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Abstract 

The objective of this study was to assess current anti
microbial use practices and veterinarian involvement with 
these practices on upper Midwest dairy farms. Eighty-five 
dairy farms ranging in size from 105 to 5,400 lactating cows 
located in 6 states (SD, NE, IA, MN, WI, and IL) were visited 
by 2 veterinary students during the summer of 2015. Interns 
observed farm treatment practices, reviewed individual herd 
treatment protocols and records, and conducted a standard
ized survey with farm management assessing mastitis, me
tritis, lameness, pneumonia, heifer pneumonia, and heifer 
diarrhea. Results indicate the presence of written treatment 
protocols varied by disease type. Metritis was the most 
common disease for which a protocol was found on-farm 
( 49%), followed by mastitis ( 46%), lameness (39%), adult 
cow pneumonia (34%), heifer pneumonia (21 %), and heifer 
diarrhea (19%). Ceftiofur was the most common primary 
antimicrobial selected for the treatment of mastitis (61 %), 
metritis (82%), lameness (54%), and pneumonia (72%). 
Thirty-nine percent of farms selected enrofloxacin as their 
primary antimicrobial for the treatment of calf diarrhea. This 
use of enrofloxacin was also the most common unapproved 
treatment observed in the study. Results of this study demon
strate an opportunity for veterinarians to educate producers 
about judicious antimicrobial use on dairy farms. 
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Resume 

L'objectif de cette etude etait d'evaluer les pratiques 
courantes d'utilisation des antimicrobiens et !'implication des 
veterinaires dans ces pratiques dans des fermes laitieres du 
Haut-Midwest Americain. Durant l'ete 2015, deux etudiants 
veterinaires ont visite 85 ferm s laitieres comptant entre 
105 et 5400 vaches en lactation dans 6 etats (Dakota du 
Sud, Nebraska, Iowa, Minnesota, Wisconsin et Illinois). Les 
stagiaires ont observe les pratiques de traitement a la ferme 
et examine les protocoles de traitement au niveau du trou
peau de meme que les dossiers. Ils ont aussi mene un sand
age standardise aupres des gestionnaires de la ferme pour 
evaluer la mammite, la metrite, la boiterie, la pneumonie, la 
diarrhee et la pneumonie chez les genisses. Dans cette etude, 
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!'existence de documents ecrits portant sur les protocoles de 
traitement variait selon le type de maladie. La metrite etait 
la maladie la plus commune pour laquelle on retrouvait un 
protocole a la ferme ( 49%), suivie de la mammite ( 46%), de 
la boiterie (39%), de la pneumonie chez les vaches adultes 
(34%), de la pneumonie chez les genisses (21 %) et de la 
diarrhee chez les genisses (19%). Le ceftiofur etait l'agent 
microbien le plus utilise pour le traitement de la mammite 
(61 %), de la metrite (82%), de la boiterie (54%) et de la 
pneumonie (72%). Pour 39% des fermes, l'enrofloxacine 
etait l'agent micro bi en le plus utilise pour le traitement de la 
diarrhee chez les veaux. L'emploi de l'enrofloxacine dans ce 
contexte representait aussi !'utilisation non-approuvee d'un 
traitement la plus frequente dans cette etude. Ces resultats 
suggerent que les veterinaires ont la chance de sensibiliser 
les producteurs sur !'utilisation judicieuse des antimicrobiens 
dans les fermes laitieres. 

Introduction 

Antimicrobial drugs are commonplace on modern 
dairy farms and are used in both a therapeutic and prophy
lactic manner. 18 Currently, antimicrobials are used across all 
classes of dairy animals. The majority of antimicrobial use is 
represented by 5 different broad categories of disease that in
clude intramammary infections, respiratory disease, uterine 
infections, digestive problems, and infectious foot diseases. 
From 2012 to 2014, organic dairy farms represented less 
than 6% of the total dairy production in the United States.18 

This statistic demonstrates that the majority of farms in the 
US have the ability to utilize antimicrobials and other drugs 
in their operation. Guidelines from organizations such as 
the American Association of Bovine Practitioners and the 

· American Veterinary Medical Association, in conjunction 
with regulations from the federal government, exist to help 
producers and veterinarians judiciously utilize antimicrobials 
when the decision to treat an animal has been made. 

Over the last several years, the use of the phrases "judi
cious antimicrobial use" and "antimicrobial stewardship" has 
become commonplace in the veterinary and lay literature. 
Heightened consumer awareness surrounding antimicrobial 
use in agricultural settings, as well as scrutiny from the public 
health and human medicine communities,9 has identified 
the need to better understand how antimicrobials are being 
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utilized on farms within the US. Similarly, many restaurant 
chains and grocery purveyors have implemented position 
statements limiting or eliminating the use of antimicrobials 
in production systems that supply meat and dairy products 
to their operations. On May 22, 2015, Walmart US and Sam's 
Club US announced new position statements on responsible 
use of antimicrobials in farm animals. In their announcement, 
they stated that they would be asking suppliers to: 

• Adopt and implement the Judicious Use Principles 
of Antimicrobial Use from the American Veterinary 
Medical Association, 1 including accurate record keep
ing, veterinary oversight, and limiting antimicrobial 
treatment to animals that are ill or at risk. 

