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ABSTRACT

Retained fetal membranes (RFM), dystocia, and 
twinning are common postpartum events that increase 
the risk of metritis, impair reproductive performance, 
and contribute to antimicrobial use on dairies. The 
overall objective of this study was to describe treat-
ment decisions after RFM, severe dystocia (cesarean 
section and fetotomy), nonsevere dystocia (nonmechan-
ical and mechanical assistance to extract the calf), and 
twinning. A total of 44 dairies from California’s San 
Joaquin Valley (39 Holstein and 6 Jersey or crossbreed 
herds) with 450 to 9,500 lactating cows were enrolled 
in this study. Researchers visited each dairy once to 
observe cow-side fresh cow health evaluations and to 
interview health evaluators and maternity workers, us-
ing a standardized survey tool. The survey included 
questions about antimicrobial (class, dose, and dura-
tion) and nonantimicrobial therapies for calving-related 
events. Antimicrobial therapy was used in all 44 dairies 
to treat RFM at 24 (n = 23), 48 (n = 10), or 72 h (n = 
5) after calving, or when puerperal metritis signs were 
observed (n = 6). Antimicrobial therapy was used after 
all severe dystocia cases, and after nonsevere dystocia 
(n = 27) and twinning (n = 15). Ceftiofur products 
were the most common antimicrobial class; they were 
used to treat RFM cases (n = 29), nonsevere dystocia 
(n = 13), and twinning (n = 10). Supportive therapy 
for calving-related events included nonantimicrobial 
intrauterine treatments, nonsteroidal antiinflammatory 
drugs, oxytocin, i.v. calcium, or oral drenches. Our 
study highlights opportunities to reduce extra-label 
use of antimicrobials in postpartum cows affected with 
RFM, and the need for education and outreach efforts 
on judicious use of antimicrobials. Furthermore, anti-

microbial treatment choices differed largely across dair-
ies, indicating a need to reach consensus and promote 
standardized practices within the industry.
Key words: antimicrobial, dairy cow, calving-related 
events

INTRODUCTION

Calving-related events are common in US dairy farms; 
retained fetal membranes (RFM), dystocia, and twins 
can affect 3.4 to 5.3%, 3.6 to 5.9%, and 4.2 to 8.7% of 
the cows in a herd, respectively (Silva-del-Río et al., 
2007; USDA-NAHMS, 2014; Schambow et al., 2021). 
Cows undergoing RFM, dystocia, or twinning are at 
higher risk of developing uterine disease (McDougall, 
2001; Sheldon and Dobson 2004; Giuliodori et al., 2013). 
Furthermore, calving-related events increase the risk 
of culling, and negatively affect the reproductive and 
productive performance of affected cows (Oltenacu et 
al., 1990; Potter et al., 2010). The cost associated with 
calving-related events has been estimated at $298 per 
case of RFM (Gohary and LeBlanc, 2018), $155 to 556 
per case of dystocia (McGuirk et al., 2007), and over 
$100 per twin calving (Eddy et al., 1991; Cabrera and 
Fricke, 2021). To mitigate the negative consequences 
of calving-related events, antimicrobial strategies have 
been studied to prevent uterine diseases (McDougall, 
2001; Dubuc et al., 2011; McLaughlin et al., 2013; Bar-
tolome et al., 2014).

Over the past decades antimicrobial resistance has 
become a worldwide health concern. It is believed that 
the misuse and overuse of antimicrobials, both in hu-
mans and animals, contributed to this health concern 
(Jensen et al., 2008). Several strategies have been pro-
posed to mitigate the progression of the antimicrobial 
resistance trend, including judicious use of antimicro-
bials in livestock production systems (Chatterjee et 
al., 2018). To support this strategy, the World Health 
Organization has generated a list with critically impor-
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tant drugs that should be judiciously used both in hu-
man and veterinary medicine (WHO AGISAR, 2017). 
Within critically important drugs, the highest priority 
category includes cephalosporins (third, fourth, and 
fifth generations), glycopeptides, macrolides, polymyx-
ins, and quinolones. The United States Food and Drug 
Administration’s Center for Veterinary Medicine (21 
CFR Part 530) regulates the extra-label use of critically 
important drugs by not allowing (i.e., glycopeptides) 
or restricting (i.e., ceftiofur products) their use (FDA, 
2020). The State of California (2015) has implemented 
Senate Bill 27, “Livestock: Use of antimicrobial drugs” 
(SB-27; 2015; effective January 1, 2018), which outlines 
more stringent laws than federal legislation for use of 
medically important antibiotics in livestock, and sup-
ports the implementation of antimicrobial educational 
stewardship efforts and surveillance of antimicrobial 
resistance in livestock through state-supported efforts. 
Under CA Senate Bill 27, all injectable antimicrobial 
drugs administered to livestock, including those previ-
ously available over the counter such as tetracycline 
or penicillin procaine, require a veterinary prescription 
through a veterinary-client-patient relationship.

