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ABSTRACT

The objectives of this study were as follows: 1) to
evaluate the association among abnormal calving, par-
ity, and season on the incidence of puerperal metritis
(PM) and clinical endometritis (CE) during d 3 to 13
and 20 to 30 postpartum, respectively; 2) to describe
the rectal temperature (RT) of cows with PM before
diagnosis; and 3) to document associations among PM,
CE, and reproductive performance in lactating dairy
cows. This study followed a prospective observational
study design. Cows were classified as having an abnor-
mal calving status (AC), i.e., cows calving with dys-
tocia, twins, retained fetal membranes, or some combi-
nation of these conditions, and having anormal calving
status (NC). Daily RT was recorded from d 3 to 13
postpartum for all cows, and health examinations were
performed on cows that appeared not well. A total of
450 calvings were evaluated. Cows with an AC had
greater odds of PM than cows with NC [adjusted odds
ratio (AOR) = 4.8; 95% confidence interval (CI) = 2.9
to 8.0). A season by parity interaction showed that
primiparous cows that calved during the warm season
had lower AOR of PM than during the cool season
(0.24; 95% CI = 0.09 to 0.62), whereas multiparous
cows did not have seasonal effects on PM (1.43; 95%
CI = 0.65 to 3.18). Cows with AC have greater AOR
for CE than cows with NC (2.8; 95% CI = 1.7 to 4.9),
and greater AOR of CE were detected in cows diag-
nosed with PM than in cows without PM (2.2; 95%
CI = 1.1 to 3.9). Rectal temperature in cows with PM
increased significantly 24 h before diagnosis of PM,
reaching 39.2 = 0.05°C on the day of diagnosis. In
cows with PM and fever at diagnosis, the RT began to
increase from 72 to 48 h before the diagnosis of PM
and continued to increase to 39.7 £ 0.09°C on d 0 (day
of diagnosis). Nonetheless, cows with PM without fever
at diagnosis had no daily increases in RT before diag-
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nosis of PM. Still, the RT on d 0 was different from
cows without PM. Cows without PM had a stable RT
(38.6 £0.01°C). There were no detected differences in
first-service conception risk or cumulative pregnancy
risk by 150 d postpartum between cows with or without
PM. Still, a season effect on first-service conception
AOR (warm vs. cool = 0.98; 95% CI = 0.18 to 0.72) and
accumulated pregnancy AOR by 150 d postpartum was
detected (warm vs. cool = 0.18; 95% CI = 0.10 to 0.33).
Key words: metritis, temperature, monitoring, dairy

INTRODUCTION

Puerperal metritis (PM) has multiple factors con-
tributing to its etiology, severity, and duration. It oc-
curs during the period from calving to when the ante-
rior pituitary gland becomes responsive to GnRH ap-
proximately 7 to 14 d postpartum (Olson et al., 1986).
In PM, there is an inflammation of all layers of the
uterus, and it is characterized by the presence of a
fetid, watery reddish-brown vulvar discharge (Lewis,
1997). In some cases, PM is classified as a disease
complex without distinguishing clinical severity or
clinical presentation, making studies difficult to com-
pare (Lewis, 1997). Sheldon et al. (2006) standardized
the clinical definition of PM to include clinical symp-
toms such as decreased milk production, dullness, or
other signs of toxemia with fever (>39.5°C) within the
first 21 d postpartum.

Prevention and early treatment of PM may be more
economical than allowing the condition to progress.
Yet, this assumption is difficult to evaluate because of
cow welfare concerns that preclude having a negative
control group with PM without treatment. Because of
the effect of PM on health, early postpartum identifi-
cation of PM by monitoring attitude and fever and
treatment of cows with PM has been suggested
(Upham, 1996). Rectal temperature (RT) is an indica-
tor of core body temperature and is used as a diagnostic
method to determine whether the cow has a fever.
Fever is the result of a complex communication be-
tween the peripheral immune system and the brain
in response to infection and inflammation, trauma, or
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both (Leon, 2002). Fever can be initiated by bacterial
LPS acting directly as exogenous pyrogens or indi-
rectly by infections that activate liver macrophages
(Steiner et al., 2006) to produce endogenous pyrogens
such as IL-6, IL-1, and tumor necrosis factor-a (Macko-
wiak et al., 1997).

It has been difficult to establish a minimum RT to
define fever in postpartum health-monitoring proto-
cols because of the broad range of RT described in the
literature (Upham, 1996; Sheldon et al., 2004) and
the multiple factors that affect RT (Rebhun, 1995).
Kristula et al. (2001) evaluated postpartum RT: 48%
of cows that calved normally had at least 1 daily RT
above 39.1°C, compared with 93, 83, 100, and 78%
for cows with retained placenta, mastitis, PM, and
dystocia, respectively. They concluded that RT (per se)
is not enough to determine whether antibiotic treat-
ment is needed for postpartum cows.

Despite the common use of RT of postpartum cows
as a monitoring tool, there is a lack of information on
the value or significance of RT and calving status as
tools to diagnose PM in dairy cows. Understanding
the factors that predispose cows to PM and associated
changes in RT should aid in the formulation of appro-
priate postpartum health-monitoring strategies.

The objectives of this study were as follows: 1) to
evaluate the association among abnormal calving, par-
ity, and season on the incidence of PM and clinical
endometritis (CE) during d 3 to 13 and 20 to 30 post-
partum, respectively; 2) to describe RT of cows with
PM before diagnosis; and 3) to document associations
among PM, CE, and reproductive performance in lac-
tating dairy cows.