• Adopt and implement Voluntary Guidance for In
dustry #209 from the FDA21 in their own operations 
and their industry producer programs, including 
eliminating growth promotion uses of medically 
important antibacterials. 

• Promote transparency by providing a report on an
tibiotic management to Walmart and publicly report 
antibiotic use on an annual basis. 

While this is just 1 example of changes that farmers 
will be asked to undertake in their production systems, it 
clearly provides a benchmark for the industry to work to
ward. Currently, there are very little data available regarding 
the status of judicious antimicrobial practices on US farms, 
including dairy farms. In addition, there are few accurate 
data available on the amount of antimicrobials used by the 
dairy industry, and how these are used for the treatment of 
disease. The objective of this study was to assess the level 
of antimicrobial use on dairy farms, the degree in which 
treatments were under the guidance of a veterinarian's 
protocols, as well as the farm's subsequent compliance with 
processing regulations following antimicrobial use on upper 
Midwest dairy farms. 

Materials and Methods 

Fourteen veterinarians or veterinary practices from 
IA (n=5), MN (n=3), WI (n=3), SD (n=l), IL (n=l), and NE 
( n= 1) were asked to identify dairy farms within their practice 
area that would allow Iowa State University (ISU) summer 
interns to visit their dairy operation and evaluate treatment 
practices, treatment protocols, and treatment records. From 
May 18 through August 07, 2015, 2 veterinary student interns 
visited 85 dairy cattle operations, all of which had lactating 
cows with the exception of 2 calf ranches which custom 
raised dairy replacement heifers. The farms were located in 
IA (n=30), MN (n=24), WI (n=l 9), SD (n=6), IL (n=5), and 
NE (n=l). In total, the farms had 87,262 lactating cows (avg. 
herd size=1051 [range 105 to 5,400]), most with replacement 
heifers on site. The study region was divided into 2 segments 
and each intern was assigned to a region. Region 1 was com
posed of western IA, southwest MN, SD, and NE. Region 2 was 
composed of eastern IA, southeast MN, WI, and IL. 
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A standardized investigation form was used to evaluate 
each farm and to assist in consistent data collection. The in
vestigation form included specific, pointed questions related 
to disease diagnosis, treatment (including antimicrobial 
used, dose, route, duration, and frequency of administra
tion), recording, and case management. Additionally, any 
examples of treatment protocols and treatment records on 
the farm were collected. Each farm was asked for a backup 
copy of their dairy management computer software program. 
In order to minimize ambiguity related to disease diagnosis 
and definition between farms, we concentrated only on com
mon diseases, which are easy to diagnose at the farm level 
(mastitis, metritis, pneumonia, lameness, heifer pneumonia, 
and heifer diarrhea). Farm employees were asked to describe 
what a positive diagnosis for each disease looked like to fur
ther help standardize the disease classification across farms. 

The farm was notified by the veterinarian at least 48 
hours prior to the date of the scheduled evaluation. On the 
date of the visit, all treatment practices were observed. If 
multiple sections of a farm were receiving treatment at the 
same time ( e.g., treating the fresh pen and mastitis pen at 
the same time), the intern went to the location where the 
majority of the diseases assessed in the study were likely to 
be treated. If treatment of a specific disease was not observed, 
appropriate farm staff were questioned aboutthe procedure 
when a case did occur. 

Results and Discussion 

One of the objectives of this study was to determine 
the level of involvement of the veterinarian in treatment 
practices on the dairy. As these farm visits were arranged 
through the farm's veterinarian, we assumed that a valid 
veterinarian-client-patient relationship (VCPR) was in place, 
and all farms affirmed that they had a valid VCPR. Protocols 
are an important part of veterinary guidance for drug use on 
farms; however, when we asked to review those protocols, 
most farms did not have a written protocol from the veteri
narian that was current ( <1 year-old). Protocols for treatment 
of metritis was the most common ( 49% of farms), while calf 
diarrhea and pneumonia protocols were the least common 
available on farms at 26% and 27%, respectively. 