Veterinary treatment practices for calving-related 
events have been described in Europe (Heuwieser et al., 
2010; Eppe et al., 2021), revealing the need for outreach 
and education in the judicious use of antimicrobials. In 
large California dairies identification and treatment of 
sick animals are mostly performed by dairy employees 
(Espadamala et al., 2016, 2018). Therefore, the descrip-
tion of how calving-related events are treated by dairy 
employees can contribute to designing relevant antimi-
crobial use stewardship programs in California. The ob-
jective of the present study was to describe treatment 
practices after calving-related events (RFM, dystocia, 
and twining) in 45 California dairies.

MATERIALS AND METHODS

The University of California Davis Institutional Re-
view Board exemption was acquired before field visits 
were conducted. This study includes a convenience 
sample of 45 dairy herds that were visited from Febru-
ary to August 2015. General herd information and de-
scription of data collection process has been previously 
reported in Espadamala et al. (2016, 2018). Enrolled 
dairies were identified with the assistance of California 
county extension advisors, dairy veterinarians, and con-
sultants from California’s San Joaquin Valley. At the 
time of the study, the San Joaquin Valley housed 89% 
of the cows in California (CDFA, 2016).

A survey tool was designed to collect information 
on postpartum treatment decisions for RFM, dystocia, 
and twinning (Table 1). Two researchers (A. E. and P. 

P.) visited all enrolled herds one time to complete the 
survey tool. They observed fresh cow evaluators while 
performing RFM treatments during health evaluations, 
and later they interviewed them to ensure completion 
of the standardized survey tool. Researchers also vis-
ited the maternity pen in 44 dairies and interviewed 
dairy workers to document treatment practices after 
severe dystocia (dystocia resolved by cesarean section 
and fetotomy), nonsevere dystocia (nonmechanical or 
mechanical assistance to extract the calf; score 2 and 
3 from Schuenemann et al., 2011), and twinning. The 
survey tool was initially beta-tested on 5 dairies and 
subsequently modified; this served to expand the scope 
of the survey tool and to train both observers on data 
collection. To increase data accuracy, questions were 
asked at least twice at different times during the herd 
visit.

Each day upon returning from the field visit, data col-
lection sheets were compared between the 2 researchers 
performing field visits. Discrepancies were discussed, 
and if agreement was not reached, the cow evaluators 
were consulted by phone. A report was written, and data 
were entered into spreadsheets for descriptive statisti-
cal analysis (Excel 2010, Microsoft Corp.). Responses 
to open-ended questions were categorized before data 
analysis. Reported percentages were rounded to the 
nearest whole percentage point. Antimicrobial active 
ingredients are reported as ceftiofur products [ceftiofur 
hydrochloride (CHCl), ceftiofur crystalline-free acid, 
and ceftiofur sodium] and penicillin products (penicillin 
procaine and ampicillin).

Multiple correspondence analysis was performed us-
ing JMP 15 PRO (SAS Institute Inc.) to identify as-
sociations between dairy size (<2,000 or ≥2,000 cows), 
RFM treatment practices [time to RFM treatment (24 
h, 48 h, 72 h, or puerperal metritis signs) and antimi-
crobial treatment choice for RFM (ceftiofur products, 
penicillin products, or tetracycline)], and the use of 
antimicrobials to treat dystocia (yes or no) or twinning 
(yes or no).

RESULTS

Retained Fetal Membranes

Researchers documented treatment decisions for 
cows with RFM based on observations and open-ended 
questions (n = 25) or only on open-ended questions (n 
= 20).

