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ABSTRACT

Our objective was to assess the association of cow-
related factors with metritis cure risk and economically 
important outcomes. In this prospective cohort study 
nested inside a randomized clinical trial, cows enrolled 
in a clinical trial that aimed to evaluate an alternative 
metritis therapy that had available plasma samples col-
lected at metritis diagnosis were included. Metritis was 
defined as fetid, watery, reddish-brownish discharge 
with or without fever, and cure was defined as the ab-
sence of metritis signs 12 d after diagnosis. Cows were 
randomly allocated to remain untreated (CON; n = 
147) or receive subcutaneous injections of 6.6 mg/kg 
of ceftiofur crystalline-free acid at enrollment and 72 
h later (CEF, n = 168). Additionally, a random subset 
of 150 nonmetritic cows (NMET) was also included to 
compare milk production, reproductive performance, 
and culling responses. Cow-related factors evaluated 
include plasma concentrations of nonesterified fatty ac-
ids, β-hydroxybutyrate, and haptoglobin (Hp), parity, 
rectal temperature, and days in milk (DIM) at metritis 
diagnosis, vulvovaginal laceration (VL), BCS, dystocia, 
twins, and retained placenta. Among CON cows, DIM 
at metritis diagnosis was positively associated with me-
tritis cure [threshold = 8, area under the curve (AUC) 
= 0.67], whereas plasma Hp concentration tended to be 
negatively associated with cure of metritis (threshold 
= 0.54 mg/mL, AUC = 0.64). Among CEF cows, DIM 
at metritis diagnosis (threshold = 5, AUC = 0.67) and 
dystocia were positively associated with metritis cure, 
whereas VL and Hp (threshold = 0.78 mg/mL, AUC 
= 0.76) were negatively associated with cure. For CON 
cows that were diagnosed with metritis after 8 DIM or 
had plasma Hp concentration ≤0.54 mg/mL, milk pro-

duction, pregnancy, and culling risk were comparable to 
NMET cows. However, performance was impaired when 
cows that developed metritis at ≤8 DIM or had Hp 
>0.54 mg/mL were left untreated. Among CEF cows, 
Hp, DIM at metritis diagnosis, dystocia, and VL were 
associated with metritis cure. Milk yield, reproductive 
performance, and culling losses are more pronounced 
among CEF cows when metritis was diagnosed at ≤5 
DIM, Hp >0.78 mg/mL, or if they had VL or dystocia. 
In conclusion, these data indicate that timing of the 
onset of metritis and inflammatory biomarkers could be 
used for the development of a selective therapy strategy 
for metritis, but more research is needed to identify 
more accurate predictors of metritis spontaneous cure 
and treatment failure.
Key words: metritis, cure, haptoglobin, selective 
therapy

INTRODUCTION

Metritis is a painful, prevalent postpartum uterine 
disease that is characterized by an abnormally enlarged 
uterus and a fetid, watery, red-brown uterine discharge 
within 21 d after parturition, with its incidence peaking 
within the first 10 d postpartum (Sheldon et al., 2006; 
LeBlanc et al., 2011; Stojkov et al., 2015). Metritis is 
a complex multifactorial disease, caused by a mixed 
bacterial infection, with Escherichia coli, Fusobacte-
rium necrophorum, Bacteroides spp., and Trueperella 
pyogenes being the most relevant pathogens associ-
ated with postpartum uterine infections (Bicalho et 
al., 2012; Jeon et al., 2015). The effect of metritis on 
productivity is striking. Cows that experience metri-
tis have decreased milk production and poor fertility, 
and are more likely to be culled (Wittrock et al., 2011; 
Giuliodori et al., 2013; Stangaferro et al., 2016). The 
economic losses caused by each metritis case have been 
recently calculated at US$267 to 410 due to antibiotic 
treatment and the detrimental effects of metritis on 
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reproductive performance, milk production, and cull-
ing (Lima et al., 2019). Hence, metritis is extensively 
monitored and treated by dairy producers (Espadamala 
et al., 2018).

Currently, the most common antimicrobial drug 
used to treat metritis in the United States is ceftiofur. 
It has been described that 73.9% of studies evaluat-
ing metritis treatment efficacy used ceftiofur as their 
drug of choice (Haimerl and Heuwieser, 2014), and 
more than 60% of dairy producers from the state of 
California use systemic ceftiofur administration to treat 
metritis (Espadamala et al., 2018). However, new regu-
lations from countries in Europe have limited its use 
in livestock. Ceftiofur is an efficacious drug to treat 
metritis, as it increases metritis clinical cure by ap-
proximately 20% (Chenault et al., 2004; McLaughlin 
et al., 2013). Additionally, ceftiofur-treated cows had 
increased milk yields during the first 2 mo of lactation 
and had improved fertility compared with untreated 
animals (Oliveira et al., 2020). However, it is important 
to highlight that more than half of the cows diagnosed 
with metritis undergo spontaneous cure (Chenault et 
al., 2004; McLaughlin et al., 2013; Oliveira et al., 2020). 
Given that ceftiofur belongs to a class of antibiotics 
(third generation cephalosporins) that are considered 
of critical importance in human medicine and that an-
timicrobial resistance has become a major public and 
animal health concern (Dolejska et al., 2011), its use in 
dairy cows should be more rational. Identifying factors 
associated with metritis cure that can predict the likeli-
hood of cows benefiting from antimicrobial therapy will 
be important for the development of a selective therapy 
for metritis that reduces the use of antibiotics on dairy 
farms while maintaining animal health.

Selective therapy strategies are not novel in dairy 
cattle medicine management. For instance, this ap-
proach is currently adopted for clinical mastitis therapy 
and takes into consideration bacteriological findings 
from milk samples to determine which cases of clinical 
mastitis will likely benefit from antimicrobial therapy. 
In metritis cases, the host immune response was more 
closely associated with disease severity than the in-
trauterine microbiome (Jeon et al., 2016). Thus, we 
hypothesized that cow-related factors are more likely 
to be associated with cure than bacteriological findings. 
Information regarding factors associated with metritis 
severity and likelihood of cure is scarce. Cow-related 
factors such as parity, retained placenta (RP), and 
calving abnormalities (e.g., dystocia, twins, and vulvo-
vaginal laceration, VL) are known risk factors for me-
tritis and could potentially be predictive of cure (Lima 
et al., 2014; Vergara et al., 2014; Vieira-Neto et al., 
2016). Additionally, elevated concentrations of mark-
ers of metabolic imbalance such as nonesterified fatty 

acids (NEFA) and BHB, have been associated with 
increased risk of metritis (Hammon et al., 2006; Dubuc 
et al., 2010; Ospina et al., 2010; Bicalho et al., 2014) 
and may help predict metritis cure. The circulating 
concentration of the acute phase protein haptoglobin 
(Hp) was associated with metritis severity (Huzzey et 
al., 2009), and its value as an indicator of metritis cure 
likelihood warrants further investigation.

