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Calfhood diseases have major negative economic 
consequences on beef and dairy operations ow-

ing to costs associated with treatment, long-term ef-
fects on growth and performance, and death of af-
fected calves.1–3 The number of drugs approved for 
the treatment of diseased calves by the FDA is limited; 
however, veterinarians have the authority to admin-
ister drugs in an extralabel manner to that class of 
animals under provisions established by AMDUCA.4 
Nevertheless, drug labels that state, “a withdrawal 
period has not been established for this product in 
preruminating calves” can cause confusion about 
whether those drugs can or cannot be administered 
to young calves. Pharmacokinetic and residue deple-
tion studies for very few drugs have been performed 
in young calves, and extrapolation of drug WDTs es-
tablished for adult cattle to calves might not be appro-
priate or adequate to avoid violative tissue residues, 
which makes ELDU in calves problematic and poten-
tially difficult to justify. The purpose of this digest is 
to provide veterinarians with a summary of the con-
siderations for ELDU in both beef and dairy calves as 
well as calves intended for veal production.

Classification of Calves
From a regulatory standpoint, an important issue in 

regard to appropriate and legal drug use is interpretation 
of the terms preruminant and ruminant cattle. This is-
sue is muddied by the fact that FDA definitions for target 
animal (or production) classes occasionally overlap or are 
inconsistent. For example, the FDA defines preruminant 
as “immature cattle (including dairy breeds) lacking a 
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functional rumen and intended for meat production,”5 
which is the same definition used for veal calves.6 Physi-
ologically, all calves, regardless of their breed or intended 
use, begin life as preruminants. However, the FDA dis-
tinguishes veal calves from other classes (suckling and 
dairy) of calves because of their handling, housing, and 
proximity to slaughter.6 Dairy calves are defined as im-
mature cattle of dairy breeds from birth until weaning 
that are fed a ration, which includes milk or liquid milk 
replacer.6 Suckling calves are defined as immature cattle 
(generally of beef breeds) from birth until weaning that 
are maintained with and dependent on their dams for 
nourishment.6 The diet, management, and husbandry of 
calves within each of those classes differ and affect the 
development and maturation of hepatic and renal func-
tions. Unfortunately, little research has been done to 
compare differences in the pharmacokinetic profiles of 
drugs following administration to calves of various ages 
among those 3 classifications.

Because of the confusion associated with inter-
pretation of the term preruminant, in this digest, the 
term calves will be used to refer to preruminant cat-
tle in general discussions, and dairy heifer, beef steer, 
and veal calves will be used as appropriate for spe-
cific discussions. For the purpose of this digest, dairy 
heifers are defined as female dairy calves that are in-
tended to be raised for milk production. Beef steers 
are male calves of both dairy and beef breeds that 
are intended for meat production and are slaughtered 
when they are > 9 months old. Veal calves are calves 
that are intended for veal production and are slaugh-
tered at various ages up to 18 weeks (4.5 months) old.

Effect of Maturation  
on Drug Metabolism

Rumen development is a dynamic process that 
occurs over a period of time; therefore, determin-
ing the exact moment that a young calf transitions 
from a preruminant to ruminant animal is difficult. 
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The rates of rumen development and maturation vary 
among calves and are dependent on nutrition and 
diet.7 At birth, the rumen is small, and the develop-
ment and maturation of rumen function are delayed 
in calves fed milk diets exclusively relative to calves 
that are not fed milk diets exclusively. When calves 
are fed starter, or grain, the microbial population in 
the rumen begins to ferment carbohydrates into vola-
tile fatty acids (butyric, propionic, and acetic acids). 
The production of butyric acid, and to a lesser extent 
propionic acid, is primarily responsible for rumen 
maturation and the development of functional rumen 
papillae.8 In cattle, rumen function has a substantial 
effect on the pharmacokinetics of drugs, and changes 
in the rumen pH, extracellular fluid composition, and 
motility and transit time of the gastrointestinal tract 
as calves mature affect the solubility and absorption 
of orally administered drugs. Also, rumen microflora 
can inactivate orally administered drugs, thereby de-
creasing drug bioavailability and absorption.9