MATERIALS AND METHODS
Cows and Herd Management

The study was conducted from August 2002 to April
2003 in a commercial dairy farm in northeast Florida
(30°18’N, 81°56"W). The herd consisted of 1,000 lactat-
ing cows with a yearly rolling herd average for milk
production of 9,165 kg. The herd was milked 3 times
daily and was a member of the DHIA (Raleigh, NC)
with an on-farm computer-based record system.

Prepartum transition cows that were within 3 wk
of calving were maintained on dry lots, fed a low DCAD
diet, and monitored for signs of calving by farm em-
ployees trained to assist with parturition. Calving
events such as dystocia, twins, and retained fetal mem-
branes (RFM) were recorded by farm personnel. Dys-
tocia was defined and recorded based on a 5-point scale
as follows: 1) no assistance, 2) slight problem (assis-
tance for <15 min), 3) needed assistance (assistance
for >15 min with moderate difficulty for extraction),
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4) considerable force used, and 5) extreme difficulty
or veterinary assistance. Cows that did not expel the
fetal membranes within 24 h after calving were consid-
ered to have RFM. Cows with dystocia delivered by
cesarean section or fetotomy were not included in
the study.

After parturition, cows were sent for 2 d to a hospital
herd and housed on a concrete floor in an open-sided
barn with stanchions that provided free access to a
dirt lot. At the hospital barn, cows were treated ac-
cording to standard operational procedures of the
farm, which consisted of orally administering 60 g of
Ca as CaCl; paste (Super Calcium Gel; RXV, Kansas
City, MO) to all multiparous cows and a single intra-
uterine infusion of 3 g of oxytetracycline dissolved in
75 mL of sterile water to cows with RFM. At 3 d post-
partum, healthy cows were moved to a lactating herd
kept in an open barn with dry compost and wood chips
bedding and fed 4 times daily. Diets for both pre- and
postpartum transition cows were a TMR formulated
to meet or exceed the requirements of lactating dairy
cows according to guidelines established by the NRC
(2001).

The herd was maintained on a weekly reproductive
herd health program provided by veterinarians from
the University of Florida. Reproductive management
began following a 60-d voluntary waiting period. After
that, cows were identified in estrus by visual observa-
tion with the aid of tail chalk or neck activity meters
(Westfalia-Surge Inc. Naperville IL). The cows were
examined for pregnancy by palpation per rectum of
the uterus and its contents at approximately 42 d from
their last Al if they had not been detected in estrus
after their last AI. Cows not receiving Al by 80 d post-
partum were examined for evidence of cyclicity, and
cows with a corpus luteum were treated with 25 mg
of PGFy, intramuscularly (Lutalyse, Pfizer Animal
Health, Kalamazoo, MI). Cows were Al at detected
estrus. Cows without signs of ovarian activity were
treated with 100 ng of GnRH intramuscularly (Cyst-
orelin, Merial Ltd., Iselin, NJ), followed 7 d later with
an intramuscular injection of PGFy, (25 mg) and sub-
sequent Al at detected estrus. Cows not seen in estrus
by 14 d after PGF,, treatment were reexamined via
palpation per rectum and treated with PGFy, only if a
corpus luteum was present. During weekly herd visits,
cows that were not inseminated by 120 d postpartum
and cows diagnosed not pregnant >150 d postpartum
were enrolled in the Ovsynch program (Pursley et
al., 1995).

Study Design

This study followed a prospective observational
study design. All cows underwent a postpartum
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health-monitoring program consisting of daily evalua-
tion of RT and attitude from d 3 to 13 postpartum.
Rectal temperature was determined with the use of a
digital thermometer (GLA M500HPDT, Agricultural
Electronics, San Luis Obispo, CA) from 0700 to 0900 h
immediately after milking. Cows that either appeared
sick (depressed and sunken, tented, or both, eyes) or
had a RT >39.4°C were examined for PM. The criterion
for diagnosis of PM was the presence of a watery,
brown, fetid discharge from the vulva, i.e., noted after
palpation per rectum of the uterus, with or without a
RT > 39.4°C. Cows with a RT > 39.4°C and those that
appeared sick regardless of RT and did not have a fetid
vulvar discharge were evaluated on subsequent days
and diagnosed with PM if they met the definition cri-
terion.

All information concerning RT and incidence of PM
was stored daily in a separate database belonging to
the principal investigator. Cows diagnosed with PM
were treated daily for 3 d with ceftiofur hydrochloride
(2.2 mg/kg intramuscularly; Excenel, Pfizer Animal
Health, Kalamazoo, MI). In addition, supportive ther-
apy consisting of antiinflammatory agents, Ca, and
energy supplements was administered. Cows that did
not respond to the 3-d ceftiofur treatment, based on
the persistence of a fetid discharge, received an intra-
uterine infusion of 3 g of oxytetracycline diluted in 75
mL of sterile water.