Therefore, the first objective of this study was to 
evaluate the association between cow-related factors 
with likelihood of metritis cure. Our second objective 
was to evaluate how these cow-related factors affect 
reproductive performance, culling, and milk yield of 
metritic cows compared with nonmetritic (NMET) 
animals.

MATERIALS AND METHODS

Metritis Diagnosis, Inclusion Criteria, Treatment 
Groups, and Farm Management

To conduct the present study, data generated by a 
clinical trial that aimed to investigate the efficacy of 
intrauterine administration of chitosan microparticles 
(CM) as an alternative therapy for metritis (Oliveira 
et al., 2020) were used. Hence, this was a prospective 
cohort study nested inside a randomized clinical trial. 
Metritis incidence was monitored by examining vaginal 
discharge using the Metricheck device (Simcro, Hamil-
ton, NZ) at 5, 7, and 9 DIM. Additionally, cows with 
signs of systemic illness (lack of appetite, dullness, de-
creased milk production) identified by farm employees 
also had their vaginal contents examined; hence, cows 
could be diagnosed with metritis on days other than 
5, 7, and 9 DIM. Vaginal discharge was scored using 
a modified 1 to 5 scale: 1 = not fetid clear mucoid 
discharge; 2 = not fetid cloudy mucoid discharge with 
flecks of pus; 3 = not fetid, mucopurulent discharge with 
<50% pus; 4 = not fetid mucopurulent white, yellow, 
or reddish-brownish discharge with ≥50% pus; and 5 
= fetid, thin, serous, or watery, reddish-brownish, with 
or without pieces of necrotic tissue present (Oliveira et 
al., 2020). Cows that had a score of 5 were classified as 
having metritis.

In the previous field study used to extract the cur-
rent data for analysis (Oliveira et al., 2020), a total of 
826 cows from 3 different farms diagnosed with metritis 
(fetid, thin, reddish-brownish discharge) were randomly 
allocated into 3 different treatment groups: (1) CM, in-
trauterine infusion of 24 g of CM dissolved in 40 mL of 
sterile distilled water on metritis diagnosis/enrollment, 
and 2 and 4 d later; (2) CEF, subcutaneous injections 
of 6.6 mg/kg of ceftiofur crystalline-free acid (Excede, 
Zoetis, Florham Park, NJ) at enrollment and 72 h later; 
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and (3) CON, untreated controls. Additionally, 2,436 
cows were classified as NMET. These cows had a vagi-
nal score <4 at 5, 7, and 9 DIM, and were not identified 
by the farm employees as metritis case suspects.

Because CM was not an efficacious therapy for 
metritis and seemed to aggravate metritis severity in 
some cases, only cows enrolled in the CEF or CON 
groups were eligible to be included in the present study. 
Additionally, cows were included herein based on the 
availability of plasma sample collected at enrollment or 
metritis diagnosis. Blood samples were collected from a 
random subset of cows enrolled in Oliveira et al. (2020) 
to evaluate the effect of metritis treatment on blood 
concentrations of BHB, NEFA, and Hp. Only cows from 
one farm were included in this study because they com-
prised the most cows that had available plasma samples 
collected at enrollment. We performed our sample size 
calculation based on our primary hypothesis that at 
least one of the continuous variables analyzed here 
would be associated with spontaneous cure or treatment 

failure. Hence, we performed a sample size calculation 
using the “area under ROC curve” sample size calcula-
tion tool in MedCalc version 18.11.6 software (Med-
Calc Software, Mariakerke, Belgium). It was calculated 
based on the assumption that a receiver operating 
characteristic (ROC) curve would classify half of the 
untreated cows as “likely to recover” from metritis and 
one-third of the treated cows as “treatment failure.” 
Hence, we determined that at least 114 and 147 cows in 
CON and CEF group, respectively, would be necessary 
to observe an area under the curve (AUC) = 0.65, as-
suming a null hypothesis of AUC = 0.50, a type I error 
of 0.05, and a type II error of 0.20. Therefore, 147 and 
168 cows enrolled in treatment groups CON and CEF, 
respectively, were included in this study. Furthermore, 
a random subset of 150 NMET cows was also included 
in the study to compare milk production, reproductive 
performance, and culling responses. Nonmetritic cows 
were selected to match their respective parity block in 
cows diagnosed with metritis. The population of ani-
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Figure 1. Chart describing the animals included and analyses performed in this study.
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mals included and analyses performed in this study are 
described in Figure 1.

Cows included in this study were housed in a dairy 
farm located in North Central Florida that milks 4,400 
cows 3 times daily. Cows were housed in freestall 
sand-bedded pens and were fed a TMR ad libitum 
formulated to meet or exceed the NRC (2001) nutri-
ent requirements for lactating Holstein cows weighing 
680 kg and producing 45 kg of 3.5% FCM and 3.0% 
protein. Reproductive management used a combination 
of detection of estrus using a heat detection device (Ka-
mar, Kamar Inc., Steamboat Springs, CO), Presynch, 
Ovsynch, and Resynch. The voluntary waiting period 
was 48 DIM, when cows were eligible to be inseminated 
upon estrus detection. Cows that were not insemi-
nated by 55 ± 3 DIM were administered PGF2α and 
inseminated upon estrus detection. Ovsynch protocol 
was initiated at 72 ± 3 DIM to all cows that were 
not inseminated upon estrus detection. For those cows, 
fixed-time AI was performed at 82 ± 3 DIM. Pregnancy 
diagnosis was performed at 33 ± 3 d after service, and 
resynchronization using Ovsynch was performed to all 
nonpregnant cows.

Metritis Cure Definition and Data Collection

At 12 d after metritis diagnosis, vaginal discharge 
was re-examined using the Metricheck device. Cure 
of metritis was defined as vaginal discharge score <5. 
Cows that were culled or died before 12 after enroll-
ment were considered as noncured. Additionally, escape 
therapy with antimicrobial drugs was allowed for both 
treatment groups, and it was administered based on 
signs of severe dehydration, inappetence, or other sys-
temic signs due to metritis. The need for escape therapy 
was decided by farm personnel without consulting the 
research team. Farm personnel were unaware of treat-
ment allocation. Cows were eligible to receive escape 
therapy 1 d after enrollment. Cows that received escape 
therapy were also considered as noncured from metritis.

At enrollment and at 3, 6, 9, and 12 d later, rectal 
temperature was evaluated using a digital thermom-
eter. Additionally, at 5 DIM, BCS was evaluated on a 
5-point scale as previously described (Edmonson et al., 
1989). The VL was scored at 5 DIM as 0 = no lacera-
tion; 1 = laceration <2 cm at dorsal commissure or 
internal vaginal wall; and 2 = vaginal-vulvar laceration 
>2 cm (Vieira-Neto et al., 2016). Vulvovaginal lacera-
tion presence was defined when VL score = 2.