Although rumen development affects drug absorp-
tion, it is maturation of the elimination pathways of the 
liver and kidneys, the primary organs responsible for 
drug clearance, that greatly affects drug metabolism 
and excretion, which in turn affect tissue drug resi-
dues. In fact, there is considerable ongoing research in 
both human and veterinary medicine on the effects of 
organ development on drug metabolism and elimina-
tion. Results of multiple pharmacokinetic studies10–16 
indicate that the plasma elimination half-life, clearance 
rate, and volume of distribution for many drugs vary 
substantially between calves and adult cattle. Veteri-
narians should also be cognizant that plasma pharma-
cokinetic parameters do not necessarily accurately re-
flect drug dynamics in organs and tissues.17

Research regarding the ontogeny of transport 
systems involved in the uptake or biliary and renal 
excretion of drugs in cattle is limited. Hepatic me-
tabolism, which usually involves a 2-step elimination 
process (phases I and II), is the main mechanism of 
drug elimination.18,19 Phase I metabolism typically 
involves reactions mediated by cytochrome P450 en-
zymes, which increase the hydrophilicity of many 
compounds. In calves, cytochrome P450 enzyme ac-
tivity increases 2-fold during the first week after birth 
and remains constant thereafter.20 Mixed-function 
oxidase activity also develops over time, with some 
enzyme activities in 1-day-old calves only 17% to 50% 
of those in 42-day-old calves.20 Phase II reactions con-
tribute primarily to the systemic clearance of drugs 
by a series of conjugation pathways and other en-
zymes. Xenobiotic-metabolizing enzymes are gener-
ally deficient in food-producing animals at birth and 
gradually increase during the first few months after 
birth.21 Protein and enzyme expression for many cy-
tochrome P450 enzymes are generally low at birth, 
and the birth process initiates their postnatal devel-
opment.22 That mechanism likely contributes to the 
decrease in the elimination half-life and increase in 
the clearance rate observed for many drugs as calves 

mature.
The maturation of renal pathways is dependent 

on renal blood flow and glomerular filtration rate. At 
birth, there is a large decrease in renal vascular resis-
tance and increase in cardiac output and renal blood 
flow, which contribute to the growth and maturation 
of renal tubules and tubular processes.23 For drugs 
that are dependent primarily on renal excretion, im-
mature renal clearance mechanisms can result in a 
prolonged elimination half-life, but the pharmacoki-
netic parameters for those drugs are quite variable 
and complex owing to factors other than renal clear-
ance such as protein binding and affinity.24

Differences in pharmacokinetic parameters be-
tween calves and adult cattle can also be attributed 
to alterations in total body water content and rapid 
changes in plasma protein concentrations that oc-
cur as ruminants mature.25,26 The volume of distri-
bution for a drug represents the proportion of drug 
measured in a specific biologic fluid relative to the 
total amount of drug in the body.27 Thus, as the vol-
ume of distribution for a drug increases so does the 
likelihood that the drug will be detectable in body 
tissues, whereas as the volume of distribution for a 
drug decreases, it becomes more likely that the drug 
is confined to the central compartment (circulatory 
system).17 Compared with adult cattle, calves gener-
ally have greater total body water and extracellular 
fluid contents and lower adipose tissue and muscle 
mass. Changes in total body water and fat content as 
calves mature likely play a role in the age-dependent 
differences in distribution observed for many drugs.24 
For many drugs, the tissue elimination half-life is sub-
stantially longer for young calves than for adult cattle. 
Given that many drugs commonly administered to 
calves are approved for use in adult cattle, the WDTs 
for those drugs, which are based on several factors 
such as the established tolerance and drug pharma-
cokinetics in target tissues of healthy adult cattle, 
may not be adequate to avoid violative tissue residues 
when those drugs are administered to young calves.

