that experienced dystocia, twins, or retained
placenta). Calving type turned out to be a risk factor
(P < 0.0001) for metritis, with an odds ratio of 2.50 (95%
confidence interval ¼ 1.57, 3.99), suggesting that the
chance of a cow that was assisted is 2.50 times more likely
to present metritis than one with normal calving. It is ex-
pected that cows with dystocia would have higher in-
cidences of metritis because this disease is associated with
reproductive tract trauma and/or environmental infection
produced by the farm personnel by using dirty forceps and
chains to manipulate the cows and fetus [7,31].

This study comprised 240 calvings of primiparous and
400 of multiparous cows. In primiparous cows, 203 had
normal calvings (84.58%), with 107 exhibiting normal
discharge (52.7%) and 71 D1S, 34 (16.7%) PnFD and 79 D1S,
37 (18.2%) PFD-T and 75 D1S, and 25 (12.3%) PFD-No T and
64 D1S. Furthermore, 37 (15.5%) had assisted calvings, with
11 presenting normal discharge (29.7%) and 64 D1S, 6
(16.2%) PnFD and 77 D1S,10 (27%) PFD-T and 74 D1S, and 10
(27%) PFD-No T and 65 D1S. In multiparous cows, 350
(87.5%) had normal calvings, of which 231 (66%) had
normal discharge and 54 D1S, 40 (11.4%) were PnFD and 73
D1S, 40 (11.4%) PFD-T and 75 D1S, and 39 (11.1%) PFD-No T
and 68 D1S. Fifty multiparous cows had assisted calving
(12.5%), of which 23 had normal discharge (46%) and 65
D1S, 6 (12%) had PnFD and 81 D1S, 15 (30%) PFD-T and 92
D1S, and 6 (12%) PFD-No T and 86 D1S (Table 1). The
number of calvings proved to be a risk factor (P < 0.0112)
for metritis, with an odds ratio of 1.58 (95% CI ¼ 1.11, 2.25),
suggesting that the chance of a primiparous cow having
metritis is 1.58 times higher than that of a multiparous cow.



Table 1
Number of cows evaluated (n) and average days in milk to first service
(D1S) for each category considering type of calving and assigned
treatment.a

Animal category Type of calving Treatments D1S

Primiparous
(n ¼ 240)

Normal
(n ¼ 203; 84.5%)

Control (n ¼ 107; 52.7%) 71
PnFD (n ¼ 34; 16.7%) 79
PFD-T (n ¼ 37; 18.2%) 75
PFD-No T (n ¼ 25; 12.3%) 64

Assisted
(n ¼ 37; 15.5%)

Control (n ¼ 11; 29.7%) 64
PnFD (n ¼ 6; 16.2%) 77
PFD-T (n ¼ 10; 27.0%) 74
PFD-No T (n ¼ 10; 27.0%) 65

Multiparous
(n ¼ 400)

Normal
(n ¼ 350; 87.5%)

Control (n ¼ 231; 66.0%) 54
PnFD (n ¼ 40; 11.4%) 73
PFD-T (n ¼ 40; 11.4%) 75
PFD-No T (n ¼ 39, 11.2%) 68

Assisted
(n ¼ 50; 12.5%)

Control (n ¼ 23; 46.0%) 65
PnFD (n ¼ 6; 12.0%) 81
PFD-T (n ¼ 15; 30.0%) 92
PFD-No T (n ¼ 6; 12.0%) 86

PnFD ¼ pathologic nonfetid discharge; PFD ¼ pathologic fetid discharge;
PFD-No T ¼ untreated pathologic fetid discharge; PFD-T ¼ treated path-
ologic fetid discharge.

a Treatments: control ¼ normal discharge.

Table 2
Likelihood ratio test (LRT) for each factor analyzed by multiple logistic
regressions for conception rate at first and second service.