Time to Treat Retained Fetal Membranes. Most 
enrolled dairies defined the time to treat RFM based 
on visual observation of nonexpelled fetal membranes, 
either at 24 h (n = 23), 48 h (n = 10), or 72 h (n = 5). 
On 6 dairies, cows with nonexpelled fetal membranes 
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were treated when showing signs of puerperal metritis 
(i.e., abnormal vaginal discharge, fever, or systemic 
signs of disease).

Antimicrobial Treatments. The class, dose, and 
length of antimicrobial treatments are described in 
Table 2. One dairy did not use antimicrobials for RFM 
treatment. Ceftiofur (n = 29) and penicillin (n = 14) 
products were the most common systemic antimicro-
bials used. Some dairies selected the antimicrobial 
treatment based on parity (n = 2) or on the extent of 
vaginal damage (n = 2). Only 6 dairies restricted the 
antimicrobial treatment to those cows showing signs of 
puerperal metritis (i.e., abnormal vaginal discharge, fe-
ver, or systemic signs of disease). Six dairies used intra-
uterine infusions of tetracycline to treat cows affected 
with RFM [alone (n = 2), combined with systemic 
penicillin products (n = 3), or combined with systemic 
penicillin products in primiparous and ceftiofur prod-
ucts in multiparous (n = 1)].

Nonantimicrobial Treatments. Some dairies used 
nonantimicrobial intrauterine treatments [urea pills (n 
= 5), chlorhexidine solution (n = 1), or essential oils 
(n = 1)], nonsteroidal antiinflammatory drugs [acetyl-
salicylic acid oral pills (n = 5) or flunixin meglumine 
i.m. (n = 2)], oxytocin (n = 5), i.v. calcium (n = 2), or 
oral drenches (mixture of energy sources, minerals, and 
probiotics; n = 5) as a supportive treatment to RFM 
cows. Nonantimicrobial intrauterine treatments were 

used combined with systemic antimicrobials (n = 2), 
infused as a first treatment option on dairies delaying 
systemic antimicrobials to 48 h postpartum (n = 3), 
or used only when the cow showed systemic signs of 
disease (n = 2).

Manual Removal of Fetal Membranes. Removal 
of the fetal membranes by manual force was a practice 
performed on 15 dairies (33%). On most dairies, placen-
ta removal was attempted at 24 h after calving (n = 9), 
but some dairies delayed it after the first antimicrobial 
treatment was completed (n = 5) or waited 48 h after 
calving (n = 1).

Dystocia

The class, dose, and length of antimicrobial therapy 
after dystocia cases is described in Table 3. Dystocia 
cases resolved with advance obstetrics or surgical 
procedures, such as fetotomy or cesarean section, 
were treated with systemic antimicrobials, penicillin 
products (n = 32), ceftiofur products (n = 7), and 
tetracycline (n = 2). Three dairies reported that no 
cesarean sections or fetotomies were performed at their 
premises. Dystocic calvings that required nonmechani-
cal or mechanical assistance to extract the calf were 
treated with antimicrobials (60%), ceftiofur products 
(n = 13), penicillin products (n = 12), or tetracyclines 
(n = 2). Supportive therapy was also provided in some 
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Table 1. Survey tool used to collect information on treatment decisions after calving-related events [retained fetal membranes (RFM), dystocia, 
and twinning] in 45 dairies in California

Event

Retained fetal membranes
 1. Do you administer antimicrobial treatment to cows with RFM? If yes,
  1.a. When do you start antimicrobial treatment?
  1.b. What drug do you use?
  1.c. What dose do you use?
  1.d. How long do you treat?
 2. Do you administer nonantimicrobial treatments to cows with RFM? If yes,
  2.a. What type of nonantimicrobial treatments do you use?
 3. Do you remove the fetal membranes manually?
Dystocia
 4. Do you administer antimicrobial treatment to cows with dystocia? If yes,
  4.a. Do you treat cows with nonsevere (nonmechanical and mechanical assistance to extract the calf) or severe (cesarean sections, fetotomy) 
   dystocia?
  4.b. When do you start antimicrobial treatment?
  4.c. What drug do you use?
  4.d. What dose do you use?
  4.e. How long do you treat?
 5. Do you administer nonantimicrobial treatments to cows with dystocia? If yes,
  5.a. What type of nonantimicrobial treatments do you use?
Twinning
 6. Do you administer antimicrobial treatment to cows with twins? If yes,
  6.a. When do you start antimicrobial treatment?
  6.b. What drug do you use?
  6.c. What dose do you use?
  6.d. How long do you treat?
 7. Do you administer nonantimicrobial treatments to cows with twins? If yes,
  7.a. What type of nonantimicrobial treatments do you use?
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dairies: calcium supplementation (i.v., n = 7; oral, n = 
3), flumixin meglumine (n = 3), dextrose (i.v., n = 2), 
dexamethasone (n = 1), and oxytocin (n = 1).