Legal Considerations  
for the Treatment of Calves

In the United States, AMDUCA allows licensed 
veterinarians acting within a valid veterinarian-cli-
ent-patient relationship to use and prescribe FDA- 
approved animal drugs in a manner that deviates from 
the approved label or FDA-approved human drugs for 
the treatment of disease in animals of various species, 
including food-producing species such as calves,28 as 
long as that use is in accordance with the FDA regula-
tions established in the US Code of Federal Regula-
tions Title 21 part 530.4 Those regulations limit ELDU 
for the treatment of an animal when the health of that 
animal is threatened or suffering or death may result 
from failure to administer a drug in an extralabel 
manner. Veterinarians who use or prescribe drugs 
in an extralabel manner in food-producing animals 
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are required to set an extended withdrawal period 
for the marketing of meat or milk from those animals 
on the basis of scientific information and take other 
steps to prevent violative drug residues.

Veterinarians should be aware that the detection of 
tissue residues of any drug that does not have an estab-
lished tolerance for that tissue is considered a violation, 
regardless of the age of the animal. The tolerance is es-
tablished by the FDA and is defined as the maximum 
concentration of a veterinary drug residue (the residue 
may be the parent drug, metabolite, or some other 
marker residue that has been accepted for monitoring 
purposes) that is legally permitted or recognized as safe 
in specific edible tissues of treated animals.29 Also, sen-
sitive multidrug residue analytic methods continue to 
be developed that can detect drug residues at low con-
centrations that were previously undetectable, and the 
FSIS is implementing those methods in its routine sur-
veillance protocols.30 Thus, given that few drugs are ap-
proved for use and have established tolerances in calves, 
extralabel administration of most drugs to calves will 
require adherence to extended WDIs to minimize the 
risk of violative tissue residues.

Before proceeding, readers are reminded that 
there is an important distinction between WDT and 
WDI. The WDT is defined as the time required after 
administration of a drug in accordance with the label 
for tissue concentrations of the drug or its metabo-
lites to decrease below established tolerances, where-
as the WDI is a scientifically derived recommended 
withholding period for meat or milk products from 
animals following administration of a drug in an ex-
tralabel manner.31

FDA-Approved Drugs for Calves
In general, administration of a drug approved 

by the FDA for use in calves in accordance with the 
labeled dosage and adherence to the labeled WDT 
should be sufficient to avoid the detection of viola-
tive tissue residues. However, in the United States 
as of January 2016, only 18 drugs were approved by 
the FDA for use in all classes of calves, and many of 
those drugs no longer appear in the Compendium of 
Veterinary Products32 and may not be commercially 
available.

For many FDA-approved veterinary drugs, it can 
be difficult to discern from the label whether a spe-
cific drug is approved for use in young calves owing 
to variability in the type of data provided to the FDA 
by the drug sponsor. Because veal calves are slaugh-
tered at a much younger age and differ physiologi-
cally from other classes of calves and there is limited 
tissue depletion information for that class of calves, 
drugs with labels that contain the statement “not for 
use in calves to be processed for veal” should not be 
administered to veal calves, and if they are admin-
istered, greatly extended WDIs are warranted. That 
statement indicates that the product has not been 
evaluated in calves intended for veal production and 
there is limited tissue depletion data, so withdrawal 

recommendations may not be possible. According to 
FARAD’s interpretation, when a drug label states, “a 
withdrawal period has not been established for this 
product in preruminating calves,” it indicates that 
the drug can be legally administered to dairy heifer, 
beef steer, and veal calves provided all stipulations of 
AMDUCA are met, there is sufficient scientific data 
available to determine an appropriate WDI, and the 
drug in question is not prohibited from use in food-
producing animals by the FDA.

For drugs approved for use in food-producing an-
imals, residue tolerances are established for only the 
species and animal production classes for which that 
drug is approved. When a drug is administered to an 
unapproved species or production class (ie, ELDU), 
detection of any tissue residue of that drug is consid-
ered a violation. Target tissue data specific for calves 
are generally lacking for most drugs approved for use 
in adult cattle; therefore, residue depletion studies 
are warranted to characterize and extrapolate adult 
cattle data to young calves for calculation of appropri-
ate WDIs. Drug label information and established tol-
erance concentrations for residues in meat and milk 
intended for human consumption are available on the 
FDA Animal Drugs33 and FARAD VetGram34 websites.