All cows were examined for CE from 20 to 30 d post-
partum. The criteria used to diagnose CE were the
presence of 1 or more of the following conditions: cervi-
cal diameter >6.0 cm; asymmetry of the uterine horns
with fluid content, pus, or both, present at the vulva
following rectal manipulation of the uterus (Oltenacu
et al., 1983). All examinations were performed by 2
experienced veterinarians. Cows diagnosed with CE
were treated with a single injection of 25 mg of PGF,,,
(Lutalyse, Pfizer Animal Health) intramuscularly.
Pregnancy diagnosis was determined by transrectal
palpation of the uterus and its contents 42 to 49 d
after Al

Data Management

Data for parity and calving status (dystocia: calving
score 23, RFM, and twins) were recovered from the
database, and 2 groups of cows were established based
on calving status. Cows with a normal calving status
(NC) were those without calving-related problems,
and cows with an abnormal calving status (AC) were
those with dystocia, RFM, twins, or some combination
of these conditions. Cows were classified as having
PM or not having it in a 2-level variable classified as
metritis. Cows also were classified according to RT at
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diagnosis and presence or absence of PM, as a 3-level
variable defined as Mettemp (MT): PM without fever
(MT-1; RT < 39.4°C), cows with PM and fever (MT-2;
RT > 39.4°C), and cows without PM (MT-3).

Cows were classified as primiparous or multiparous
as a 2-level variable classified as parity. The different
seasons during the study were defined based on the
temperature-humidity index [THI; THI = td — (0.55 —
0.55RH) (td — 58); West, 1994). This THI index was
calculated using daily ambient temperature (td) and
percentage of relative humidity (RH) recorded at the
closest weather station at Macclenny, Florida (30° 24’
N, 82° 11’ W). Based on a previous report (West, 1994)
a THI cutoff of 76.2 was used to define 2 seasons. A
cold season was defined as those months with a mean
THI of <76.2 (October to April) and a warm season as
those months with a mean THI > 76.2 (May to Sep-
tember).

Statistical Analyses

All categorical outcome variables such as incidence
of PM (%), incidence of CE (%), first-service conception
risk (%), cumulative pregnancy risk by 150 d postpar-
tum (%), and number of insemination for pregnant
cows were analyzed using logistic regression PROC
GENMOD of SAS 9.1 (SAS, 2003) with logit link and
the appropriate distribution for dichotomous or count
outcome variables.

The model used to analyze the incidence of PM or
CE included the effects of calving status, parity, and
season at calving. For the analysis on incidence of CE,
the variable PM was also included. A comparison on
the incidence of CE among MT-1, MT-2, and MT-3 was
analyzed by replacing the variable (metritis) with the
variable MT.

Calving-to-first service intervals and calving-to-con-
ception intervals by 150 d postpartum were analyzed
with survival analysis using Cox’s proportional haz-
ards regression model (PROC PHREG, SAS Institute,
2003). The adjusted hazard ratios from the propor-
tional hazards regression model are reported. Crude
median days open reported on tables and survival
function estimates used to generate graphics were ob-
tained from the Kaplan-Meier analysis (PROC LIFET-
EST, SAS Institute, 2003).

All models for reproductive outcomes included the
main effects of calving status, parity, season at first
service, PM, and CE as explanatory variables. Model-
ing was performed using manual backward elimina-
tion starting from the more complex model with a
third-order interaction, and the exclusion criteria were
determined at P > 0.30. The model fit statistics were
performed by comparing the difference in the devi-
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ances by the likelihood-ratio statistic test. Adjusted
odds ratios (AOR) and 95% CI were determined.

Daily RT for the 5 d before and 5 d after diagnosis
of cows with PM was compared with RT of cows with-
out PM. Using a random number generator, 356 cows
without PM were assigned to 94 cows with PM control-
ling by calving status, parity, and season. For cows
with PM, days postpartum when PM was diagnosed
were reclassified as follows: d 0 as day of diagnosis; d
-1, -2, -3, -4, -5 before diagnosis; and d 1, 2, 3, 4,
5 after diagnosis. Days postpartum were reclassified
similarly for cows without PM. Therefore d 0, d -1 to
-5, and d 1 to 5 for cows without PM corresponded
with the same-day postpartum of cows with PM. This
rearrangement of RT was done for a potential effect
of days postpartum on RT.

The analysis of RT between cows with and without
PM by day postpartum was performed using the PROC
MIXED procedure for repeated measures of SAS 9.1
(SAS, 2003). The model was subjected to 4 covariate
structures: compound symmetry, compound symme-
try-heterogeneous, autoregressive order-1, and auto-
regressive order-1 heterogeneous matrix. The autore-
gressive order-1 covariance structure had the smallest
Akaike’s information criterion and Schwarz’s Bayes-
ian criterion (Littell et al., 2002). Consequently, the
covariate structure that specified a correlation struc-
ture within cows that decreased with increasing lag
among measurements was used in the model. Two
models were analyzed. The first model included the
effects of calving status, PM, parity, season at calving,
and day as main effects as well as the second- and
third-order interactions among the main effects. The
second model was analyzed by including the variable
MT as a replacement for the variable metritis. The
variable MT differentiates the daily RT of cows with
PM and fever at diagnosis, cows with PM without fever
at diagnosis, and cows without PM. Given that not all
PM cases were diagnosed on the same day postpartum,
the actual postpartum day at diagnosis was included
in the model for both models.