Data regarding parity, DIM at metritis diagnosis, 
dystocia, twinning, RP, culling, reproductive perfor-
mance, and milk production were extracted using the 
farm’s database software PCDart (Dairy Records Man-
agement Systems, Raleigh, NC).

Blood Collection and Analysis

Blood samples were collected at enrollment by punc-
ture of the coccygeal vessels using a vacutainer tube 
with potassium EDTA, and a 20-gauge × 2.54-cm vacu-
tainer needle (Becton, Dickinson and Company, Frank-
lin Lakes, NJ). The blood samples were transported to 
the laboratory on ice, and centrifuged at 2,000 × g for 
10 min at 4°C. The plasma was harvested and frozen at 
−80°C until further analyses were conducted.

Plasma Hp concentration was determined using a 
colorimetric assay via quantification of the Hp/hemo-
globin complex by the estimation of differences in per-
oxidase activity (Makimura and Suzuki, 1982). Assays 
were performed in 16 × 100 borosilicate tubes. Briefly, 
5 μL of serum sample or deionized water (blank) were 
added to 7.5 mL of a solution containing 0.6 g/L of O 
dianisidine, 13.8 g/L of sodium phosphate monobasic, 
and 0.5 g/L EDTA (pH = 4.1). Immediately, 25 μL of 
0.3 g/L bovine hemoglobin solution was added to each 
assay, followed by a water bath incubation at 37°C for 
45 min. After incubation, 100 μL of freshly prepared 
156 mM hydrogen peroxidase solution was added to 
each assay. Samples were incubated at room tempera-
ture for 60 min. Then, 200 μL of each assay was trans-
ferred to a 96-well polystyrene flat-bottom microplate. 
Optical density (OD) at 450 nm was measured on the 
Epoch2 Microplate Spectrophotometer (BioTek, Win-
ooski, VT). Finally, the final OD of each assay was 
subtracted by the blank assay OD. Optical density 
data were converted to a concentration unit (μg/mL) 
using standard curves generated by serial dilutions of 
a sample of known concentration determined by a com-
mercially available ELISA kit following the manufac-
turer’s instructions (Life Technologies, West Chester, 
PA) as previously described (Cooke and Arthington, 
2013). The intra- and interassay coefficients of varia-
tion for serum Hp were 6.9% and 7.7%, respectively. 
Furthermore, plasma concentrations of NEFA and BHB 
were analyzed by a chemistry analyzer (RX DaytoNa+; 
Randox Laboratories Ltd., Kearneysville, WV) in a 
single assay, and the interassay coefficients of variation 
were 5.1% and 4.2% for NEFA and BHB, respectively.

Statistical Analysis

Descriptive statistics analysis regarding number of 
animals enrolled, metritis cure, parity, dystocia, twin 
parturition, RP, DIM at enrollment, BCS, VL, and 
plasma concentrations of NEFA, BHB, and Hp of cows 
enrolled in CON and CEF treatment groups was un-
dertaken using the chi-squared and ANOVA functions 
of JMP 14 (SAS Institute Inc., Cary, NC). To assess 
the variables associated with metritis cure, a logistic 
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regression model was fitted in SAS using PROC GLIM-
MIX in SAS 9.4 (SAS Institute Inc.), and the inde-
pendent categorical (treatment, parity, dystocia, twin 
parturition, RP, VL) and continuous variables (BCS, 
DIM at metritis diagnosis, and blood concentrations 
of NEFA, BHB, and Hp at metritis diagnosis) were 
offered to the model. A manual backward stepwise se-
lection procedure was used, and variables were retained 
in the model if P ≤ 0.10. To evaluate the hierarchical 
order of factors associated with metritis cure among all 
cows, partition analysis was performed in JMP. The 
dependent variable in this model was metritis cure, 
and the independent variables offered to the previously 
described logistic regression model were also offered to 
the partition analysis. The partition analysis creates a 
decision tree based on the relationship between predic-
tor and response variables, using a partition algorithm 
that splits the data in a hierarchal manner (Kass, 1980).

Additionally, to assess the variables associated with 
metritis cure among CON and CEF cows, we strati-
fied our analysis by treatment group. Hence, a logistic 
regression model was fitted in SAS using PROC GLIM-
MIX in SAS to assess the association of the indepen-
dent variables parity, dystocia, twin parturition, RP, 
VL, BCS, DIM at metritis diagnosis, NEFA, BHB, 
and Hp with metritis cure for each treatment group. 
A manual backward stepwise selection procedure was 
used as described above. For continuous variables that 
were retained in the previous logistic regression models, 
ROC curves were performed on MedCalc to determine 
the most accurate threshold to predict metritis cure 
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Table 1. Descriptive statistics of metritic and nonmetritic (NMET) cows

Item

Treatment

NMET cows P-valueCON1 CEF2

Number of animals enrolled (%) 147 (31.6) 168 (36.1) 150 (32.3)  
Number of cows cured3 (%) 95 (64.6) 137 (81.5) — <0.01
Number of primiparous animals enrolled (%) 88 (60.0) 106 (63.1) 90 (60.0) 0.79
Number of multiparous animals enrolled (%) 59 (40.0) 62 (36.9) 60 (40.0)
Number of dystocia (%) 54 (36.7) 53 (31.5) 19 (12.7) <0.01
Number of twin parturitions (%) 1 (0.7) 2 (1.2) 2 (1.3) 0.84
Number of animals with retained placenta (%) 70 (47.6) 75 (44.6) 41 (27.3) <0.01
Number of animals with vulvovaginal laceration (%) 47 (32.0) 51 (30.4) 25 (16.7) <0.01
NEFA4 concentration at metritis diagnosis (mmol/L) 0.82 0.83 — 0.85
BHB concentration at metritis diagnosis (mmol/L) 0.73 0.64 — 0.09
Haptoglobin concentration at metritis diagnosis (mg/mL) 1.08 1.06 — 0.74
Average BCS at 5 DIM 3.50 3.40 3.48 <0.01
Average DIM at metritis diagnosis 7.5 7.3 — 0.52
Average rectal temperature at enrollment (°C) 39.3 39.4 — 0.51
1CON = untreated controls.
2CEF = subcutaneous administration of 6.6 mg of ceftiofur crystalline-free acid/kg of BW administered at metritis diagnosis and 72 h later.
3Absence of fetid watery vaginal discharge 12 d after enrollment.
4NEFA = nonesterified fatty acids.