Medicated Feeds and Feed Additives
According to title 21, part 558 of the US Code of 

Federal Regulations,35 a medicated feed is defined as 
any manufactured or mixed feed that contains drug 
ingredients intended to promote growth or feed effi-
ciency or to cure, mitigate, prevent, or treat diseases 
of nonhuman animals. Several medicated feed addi-
tives are approved for use in various classes of calves, 
and complete information regarding those additives 
is available on the FARAD VetGram website.34 In the 
United States, medicated feeds or feed additives can-
not be administered in an extralabel manner to major 
species such as cattle, but can be administered in an 
extralabel manner for treatment purposes to minor 
species, such as goats and sheep. In other words, in 
major species (cattle, pigs, horses, dogs, cats, turkeys, 
and chickens), medicated feeds or feed additives can-
not be used or prescribed for an unapproved species 
or production class or at a higher or lower dose than 
that provided on the FDA-approved label.

Medicated milk replacers
In the United States, the FDA considers milk and 

milk replacer fed to calves as feeds; therefore, they 
are subject to the same rules and regulations as other 
feeds. A large proportion of the antimicrobials ad-
ministered to dairy calves are fed via milk replacer.35 
Neomycin and oxytetracycline are approved for use 
in milk replacers for the prevention or treatment of 
bacterial enteritis (scours). Historically, those medi-
cations could be continuously fed throughout the 
preweaning period. Results of a 2014 national sur-
vey35 indicate that approximately 60% of US dairy op-
erations feed medicated milk replacers to preweaned 
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calves, and most of those milk replacers contain a 
combination of oxytetracycline and neomycin. How-
ever, there is little data available to indicate that ad-
ministration of antimicrobials to calves via milk or 
milk replacer is effective for the prevention of scours, 
and that practice should be discouraged.36

In 2010, the FDA mandated that milk replacers 
could no longer contain neomycin and oxytetracy-
cline in a ratio of 2:1.37 Instead, milk replacers can 
contain neomycin and oxytetracycline in a ratio of 
1:1 and can be fed at either a low (0.11 to 0.22 mg/
kg [0.05 to 0.10 mg/lb]) or high (22 mg/kg [10 mg/
kg]) dose for only 7 to 14 days.37 Thus, calves can 
no longer be fed milk or milk replacers containing 
antimicrobials continuously from birth to weaning. 
This was an effort to transition the use of oral anti-
microbials in calves from prophylactic to therapeutic 
purposes. Nevertheless, 296 residue violations were 
detected in veal calves in 2014, of which 152 (51%) 
were caused by neomycin and oxytetracycline.38

Waste milk and colostrum
On US dairy operations, it is common practice to feed 

calves unsaleable or waste milk from cows that may po-
tentially contain drug residues.35 That practice has been 
associated with violative tissue drug residues in calves,39 
and FARAD has estimated slaughter WDIs for veal calves 
fed colostrum from cows treated with antimicrobials dur-
ing the dry period (ie, the approx 45- to 60-day period pri-
or to calving during which a dairy cow is not milked).40 
Results of other studies41,42 likewise indicate that feeding 
calves milk replacer containing penicillin G or amoxicil-
lin can result in violative tissue residues of those drugs. 
In 1988, calves fed milk or colostrum from medicated 
cows accounted for 39 of the 460 (8.5%) residue viola-
tions identified by the FDA.43 In contrast, residues of cep-
hapirin benzathine were not identified in the tissues of 
24- or 48-hour-old calves that were fed first-milking co-
lostrum from cows that were administered that drug by 
an intramammary route in accordance with the product 
label at dry off (ie, the first day of the dry period).44 Al-
though the results of that study44 cannot be used to indi-
cate that feeding calves colostrum from medicated cows 
will never cause violative tissue residues, it appears the 
risk is fairly low, especially when cows are treated with 
drugs in accordance with the FDA-approved label. Data 
regarding violative tissue residues in calves fed milk or 
colostrum from cows treated with drugs in an extralabel 
manner are lacking.