The mixed model for repeated measures was de-
fined as

Yiikimte = 0 + Gi + Cow(Gy); + Dayy + Parity; + Season,,

+ Stater + Dmet, + (Day x State)is + €jjkimfe

where Yijime; = daily rectal temperature; G; = fixed
effect of calving status (NC or AC); Cow(G;); = random
effect of cow nested in calving status; Day, = fixed ef-
fect of time pre- and postdiagnosis; Parity, = fixed effect
of parity; Season,, = fixed effect of season; State; =
fixed effect of PM (yes, no, or MT-1, MT-2, MT-3);
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Dmet, = fixed effect for DIM to puerperal metritis;
(Day x State),r = fixed effect of interaction time and
PM (yes, no, or MT-1, MT-2, MT-3); and ejjxim¢; = ran-
dom error term.

Differences among RT for the different days were
determined by the use of the PDFF option of SAS.
Least squares means (xSEM) of RT were determined
and illustrated in the graphics

RESULTS

A total of 488 cows were calved during the study
period, and 38 cows were not included because they
received antibiotic treatment beyond 3 d postpartum
at the hospital barn and did not complete 10 d of health
evaluation. Therefore, 450 calvings were evaluated, of
which 327 (73.0%) were classified as normal and 123
(27.0%) as abnormal.

Disease Incidence

The overall incidence of PM was 21.0%. Of 94 cows
diagnosed with PM, 55 (58.5%) were found without
fever, and 39 (41.4%) had fever at diagnosis. The logis-
tic regression analysis showed that calving status was
a risk factor for PM. Cows with an AC status had
greater odds of PM than cows with NC status (AOR =
4.8; 95% CI = 2.9 to 8.0). There was a significant sea-
son-by-parity interaction (P < 0.001). Primiparous
cows that calved during the warm season had lower
odds of PM than during the cold season (AOR = 0.24;
95% CI = 0.09 to 0.62). Yet, multiparous cows did not
have a seasonal effect on PM (AOR = 1.43; 95% CI =
0.65 to 3.18; Table 1). Although there were a lower
number of cows in the warm season for both parities,
the marked differential occurrence of PM in the cold
season for primiparous cows accounted for the season
and parity interaction. A season effect on the risk for
PM was not observed in multiparous cows. Still, with
the low number of multiparous cows in summer, the
power of the test for a slightly higher incidence of PM
in the summer (18.1 vs. 11.0%) was equal to 37.0%.

The overall incidence of CE was 24.0%. Cows with
AC had greater odds of CE than cows with NC status
(AOR =2.8; 95% CI = 1.7 to 4.9; P < 0.001). The odds
of CE were greater in cows diagnosed with PM than
in cows without PM (AOR = 2.2; 95% CI = 1.1 to 3.9;
P <0.005). Cows with PM categorized as MT-1 (AOR =
2.1; 95% CI = 1.09 to 4.1; P < 0.02) and MT-2 (AOR =
2.2;95% CI = 1.07 to 4.6; P < 0.02) groups had greater
odds of CE than cows without PM. Nonetheless, no
differences between MT-1 and MT-2 on the odds of CE
were detected (Table 2).
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Table 1. Incidence and risk factors of puerperal metritis in the first 13 d postpartum of lactating dairy

cattle
Incidence of
puerperal Risk of puerperal
metritis metritis
Level % n AOR! 95% CI? P-value
Puerperal metritis®
Yes 21.1 94 — — —
No 79.1 356 — — —
Calving status® 0.001
Normal 13.1 43/327 Referent Referent
Abnormal 414 51/123 4.8 2.9 to 8.0
Parity x season® 0.001
Primiparous
Cold 39.4 54/137 Referent Referent
Warm 12.7 6/47 0.24 0.09 to 0.62
Multiparous
Cold 11.0 22/200 Referent Referent
Warm 18.1 12/66 1.43 0.65 to 3.18

'AOR = adjusted odds ratio.
295% CI = 95% confidence interval.

3Puerperal metritis = presence of a watery, brown-colored, fetid discharge from the vulva with or without
a rectal temperature > 39.4°C within 13 d postpartum.

4Abnormal calving status was cows with dystocia, retained fetal membrane, twins, or some combination
of these conditions, and normal calving status was those cows without calving-related problems.

5Cold season was defined as those months with a mean temperature-humidity index (THI) of < 76.2 and
a warm season as those months with a mean THI > 76.2.

RT Measurements All Cows With PM

The mean (+SE), median, upper,and lower quartiles The analysis showed a significant interaction be-
and the 95% CI for RT from d 3 through d 13 postpar- tween day and PM (P < 0.001). Rectal temperature
tum of cows with and without PM are shownin Table 3. from cows with PM, i.e., cows with and without a fever

Table 2. Incidence and risk factors of clinical endometritis at 20 to 30 d postpartum of lactating dairy cattle

Incidence of

clinical Risk of clinical
endometritis endometritis
Level % n AOR! 95% CI? P-value
Clinical endometritis®
Yes 24.0 108 — — —
No 76.0 342 — — —
Calving status* 0.001
Normal 17.7 58/327 Referent Referent
Abnormal 40.6 50/123 2.8 1.7 to 4.9
Parity 0.07
Multiparous 26.0 69/266 1.0 Referent
Primiparous 23.3 43/184 0.63 0.39 to 1.03
Puerperal metritis®
No metritis 20.2 72/356 Referent Referent
Puerperal metritis 38.2 36/94 2.2 1.1to0 3.9 0.005
MT-1 38.4 21/55 2.1 1.09 to 4.1 0.02
MT-2 38.1 15/39 2.2 1.07 to 4.6 0.02

'AOR = adjusted odds ratio.

295% CI = 95% confidence interval.