Table 2. Logistic regression models showing the association of cow-
related factors assessed at metritis diagnosis for all cows (model 
1), untreated (model 2), and ceftiofur-treated (model 3) cows with 
metritis cure1

Model and variables Coefficient (SE) P-value

Model 1 (all metritic cows)
  Intercept 0.36 (0.79) 0.65
  Hp2 −0.73 (0.19) <0.01
  DIM 0.28 (0.09) <0.01
  Treatment
    CON3 −0.86 (0.28) <0.01
    CEF4 Referent
  Dystocia
    No −0.55 (0.31) 0.07
    Yes Referent
  Vulvovaginal laceration
    No 0.51 (0.30) 0.08
    Yes Referent
Model 2 (CON)    
  Intercept −1.06 (1.00) 0.29
  Hp −0.43 (0.27) 0.10
  DIM 0.30 (0.12) 0.01
Model 3 (CEF)    
  Intercept 0.72 (1.16) 0.53
  Hp −1.05 (0.30) <0.01
  DIM 0.27 (0.14) 0.05
  Dystocia
    No −0.98 (0.52) 0.06
    Yes Referent
  Vulvovaginal laceration
    No 1.28 (0.46) <0.01
    Yes Referent
1Cure was defined as absence of fetid watery vaginal discharge 12 d 
after enrollment.
2Hp = haptoglobin. 
3CON = untreated controls.
4CEF = subcutaneous administration of 6.6 mg of ceftiofur crystalline-
free acid/kg of BW administered at metritis diagnosis and 72 h later.



9266

Journal of Dairy Science Vol. 103 No. 10, 2020

for each treatment group. Then, independent variables 
retained in the previous models, including categorical 
and newly dichotomized variables, and potential 2-way 
interactions were offered logistic regression models built 
to evaluate the association between cow-related factors 
and the odds of metritis cure. Independent variables 
and their respective interactions were removed from the 
models manually and in a stepwise manner when P ≤ 
0.10.

To understand how these cow-related factors among 
metritic cows affected reproductive performance, cull-
ing, and milk yield in relation to NMET animals, a 

series of multivariable models, including NMET ani-
mals, were fitted to the data. To assess the association 
between cow-related factors with the likelihood of con-
ceiving, and likelihood of being culled or dead, multiple 
multivariable Cox’s proportional hazard models were 
fitted using the PHREG procedure in SAS. For analysis 
of reproduction, cows were right-censored if not diag-
nosed as being pregnant before culling, death, or until 
180 DIM. For analysis of survival, cows were right-
censored if they were alive at the end of the data collec-
tion period (300 DIM). To illustrate the median calving 
to conception interval, and the median time to culling 
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Figure 2. Partition analysis decision tree illustrating the hierarchical order of factors associated with metritis cure evaluated 12 d after 
initial diagnosis. The dependent variable included in the model was cure, and the independent variables offered to the analysis were treatment 
(untreated or ceftiofur treated), plasma concentrations of haptoglobin (Hp), BHB, and nonesterified fatty acids, parity, dystocia, twin parturi-
tion, retained placenta, vulvovaginal laceration, BCS, and DIM at metritis diagnosis. This analysis indicates that plasma Hp, DIM at metritis 
diagnosis, treatment, and dystocia were the first, second, third, and fourth most relevant predictors of metritis cure. Prob. = probability.

Table 3. Outcome of 4 receiver operating characteristic curve analyses performed to evaluate the optimum threshold of haptoglobin (Hp) and 
DIM at metritis diagnosis associated with metritis cure for untreated and ceftiofur-treated cows (P < 0.01 for all models)

Treatment1   Variable AUC2 Threshold
% cows below  
threshold (n)

% cows above  
threshold (n) Se3 Sp4 PPV5 NPV6

CON Hp 0.64 ≤0.54 mg/mL 31.3 (46) 68.7 (101) 38.9 82.7 80.4 42.6
DIM 0.67 >8 65.3 (96) 34.7 (51) 44.2 82.7 82.4 44.8

CEF Hp 0.76 ≤0.78 mg/mL 30.9 (52) 69.1 (116) 52.2 90.6 95.9 30.9
DIM 0.67 >5 17.9 (30) 82.1 (138) 88.2 43.7 87.0 46.7

1CON = untreated controls; CEF = subcutaneous administration of 6.6 mg of ceftiofur crystalline-free acid/kg of BW administered at metritis 
diagnosis and 72 h later.
2AUC = area under the curve.
3Se = sensitivity.
4Sp = specificity.
5PPV = positive predictive value.
6NPV = negative predictive value.
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or death for each independent variable, Kaplan-Meier 
survival analysis was performed using MedCalc; the 
Logrank test was used to compute P-values. To evalu-
ate the association between cow-related factors with 
milk production and rectal temperature, general linear 
models were fitted to the data using the MIXED pro-
cedure of SAS. The data comprised a series of repeated 
measures of each dependent variable at d 0, 3, 6, 9, and 
12 d relative to enrollment for rectal temperature, and 
throughout the 10 mo of lactation for milk production. 
To account appropriately for within-cow correlation, 
the error term was modeled by imposing a first-order 
autoregressive covariance structure for all models. The 
interaction terms factor × time were forced into all 
models. The SLICE option was used to assess the mean 
differences by month of lactation using the Tukey-
Kramer multicomparison adjustment method. Visual 
evaluation of the distribution plot of the studentized 
residuals was used to confirm that the residuals were 
normally distributed. For all models described above, 
statistical significance was declared if P ≤ 0.05 and a 
tendency was considered if 0.10 ≤ P  > 0.05.

RESULTS

Descriptive Statistics

The descriptive statistics regarding number of ani-
mals enrolled, number of cows cured, parity, dystocia, 
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Table 4. Association of cow-related factors assessed at metritis diagnosis, including dichotomized haptoglobin 
(Hp) and DIM, for untreated (model 1) and ceftiofur-treated (model 2) cows with metritis cure odds1,2

Model and variables Coefficient (SE) Odds ratio (95% CI) Adjusted cure (%) P-value

Model 1 (CON)        
  Intercept 2.04 (0.47)     <0.01
  Hp (mg/mL)
    ≤0.54 (n = 46) 0.80 (0.47) 2.22 (0.87–5.66) 81.2 0.09
    >0.54 (n = 101) Referent Baseline 66.1
  DIM
    ≤8 (n = 96) Referent Baseline 62.0 0.01
    >8 (n = 51) 1.16 (0.46) 3.20 (1.27–8.02) 83.8
Model 2 (CEF)        
  Intercept 4.50 (0.81)     <0.01
  Hp (mg/mL)
    ≤0.78 (n = 52) 2.14 (0.66) 8.50 (2.31–31.28) 93.9 <0.01
    >0.78 (n = 116) Referent Baseline 64.3
  DIM
    ≤5 (n = 30) Referent Baseline 72.9 <0.01
    >5 (n = 138) 1.34 (0.50) 3.80 (1.41–10.27) 91.1
  Dystocia
    No (n = 115) Referent Baseline 76.3 0.07
    Yes (n = 53) 0.98 (0.53) 2.66 (0.94–7.59) 89.5
  Vulvovaginal laceration
    No (n = 117) 1.23 (0.47) 3.41 (1.34–8.7) 73.9 0.01
    Yes (n = 51) Referent Baseline 90.6
1Cure was defined as absence of fetid watery vaginal discharge 12 d after enrollment.
2CON = untreated controls; CEF = subcutaneous administration of 6.6 mg of ceftiofur crystalline-free acid/
kg of BW administered at metritis diagnosis and 72 h later.