Factor LRT P value

TC1Sa

Treatment 9.3664 0.0248
Animal category 0.8810 0.3479
Type of calving 0.1521 0.6965
D1Sb 0.0034 0.9538

CR2Sc

Treatment 4.1553 0.2452
Animal category 2.0952 0.1478
Type of calving 0.0640 0.8003
D2Sd 0.3503 0.5540

a CR1S ¼ first service conception rate.
b D1S ¼ days to first service.
c TC2S ¼ second service conception rate.
d D2S ¼ days to second service.

Table 3
Odds ratio (OR) and 95% confidence intervals (LL: lower limit and UL:
upper limit) for comparisons between treatments to determine their ef-
fect on conception rate first service.

Treatmentsa OR LL 95% UL 95% P value

Control vs. PnFD 1.2640 0.7482 2.1813 0.3851
Control vs. PFD-No T 2.4611 1.3187 4.9026 0.0040*
Control vs. PFD-T 0.9323 0.5763 1.5209 0.7770
PnFD vs. PFD-No T 1.9469 0.9077 4.3292 0.0874
PnFD vs. PFD-T 0.7375 0.3886 1.3857 0.3451
PFD-T vs. PFD-No T 2.6396 1.2859 5.6801 0.0077*

*P values <0.05 indicate statistically significant differences between the
specified class and the reference class for the factor under study.
PnFD ¼ pathologic nonfetid discharge; PFD ¼ pathologic fetid discharge;
PFD-No T ¼ untreated pathologic fetid discharge; PFD-T ¼ treated path-
ologic fetid discharge.

a Treatments: control ¼ normal discharge.
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In the checkup held between 21 and 30 days post-
partum, 29 (12.28%) primiparous and 49 (12.08%) multipa-
rous cows exhibited clinical endometritis. They were
distributed as follows, according to the type of discharge
exhibited at first checkup: primiparous cows, 4 (3.38%) with
normal discharge, 8 (20.0%) PnFD, 8 (17.02%) PFD-T and 9
(25.7%) PFD-No T, and multiparous cows, 15 (5.9%) with
normal discharge, 7 (15.2%) PnFD, 14 (24.6%) PFD-T, and 13
(30.23%) PFD-No T. Considering the results from the first
postpartum checkup, the percentage of cows diagnosed
with clinical endometritis was lower (P< 0.01) in cowswith
normal discharge (19 of 371; 5.1%) than those with
abnormal discharge on the first checkup (15 of 86, 17.4% of
those with PnFD; 22 of 102, 21.5% of those with PFD-T; and
24 of 80, 30.0% of those with PFD-No T). Interestingly, no
differences were detected between the later three groups.
Hence, the percentage of cows in the PFD that were cured
did not differ (P > 0.05) between the PDF-T (78%) and PDF-
No T (70%) cows. Dubuc et al. [10] found that the proportion
of cows that experienced spontaneous cure from first ex-
amination to the second examinationwas approximately 63
to 66%. Gautam et al. [32] reported 75% spontaneous cure in
cows affected by purulent vaginal discharge; this propor-
tion may be reflective of capacity of the cow to clear the
infections using its own immune system.

3.1. First and second service conception rate

The only factor that resulted significant in the multiple
logistic regression model adjusted for conception rate at
first service was the type of discharge (P ¼ 0.0248, Table 2).
The conception rate at first service for cows with normal
discharge (control group) was 34.5%, 30.2% for PnFD, 16.6%
for PFD-No T, and 35.5% for PFD-T. Cows in group PFD-No T
had lower conception rates than cows of the control group
(P ¼ 0.0107), whereas the other groups of cows did not
differ significantly from the control group. Dubuc et al. [10]
reported similar conception rates at first service, 35% for
unaffected group and 25% for purulent vaginal discharge
group. The odds ratio (Table 3) showed significant differ-
ences between cows in PFD-No T and cows from PFD-T and
control. Furthermore, conception rates tended to differ
between groups PFD-No T and PnFD. However, there was
no significant factor influencing conception rate at the
second service. Conception rate at the second service was
29.8% for the control group, 26.7% for PnFD, 37.7% for PFD-T,
and 23.6% for PFD-No T. Unfortunately, we did not inquire
about the proportion of cows that experienced sponta-
neous cure between the two services.