The adulteration of a medicated feed consisting of 
cows’ milk mixed with a drug that has not been directed 
by an approved label to be fed to veal calves would be 
considered extralabel use of a medicated feed and con-
sidered unsafe by the FDA.45 Previous regulatory action 
has been documented when drugs have been adminis-
tered in contaminated milk to veal calves.46 Producers 
and veterinarians are liable for the presence of any viola-
tive residues in animals that enter the human food chain; 
therefore, calves fed milk that potentially contains a drug 
residue should not be used for veal production.

VFD
The FDA recently enacted (January 2017) the 

VFD,47 which outlines the regulations for the admin-
istration of drugs in animal feeds. The VFD limits the 
use of medically important antimicrobials (ie, anti-
microbials considered necessary for ensuring human 
and animal health) in animal feeds for therapeutic 
purposes only; those antimicrobials cannot be ad-
ministered to facilitate growth or feed efficiency.47 It 
also requires veterinary oversight (ie, prescription) 
for all antimicrobials administered in animal feeds 
and prohibits ELDU of any antimicrobial or other 
drug in feed intended for food-producing animals.47 
The VFD regulations apply to medicated milk replac-
ers and any other drugs that might be added to milk 
fed to calves.47 Thus, calf raisers must follow the label 
directions when feeding a medicated milk replacer. 
Moreover, because the FDA considers milk and milk 
replacer animal feeds, veterinarians cannot prescribe 
the administration of any drug in milk or milk replac-
er in an extralabel manner. However, oral administra-
tion of drugs separate from feed (including milk and 
milk replacer) is permissible as long as such adminis-
tration is in accordance with the FDA-approved drug 
label or AMDUCA.47

State Regulations Regarding  
Drug Administration to Calves

Results of an extensive search and review of laws 
regarding drug and antimicrobial use in food-produc-
ing animals conducted by FARAD personnel revealed 
that 8 states (California, Maryland, Minnesota, New 
Jersey, New York, North Carolina, Pennsylvania, and 
West Virginia) have introduced at least 1 bill to the 
respective state legislatures that would affect drug 
use in food-producing animals. As of August 2016, the 
only bill introduced at the state level that was signed 
into law was California Senate Bill 27.

California Senate Bill 27 is intended to promote 
the judicious use of medically important antimicro-
bials in food-producing animals and is similar to the 
VFD in many ways.48 It restricts the use of antimicro-
bials deemed important for human medicine in live-
stock to therapeutic purposes only and requires that 
such use be in accordance with a prescription writ-
ten by a licensed veterinarian within the confines of a 
valid veterinary-client-patient relationship. However, 
California Senate Bill 27 applies to all antimicrobials 
regardless of route of administration, whereas the 
VFD applies only to antimicrobials administered in 
water or feed. Consequently, in California, injectable 
antimicrobials currently available over-the-counter 
will be available by prescription only beginning on 
January 1, 2018.48

Drugs Commonly Prescribed to Calves
A few select drugs commonly administered to 

calves for which FARAD frequently receives queries 
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were summarized (Table 1). As a reminder, tissue 
tolerances are established only for drugs that are ad-
ministered to an approved species according to the 
label instructions, and the detection of tissue residues 
that exceed the tolerance for a particular drug or for a 
drug for which a tolerance has not been established is 
a violation. Because drug metabolism can vary on the 
basis of age or health status, multiple tests have been 
developed to detect various drugs in urine or other 
fluid or tissue matrices, and those tests can be used to 
evaluate samples obtained from calves prior to slaugh-
ter as an additional means of ensuring that those calves 
do not have violative tissue residues. However, when 
considering the use of such a test, it is critical that the 
test chosen can detect the compound of interest at or 
below the tolerance established for the tissue being 
assessed. For example, a commercially available cow-
side testa can detect certain sulfonamides in the urine 
and serum of cattle, but its limit of detection is greater 
than the established tolerance for sulfonamides in tis-
sues; therefore, it should be used with caution, and a 
negative test result should not be considered a guaran-
tee that violative tissue residues are not present.