Figure 3. Least squares means of rectal temperature by days rela-
tive to metritis diagnosis for untreated metritic cows classified in (A) 
H-Hp (high haptoglobin, >0.54 mg/mL, n = 101) and L-Hp (low hap-
toglobin, ≤0.54 mg/mL, n = 46); and (B) DIM at metritis diagnosis 
≤8 (n = 96) and DIM >8 (n = 51). Error bars represent SEM.
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twin parturitions, RP, VL, average BCS at 5 DIM, av-
erage DIM and rectal temperature at enrollment, and 
average plasma concentration of NEFA, BHB, and Hp 
at enrollment for NMET cows, and metritic cows en-
rolled in CON and CEF groups are presented in Table 
1. In the current study cohort, metritis cure was 64.6% 
and 81.5% for CON and CEF cows, respectively (P 
< 0.01). Additionally, BCS was greater for CON and 
NMET cows than for CEF counterparts (P < 0.01). 
Cows enrolled in the CON group tended to have greater 
BHB plasma concentration at enrollment than CEF 
cows (P = 0.09). The incidence of dystocia, RP, and 
VL was lower in NMET cows compared with CON and 
CEF cows (P < 0.01). Additionally, 8.2% (n = 12) and 
3.6% (n = 6) of cows enrolled in the CON and CEF 
groups received escape therapy, respectively.

Association of Cow-Related Factors  
with Metritis Cure

The outcomes of the initial logistic regression models 
evaluating the association between several independent 
variables with metritis cure is presented in Table 2. 
Ceftiofur-treated cows were more likely to recover 
from metritis than untreated counterparts (P < 0.01). 
Additionally, plasma Hp (P < 0.01) DIM at metritis 
diagnosis (P < 0.01), VL (P = 0.08), and dystocia (P = 
0.08) were retained in the first logistic regression model. 

Partition analysis revealed that the hierarchical order 
of variables predictive of metritis cure was plasma Hp 
concentration, DIM at metritis diagnosis, treatment, 
and dystocia (Figure 2). To further understand the 
variables associated with cure among CON and CEF 
cows, we stratified our analysis by treatment group. 
Among CON cows, DIM at metritis diagnosis was posi-
tively associated with metritis cure (P = 0.01), whereas 
plasma Hp concentration tended to be negatively as-
sociated with clinical cure (P = 0.10). Additionally, 
Hp (P < 0.01), DIM at metritis diagnosis (P = 0.05), 
dystocia (P = 0.06), and VL (P < 0.01) were retained 
in the model evaluating the association between several 
variables and metritis cure among CEF cows.

To facilitate interpretation of results, optimal thresh-
old values for plasma Hp concentration and DIM at 
metritis diagnosis to predict metritis cure was de-
termined for cows enrolled in CON and CEF groups 
(Table 3). Among CON cows, the Hp concentration 
threshold that maximized the AUC (AUC = 0.64) was 
≤0.54 mg/mL, and the DIM cut point was >8 (AUC = 
0.67). For CEF cows, the Hp concentration for metritis 
cure was ≤0.78 mg/mL (AUC = 0.76) and DIM cut 
point for metritis cure was >5 (0.67).

The final models evaluating the association between 
cow-related factors with the odds of cure of metritis for 
CON and CEF cows are presented in Table 4. Two-way 
interaction terms were not retained in the final models 
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Figure 4. Least squares means of rectal temperature by days relative to metritis diagnosis for untreated metritic cows classified in (A) H-Hp 
(high haptoglobin, >0.78 mg/mL, n = 116) and L-Hp (low haptoglobin, ≤0.78 mg/mL, n = 52); (B) DIM at metritis diagnosis ≤5 (n = 30) 
and DIM >5 (n = 138); (C) dystocia (Dyst; n = 53) and no dystocia (n = 115); and (D) vulvovaginal laceration (VL, n = 51) and no VL (n 
= 117). Error bars represent SEM.
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(P > 0.10). Among CON cows, cows with Hp ≤0.54 
mg/mL tended to have 2.22 higher odds of curing from 
metritis than cows with Hp concentration >0.54 mg/
mL (P = 0.09). Cows that developed metritis after 8 
DIM were at 3.20 higher odds of being cured than cows 
that developed metritis at DIM ≤8 (P = 0.01). Among 
cows treated with ceftiofur, cows with plasma Hp ≤0.78 
mg/mL were at 8.50 increased odds of being cured from 
metritis than cows with Hp concentration >0.78 mg/
mL (P < 0.01). Furthermore, cows that were diagnosed 
with metritis after 5 DIM were 3.80 times more likely 
to be cured than cows that were diagnosed at DIM ≤5 
(P < 0.01). Cows that experienced dystocia tended to 
have 2.66 greater odds of recovering from metritis (P = 
0.07), whereas cows that did not have VL were at 3.41 
higher odds of being cured (P = 0.01).

Rectal temperature was assessed at 0, 3, 6, 9, and 
12 d relative to metritis diagnosis as a measure of 
disease severity. The dynamics of rectal temperature 
for untreated cows that had plasma Hp >0.54 mg/mL 
or ≤0.54 mg/mL and cows that were diagnosed with 
metritis at DIM ≤8 or DIM >8 are illustrated in Figure 
3. The rectal temperature changes for CEF cows that 
had plasma Hp ≤0.78 mg/mL or >0.78 mg/mL, were 
diagnosed with metritis at DIM ≤5 or DIM >5, had or 
did not have dystocia, and had or did not have VL are 
presented in Figure 4.

Time to Conception

The likelihood of conceiving for CON cows classified 
according to thresholds for Hp (>0.54 mg/mL) and 
DIM (≤8) for metritis diagnosis, and NMET cows is il-
lustrated in Figure 5. In the CON group, cows with Hp 
≤0.54 mg/mL tended to be 1.52 times more likely to 
conceive than cows with Hp >0.54 mg/mL (P = 0.09). 
Additionally, the likelihood of conceiving was 1.78 times 
greater for NMET cows than cows with Hp >0.54 mg/
mL (P < 0.01). The likelihood of conceiving was not 
different between NMET cows and cows with Hp ≤0.54 
mg/mL. Furthermore, the likelihood of conceiving was 
not different between cows that were diagnosed with 
metritis after 8 DIM or at DIM ≤8 (P = 0.20). Non-
metritic cows were 1.74 times more likely to become 
pregnant than cows that were diagnosed with metritis 
at DIM ≤8 (P < 0.01), but likelihood of conceiving 
was not different between NMET cows and cows that 
experienced metritis before 8 DIM (P = 0.24).