3.2. Days open

Survival curves as a function of treatment were statis-
tically different between the control and the PFD-No T
groups (P ¼ 0.0013) and between PFD-No T and PFD-T
groups (P ¼ 0.0006). The time to pregnancy (days open
[DO]) of 25% of the control group was 72 days, 83 days for
PnFD, 73 days for PFD-T, and 95 days for PFD-No T, indi-
cating a 23-day delay to achieve the same percentage of
pregnant animals in PFD-No T group compared to the
control group (Fig. 1). These results are similar to the 34-
day delay reported by LeBlanc et al. [6], the 24 and
25 days reported in two studies by Dubuc et al. [10,33].

Survival curves for DO according to treatments by type
of calving: normal (A) and assisted (B) are shown (Fig. 2). In



Fig. 1. Kaplan–Meier survival curves for time to pregnancy (days open) for
lactations with different treatments (control ¼ normal discharge;
PnFD ¼ pathologic nonfetid discharge; PFD-No T ¼ untreated pathologic
fetid discharge; PFD-T ¼ treated pathologic fetid discharge).

Fig. 2. Kaplan–Meier survival curves for time to pregnancy (days open) for
cows with different treatments (control ¼ normal discharge;
PnFD ¼ pathologic nonfetid discharge; PFD-No T ¼ untreated pathologic
fetid discharge; PFD-T ¼ treated pathologic fetid discharge) by type of
calving for normal calving (A) and assisted calving (B).
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normal calvings, the survival curves according to treatment
were statistically different between the control group and
the group PFD-No T (P ¼ 0.002294), between PFD-No T and
PFD-T group (P ¼ 0.000920), and between PFD-No T and
PnFD group (P ¼ 0.055). The time to pregnancy (DO) of 25%
of the control group was 72 days, 83 days for PnFD, 73 days
for PFD-T, and 104 days for PFD-No T, indicating a 32-day
delay for achieving the same percentage of pregnant ani-
mals between the control group and PFD-No T. Although
assisted calvings were not statistically significantly
different between treatments. The time to pregnancy (DO)
of 25% of the animals was 65 days for control, 83 days for
PnFD, 77 days for PFD-T, and 95 days for PFD-No T, sug-
gesting a 35-day delay in achieving the same percentage of
pregnant animals between the control group and PFD-NoT.

Table 4 shows the estimated parameters for each
explanatory variable of the proposed Cox proportional
hazards regression model. The factors animal category,
calving type, and production level showed no significant
differences of pregnancy between levels except for the type
of discharge, being the only explanatory variable that was
statistically significant (P¼ 0.0016). The risk of pregnancy in
a cow in the control groupwas 1.98 times higher than that in
PFD-NoT. The risk of pregnancywas also significantlyhigher
(2.16) in cows belonging to PFD-T group than to PFD-No T.

In this study, 305-day yield estimated by the nonlinear
model of primiparous cows was 6989 L for the control
group, 6610 L for PnFD, 6749 L for PFD-No T, and 6819 L for
PFD-T, with the control group showing the highest value
(P ¼ 0.0322). The 305-day yield estimated by the nonlinear
model for multiparous cows was 7674 L for the control
group, 7516 L for PnFD, 7562 L for PFD-No T, and 7410 L for
PFD-T. Again, the control group showed the highest value,
but the differences from the other groups were not signif-
icant (Table 5).

Peak yield estimated by the nonlinear model of pri-
miparous cows was 27 L for the control group, 26 L for
PnFD, 25 L for PFD-NoT, and 26 L for PFD-T, with the lowest
values being for PFD-No T group (P ¼ 0.0035). Peak yield



Table 4
Parameters estimated for the explanatory variables in the Cox propor-
tional hazards regression model of days open.