This survey utilized local veterinarians to identify 
farms to include in the study, which may have biased the 
reality of drug use on dairy farms. As a result, veterinarians 
were involved with all of the farms at some level. Our obser
vations suggest that many of the treatment practices were 
influenced by the local veterinarian, as some treatment prac
tices that were questionable tended to be within 1 practice 
or geographic area. This suggests to us that antimicrobial 
stewardship programs on dairy farms are going to be highly 
influenced by treatment practices of the veterinarians of 
record for the farm. However, there were some treatment 
practices for which the veterinary practice was not providing 
guidance or were unaware that a certain practice was occur-
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ring on the farm. The 2 treatments for which the veterinarian 
appeared to have the least amount of input was intrauterine 
(IU) therapy for metritis and treatment of digital dermatitis 
(DD). 

Mastitis 
At the farm level, mastitis is the infectious disease that 

affects the highest percentage of dairy cows. According to the 
National Animal Health Monitoring System (NAHMS) 2007 
Dairy survey, 18.2 % of dairy cows were affected by mastitis, 
with 16.4% of the total cow population receiving antimicro
bial therapy because of this disease. Cows treated for mastitis 
were present on 85.4% of dairy operations nationwide.19 

Mastitis has previously been reported as the most common 
disease event that occurs in the lactating dairy herd for which 
antimicrobial agents are commonly used.16 In addition to 
utilizing antimicrobials for the treatment of mastitis, the 
report also found that 90.1 % of operations utilized antimi
crobials in a prophylactic manner to prevent infection during 
the dry period. The majority (72.3%) of farms reported that 
100% of lactating cows received antimicrobials at dry-off. 
Consequently, the highest total percentage of dairy cows 
treated with an antimicrobial can be attributed to mastitis or 
mastitis prevention.12

•
19

•
16 In the US, a limited number of anti

microbial classes are available for intramammary (IMM) and 
dry-cow therapy (DCT). These include B-lactams ( cloxacillin, 
cephapirin, procaine penicillin G, ceftiofur, and amoxicillin), 
courmarines (novobiocin), lincosamides (pirlimycin), and 
macrolides ( erythromycin). 

Based on data collection from farms and conversations 
with dairymen, mastitis is the most robust disease event 
we assessed. Farm protocols were evaluated to determine 
the most commonly used IMM tube as the farm's primary 
treatment. Forty-six percent of farms were able to produce 
a mastitis treatment protocol on the day of the visit. If a 
farm had treatment protocols or programs that differed by 
severity score, we assumed that the mildest treatment was 
the most commonly applied treatment. The most common 
IMM treatment administered on farm was ceftiofura (60%), 
followed by cephapirinb (25%), and pirlimycinc (5%), respec
tively (Figure 1). Findings of this study were similar to those 
reported by Oliveira and Ruegg, where 71.6% of animals were 
treated with IMM ceftiofur.11 Two farms reported using the 
non-lactating formulation of ceftiofurd for treatment of lac
tating cow mastitis. This treatment represents a prohibited, 
extra-label use of cephalosporin antimicrobials according 
to the current Animal Medicinal Drug Use Clarification Act 
(AMDUCA) guidelines.23 

Twenty-nine farms (35%) reported culturing at least 
some of their clinical cases prior to therapy. Of those 29 
farms, 38% cultured all clinical cases and 17% utilized cul
ture to dictate IMM therapy. Three farms were not treating 
culture-confirmed, gram-negative cases with IMM antibiotics. 
Culture-based treatment protocols provide dairy farms op
portunities to demonstrate judicious antimicrobial use and 
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■ Ceftiofur ■ Cephapirin ■ Pirlimycin ■ Hetacillin Ceftiofur DC ■ Culture based 

Figure 1. Primary intramammary product used for lactating mastitis 
treatment on 83 farms. Numbers next to each section of the graph 
represent the number of farms that reported usage. 

may result in decreased antimicrobial use related to mastitis 
cases.8 Previous research has demonstrated that milk produc
tion was not affected when comparing antimicrobial treat
mentvs non-antimicrobial treatment in mild clinical cases of 
mastitis in which no bacteria or coliforms were isolated.8

•
14 

The use of systemic antimicrobials for treatment of 
mastitis is shown in Figure 2. Ampicillin was the most com- ..§ 
monly used antimicrobial for systemic treatment (31 % of g 
farms). Olivera and Ruegg reported that 48% of severe clinical 
mastitis cases received systemic therapy and IMM therapy 
concurrently.11 Although we did not evaluate the total number 
of individual treatments in the present study, most farms indi-

i Ampicillin 

ii Sulfadimethoxine 

□ Tylosin 

■ Not reported/None 

■ Ceftiofur ■ Oxytetracycline 

ii Lihcomycih-Spectinomycin ■ Florfenlcol 

■ Pen G Cocktail 

Figure 2. Primary systemic antimicrobial product used for lactating 
mastitis treatment on 83 farms. Numbers next to each section of the 
graph represent the number of farms that reported usage. 
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cated that they used a systemic antimicrobial in combination 
with IMM therapy for treatment of mastitis cases considered 
to be more severe. Other notable systemic antimicrobials 
used included ceftiofur (22%), oxytetracycline (OTC) (14%), 
sulfadimethoxine (10%), lincomycin-spectinomycine (7%), 
florfenicolf ( 4%), tylosing (2%), procaine penicillin G (2%), 
and "cocktail" (1 %). Four farms (5%) reported not using 
systemic treatments for mastitis therapy or did not report 
any usage. 