The likelihood of conceiving for CEF cows classified 
according to thresholds for Hp (>0.78 mg/mL), DIM 
(≤5) for metritis diagnosis, dystocia status, VL pres-
ence, and NMET cows is illustrated in Figure 6. Among 
CEF cows, the likelihood of pregnancy was not different 

between cows with Hp >0.78 mg/mL and cows with Hp 
≤0.78 mg/ mL (P = 0.29). Nonmetritic cows tended to 
have greater likelihood to conceive than cows with Hp 
>0.78 mg/mL (HR = 1.38, P = 0.06), but pregnancy 
likelihood was not different between NMET cows and 
cows with Hp ≤0.78 mg/mL (P = 0.52). No differ-
ences in the likelihood of conceiving were found when 
comparing NMET cows with cows that were diagnosed 

Machado et al.: FACTORS ASSOCIATED WITH METRITIS CURE RISK

Figure 5. Kaplan-Meier survival analysis of calving to concep-
tion interval for untreated metritic cows classified in (A) H-Hp (high 
haptoglobin, >0.54 mg/mL, n = 101), L-Hp (low haptoglobin, ≤0.54 
mg/mL, n = 46), and nonmetritic (NMET, n = 150) cows; and (B) 
DIM ≤8 (n = 96), DIM >8 (n = 51), and NMET (n = 150) cows. 
The median calving to conception interval was 166, 135, and 105 d for 
H-Hp, L-Hp, and NMET cows, respectively (P < 0.01). Additionally, 
the median calving to conception interval for cows diagnosed with 
metritis at DIM ≤8, DIM >8, and NMET cows was 157, 147, and 105, 
respectively (P = 0.01).
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with metritis after 5 DIM (P = 0.15) and at DIM ≤5 
(P = 0.29), and between cows that were diagnosed with 
metritis after 5 DIM and at DIM ≤5 (P = 0.80). Addi-
tionally, the likelihood of pregnancy was not influenced 
by dystocia status (P = 0.52), and no differences were 
observed between NMET cows and metritic cows that 
experienced dystocia (P = 0.13), and NMET cows and 
metritic cows that did not had a dystocic parturition 
(P = 0.23). Finally, presence of VL did not change the 
likelihood of pregnancy (P = 0.22), which also did not 
differ between NMET cows and cows with VL (P = 
0.11) and cows without VL (P = 0.27).

Milk Production

The least squares means of milk production for NMET 
cows (39.8 kg/d), and CON cows with Hp >0.54 mg/mL 
(37.7 kg/d), Hp ≤0.54 mg/mL (38.9 kg/d), cows that 
developed metritis after 8 DIM (37.4 kg/d), and cows 

that had metritis at DIM ≤8 (39.4 kg/d) by month of 
lactation are presented in Figure 7. Metritic cows with 
Hp >0.54 mg/mL that were not treated with ceftiofur 
produced less milk than NMET cows during the first 
(P < 0.01) and second (P = 0.04) months of lactation, 
but no differences in milk production were observed 
between cows with Hp ≤0.54 mg/mL and NMET cows. 
Additionally, NMET cows produced more milk than 
cows that were diagnosed with metritis before 8 DIM 
during the first 2 mo of lactation (P < 0.01), but milk 
production for cows diagnosed with metritis at DIM >8 
and NMET cows was not different.

Figure 8 illustrates the least squares means of milk 
production during the first 10 mo of lactation for 
NMET cows (39.9 kg/d), and CEF cows with Hp >0.78 
mg/mL (39.1 kg/d) or ≤0.78 mg/mL (39.5 kg/d), DIM 
at metritis diagnosis ≤5 (37.6 kg/mL) or after 5 DIM 
(39.6 kg/d), had dystocia (38.2 kg/d) or not (39.9 
kg/d), and had VL (38.2 kg/d) or not (39.7 kg/d). The 
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Figure 6. Kaplan-Meier survival analysis of calving to conception interval for metritic cows treated with ceftiofur and classified as (A) H-Hp 
(high haptoglobin, >0.78 mg/mL, n = 116), L-Hp (low haptoglobin, ≤0.78 mg/mL, n = 52), and nonmetritic (NMET, n = 150) cows; (B) DIM 
at metritis diagnosis ≤5 (n = 30), DIM >5 (n = 138), and NMET cows (n = 150); (C) dystocia (n = 53), no dystocia (n = 115), and NMET 
cows (n = 150); and (D) vulvovaginal laceration (VL, n = 51), no VL (n = 117), and NMET (n = 150) cows. The median calving to concep-
tion interval was 141, 122, and 105 d for H-Hp, L-Hp, and NMET cows, respectively (P = 0.19). Additionally, the median calving to conception 
interval for cows diagnosed with metritis at DIM ≤5, DIM >5, and NMET cows was 151, 131, and 105, respectively (P = 0.29). The median 
calving to conception interval was 130, 133, and 105 d for cows with dystocia, without dystocia, and NMET cows (P = 0.26). The median calving 
to conception interval for cows diagnosed with metritis with VL, without VL, and NMET cows was 134, 124, and 105, respectively (P = 0.30).
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least squares means of milk production for NMET cows 
were 39.9 kg/d. Cows with Hp >0.78 mg/mL had lesser 
milk production in the first month of lactation com-
pared with NMET counterparts (P = 0.02). No other 
differences in milk production were observed between 
NMET cows and CEF treated cows.

Culling or Death

The likelihood of culling or death of CON cows clas-
sified according to thresholds for Hp (>0.54 mg/mL), 
DIM (≤8) for metritis diagnosis, and NMET cows is il-
lustrated in Figure 9. Among CON cows, the likelihood 
of culling or death was not different between cows with 
Hp ≤0.54 mg/mL and cows with Hp >0.54 mg/mL 
(P = 0.94). However, in comparison to NMET coun-
terparts, the likelihood of being culled/dead was 2.33 
(P = 0.01) and 2.18 (P = 0.06) times greater for cows 
with Hp >0.54 mg/mL and cows with Hp ≤0.54 mg/
mL, respectively. Additionally, the likelihood of culling 
or death was not different between cows diagnosed with 
metritis at DIM ≤8 or after 8 DIM (P = 0.21). In com-
parison to NMET counterparts, the hazard of culling or 
death was 2.74 greater for cows diagnosed with metritis 
at DIM ≤8 (P < 0.01). Cows diagnosed with metritis 
after 8 DIM were not more likely to be culled or dead 
than NMET ones (P = 0.32).