3Clinical endometritis = cervical diameter > 6.0 cm; asymmetry of the uterine horns with fluid content,
pus, or both, present at the vulva following rectal manipulation of the uterus within 20 to 30 d postpartum.

4Abnormal calving status was cows with dystocia, retained fetal membrane, twins, or some combination
of these conditions, and normal calving status was those cows without calving-related problems.

5Puerperal metritis = presence of a watery, brown-colored, fetid discharge from the vulva with or without
a rectal temperature > 39.4°C within 13 d postpartum. MT-1 = cows with puerperal metritis without fever;
MT-2 = cows with puerperal metritis and fever.
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Table 3. Least squares means + SE, 25th quartile, median, 75th quartile, and population 95% confidence
intervals (95% CI) for rectal temperatures from d 3 through 13 postpartum of cows with and without
puerperal metritis after adjusting for calving status, parity, and season.

25th 75th
Cow status Mean + SE quartile Median quartile 95% CI
Normal calving? 38.6 £ 0.01 38.3 38.5 38.8 37.7 to 39.4
Abnormal calving? 38.6 £ 0.01 38.3 38.6 39.0 37.5 to 39.6
Cows without puerperal metritis 38.6 + 0.01 38.3 38.5 38.8 37.8 to 39.3
Cows with puerperal metritis® 38.9 + 0.03 384 38.7 39.1 37.4 to 40.3
MT-1 38.7 £ 0.04 38.3 38.6 39.0 36.7 to 40.7
MT-2 39.2 + 0.05 38.5 39.0 39.4 37.1to 41.3

!Normal calving status = those cows without calving-related problems.
2Abnormal calving status = cows with dystocia, retained fetal membrane, twins, or some combination of

these conditions.

3Puerperal metritis = presence of a watery, brown-colored, fetid discharge from the vulva with or without
a rectal temperature > 39.4°C within 13 d postpartum. MT-1 (n = 55) = cows with puerperal metritis without
fever; MT-2 (n = 39) = cows with puerperal metritis with fever.

at diagnosis, was significantly higher at 72 h before
the diagnosis of PM than in cows without PM, and RT
continued to be different until d 4 after the diagnosis
and treatment of PM (Figure 1).

Rectal temperature in cows diagnosed with PM in-
creased linearly beginning at —48 h before diagnosis
of PM and reached a mean RT of 39.2 + 0.05°C, which
was greater than RT in cows without PM on d 0 (differ-
ence 0f 0.62 £ 0.06°C; P <0.001). At 24 h before diagno-
sis, cows with PM had an increase in RT to the day of
diagnosis (difference of 0.28 £ 0.07°C; P < 0.001). After
treatment, RT of cows with PM had a reduction (0.33
+0.07°C, P < 0.001) by d 1 after treatment (Figure 1).

PM Without (MT-1) and With (MT-2) Fever

There was a significant interaction between day and
MT classifications (P < 0.001). Rectal temperature

39.4
*%

39.2- ’}\

A
3

39.01

38.8

*‘iiz*{:ﬁ

Rectal temperature (°C)

38.6

38.4

o 4 3 2 o 1 2 3 4 5
Days before and after puerperal metritis

Figure 1. Least squares means + SEM of daily rectal temperatures
of cows 5 d before and 5 d after the diagnosis of cows with puerperal
metritis (n = 94; M) and cows without puerperal metritis (n = 356;
#). *P < 0.05; **P < 0.001.

from cows in the MT-2 group was significantly higher
at 72 h before the diagnosis of PM than RT of cows in
group MT-3. This difference continued to be significant
until d 4 after the diagnosis and treatment of PM (Fig-
ure 2).

Within the MT-2 group, RT increased linearly begin-
ning at —48 h before diagnosis of PM and reached a
mean RT of 39.7 + 0.09°C, which was significantly
greater than RT in the MT-3 group on d 0. At 24 h
before diagnosis, cows in the MT-2 group had a signifi-
cant increase in RT to the day of diagnosis (difference
of 0.54°C + 0.07 C; P < 0.001). After treatment, cows
in MT-2 showed a significant reduction in RT in the
first 24 h (0.65 + 0.11°C, P < 0.001). This reduction
continued to be significant at 48 h after the diagnosis

40.0
39.8+
39.6
39.41
39.21
39.01
38.8-
38.61
38.4

Rectal temperature (°C)

T T T T T T T -b*l b*I 0 T ;b*l
-5 -4 -3-2-10 1 2 3 4 5
Days before and after puerperal metritis

Figure 2. Least squares means £ SEM of daily rectal temperatures
of cows 5 d before to 5 d after diagnosis of puerperal metritis. Cows
were classified as puerperal metritis and fever (MT-2, n = 39; H),
puerperal metritis without fever (MT-1, n = 55;A), and cows without
puerperal metritis (MT-3, n = 356; #). Letters (a, b, ¢) differ with a
P < 0.05. *P < 0.005.
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Table 4. Logistic regression model of first-service conception risk and cumulative pregnancy risk by 150 d postpartum by calving status,
presence or absence of puerperal metritis, parity, season, and presence or absence of clinical endometritis

First-service conception risk

Pregnancy risk by 150 d postpartum

Levels % n AOR! 95% CI? P-value % n AOR 95% CI P-value

Calving status® 0.2 0.9
Normal 30 84/284 Referent 58 165/284 Referent
Abnormal 35 38/109 1.47 0.87 to 2.47 56 62/109 1.04 0.63 to 1.74