The selection of antimicrobials for treatment of mastitis 
was vast, although these choices may prove to have limited 
benefit for their intended use. Dairymen polled in this survey 
felt that the use of parenteral therapy would provide stronger, 
more effective treatment against the intramammary infection. 
However, in considering the pharmacokinetics of the choices 
utilized in this survey, many of these antimicrobials have poor 
penetration into the mammary gland and would not achieve 
effective drug concentrations.25 

The use of sulfadimethoxine (n=8) was the most com
mon prohibited systemic mastitis treatment found in the 
study. According to 21 CFR 530, extra-label use of sulfon
amide antimicrobials is prohibited in lactating dairy cattle.22 

Sulfonamides were also reported by Oliveira and Ruegg to 
be the most common prohibited systemic treatment for 
mastitis. 11 Six farms in the current study reported utiliz
ing lincomycin-spectinomycin, and 1 farm reported using 
a "cocktail" of antimicrobials for systemic mastitis therapy. 
Lincomycin-spectinomycin is not approved for use in lac
tating dairy cattle. The powder form was commonly found 
on-farm, and was reconstituted by farm staff. Because of the 
substantial variability _in mixing practices as well as the fact 
that a well-established withdrawal time does not exist, nor 
is there an established allowable residue limit, lincomycin
spectinomycin should be considered an extremely high-risk 
antimicrobial (in relation to a violative residue) when used 
on-farm. On the date of the visit, the contents of the cocktail 
were unclear. In the case of the farm utilizing the aforemen
tioned "cocktail," the veterinarian of record had not been 
consulted regarding appropriate antimicrobial compound
ing, withdrawal times, or approved therapies prior to its 
administration. Fifty-one farms ( 61 % of the 83 that reported 
mastitis therapy usage) reported using flunixin meglumine 
for treatment of mastitis, and 23 farms (28%) reported using 
a steroid, either dexamethasone or isoflupredone acetate. 

All farms were asked to describe their dry-cow therapy 
program. Ceftiofur hydrochloridect and cephapirin benza
thineh were the most common dry-cow IMM therapies utilized 
( 41 % each; Figure 3). Of the 79 farms that described their 
dry-cow program, 37 (47%) reported using an internal teat 
sealant in addition to IMM dry-cow treatment. 

Metritis 
The use of antimicrobials for the treatment of metritis 

is commonplace on most dairy farms in the US. In the USDA 
survey, reproductive diseases affected 12.5% of lactating 
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■ Ceftiofur DC Cephapirln DC 

■ Penicillin/Novobiocin ■ Peniclllin/Dihydrostreptomycin 

■ Cloxacillin 

Figure 3. Primary intramammary dry-cow therapy used on 79 farms. 
Numbers next to each section of the graph represent the number of 
farms that reported usage. 

cows, with antimicrobial use to treat reproductive disorders 
in the study representing 7.4% of all cows. Classes of antimi
crobials utilized for the treatment of non-mastitis diseases 
reported in the NAHMS survey were aminocyclitols, amino
glycosides, ~-lactams, florfenicol, macrolides, sulfonamides, 
and tetracyclines.19 

In the current study, antimicrobials were either ad
ministered systemically, intrauterine, or via both routes. 
Forty-nine percent (20/41) of farms had metritis treatment 
protocols available on the day of the visit, and of all the 
conditions assessed in this study, metritis was the condition 
most likely to have a written protocol on-farm. Farms were 
asked to tell us what their primary systemic antimicrobial 
(first-line therapy) was (Figure 4), as well as the secondary 
antimicrobial used to treat metritis (Figure 5). The use of a 
secondary antimicrobial could be based on severity of the 
infection or on a perceived lack of response to the primary 
treatment. A ceftiofur-based product was the most commonly 
used antimicrobial for the treatment of metritis (88%). The 
use of ceftiofur sodiumi,i for treatment of metritis is extra
label, and is considered a prohibited use23 as 2 other ceftiofur 
products with label claims for the treatment of metritis cur
rently exist. Two farms reported using an ampicillin product 
compounded from a different formulation of ampicillin not 
approved for use in cattle. It was not, however, compounded 
from bulk product. Additionally, 1 farm reported using sul
fadimethoxine for the treatment of metritis. The use of this 
product is prohibited for treatment of metritis under the 
AMDUCA guidelines.22 

When asked about IU therapy for metritis, 58% of farms 
reported that they treated at least some cases of metritis 
with various products administered by this route. In total, 
14 respondents reported different compounds were utilized 
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37 

■ Ceftiofur (Excede) ■ Ceftiofur (Excenel) ■ Ampicillin ■ PenG 

■ Ceftiofur (Naxcel) Ceftiofur (Ceftiflex) ■ Oxytetracycline 

Figure 4. Primary systemic antimicrobial used for treatment of metritis 
on 83 farms. Numbers next to each section of the graph represent the 
number of farms that reported usage. 