Sulfamethoxazole and trimethoprim
Sulfonamides are of high regulatory concern for 

the FDA and have the potential to accumulate in tissues 
with repeated dosing. A tolerance for sulfonamides has 
not been established for calves; therefore, detection 
of any sulfonamide residue in the tissues of a calf is 
considered a violation. In calves, the elimination rate 
of sulfamethoxazole in tissues is 10-fold slower than 
that in plasma, and the elimination half-life of sulfa-
methoxazole following IM injection was 70.6 and 81.6 
hours for muscle and kidney, respectively.49 Excretion 
of sulfonamides can be erratic, especially in young ani-
mals; therefore, assessment of urine for sulfonamide 
residues is advisable for any compromised animal, and 
the WDI for calves should be greatly extended, com-
pared with that for adult cattle.

Tetracyclines
Tetracyclines are commonly administered to calves 

in medicated milk replacers. In the United States, tet-

racyclines can be administered to calves as long as the 
guidelines established by the VFD47 and AMDUCA4 are 
followed. In young calves, the terminal half-life of oxy-
tetracycline following oral administration in milk or 
milk replacer is longer than that following parenteral 
administration,50,51 likely because tetracycline binds to 
calcium in the milk or milk replacer, which extends 
its absorption phase. Following IV administration of 
oxytetracycline, the mean clearance and volume of dis-
tribution in 3-week-old calves are 2- and 3-fold, respec-
tively, greater than the corresponding values for adult 
cows.52 Several products containing oxytetracycline are 
approved by the FDA for use in calves, and the WDTs 
range from 18 to 28 days when those products are ad-
ministered in accordance with the approved label. Ac-
cording to the label of several oxytetracycline products, 
it is recommended that the volume of tetracycline par-
enterally administered at each injection site be limited 
to 1 to 2 mL in small calves that weigh < 45 kg (100 lb) 
because injection of larger volumes at each injection site 
may necessitate a prolonged WDT.

Flunixin meglumine
Flunixin meglumine is an NSAID that, in the 

United States, is approved for the treatment of pyrex-
ia associated with bovine respiratory disease, endo-
toxemia, and acute mastitis and inflammation caused 
by endotoxemia in beef and dairy cattle. It also has 
analgesic properties and is frequently used in an ex-
tralabel manner to alleviate signs of pain associated 
with castration and dehorning in calves.53–55 From 
October 2013 through September 2014, the FSIS iden-
tified residue violations in 1,146 animals processed 
in US slaughter houses, of which 108 (10%) were 
caused by flunixin; 17 of the 108 (16%) animals with 
violative flunixin residues were immature cattle (veal 
calves [n = 9] and heavy calves [ruminating animals 
typically slaughtered at > 182 kg {400 lb}; 8]).38 In 1 
study,11 veal calves administered flunixin (2.2 mg/kg 
[1 mg/lb], IV, q 24 h for 3 days [ie, the labeled dos-
age for adult cattle]) had detectable concentrations of 
that drug in both liver and muscle tissue for at least 
5 days after injection of the last dose. Flunixin is a 
drug of high regulatory concern for the FDA. Because 

Table 1—Tissue elimination half-lives in calves and adult cattle for select drugs commonly administered to calves.

           Calves               Adult cattle                                  FDA-established tolerance70 

                                       Current FSIS analytic
                Elimination               Elimination           lower limit of                            Tolerance 
Drug      Tissue       half-life (h)    Tissue       half-life (h)         detection  (mg/mL)         Tissue              (mg/mL)

Sulfamethoxazole- Muscle 70.6 (49) Muscle 65.3 (73)  0.05 (77)   All edible tissues    0.1
   trimethoprim*            (including kidney†)
Oxytetracycline Kidney 81.1 (50) Kidney 21.7 (74)  0.5 (78)   Kidney  12
 Muscle 55.9 (50) Muscle 11.6 (74)     Muscle  2
                   Liver  6
Flunixin Liver  137.25 (11) Liver 27.94 (15)  0.0125 (79)   Liver† 0.125
 Kidney 152.74 (11) Kidney 21.53 (15)     Muscle 0.025
Florfenicol Kidney 10.34 (75) Liver 206 (76) 0.2 (80)   Liver†  3.7
          Muscle  0.3

Numbers in parentheses represent the numbers of the references from which the information was obtained. Of the drugs listed, only 
oxytetracycline is approved for use in calves; administration of the other drugs to calves would be considered ELDU. 