Puerperal metritis* 0.3 0.7
No 32 98/308 Referent 59 182/308 Referent
Yes 28 24/85 0.72 0.39 to 1.32 52 45/85 0.89 0.50 to 1.57

Parity 0.06 0.6
Multiparous 28 61/220 Referent 58 127/220 Referent
Primiparous 35 61/173 1.56 0.99 to 2.45 57 100/173 1.10 0.70 to 1.70

Season® 0.005 0.001
Cold 34 111/325 Referent 64 210/325 Referent
Warm 16 11/68 0.36 0.18 to 0.72 25 17/68 0.18 0.10 to 0.33

Clinical endometritis® 0.6 0.7
No 32 92/291 Referent 58 170/291 Referent
Yes 29 30/102 0.88 0.52 to 1.49 55 57/102 0.88 0.54 to 1.45

'AOR = adjusted odds ratio.
295% CI = 95% confidence interval.

3Abnormal calving status was cows with dystocia, retained fetal membrane, twins, or some combination of these conditions, and normal

calving status was those cows without calving-related problems.

“Puerperal metritis = presence of a watery, brown-colored, fetid discharge from the vulva with or without a rectal temperature > 39.4°C

within 13 d postpartum.

5Cold season was defined as those months with a mean temperature-humidity index (THI) of <76.2 and a warm season as those months

with a mean THI >76.2.

6Clinical endometritis = cervical diameter >6.0 cm; asymmetry of the uterine horns with fluid content, pus, or both, present at the vulva
following rectal manipulation of the uterus within 20 to 30 d postpartum.

and treatment of PM (difference of 0.35 + 0.12°C, P
< 0.01).

Daily RT for cows in the MT-1 group. i.e., PM with-
out fever at diagnosis, was higher compared with RT
in MT-3 at 24 h before the diagnosis and continued to
be different until d 5 after the diagnosis and treatment
of PM. Within the MT-1 group, there was not a daily
increase of RT before the diagnosis of PM. Cows diag-
nosed with PM in the absence of fever at diagnosis
had an average RT of 38.9 £ 0.08°C on d 0, which was
different from RT in the MT-3 group (difference of
0.30 + 0.08°C, P < 0.001). Though, there was not a
significant reduction in the RT after the diagnosis and
treatment of PM (Figure 2).

Reproductive Variables

There were no differences detected in first-service
conception risk and accumulated pregnancy risk by
150 d postpartum for calving status, parity, PM, and
CE (Table 4). On the other hand, the power of the
respective tests ranged from 6 to 32%. As expected, a
seasonal effect was detected. Cows that calved during
the warm season had lower odds to conceive at first
service (AOR = 0.98; 95% CI = 0.18 to 0.72) and by
150 d postpartum (AOR = 0.18; 95% CI = 0.10 to 0.33)
than cows calving during the cool season (Table 4).
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No differences were observed on hazard of calving-
to-first service intervals and calving-to-conception in-
tervals by 150 d postpartum (Figure 3) for cows with
or without PM (Table 5). Nevertheless, hazard of calv-
ing-to-first service intervals was affected by season
and parity, whereas calving-to-conception intervals by
150 d postpartum were affected by season (Figure 4).

1.0+
0.9+
0.8+
0.7
0.6+
0.5
0.4-
0.3+
0.2-
0.1+
0.0

—&— Puerperal metritis
—+—No metritis

Proportion of cows not pregnant
(survival distribution function)

40 50 60 70 80 90 100110 120 130 140 150
Days at risk of pregnancy

Figure 3. Survival function curves of calving-to-conception inter-
vals by 150 d postpartum in cows with or without puerperal metritis.
Puerperal metritis was defined as the presence of a watery, brown,
fetid discharge from the vulva, i.e., noted after palpation per rectum
of the uterus, with or without a rectal temperature > 9.4°C.
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Table 5. Proportional hazards regression model of calving-to-first service intervals and calving-to-conception intervals by150 d postpartum
by calving status, parity, season, and presence or absence of puerperal metritis and clinical endometritis

Calving to first service

Calving to conception by 150 d postpartum

Level Median + SE~ Hazard? 95% CI? P-value  Median + SE ~ Hazard 95% CI P-value

Calving status® 0.2 0.9
Normal 69.0 + 1.7 Referent 126.0 + 2.0 Referent
Abnormal 78.0+2.9 0.83 0.66 to 1.05 131.0 £ 3.3 1.01 0.81 to 1.27

Puerperal metritis* 0.7 0.7
No 70.0 £ 1.7 Referent 127.0 £ 2.0 Referent
Yes 76.0 + 3.3 0.93 0.72 to 1.22 149.0 £ 3.6 0.95 0.74 to 1.23

Parity 0.002 0.8
Multiparous 73.0+2.1 Referent 131.0 £ 2.2 Referent
Primiparous 68.5+ 2.1 1.37 1.21 to 1.69 124.0 £ 2.8 0.97 0.80 to 1.18

Season® 0.009 0.001
Cold 69.0 + 1.6 Referent 117.0+ 1.9 Referent
Warm 83.0+4.0 0.70 0.53 to 0.91 127.0 £ 3.1 0.58 0.45 to 0.75

Clinical endometritis® 0.5 0.7
No 70.0 £ 1.8 Referent 127.0 £ 2.0 Referent
Yes 73.0 + 2.7 1.10 0.87 to 1.39 132.0 £ 3.3 0.96 0.76 to 1.20

Hazard = adjusted hazard ratio.
295% CI = 95% confidence interval.