9 

■ Ampicillin (Polyflex) 

■ Pen G 

■ Oxytetracycline 

25 

Ceftiofur (Excede) ■ Ceftiofur (Excenel) 

Ampicillin (not Polyflex) ■ Ceftiofur (Naxcel) 

■ Sulfadimethoxine 

Figure 5. Secondary systemic antimicrobial used for treatment of 
metritis on 83 farms. Numbers next to each section of the graph 
represent the number of farms that reported usage. 

for IU treatment of metritis. Therapeutic products utilized 
ranged from commonplace (OTC; 66%) to rare (Q-cleanse; 
n=l), and many products were used without veterinary 
oversight. Farms using OTC were using either the water 
soluble hydrochloride formulation, or the 100 or 200 mg 
injectable formulations. Determining the exact dosage was 
often difficult because the unit of measure was sometimes 
an obscure term, such as "1/3 of a capful". However, the dose 
was determined to range from 2 grams to 15 grams. In the 
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latter, instructions were to place 150 mL of oxytetracycline 
(100 mg/mL) in 1 liter of water, with the entire volume to 
be infused. Figure 6 shows the number of farms using each 
of 6 different products for IU therapy. Additionally, 8 other 
products were reportedly utilized to treat metritis using the 
IU route of administration. 

Intrauterine therapy for metritis has been a subject of 
several clinical research studies in recent years.3

•
7

•
10 Results 

from those studies yielded mixed results, dependent on the 
specific outcome that was assessed in regards to the effective
ness of a given treatment. Although many studies have evalu
ated the use of various antimicrobials for treating metritis, 
with the exception of OTC few have assessed the necessary 
withdrawal time following IU administration.2·s·6 It is the ex
perience of 1 of the authors (PJG) that many producers use 
OTC for IU therapy because of the perception that it does not 
get into milk when using this route of administration. Work by 
our research group demonstrated that OTC is absorbed from 
the lumen of the uterus, and is present in the plasma and milk 
within a matter of minutes. Additionally, cows treated with a 
high initial metritis severity score had a higher maximum con
centration and area under the concentration curve compared 
to cows with lower severity scores.6 This is an area of oppor
tunity for veterinarians to work with producers to educate 
them about the risks and/ or benefits associated with using 
IU therapy when treating metritis, especially in light of new 
milk testing protocols for the tetracycline family of drugs that ,-8 
have been adopted within the Pasteurized Milk Ordinance.24 g 

~ n 
Pneumonia in Lactating Cattle ~ 

cr.i 

According to the NAHMS Dairy 2 00 7 report, respiratory r.r.i 

disease was the most common infection in dairy cattle requir- ~ 

7 

■ Oxytetracycline Iodine ■ Hydrogen peroxide 

Chlorhexidine ■ Pen G ■ Ceftiofur (Naxcel) 

Figure 6. Products used for intrauterine metritis therapy for 38 of the 48 
farms that reported using intrauterine therapy. Numbers next to each 
section of the graph represent the number of farms that reported usage. 
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ing antimicrobial therapy (96.4%); however, only 2.9% of all 
dairy cows were identified as having respiratory disease.18 

In the current survey, 11 different products were used 
for primary treatment of pneumonia in adult cattle. Of these, 
62 farms (74%) utilized 1 of the ceftiofur products as their 
primary choice (Figure 7). Similarly, Pol and Ruegg also found 
that the ceftiofur class of antibiotics was most commonly 
used for treatment of respiratory disease in adult cows.12 

Figure 8 shows the farms' secondary choices for treatment 
of adult-cow pneumonia, with ampicillin being the most 
common choice ( 41 %). Treatment protocols were less com
mon for pneumonia (39% of farms) than for mastitis and 
metritis therapies. 