Twinning

The class, dose, and the length of antimicrobial 
therapy after twinning is described in Table 3. Systemic 
antimicrobials were administered to dams after calving 
twins in 31% of the enrolled dairies. On 3 dairies dams 
of twins only received antimicrobial treatment if they 

required calving assistance. The antimicrobial class of 
choice were ceftiofur products (n = 10) or penicillin 
products (n = 5). On some dairies, after twining dams 
were treated with calcium supplementation (i.v., n = 1; 
oral, n = 6), flunixin meglumine (n = 3), dextrose (i.v., 
n = 2), dexamethasone (n = 1), or oxytocin (n = 1).

Multiple Correspondence Analysis

Map of multiple correspondence analysis is presented 
in Figure 1. The first 2 dimensions of the analysis ac-

Silva-del-Río et al.: DAIRY INDUSTRY TODAY

Table 2. Class, daily dose, and duration of antimicrobial therapy in 45 California dairies after retained fetal membranes (RFM)

Item  Drug1  Dose/d  Duration (d)  Number of dairies2

At 24 h after calving  i.m. CHCl 750 to 1,500 mg 3 to 5 8 [#3V]
  1,000 mg Until RFM is expelled 3
 s.c. CCFA 4,000 mg Single dose 1 [#3V]
  4,000 mg Second dose at 72 h 3
 i.m. pen (9 to 15) × 106 IU 3 to 6 5 [#3V, #30P]
  9 × 106 IU Until RFM is expelled 1
 i.m. amp 6,250 to 7,500 mg 4 to 6 2 [#30M]
 i.u. tet No documented Second dose at 72 h 3 [3 dairies]3

At 48 h after calving  i.m. CHCl 1,000 to 1,500 mg 3 to 5 7 [#27M, #45V]
 i.m. pen (12 to 18) × 106 IU 3 to 6 2 [#27P, #45V]
 i.m. amp 6,250 to 7,500 mg 3 to 6 1
 i.u. tet No documented Second dose at 72 h 2 [1 dairy]3

At 72 h after calving  i.m. CHCl 1,000 to 1,250 mg 3 to 5 2
 i.m. pen 12 × 106 IU 3 1
 i.m. amp 6,250 to 7,500 mg 3 1
 i.u. tet No documented Second dose at 72 h 1

Based on signs of metritis  i.m. CHCl 1,750 mg 3 1
 s.c. CCFA 4,000 mg 1 1
 i.m. CNa 750 to 1,500 mg 3 to 5 2
 i.m. pen 6 × 106 IU 5 1
 i.m. amp 8,750 mg 6 1

1Ceftiofur hydrochloride (CHCl), ceftiofur crystalline-free acid (CCFA), ceftiofur sodium (CNa), penicillin procaine (pen), ampicillin (amp), and 
tetracycline (tet). One dairy did not use antimicrobials. i.u. = intrauterine.
2Numbers in brackets refer to a dairy (# assigned in study) that treats multiparous (M) and primiparous (P) cows differently or treats differ-
ently based on vaginal damage (V).
3Number of dairies that combine i.u. tet with systemic antimicrobials.

Table 3. Class, daily dose, and duration of antimicrobial therapy used after nonsevere dystocia (nonmechanical 
and mechanical assistance to extract the calf) and twin calving in 44 California dairies