Explanatory
variable

Coefficient SE LL 95% UL 95% LRT P value

Treatmenta

PnFD �0.0461 0.1354 �0.3210 0.2114 15.26 0.0016*
PFD-No T �0.4697 0.1567 �0.8008 �0.1719
PFD-T 0.3010 0.1185 0.0644 0.5302

Animal category
Heifer 0.0613 0.0592 �0.0555 0.1768 1.06 0.3021

Type of calving
Normal 0.0172 0.0843 �0.1422 0.1891 0.04 0.8377

Production level
High �0.1119 0.0579 �0.2259 0.0014 3.74 0.0529

*P values <0.05 indicate statistically significant differences between the
specified class and the class reference for the factor under study.
The missing class is considered as a reference for statistical comparisons,
for the treatments: control; for animal category: cow; for type of calving:
assisted, and for production level: low.
Abbreviations: LL, lower limit (for 95% confidence interval); LRT, likeli-
hood ratio test; SE, standard error; UL, upper limit (for 95% confidence
interval).
PnFD ¼ pathologic nonfetid discharge; PFD ¼ pathologic fetid discharge;
PFD-No T ¼ untreated pathologic fetid discharge treated; PFD-T ¼ treated
pathologic fetid discharge.

a Treatments: control ¼ normal discharge.
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estimated by the nonlinear model of multiparous cows was
34 L for the control group, 34 L for PnFD, 31 L for PFD-No T,
and 32 L for PFD-T. Values of the PFD-No T group were
lowest than those of control, PnFD, and PFD-T groups
(P ¼ 0.0002, Table 5).

Puerperal metritis affects reproductive and productive
performance of lactating dairy cows. The treatment with
ceftiofur was effective in reducing the adverse effects on
reproduction. Giuliodori et al. [26] found that a 3-day
therapy with ceftiofur was related to increased pregnancy
rate at timed-AI. The most important risk factors for con-
tracting puerperal metritis were cows with dystocia,
twinning, retained fetal membranes, or a combination of
these; these results agree with those of other research
groups [3–5]. LeBlanc et al. [7] suggested that risk factors
for metritis include dystocia, retained placenta, and other
factors not included in this study. Giuliodori et al. [26]
suggested that primiparous cows, cows with abnormal
calving, and cows in poor energy balance during prepartum
have increased risk for metritis. It was not the aim of this
Table 5
Production of 305-day yield in lactation and peak yield in cows with
puerperal metritis that were treated or not with Excede (PFD-T and PFD-
No T), cows with pathologic nonfetid discharge (PnFD) and cows with
normal discharge (control).

Variables 305-day yield in lactation Peak yield

Primiparous cows
Control (n ¼ 118) 6989 � 67.7b 27.3 � 0.2b

PnFD (n ¼ 40) 6610 � 119.3a 26.3 � 0.4b

PFD-T (n ¼ 47) 6819 � 105.1a 26.5 � 0.4b

PFD-No T (n ¼ 35) 6749 � 124.3a 25.3 � 0.4a

Multiparous cows
Control (n ¼ 254) 7674 � 69.4a 34.3 � 0.3b

PnFD (n ¼ 46) 7516 � 164.7a 34.6 � 0.7b

PFD-T (n ¼ 55) 7410 � 147.6a 32.4 � 0.6b

PFD-No T (n ¼ 45) 7562 � 164.7a 31.3 � 0.7a

abaverages with different letters are significantly different (P < 0.05).
work to determine the individual effect of these factors on
the incidence of puerperal metritis. We believe that cows
with one or more of these disorders have a high risk for
metritis. We found that the prevalence of puerperal met-
ritis in cows that had assisted calvings (47.1%) was similar
to that obtained by Markusfeld [34] and 28% found by
Dubuc et al. [10].