Florfenicol was listed by 1 farm as their primary or first
line therapy for treatment of pneumonia, and 4 farms listed 
it as their secondary choice. Florfenicol is only approved for 
use in dairy cattle under 20 months of age. Florfenicol has 
no established tolerance level in milk or edible tissues from 
cull dairy cattle, and therefore no withdrawal times have 
been established for florfenicol following use in lactating 
dairy cattle. In addition, 2 farms reported that tulathromycin 
was the secondary choice when treating pneumonia in adult 
cattle. According to their treatment protocols, tulathromycin 
was to be used only in dry cows with pneumonia. One of these 
farms indicated they only used tulathromycin for severe 
cases of adult-cow pneumonia. When tulathromycin was 
used on this farm, milk from treated cows was never placed 
in the saleable milk supply, and the cow was culled from the 
herd when the labeled slaughter withdrawal had expired. 
Treatment protocols for the second farm did not indicate any 
withholding time for milk following tulathromycin therapy 
or stipulate testing for milk residues once the cow calved. 

Ceftiofur (Excede) ■ Ceftiofur (Excenel) 

■ Uncomycin-Spectinomycin ■ Ampicillin 

Ceftiofur (Ceftiflex) 

■ PenG 

■ No treatment 

■ Oxytetracydine 

■ Tylosin 

34 

■ Ceftiofur (Naxcel) 

■ Sulfadimethoxine 

■ Aorfenicol 

Let vet decide 

Figure 7. Primary antimicrobial used for treatment of pneumonia in 
adult cattle on 84 farms. Numbers next to each section of the graph 
represent the number of farms that reported usage. 
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Like florfenicol, tulathromycin has no established tolerance 
level in milk or edible tissues from dairy cattle, and therefore 
no withdrawal time has been established for dai ry cattle. 
Administering florfenicol or tulathromycin to lactating dairy 
cattle should be accompanied by an extended withdrawal 
period for meat and milk, where applicable, as there is zero 
tolerance for these products in tissue and milk. 

Lameness 
Lameness affected 10.0% oflactatingcows in the USDA 

survey. Antimicrobial use to treat lameness in the study 
represented 7.1 % of all cows.19 Figures 9 and 10 show the 
primary and secondary antimicrobials used for the treatment 
of infectious lameness other than digital dermatitis (DD) in 
the current study. Ceftiofur containing products were by far 
the most commonly used products on participating dairy 
farms (90%). As mentioned previously, using ceftiofur at an 
extra-label dose, route, duration, and/or frequency is not al
lowed under FDA regulations. One farm reported interdigital 
administration of ceftiofur in severe cases of foot rot, which 
represents a prohibited, extra-label use of the product.23 

It is important to note that the selection of ant imi
crobials used to treat lameness was done with little owner 
involvement. Over 30 farms did not provide answers related 
to antibiotic use to treat lameness, instead indicating that 
these decisions were made by a hoof trimmer or veterinarian. 
Although many farms did not provide answers about how 
they treated lameness, 34% were able to retrieve a lame-cow 
treatment protocol, which was comparable to the number of 
farms that had pneumonia and mastitis treatment protocols 
available on the farm. 

Topical treatment of DD was the most common method 
utilized by the dairymen to treat this disease (98%; Figure 

■ Ampicillin 

■ Florfenicol 

6 

2 1 

10 

• Ceftiofur 

■ Tulathromycin 

21 

■ Oxyt:etracydine ■ Sulfadimethoxine 

■ Pen G 

Figure 8. Secondary antimicrobial used fo r t reatment of pneumonia in 
adult cattle on 51 farms that report ed a secondary choice. Numbers 
next to each section of the graph represent the number of farms that 
reported usage. 
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10 

■ Cefltofur (Excede) ■ Ceftlofur (Excenel) ■ Ceftlofur (Naxcel) ■ Oxytetracycllne 

■ Amplclllln ■ Sulfadlmethoxlne Ceftiofur (Ceftlflex) 

Figure 9. Primary antimicrobial choice for treatment of infectious 
lameness other than digital dermatitis on 51 farms that reported usage. 
Numbers next to each section of the graph represent the number of 
farms that reported usage. 
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■ Amplclllln ■ Oxytetracycllne ■ Tylosln 

■ Ceftlofur (Excenel) ■ Florfenlcol ■ Pen G 

□ Ceftlofur (Excede) 

■ Sulfadlmethoxlne 

Figure 10. Secondary antimicrobial choice for treatment of infectious 
lameness other than digital dermatitis for 15 farms that reported usage. 
Numbers next to each section of the graph represent the number of 
farms that reported usage. 

11). Oxytetracycline ( either water-soluble powders or inject
able formulations) was the most commonly used therapy to 
treat DD topically, followed by various mixtures of copper 
sulfate or lincomycin powder. One farm treated DD with 
parenteral ampicillin, and another used parenteral sulfadi
methoxine for the treatment of DD, a prohibited, extra-label 
use of the product.22 

Calf Pneumonia 
Figures 12 and 13 show the primary and secondary 

antimicrobials used to treat respiratory disease in calves. 