Drug1  Dose/d  Duration (d)  Number of dairies2

Nonsevere dystocia
 i.m. CHCl 750 to 1,500 mg 3 to 5 8
 i.m. CNa 1,500 mg 5 1
 s.c. CCFA 4,000 mg Single dose 4
 i.m. pen (6 to 18) × 106 IU 4 10 [#30P]
 i.m. amp 7,500 mg 4 3 [#30M]
 i.v. tet 12,000 mg 3 to 6 2
 i.m. CHCl 750 to 1,500 mg 3 to 5 8
 i.m. CNa 1,500 mg 5 1
 s.c. CCFA 4,000 mg Single dose 1
 i.m. pen (12 to 18) × 106 IU 4 to 6 4 [#30P]
 i.m. amp 6,250 to 7,500 mg 3 to 4 2 [#30M]
1Ceftiofur hydrochloride (CHCl), ceftiofur crystalline-free acid (CCFA), ceftiofur sodium (CNa), penicillin 
procaine (pen), ampicillin (amp), and tetracycline (tet).
2Numbers in brackets refer to the dairy (# assigned in study) that treats multiparous (M) and primiparous 
(P) cows differently.
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counted for 60% of the total inertia (dimension 1: 35.6%; 
dimension 2: 24.3%). Associations were observed among 
dairy size >2,000 cows, the use of ceftiofur products to 

treat RFM, and starting the RFM antimicrobial treat-
ment at 48 and 72 h (top-right quadrant). Dairy size 
≤2,000 cows and starting RFM antimicrobial treat-
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Figure 1. Map of multiple correspondence analysis evaluating the associations between dairy size (<2,000 or ≥2,000 cows), retained fetal 
membrane (RFM) treatment practices [time to RFM treatment (24 h, 48 h, 72 h, or puerperal metritis signs) and antimicrobial treatment choice 
for RFM (ceftiofur products, penicillin products, or tetracycline)], and the use of antimicrobials to treat dystocia (yes or no) or twinning (yes 
or no). The size of each symbol in the plot is proportional to the number of observations for each variable represented. For each dimension, the 
proportion of inertia and the inertia (ʎ) is presented.
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ment at 24 h postpartum were associated (bottom-left 
quadrant). Dairies that delayed RFM treatment until 
observing signs of puerperal metritis were associated 
with dairies that did not use antimicrobials to treat 
nonsevere dystocia or twinning (bottom-right quad-
rant). Using antimicrobials to treat dystocia was asso-
ciated with using antimicrobials to treat twinning and 
having penicillin products as the antimicrobial of choice 
for RFM treatment (top-left quadrant).

DISCUSSION

The present study evaluated antimicrobial use prac-
tices for the treatment of cows undergoing calving-
related events (RFM, dystocia, or twinning). A conve-
nience sample of 44 California dairy farms was enrolled 
in the study. Our study documented that antimicrobial 
treatments were often administered after calving-relat-
ed events, with ceftiofur products being the drug class 
most commonly selected for treatment.

Systemic and intrauterine antimicrobials are com-
monly used to treat cows undergoing calving-related 
events (Peters and Laven, 1996; Heuwieser et al., 2010; 
Eppe et al., 2021); however, there is conflicting evi-
dence in literature regarding antimicrobial effectiveness 
in these cases. Previous studies have indicated that 
cows at risk for puerperal metritis (dystocia, twins, 
RFM, hypocalcemia, or stillbirths) treated with ceftio-
fur products had lower incidence of puerperal metritis 
than untreated cows (Dubuc et al., 2011; McLaughlin 
et al., 2013); whereas outcomes from these studies sup-
port an improvement in the well-being of treated cows, 
no differences on reproductive performance or milk 
yield have been observed, bringing into question the 
cost-effectiveness of this practice (Dubuc et al., 2011; 
McLaughlin et al., 2013).

Furthermore, Bartolome et al. (2014) reported 
that blanket administration of CHCl to cows at risk 
for metritis (dystocia, twins, RFM, hypocalcemia, or 
stillbirth) had no effect on puerperal metritis incidence 
when evaluated 4 to 10 d postpartum. Accordingly, 
Drillich et al. (2006b) proved that cows with RFM 
assigned to blanket systemic antimicrobial treatment 
(CHCl; 1 mg/kg of BW, s.c. for 3 to 5 d postpartum) or 
selective treatment (if fever ≥39.5°C) had similar out-
comes regarding fever and reproductive performance. 
Likewise, the effectiveness of intrauterine antimicrobial 
infusions for the treatment of cows with RFM remains 
questionable (Drillich et al., 2006a; Goshen and Shpi-
gel, 2006), and poses potential detrimental effects if 
oxytetracyclines are used (inhibition of metalloprotein-
ases; Arnoczky et al., 2004). Thus, based on the lack of 
consistent scientific evidence supporting antimicrobial 
use to treat cows at risk of metritis, Constable et al. 