3Abnormal calving status was cows with dystocia, retained fetal membrane, twins, or some combination of these conditions, and normal

calving status was those cows without calving-related problems.

“Puerperal metritis = presence of a watery, brown-colored, fetid discharge from the vulva with or without a rectal temperature >39.4°C

within 13 d postpartum.

5Cold season was defined as those months with a mean temperature-humidity index (THI) of <76.2 and a warm season as those months

with a mean THI >76.2.

6Clinical endometritis = cervical diameter >6.0 cm; asymmetry of the uterine horns with fluid content, pus, or both, present at the vulva
following rectal manipulation of the uterus within 20 to 30 d postpartum.

Cows with PM had 6.0% more inseminations per preg-
nancy than cows without PM. Though, this difference
was not significant.

DISCUSSION
Disease Incidence

Cows with dystocia, RFM, twins, or some combina-
tion of these conditions had an AC. These disorders
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Figure 4. Survival function curves of calving-to-conception inter-
vals by 150 d postpartum during warm and cool breeding season. A
cool season was defined as those months with a mean temperature-
humidity index (THI) of <76.2 (October to April) and a warm season
as those months with a mean THI >76.2 (May to September).

were risk factors for metritis in dairy cows (Markus-
feld, 1984; Correa et al., 1993). It was not the intent
of this study to determine the individual effect of these
disorders on the incidence of PM. Instead, we consid-
ered cows with 1 or more of these disorders as a high-
risk group for developing PM and retrospectively com-
pared the incidence of PM to a low-risk group (cows
with a NC). The clinical approach used to identify cows
evaluated for PM was based on evaluation of attitude
(appeared sick) or a RT >39.4°C. Despite not having
a systematic examination of the uterus of all cows, the
incidence of PM (42.0%) in cows with an AC was simi-
lar to Markusfeld (1984).

The definition of PM used in the present study was
based on a diagnosis by per rectum palpation of the
uterus and visual inspection of the vulva to observe
the presence of a fetid vulvar discharge with or without
fever. This method of diagnosis of PM was described
previously (Markusfeld, 1984). Of the cows with PM,
only 41.4% had a fever.

Primiparous cows in the present study had a higher
incidence of PM during the cold season. Yet, no sea-
sonal effect was observed in multiparous cows. Effects
of season and parity on the incidence of postpartum
uterine infections have been described previously
(Markusfeld, 1984; Smith et al., 1998). Still, an inter-
action between these 2 factors was not reported. Mark-
usfeld (1984) hypothesized that during the winter
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months, a high concentration of calving and a wet and
dirty environment may increase the challenge of
pathogens to the uterine environment. Still, in the
present study, both primiparous and multiparous cows
were equally exposed to these factors.

The overall incidence of CE is in agreement with
that observed by LeBlanc et al. (2002). Hirvonen et al.
(1999) reported that cows diagnosed with PM (putrid
smelling, reddish-brown, watery vaginal discharge;
RT of 39.5 to 41.0°C; within 4 to 11 d postpartum) had
purulent vaginal discharges of 58 and 6% from 15 to
22 and 32 to 44 d postpartum, respectively. In the
present study, the incidence of CE (38.2%) in cows
with PM and treated with ceftiofur was similar to that
observed by Drillich et al. (2001). In the latter study,
44.8% of the cows with PM and treated with ceftiofur
hydrochloride developed CE within 32 to 34 d postpar-
tum. An interesting finding in our study was that cows
with PM developed CE whether or not they had fever
when PM was diagnosed. This may suggest that de-
spite treatment of PM, cows without fever were just
as likely as those with fever to develop CE.

Cow Rectal Temperature

Based on a previous report (Upham, 1996), the pres-
ent study defined fever to be a RT > 39.4°C. Normal
RT have been reported within the range of 38.0 to
39.1°C (Rebhun, 1995), and cows with a RT above the
upper limit were defined as febrile or abnormal. Shel-
don et al. (2004) reported a mean RT during the first
10 d postpartum of 38.7°C for cows without RFM. In
the present study, the mean RT (38.6°C) for cows with-
out PM and classified as normal was within the above
described range and in agreement with that reported
by Kristula et al. (2001) and Sheldon et al. (2004).

All Cows With PM

Daily increases of RT before diagnosis of PM have
not been reported. Rectal temperature of cows with
PM started increasing 2 d before the diagnosis of PM.
The RT on d 0 (diagnosis of PM) did not reach a prede-
fined febrile level of 39.4°C and was similar to those
reported in cows with PM (Smith et al., 1998). This is
probably due to the proportion of cows with PM on d
0 that did not have a fever. Following treatment of
cows with PM, RT decreased to a level similar to cows
without PM that were not treated. Similar responses
in RT reduction have been observed in cows with PM
treated with ceftiofur (Smith et al., 1998).