The likelihood of being culled or dead for CEF cows 
classified according to threshold for Hp (>0.78 mg/
mL), DIM (≤5) for metritis diagnosis, dystocia status, 
VL presence, and NMET cows is illustrated in Fig-
ure 10. Among ceftiofur-treated cows, cows with Hp 
>0.78 mg/mL tended to be 2.13 times more likely to 
be culled/dead than cows with Hp ≤0.78 mg/mL (P = 
0.09). The likelihood of culling or death was 2.07 times 
greater for cows with Hp >0.78 mg/mL compared with 
NMET counterparts (P = 0.03), but it did not differ 
between cows with Hp ≤0.78 mg/mL and NMET cows 
(P = 0.95). The likelihood of culling or death for cows 
diagnosed with metritis at DIM ≤5 was 2.39 and 3.06 
greater than for cows diagnosed with metritis before 
5 DIM (P = 0.04) or NMET counterparts (P = 0.01), 
respectively. The likelihood of culling or death did not 
differ between cows diagnosed with metritis at 5 DIM 
and NMET cows (P = 0.48). Furthermore, dystocia 
did not change the likelihood of being culled or dead 
among cows that were treated for metritis (P = 0.11), 
but compared with NMET cows, cows that had dysto-
cia had 2.34 times greater likelihood of being culled or 
dead (P = 0.03). Finally, among cows diagnosed with 
metritis, VL did not influence the likelihood of culling 
or death (P = 0.14), but cows with VL were 2.53 times 
more likely to be culled or dead than NMET cows (P 
= 0.03).

DISCUSSION

The current study used data from a clinical trial 
designed to evaluate the intrauterine infusion of CM 
as an alternative therapy for metritis in dairy cows 
(Oliveira et al., 2020). In addition to the chitosan 
treatment group, cows were also enrolled in a positive 
control (CEF) and negative control (CON). Oliveira et 
al. (2020) reported that the proportion of cows cured 
from metritis 12 d after diagnosis was 61.9% and 77.9% 
for CON and CEF cows. In the subset of cows used in 
our study, metritis cure for CON and CEF cows was 
64.6% to 81.5%, which was consistent with others that 
reported that CEF was an efficacious therapy for metri-
tis in dairy cows (Chenault et al., 2004; McLaughlin et 
al., 2012). Also similar to previous work from Chenault 
et al. (2004) and McLaughlin et al. (2012), spontaneous 
cure occurred in more than half of our cows and treat-
ment failure occurred in almost 20% of treated metritis 
cases.

The number needed to treat, defined as 100% divided 
by the difference in cure attributable to therapy, is a 
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Figure 7. Least squares means milk production by month of lacta-
tion for untreated metritic cows classified in (A) H-Hp (high hapto-
globin, >0.54 mg/mL, n = 100), L-Hp (low haptoglobin, ≤0.54 mg/
mL, n = 46), and nonmetritic (NMET, n = 150) cows; and (B) DIM 
at metritis diagnosis ≤8 (n = 95), DIM >8 (n = 51), and NMET (n = 
150) cows. Error bars represent SEM.
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useful statistic that indicates how many animals need 
to be treated to change the cure outcome of one animal 
(Cook and Sackett, 1995). In our study, the number 
needed to treat was 5.9, which means that we needed to 
treat approximately 6 cows to change the cure outcome 
of 1. This finding highlights the importance of better 
understanding factors associated with metritis cure and 
develop targeted therapy strategies. However, it is im-
portant to emphasize that the current recommendation 
of metritis therapy with CEF can improve milk yield 
in the first 60 d of lactation (Oliveira et al., 2020) and 
shorten the calving to conception of dairy cows (Giulio-
dori et al., 2013; Piccardi et al., 2016; Oliveira et al., 
2020). Hence, in addition to clinical cure, economically 
important outcomes such as reproductive performance, 
culling, and milk yield were considered in our analy-
sis. A logistic regression model revealed that, overall, 
treatment, Hp, and DIM at metritis diagnosis were 
associated with cure, and VL and dystocia tended to 
be associated with cure. In a partition analysis, it was 
determined that Hp and DIM at diagnosis were more 
predictive of cure than treatment, highlighting the need 
to establish which cow-related factors can lead to the 
development of a selective strategy for metritis therapy.

Previously, it was observed that parity was associ-
ated with early cure of metritis (evaluated within the 
first week after initial diagnosis) when metritis was 
treated either with CEF or ampicillin (Lima et al., 
2014). However, Lima et al. (2014) reported that parity 

was no longer associated with cure when it was evalu-
ated at 12 d after enrollment, which is consistent with 
our findings. It is possible that parity is only associated 
with early cure. In fact, in a study designed to evalu-
ate the nonsteroidal antiinflammatory ketoprofen as an 
alternative therapy for metritis, primiparous cows were 
more likely to receive escape therapy (CEF adminis-
tered when rectal temperature ≥39.5°C at 4 d after ini-
tial metritis diagnosis) than multiparous counterparts 
(Pohl et al., 2016). We decided not to include metritis 
cure at earlier time points in our analysis because it has 
been reported that differences on metritis cure between 
CON and CEF not observed before 10 d after initial 
diagnosis (Chenault et al., 2004; Oliveira et al., 2020).

Additionally, we observed that dystocia tended to be 
positively associated with cure among CEF cows. Lima 
et al. (2014) reported that calving-related disorders 
(dystocia, twin calves, and RP) were negatively associ-
ated with cure at 6 d but not at 12 d after enrollment. 
It is unclear why our data indicate that dystocia might 
increase the cure among CEF cows. We also observed 
that CEF cows without VL were at higher odds of 
being cured from metritis. Vulvovaginal laceration is 
highly associated with dystocia and is an important 
risk factor for metritis (Vieira-Neto et al., 2016); 
therefore, it is not surprising that VL was associated 
with treatment failure in our study. Additionally, we 
observed that among CEF cows, VL and dystocia were 
associated with impaired reproductive performance and 
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Figure 8. Least squares means milk production by month of lactation for untreated metritic cows classified in (A) H-Hp (high haptoglobin, 
>0.78 mg/mL, n = 116), L-Hp (low haptoglobin, ≤0.78 mg/mL, n = 52), and nonmetritic (NMET, n = 150) cows; (B) DIM at metritis diagnosis 
≤5 (n = 30), DIM >5 (n = 138), and NMET cows (n = 150); (C) dystocia (Dyst; n = 53), no dystocia (n = 115), and NMET cows (n = 150); 
and (D) vulvovaginal laceration (VL, n = 51), no VL (n = 117), and NMET (n = 150) cows. Error bars represent SEM.
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milk yield, and greater culling, in comparison to NMET 
cows. This is not surprising as calving-related problems 
have been previously associated with decreased milk 
yield, longer calving to conception intervals, and af-
fected culling decisions in dairy farms (Tenhagen et al., 
2007; Gaafar et al., 2011; Vieira-Neto et al., 2016).