*In the United States, ELDU of all sulfonamides and potentiated sulfonamides is prohibited in female dairy cattle > 20 months old. †Target tissue 
(edible tissue selected by the FDA to monitor for residues in target animals).
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the clearance and tissue elimination half-life of flu-
nixin are dependent on the age and disease status of 
the treated animal, FARAD recommends a meat WDI 
of at least 14 days when flunixin is administered in 
accordance with the labeled dosage to dairy heifer, 
beef steer, and veal calves.11 Further information re-
garding the avoidance of flunixin residues in cattle is 
available in a previous FARAD Digest.56

Meloxicam
Meloxicam is an NSAID that is commonly admin-

istered to calves to alleviate signs of pain and inflam-
mation associated with routine procedures such as 
dehorning and castration. Meloxicam is not approved 
for use in cattle in the United States; therefore, the 
detection of any meloxicam residue in the tissues or 
milk of cattle sold for human consumption is consid-
ered a violation, and extended WDIs are necessary 
to ensure that meloxicam residue concentrations are 
undetectable by the FSIS. In the United States, meloxi-
cam is not prohibited from use in food animals; thus, 
all AMDUCA guidelines must be followed for permis-
sible ELDU. The analgesic properties of meloxicam are 
greater than those of flunixin57; therefore, since there 
are currently no drugs approved for alleviation of pain 
in cattle, the use of meloxicam for analgesic purposes 
appears to be permissible under AMDUCA.58,59

Results of 1 study60 indicate that 4- to 6-month-old 
beef steers administered meloxicam (0.5 mg/kg [0.23 
mg/lb], PO, q 24 h for 4 days) had kidney and liver con-
centrations of the drug below the limit of quantitation 
(0.025 mg/kg [0.011 mg/lb]) by 15 days after administra-
tion of the last dose. Meloxicam is approved for use in 
cattle in other countries such as Canada and many coun-
tries in the European Union. In the European Union, 
meloxicam is approved for use in calves > 1 week old for 
the treatment of diarrhea in combination with oral fluid 
therapy to reduce clinical signs of the disease and in 
calves 6 to 12 weeks old to provide analgesia following 
dehorning; the approved dose is 0.5 mg/kg, PO, once, 
and the withdrawal period for slaughter is 15 days.61 In 
the United States, FARAD recommends a meat WDI of 
21 days following oral administration of a single dose 
(0.5 to 1.0 mg/kg [0.23 to 0.45 mg/lb]) of meloxicam to 
calves and 30 days when multiple doses of up to 1 mg/
kg of the drug are administered.

Cephalosporins
In April 2012, the FDA prohibited the ELDU of 

cephalosporins (excluding cephapirin) in major 
food-producing animals (cattle, swine, chickens, 
and turkeys) with some exceptions.62 Those excep-
tions permit the administration of a cephalosporin 
for an extralabel indication (ie, a disease or purpose 
not included on the approved label) as long as it is 
administered in accordance with the labeled dosage 
(dose, route, frequency, and duration of administra-
tion) approved for the species and production class.63 
Although the FDA currently considers veal calves as a 
separate production class from dairy heifer and beef 

steer calves during the drug approval process,6 cattle 
of all ages and production classes are considered a 
major-use species and are subject to the ELDU prohi-
bitions for cephalosporins.

Results of multiple pharmacokinetic studies10,64,65 
indicate that, for any given cephalosporin, the plasma 
elimination half-life in calves is longer than that for 
adult cattle, and the plasma elimination half-life varies 
considerably by age and among cephalosporin formu-
lations. For example, the plasma elimination half-life 
of ceftiofur sodium for calves ≤ 3 months old is almost 
3 times that for calves 6 to 9 months old.10 Currently, 
FARAD recommends a conservative meat WDI of 14 
days for dairy heifer and beef steer calves following ad-
ministration of ceftiofur sodium at the labeled dosage 
(1.1 to 2.2 mg/kg [0.5 to 1.0 mg/lb], IM or SC, q 24 h for 
3 days). The labels of several ceftiofur products specifi-
cally state that the drug cannot be used in calves in-
tended for veal production, and those products should 
never be administered to veal calves. More tissue data 
are needed to determine WDIs for calves following the 
administration other formulations of ceftiofur.