PM Without (MT-1) and With (MT-2) Fever

Two different patterns of RT for the different classi-
fications of PM were observed. Cows classified as MT-
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2 showed a gradual increase in RT with a marked
increase 24 h before diagnosis, and this elevated RT
was rapidly reduced after diagnosis and treatment. In
contrast, this abrupt pattern was not observed in cows
classified as MT-1. Physiological control of a febrile
response is multifactorial with mechanisms to prevent
extreme elevation in body temperature (Leon, 2002).
Our results showed that RT of cows with PM and fever
had daily increases of RT to a point in which they
became febrile. This may occur from the interaction
between the host immune system and bacterial endo-
toxins that trigger the cascade of events that lead to
elevated temperature. The systemic release of prosta-
glandin E; could be a mediator of fever (Mackowiak
et al, 1997).

The reason why a proportion of cows did not have
fever when PM was diagnosed or why they did not
experience an increase in RT before PM diagnosis is
unknown. Still, because all cows with PM without fe-
ver were treated on the same day of diagnosis, a lack
of disease progression may have occurred. It is possible
that these cows were under a septic process with
higher blood concentrations of LPS than cows with
fever. Fever induced by LPS seems dose-related in that
a high dose of LPS lowers body temperature, attenu-
ates fever, and causes hypothermia. In contrast, lower
doses of LPS stimulate the production of tumor necro-
sis factor with subsequent production of fever (Leon,
2002). Alternatively, cows with high concentrations of
blood LPS could have been hypocalcemic and thus were
unable to generate enough heat to produce fever. The
data in Figures 1 and 2 indicate RT is significantly
increased before diagnosis of PM. Fever is a response
of the animal to an infection, which is related to PM.
The degree of a RT increase can vary in cows with
PM (Figure 2). Consequently, treatment consideration
should be based on the condition of the uterus (PM)
and not necessarily on concurrent presence of a RT
> 39.4°C.

The present study identified cows with PM that did
not have a classical fever of 39.4°C. It is conceivable
that the classical definition of a fever (39.4°C) is not
appropriate for a diagnosis of metritis that includes
clinical symptoms. In the study by Sheldon et al.
(2004), the cut-off point used to define the categories
of pyrexia and normal RT was set as the 75th quartile
of the maximum RT. Utilizing that rationale, they
found that the 75th quartile of maximal RT recorded
during a 10-d postpartum period for normal and RFM
cows was equal to 39.7°C. Utilizing a more conserva-
tive approach with 356 cows that did not develop PM
and using all daily temperatures for a 13-d period, the
75th quartile in this study was 38.8°C. Consequently,
a RT of >38.8°C could be considered as a potential RT
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warranting further clinical evaluation for PM. Indeed,
cows diagnosed with PM and a classical fever (M-2)
had an upper quartile RT of 39.4°C, and cows diag-
nosed with PM without a classical fever (M-1) had a
75th quartile RT of 39.0°C. Thus, the critical tempera-
ture for possible identification of cows evaluated for
PM would be a RT >38.8°C.

Reproductive Performance

Farm personnel involved in conducting the repro-
ductive management were blind to the calving or PM
status of the cows. Abnormal calving, PM, or CE did
not have a significant effect on reproductive perfor-
mance. The differences in first-service conception risk
or accumulated pregnancy risk by 150 d postpartum
between cows with or without PM were not statisti-
cally different (i.e., 4 and 7%, respectively).

Rectal examination of postpartum cows has been
implemented during the first 10 d postpartum
(Upham, 1996). In the present study, the intensity of
the postpartum health-monitoring program may have
resulted in an earlier diagnosis and treatment of PM
and CE. A meta-analysis study on the effect of disease
on reproduction (Fourichon et al., 2000) showed less
effects of PM in studies reporting routine examination
of cows compared with herds in which the owner re-
ported the disease. In addition, Harman et al. (1996)
did not find any effect of cows with dystocia, RFM, or
early metritis during 56 to 120 d postpartum on the
risk of conception. All cows with CE in the present
study were treated with a single injection of 25 mg of
PGFs,. Cows were treated with a single dose of PGF,,
in cases of nonobserved estrus. Consequently, it is pos-
sible that cows affected with CE may have recovered
sufficiently such that there was no alteration in repro-
ductive performance (Table 4). The use of PGFy, dur-
ing the early postpartum period improved fertility in
cows that experienced an AC (Risco et al., 1994).

Results of the present study clearly show the classi-
cal effects of seasonal heat stress on fertility. Still, the
present study indicates that cows presented to first
service during the warm season have an extended pe-
riod of nonpregnancy throughout the subsequent 150
d of the insemination period (Figure 4). Whether this
relationship would be further exacerbated for cows
having a greater incidence of undetected PM during
the warm season that are not treated warrants fur-
ther investigation.

CONCLUSIONS

Cows experiencing an AC had greater odds of PM
than those with NC status. Primiparous cows had
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greater odds of PM in the cold season, and multiparous
cows showed no seasonality in the occurrence of PM.
Cows with AC or PM had greater odds of CE. Despite
treatment of PM, cows without fever were just as likely
as those with fever to develop CE.

Evaluation of daily RT distinguished cows with PM
with or without fever. A high proportion of cows did
not have fever at the time PM was diagnosed, indicat-
ing that PM is not always accompanied by a fever.
Before diagnosis, daily increases in RT on 2 consecu-
tive days before the actual diagnosis could serve as a
predictor of PM in cows that subsequently develop a
fever at the time PM is diagnosed. Diagnostic and
treatment consideration for PM should include the at-
titude of the cow and the condition of the uterus and
not RT alone.

In cows diagnosed with PM and treated, first-service
conception risk and cumulative pregnancy risks by 150
d postpartum were comparable to cows with NC or AC
status that did not experience PM.
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