Results from a pilot study suggested that leaving 
metritis cases that occurred within the first 5 DIM did 
not lead to negative outcomes (Sannmann et al., 2013). 
However, our data are in contrast with this recommen-
dation, suggesting that cows that develop metritis ear-
lier in lactation are less likely to recover. Among CEF 
cows, metritis cases that occurred within the first 5 
DIM were also less likely to cure, and when untreated, 
metritis cases were more likely to cure if occurred after 
8 DIM. Our data also show that when untreated, metri-
tis cases that occurred after 8 DIM were not associated 
with milk yield, reproductive performance, and cull-
ing losses in comparison to NMET counterparts. It is 
important to highlight that due to time constraints in 
the field, we were not able to monitor metritis for all 
cows within 21 DIM. We adopted a strategy that would 
allow us to detect most metritis cases, based on the in-
cidence peak of the disease. We systemically examined 
cows at 5, 7, and 9 DIM. In addition, cows identified 
by farm employees as potential metritis cases based on 
systemic signs of illness (inappetence, dullness, milk 
deviation detected in the parlor) were also examined 
by the research team. Hence, cows enrolled in the study 
in DIM other than 5, 7, and 9 could potentially be 
suffering from more severe cases of metritis. Hence, our 
results regarding DIM at metritis diagnosis should be 
interpreted with care. For example, it is possible that 
the reason why cows diagnosed with metritis within 
the first 5 DIM were less likely to recover from metritis 
after ceftiofur treatment might be due to the fact that 
many of those metritis cases might have been severe, 
and timing of disease development does not necessarily 
lead to treatment failure.

Haptoglobin is an acute phase protein that has been 
consistently associated with metritis incidence in dairy 
cows (Galvão et al., 2010; Bicalho et al., 2014; Bar-
ragan et al., 2018). Circulating concentrations of Hp 
as a tool for the diagnosis and prediction of metritis 
has been previously evaluated (Burfeind et al., 2014; 
Pohl et al., 2015). Additionally, Hp concentration was 
associated with metritis severity (based on vaginal dis-
charge appearance and rectal temperature), with cows 
diagnosed with severe cases of metritis having greater 
circulating Hp concentration than cows diagnosed 
with mild metritis (Huzzey et al., 2009). Herein, we 
observed that high plasma concentration of Hp (>0.78 
mg/mL) assessed at metritis diagnosis was associated 
with treatment failure, and that low circulating concen-

tration of Hp (≤0.54 mg/mL) tended to be associated 
with spontaneous cure. However, based on the ROC 
curve analysis outcomes, the accuracy of circulating 
Hp to predict cure among CON and CEF cows was at 
best moderate (Greiner et al., 2000). Pohl et al. (2015) 
speculated that Hp is not an accurate tool to detect 
metritis because its concentration is also elevated when 
cows suffer from other conditions such as dystocia, RP, 
and metabolic imbalance.

Although the accuracy of Hp to predict cure was only 
moderate, milk production analysis revealed that Hp 
could be useful to predict metritis cases that will lead 
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Figure 9. Kaplan-Meier survival analysis of probability of cull-
ing or death for untreated metritic cows classified in (A) H-Hp (high 
haptoglobin, >0.54 mg/mL, n = 101), L-Hp (low haptoglobin, ≤0.54 
mg/mL, n = 46), and nonmetritic (NMET, n = 150) cows (P = 0.03); 
and (B) DIM ≤8 (n = 96), DIM >8 (n = 51), and NMET (n = 150) 
cows (P < 0.01).
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to milk yield losses, poor reproductive outcomes, and 
increased culling. We observed that CON cows with Hp 
≤0.54 mg/mL and CEF cows with Hp ≤0.78 mg/mL 
had similar milk production, reproductive performance, 
and culling risk when compared with NMET cows. 
Others have reported that high circulating concentra-
tion of Hp can be indicative of low performance. For 
instance, clinically healthy cows with high concentra-
tions of Hp in blood during the first week of lactation 
had increased calving to conception intervals than cows 
with low Hp (Nightingale et al., 2015). Additionally, 
metritic cases associated with milk losses were also as-
sociated with greater circulating concentration of Hp at 
3 and 7 DIM (Stangaferro et al., 2016). It is important 
to highlight that metritic cows were more likely to leave 
the herd than NMET counterparts. Hence, it is possible 
that the magnitude in the differences observed in milk 
production and reproductive performance could have 
been larger if culled cows were retained in the herd 
throughout the study period. However, the available 
data on monthly milk yields and calving to conception 

interval from culled cows (both metritic and NMET 
cows) contributed to the statistical models used herein.

Collectively, our findings indicate that the de-
velopment of a selective therapy for metritis using 
cow-related factors is a possibility. For instance, we 
can speculate that cows that develop metritis after 8 
DIM or have plasma Hp concentration ≤0.54 mg/mL 
at metritis diagnosis could be left untreated without 
major economic impacts. Additionally, we speculate 
that nonsteroidal antiinflammatory drugs could be 
indicated as an ancillary therapy for metritis for cows 
that have circulating Hp concentration >0.78 mg/mL 
(Laven et al., 2012). For instance, sodium salicylate 
treatment in early lactation increased milk production 
of dairy cows, and it could be more beneficial to cows 
in greater inflammatory states (Farney et al., 2013). 
However, it is important to highlight that when meloxi-
cam was administered to all metritis cases, it did not 
improve feeding and social behaviors of cows (Lomb et 
al., 2018), and when flunixin meglumine was used as 
an adjunct therapy for metritis, milk yield and repro-
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Figure 10. Kaplan-Meier survival analysis of probability of culling or death for metritic cows treated with ceftiofur and classified as (A) 
H-Hp (high haptoglobin, >0.78 mg/mL, n = 116), L-Hp (low haptoglobin, ≤0.78 mg/mL, n = 52), and nonmetritic (NMET, n = 150) cows 
(P = 0.06); (B) DIM at metritis diagnosis ≤5 (n = 30), DIM >5 (n = 138), and NMET (n = 150) cows (P = 0.03); (C) dystocia (n = 53), no 
dystocia (n = 115), and NMET (n = 150) cows (P = 0.11); and (D) vulvovaginal laceration (VL, n = 51), no VL (n = 117), and NMET (n = 
150) cows (P = 0.30).
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ductive outcomes were not improved (Drillich et al., 
2007). However, more research is needed to design and 
evaluate the feasibility and economic impact of selective 
therapy for metritis. It is important to highlight that 
this study was conducted in only one herd, and that 
other variables that were not considered here could be 
more accurate predictors of metritis cure. Additionally, 
it is possible that multiple variables should be used in 
an algorithm to guide treatment decision trees, simi-
larly to what has been proposed for selective dry-cow 
therapy (Vasquez et al., 2018) and diarrhea in calves 
(Gomez et al., 2017).

CONCLUSIONS

We observed that among CON cows, circulating 
concentration of Hp and DIM at metritis diagnosis are 
associated with risk of cure for metritis. In addition, 
plasma Hp, DIM at metritis diagnosis, VL, and dysto-
cia influence the risk of cure for CEF cows. In general, 
the accuracy of those variables to predict metritis cure 
was only moderate. Hence, for the development of a 
selective therapy strategy for metritis, more research is 
needed to identify more accurate predictors of metritis 
spontaneous cure and treatment failure.
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