(2008) and LeBlanc (2008) proposed an approach to 
limit antimicrobial therapy to cows with clinical signs 
of puerperal metritis (i.e., fetid vaginal discharge or 
abnormal nonfetid vaginal discharge with fever or signs 
of systemic illness). However, our findings agree with 
results from other recent European studies (Hehen-
berger et al., 2015; Eppe et al., 2021), suggesting a lack 
of agreement on the combination of clinical signs that 
should lead to antimicrobial treatment decisions. Thus, 
the aforementioned guidelines have yet to be widely 
adopted by dairy producers and veterinarians.

In California dairies, the most common antimicro-
bial class of choice for cows with RFM were ceftiofur 
products, used on 66% of the dairies. Similarly, ceftio-
fur products were used for nonsevere dystocia (30%) 
and twinning (23%). These results are in agreement 
with the USDA-NAHMS (2014) report which describes 
cephalosporin as the primary antimicrobial class used 
for reproductive disease in dairy farms in the United 
States, followed by penicillin and tetracycline. However, 
Zwald et al. (2004) reported that dairies in the Midwest 
and Northeast chose with similar frequency ceftiofur 
products (41.4%) or penicillin (43.4%) to treat metritis 
and RFM, suggesting regional preference of one drug 
class over another. In Belgium, most veterinarians 
treated RFM with penicillin products (benzylpenicillin, 
amoxicillin, and ampicillin), with few choosing cepha-
losporins (Eppe et al., 2021). Ceftiofur products do not 
require a milk-withdrawal period, which makes them 
very attractive therapeutic options in California dairy 
operations. However, the extra-label use of ceftiofur 
products, including its use for disease prevention, is 
prohibited. Thus, our results emphasize the need for 
outreach efforts to ensure stakeholders are informed 
about the efficacy and regulatory mandates for criti-
cally important drugs such as ceftiofur products.

Our study showed that there was partial agreement 
across dairies on time to commence treatment for cows 
with RFM. Most dairies treated cows at first health 
check, but some dairy operations (36%) chose to delay 
treatment 48 to 72 h postpartum. Delaying treatment 
may reduce the number of cows receiving treatment, as 
fetal membranes will be expelled either spontaneously 
(32%) or after light manual traction (50%; Eiler and 
Fecteau, 2007) by 2 to 4 d postpartum. Even though 
most fresh cow evaluators reported length of antimi-
crobials treatment according with label indications, 4 
dairies reported to treat with antimicrobials until fetal 
membranes were expelled. Thus, the diverse treatment 
regimens for cows with RFM (antimicrobial class, dose, 
and time to initiation and duration of treatment) sug-
gest a need to reach a greater agreement across dairy 
farms on treatment protocols. Currently no antimicro-
bial has a label approval for the treatment of RFM; 
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thus, all antimicrobial treatments are extra-label. How-
ever, if other diseases are concurrently occurring (i.e., 
metritis), antimicrobials can be prescribed following 
label recommendations.

The most used nonantimicrobial intrauterine treat-
ment identified in our study was urea; however, although 
urea-based commercial products claim antiseptic and 
proteolytic activity, there is a lack of randomized 
control studies that prove its efficacy for intrauterine 
disease treatment. The possibility to treat cows with 
drugs other than antimicrobials may appeal to some 
dairy producers; if effective, those treatments could po-
tentially improve odor and color of vaginal discharge, 
without the hazard of antimicrobial residues in meat 
or bulk tank milk. However, only treatments that are 
scientifically validated are prudent.

Manual removal of RFM is less common in California 
(33%) than in herds in the United Kingdom, Germany, 
or Belgium, where nearly 90% of dairy operations or 
veterinary practitioners reported adopting this practice 
(Peters and Laven, 1996; Heuwieser et al., 2010; Eppe 
et al., 2021). The combination of endometrial damage, 
bacterial invasion, suppression of uterine leukocytic 
phagocytosis, and the increased risk of uterine disease 
makes manual removal of the fetal membranes a strat-
egy that is not recommended (Bolinder et al., 1988). 
Furthermore, manual removal of RFM was associated 
with delayed resumption of postpartum ovarian cyclicity 
and increased risks and severity of postpartum uterine 
infections (Bolinder et al., 1988). Thus, our observation 
illustrates the perpetuation of a practice, shown to be 
detrimental several decades earlier.