Examination of cows after calving was implemented
between Days 3 and 14, similarly to Upham [35]. In the
present study, the intensity of the monitoring program of
postpartum health may have led to early diagnosis and
treatment of puerperal metritis. A study that analyzed the
effect of this disease on reproduction [11] showed less ef-
fect of puerperal metritis in animals subjected to routine
tests, compared to herds whose owner reported the dis-
ease. Furthermore, Harman et al. [36] found no effect of
cows with dystocia, retained fetal membranes or early
metritis during 56 to 120 days postpartum in terms of risk
of conception. It is also noteworthy that although the per-
centage of cows cured at the second checkup was not
different between the treated and untreated cows, those
cows with metritis that were treated became pregnant
earlier than untreated cows. Furthermore, the treated cows
had a very similar reproductive performance to the control
group. These contrasting results reported the effectiveness
of the treatment on the reproductive performance of the
cows with postpartum metritis and the limitations of the
postpartum examinations performed to detect cows with
endometritis. Evidently, more cows must have been cured
after the antibiotic treatment than those not receiving any
treatment to have a similar reproductive performance than
those cows without postpartum metritis.

In a study by Benzaquen et al. [16] conducted in Florida,
the incidence of puerperal metritis was 21%, whereas in our
study it was 28.4%. The effect of puerperal metritis on
pregnancy rate is exacerbated in the warmer months
where cows at first service have an extensive period of
nonpregnancy over the subsequent 150 days of the
insemination period [16].

Regarding milk production, primiparous cows had a
difference in production in both parameters, peak yield and
305-day yield, whereas multiparous cows had a significant
difference inpeak yield but only numeric differences in 305-
day yield. Wittrock et al. [37] found differences in multipa-
rous and no differences in primiparous cows and attributed
the results to the lowerdrymatter intake.Wittrock et al. [37]
also found that cows with puerperal metritis produced less
milk until the seventh week after calving, at which point
they recovered the production. The study from Dubuc et al.
[15] is in agreement with the present study and reported
that the effect of metritis on milk production depended on
parity group. Giuliodori et al. [26] reported that clinical and
puerperal metritis both have negative effects on lower milk
yield in early lactation. The effect of metritis on milk pro-
duction was variable over time in multiparous cows: it
decreased milk production by 3.7 kg/cow at first test-day
but was not different at the subsequent three tests. On the
basis of projected 305-day production at the third test day,
multiparous cowswithmetritis reduced259kg lessmilkper
lactation than unaffected cows. Conversely, test-day milk
reduction of primiparous cows was unaffected by metritis
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and 305-day projected production in primiparous cowswas
also unaffected by metritis. Another study using daily milk
data from 500 cows in one herd reported a detrimental ef-
fect of metritis on milk production in all cows that was
greater per day among cows culled lesser than 60 DIM but
lasted up to 110 DIM among cows that were not culled [9].
Conversely, Fourichon et al. [14] reported that the presence
of purulent vaginal discharge was not associated with an
effect on milk production.

3.3. Conclusions

Puerperal metritis affects the reproductive and pro-
ductive performance of dairy cows. Cows diagnosed with
metritis that were untreated had a lower first service
conception rate than those without metritis and those that
were treated with ceftiofur. Although the percentage of
cows cured at the second examination was not different
between treated and untreated cows, there was a 22-day
delay in achieving the same percentage of pregnant ani-
mals in cows with metritis that were nontreated compared
to those treated. Finally, 305-day milk yield in both pri-
miparous and multiparous cows was higher in those in the
control group than in those with metritis that were treated
or untreated, with differences of approximately 100 to
250 L, respectively. Thus, results can be interpreted to
suggest that early treatment with ceftiofur hydrochloride
in cows diagnosed withmetritis is advantageous in relation
to reproductive performance but not to reverse the nega-
tive effects of metritis on milk production.
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