196 

9 

■ Oxytetracycline ■ Copper ■ Lincomycin ■ Amplcillln ■ Sulfadimethoxine 

Figure 11. Products utilized for treatment of digital dermatitis for 66 
farms that reported usage. Numbers next to each section of the graph 
represent the number of farms that reported usage. 

Tulathromycink (34%) and enrofloxacin1·m (29%) were the 
most common primary antimicrobials used to treat respi
ratory disease in replacement heifers. Florfenicol (21 %) 
and enrofloxacin (17%) were the most common secondary 
antimicrobials used to treat respiratory cases, i.e., those that 0 
relapsed. All of the primary antimicrobial treatments shown ~ 
in Figure 12 represent approved uses (if the drug was admin- ; 
istered according to label directions). Results of this survey g 
are in contrast to reports by Sawant et al and Zwald et al ~ 

r.r, 

who reported that 48% of respondents utilized ceftiofur for 
treatment of calf pneumonia, 17 and 80% of conventional dairy 
farms had ceftiofur available to treat the disease.26 In the cur
rent study, only 8% and 5% of dairy farms utilized ceftiofur 
for their primary and secondary calf pneumonia treatments, 
respectively. There was higher compliance with label instruc
tions when treating calf pneumonia on surveyed dairies than 
when treating other diseases with antimicrobials. The high 
level of compliance when treating calf respiratory disease 
may be due in-part to the high number of antimicrobials la
beled for treating non-lactating dairy animals for pneumonia. 
Although there was high compliance with label instructions, 
only 21 % of farms (9 / 4 2) had written treatment protocols 
in place. In addition to the absence of treatment protocols, 
record keeping for calf diseases was difficult to assess for 
herds that were visited. In many cases, records of calf treat
ments appeared to be highly dependent on the individual 
administering the treatments. While the majority of farms 
had a record book in the calf treatment area to record treat
ments, the records did not appear to be current at the time 
of the farm visit. Regardless of whether or not an animal is 
lactating, record keeping requirements for antimicrobial 
treatments are the same as those for lactating cows.24 

In addition to legal requirements, there are other practi
cal reasons for keeping good treatment records. Rossini noted 

THE BOVINE PRACTITIONER-VOL. 51, NO. 2 



■ Tulathromycin 

■ Ceftiofur 

■ Tildipirosin 

■ Tylosin 

19 

■ Enrofloxacin ■ Florfenicol 

□ Florfenicol w flunixin ■ Tilmicosin 

■ Gamithromycin ■ Ampicillin 

Figure 12. Primary antimicrobial for treatment of respiratory disease 
in replacement heifers for 66 farms that reported usage. Numbers 
next to each section of the graph represent the number of farms that 
reported usage. 
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■ Florfenicol 

■ Tilmicosin 
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■ Tildipirosin 

10 

10 

■ Enrofloxacin ■ Tulathromycin 
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■ Ampicillin SMZ-TMP 

■ Gamithromycin 

Figure 13. Secondary antimicrobial for treatment of respiratory disease 
in replacement heifers for 57 farms that reported usage. Numbers 
next to each section of the graph represent the number of farms that 
reported usage. 

that calves with respiratory disease were older at first calving 
and were more likely to leave the herd than their adult herd
mates.15 By recording calf disease events and treatments to 
meet regulatory requirements, records are available to make 
management decisions impacting their operation. 
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Calf Diarrhea 
Fifty-four farms provided information about antimicro

bial use relating to treatment of diarrhea in heifers. Figures 
14 and 15 show the primary and secondary antimicrobial 
selections for the treatment of diarrhea in calves. As shown 
in the graphs, a variety of different antimicrobials (n=11) 
were utilized for the treatment of diarrhea in calves, with 
enrofloxacin being the most commonly used. Forty percent 
of farms reported enrofloxacin was their primary treatment 
for calf diarrhea. Enrofloxacin was also the most common 

■ Enrofloxacin 

SMZ-TMP 

1 
1 

7 

■ PenG 

■ Ampicillin 

■ Lincomycin-Spectinomycin Amoxicillin 

8 

■ Florfenicol ■ Florfenicol w flunixin 

22 

■ Ceftiofur 

■ Tulathromycin 

Neomycin 

Figure 14. Primary antimicrobial for treatment of diarrhea in calves 
for 54 farms that reported usage. Numbers next to each section of the 
graph represent the number of farms that reported usage. 
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1 
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■ Enrofloxacin ~MZ-TMP ■ Ceftiofur ■ Gentamicin Neomycin 

■ Florfenicol ■ Pen G ■ Ampicillin OTC 

Figure 15. Secondary antimicrobial for treat ment of diarrhea in calves 
for 17 farms that reported usage. Numbers next t o each section of the 
graph represent the number of farms t hat reported usage. 
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secondary or follow-up antimicrobial treatment for calf diar
rhea. Of the 6 farms using enrofloxacin as a secondary treat
ment option, none were using enrofloxacin as their primary 
treatment for calf diarrhea. Interestingly, procaine penicillin 
G was the second most commonly used primary diarrhea 
therapy. Of the 11 antimicrobials used for the treatment of 
calf diarrhea on the study farms, only OTC and neomycin are 
labelled for treatment of E. coli diarrhea in calves. Twenty-six 
percent of farms in this study had written protocols for the 
treatment of calf diarrhea. 