Florfenicol
Florfenicol is a synthetic broad-spectrum an-

timicrobial that is approved for the control and 
treatment of bovine respiratory disease associated 
with Mannheimia haemolytica, Pasteurella mul-
tocida, and Histophilus somnus and treatment of  
bovine interdigital phlegmon (foot rot) in ruminant 
cattle (beef cattle and female dairy cattle < 20 months 
old).66 The meat WDT is 28 days when it is adminis-
tered IM and 38 days when it is administered SC.66 An 
extended WDI should be observed when florfenicol is 
administered in an extralabel manner to calves. A meat 
WDI of 90 days is currently recommended by FARAD 
following administration of a single SC dose of florfeni-
col (40 mg/kg [18 mg/lb]) to dairy heifer and beef steer 
calves. Because florfenicol is not approved for use in 
veal calves, the detection of any florfenicol amine resi-
due in the tissue of a veal calf at slaughter would be 
considered a violation. However, because florfenicol is 
approved for use in beef cattle, the detection of a flo-
rfenicol amine residue at a concentration lower than 
the established tolerance for that production class 
would not be considered a violation.

Fluoroquinolones
In 1997, the FDA prohibited the ELDU of all fluo-

roquinolones in food-producing animals.67 Two fluo-
roquinolones, danofloxacin and enrofloxacin, are 
currently approved for use in cattle for the control 
and treatment bovine respiratory disease. The label 
for both of those products specifically states, “a with-
drawal period has not been established for this prod-
uct in preruminanting calves.”68,69 Use in calves to be 
processed for veal would be an extralabel use, which 
is prohibited.67 Therefore, a veterinarian cannot legal-
ly prescribe this drug for veal calves, no matter what 
withdrawal period is prescribed.



 JAVMA • Vol 250 • No. 11 • June 1, 2017 1281

In regard to enrofloxacin, it is FARAD’s interpre-
tation that if a veterinarian documents in the medical 
record that a young calf is not intended for veal pro-
duction (ie, dairy heifer or beef steer), use is permit-
ted in female and male dairy breed animals (including 
suckling calves) that are raised for beef or dairy pro-
duction, as long as all other conditions in the labeling 
are met. Thus, enrofloxacin could be administered in 
accordance with the approved label to such animals.

The label for danofloxacin68 specifically states that 
the product is, “not for use in cattle intended for dairy 
production or calves to be processed for veal.” Thus, 
danofloxacin cannot be legally administered to veal 
calves or dairy heifers intended for milk production, 
no matter what WDI is observed. According to FAR-
AD’s interpretation, administration of danofloxacin to 
female or male calves of dairy breeds that are intended 
for meat production would be legal provided it is docu-
mented that these calves are not being raised for veal 
and all other label instructions are followed because 
the FDA considers those animals beef cattle.

Summary
The purpose of this FARAD Digest was to pro-

vide US veterinarians guidance regarding drug ad-
ministration to calves. The variable nomenclature 
used by the FDA and scientific literature to define 
calves and the various production classes thereof can 
cause confusion about the regulations that govern 
drug use in those animals. The lack of FDA-approved 
drugs for use in dairy heifer, beef steer, and veal 
calves frequently necessitates ELDU. Because tissue 
residue data for various drugs in young calves are lim-
ited, extended WDIs are generally necessary to avoid 
violative tissue residues. Beginning January 1, 2017, 
feeding medicated milk replacer and waste milk to 
calves will become more tightly regulated with the 
implementation of the VFD. Veterinarians need to be 
aware of those issues to safeguard the human food 
supply as well as to  continue to promote the health 
and welfare of all calves.
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