Cows enduring severe dystocia require surgery or 
invasive obstetric procedures. Based on a 1970s survey 
(Sloss, 1974a), Australian veterinarians had to often 
resort to cesarean section (3.8%) or fetotomy (13.1%) 
to resolve dystocia cases in dairy cows. In US dairy 
operations, dystocia cases ranged from 3.6 to 5.9%, and 
approximately 0.1% of the total calvings required ce-
sarean section (USDA-NAHMS, 2014). Broad-spectrum 
systemic antimicrobials should be given after cesarean 
sections or fetotomies to prevent postintervention in-
fections (Mijten, 1998). However, our study reported 
discrepancies in the antimicrobial of choice after these 
procedures. Ceftiofur products were used on some 
farms, but this practice should be re-evaluated to favor 
antimicrobials that are not critically important. In our 
study 3 dairies systematically culled all cows endur-
ing severe dystocia that required surgery or invasive 
obstetric procedures. This approach might be the best 
course of action in severe dystocia cases, especially af-
ter considering cow’s likelihood of survival, welfare, and 
economic value (Sloss, 1974b; Huxley and Whay, 2006).

It is well document that dystocia and twining increase 
the risk of RFM and postpartum metritis and have 
detrimental effects on reproductive performance (Erb 
et al., 1985; Eddy et al., 1991; Dubuc et al., 2010). As 
an attempt to mitigate the negative effects on uterine 
health associated with dystocia or twinning, prophylac-
tic therapy seems to be a common practice adopted by 
dairy producers in California. However, as previously 
discussed, there is limited evidence supporting antimi-
crobial treatments after calving-related events to prevent 
uterine disease (Dubuc et al., 2011; McLaughlin et al., 
2013; Bartolome et al., 2014). Systemic antimicrobial 
therapy may be adequate in dystocia cases where cervi-
cal, vaginal, or vulvar lacerations occur, especially if 
these lacerations become infected. Human intervention 
during nonsevere dystocia cases can increase the risk of 
uterine contamination, even when only a gentle pull is 
applied. Thus, limiting calving assistance to those cows 
that require it may reduce antimicrobial use postpar-
tum. Also, performing obstetric practices that minimize 
uterine tract lacerations during dystocia resolution may 
decrease the need for antimicrobials postpartum. Our 
results highlight the importance of conducting educa-
tional efforts on antimicrobial decisions after dystocia 
cases and desirable calving management practices that 
may reduce the need for calving assistance and lacera-
tions (Schuenemann et al., 2013).

Overall, the associations observed in the multiple cor-
respondence analysis suggested that treatment practices 
differ with dairy size; thus, when conducting outreach 
efforts a slightly different emphasis might be needed 
when addressing small versus large dairies. It was also 
notable that dairies following a conservative approach 
to antimicrobial treatment did it across all the calving-
related events evaluated in the present study. This is 
encouraging, as it seems to suggest that if dairy farm-
ers favor rational use of antimicrobials, they will do it 
across different disorders.

Finally, when interpreting our results, it should be 
considered that our data were based on fresh cow evalu-
ators’ responses to open-ended questions and research-
ers’ observations during RFM treatments on 55.6% of 
the dairies. However, the responses and behaviors of 
fresh cow evaluators might have been influenced by the 
presence of the 2 researchers. It is plausible that our 
results depict treatment practices that, to some degree, 
deviate from the usual practices implemented at the 
dairy. Furthermore, our data were collected 3 yr after 
the US Food and Drug Administration’s Center for 
Veterinary Medicine (21 CFR Part 530) regulated the 
extra-label use of critically important drugs, and 3 yr 
prior to CA Senate Bill 27 (regulating over-the-counter 
antimicrobials; in effect in 2018). Thus, it is possible 
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that treatment practices on CA dairies have evolved 
during the last few years.

CONCLUSIONS

Opportunities to reduce extra-label use of antimicro-
bials in postpartum cows affected with RFM, dystocia, 
and twinning were identified, as well as the need to 
reach consensus and promote standardized practices for 
antimicrobial use within the dairy industry. The present 
study highlights the need for antimicrobial use steward-
ship programs for calving-related events on dairies; all 
relevant stakeholders should be educated on the state 
of the art of antimicrobial efficacy (and lack thereof), 
especially of the most critically important molecules in 
human health, for the treatment of common postpar-
tum ailments.
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