The use of enrofloxacin for the treatment of calfhood 
diarrhea represents a prohibited, extra-label use of a fluoro
quinolone.4 In several instances, producers acknowledged 
that the use of enrofloxacin was prohibited for this use, but 
still chose to use it as first-line therapy for calf diarrhea. 
Sawant et al reported that 36% of the calf population in 
Pennsylvania received antimicrobials for the treatment of 
enteritis. In that study, spectinomycin was the most com
mon antimicrobial used extra-label (30% of farms) to treat 
calf enteritis.17 Findings from the current study indicate that 
spectinomycin is no longer the most common antimicrobial 
used extra-label to treat calf diarrhea, likely because spec
tinomycin is not as readily available in more recent years. As 
a proportion of the total farms reporting usage, more farms 
are utilizing enrofloxacin in an extra-label manner today than 
were utilizing spectinomycin in an extra-label manner in the 
2007 study.17 The findings of this study and conversations 
with farm personnel suggest a wide-spread perception that 
enrofloxacin is extremely effective for treatment of neonatal 
calf diarrhea, and is therefore acceptable to use even though it 
is a prohibited, extra-label use. The AVMA has issued judicious 
antimicrobial use guidelines that encourages dairy practitio
ners to educate producers through protocol development and 
direct teaching about why fluoroquinolone use or any other 
illegal, extra-label therapy is not acceptable.1 

Conclusions 

As new processor testing requirements and stew
ardship programs are put into place, veterinarians will be 
asked to write and update treatment protocols on farms, 
help implement disease and treatment recording systems 
for herds, and provide guidance to farm employees about 
judicious antimicrobial use. With fewer than 50% of farms 
being able to retrieve veterinary treatment protocols for the 
investigators, and with 100% of the farms utilizing at least 
1 antimicrobial in an extra-label fashion, the dairy industry 
has significant opportunities for improving antimicrobial use. 

It is highly unlikely that there will be a large number 
of new antimicrobials introduced for use in food-producing 
animals, and just as unlikely that there will be an increase 
in the number of labeled indications for currently available 
antimicrobials. Therefore, the veterinary community must 
be diligent to ensure antimicrobial use policies stipulated by 
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regulatory agencies are followed. If this does not occur, there 
will be increased calls outside the veterinary community 
for the exclusion of all extra-label therapy in food producing 
animals. If this occurs, tremendous welfare issues within the 
dairy industry could result due to the lack of effective labeled 
products for the wide array of infectious processes that dairy 
veterinarians face on a daily basis. The herd veterinarian 
offers a tremendous resource and knowledge base for dairy 
herds regarding disease identification, judicious antimicro
bial use, and record keeping on-farm. 

Veterinarians utilizing sound pharmacological data 
and having a solid understanding of legal requirements as
sociated with antimicrobial use can be leveraged by farms 
as a resource to implement on-farm systems that enhance 
consumer confidence, assure a food supply that is free of 
violative residues, provide risk management to the producer, 
and most importantly, improve the health of the cow. 

Endnotes 

aspectramast LC®, ceftiofur hydrochloride, Zoetis, Florham 
Park, NJ 
hToday®, cephapirin sodium, Boehringer Ingelheim Vet
medica, Inc., St. Joseph, MO 
cPirsue®, pirlimycin hydrochloride, Zoetis, Florham Park, NJ 
ctspectramast DC®, ceftiofur hydrochloride, Zoetis, Florham 
Park,NJ 
eL-S 50 Water Soluble® powder, linocmycin-spectinomycin, 
Zoetis, Florham Park, NJ 
rNuflor®, florfenicol, Merck Animal Health U.S. Headquarters, 
Madison, NJ 
gTylan® 200, tylosin, Elanco Animal Health, Greenfield, IN 
hTomorrow®, cephapirin benzathine, Boehringer Ingelheim 
Vetmedica, Inc., St. Joseph, MO 
iNaxcel®, ceftiofur sodium, Zoetis, Florham Park, NJ 
iCeftiflex®, ceftiofur sodium, VetOne, Boise, ID 
kDraxxin®, tulathromycin, Zoetis, Inc., Parsippany, NJ 
1Baytril®100, enrofloxacin, Bayer Animal Health, Shawnee 
Mission, KS 
mEnroflox® 100, enrofloxacin, Norbrook® Inc., Overland Park, 
KS 
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