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CLINICAL RELEVANCE
This study evaluated the efficacy of intramammary infusion of ceftiofur hy-
drochloride for the treatment of intramammary infections present at the last
milking of lactation and for prevention of new intramammary infections during
the nonlactating period. Cows were randomly assigned to five treatment groups
(untreated negative control, 125, 250, and 500 mg of ceftiofur, and a positive
control group receiving 300 mg cephapirin benzathine). A dose of 125 mg of
ceftiofur per mammary quarter was effective for treatment of existing infections
present at the time of milk cessation, but only the 500-mg dose of ceftiofur per
mammary quarter was effective both for treatment of existing intramammary in-
fections at the time of milk cessation and for prevention of new intramammary
infections during the nonlactating period.
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ment of the udder cisternal spaces, ducts, and
alveoli with milk constituents; marked changes
in milk composition; and regression of secreto-
ry tissue.1 Near calving, mammary glands again
undergo marked transition characterized by rap-
id differentiation of mammary secretory tissue;
intense mammary growth; synthesis and secre-
tion of proteins, fat, and carbohydrates; and ac-
cumulation of colostrum.1

n INTRODUCTION
The nonlactating period of dairy cows, more

commonly referred to as the dry period, is a dy-
namic time when mammary glands undergo
transition both from and to a state of active milk
synthesis. The early dry period is associated with
an abrupt cessation of milk removal; engorge-
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The importance of the dry period in the
control of mastitis and health of dairy cows in
the subsequent lactation has been well docu-
mented and recognized for more than 50 years.
A classic study by Neave and coworkers2 pub-
lished in 1950 demonstrated that udders were
markedly susceptible to new intramammary
infections (IMI) during the early dry period.
The rate of new IMI during the first 21 days of
the dry period was more than six times higher
than the rate observed during the previous lac-
tation. This was verified in several subsequent
studies reviewed recently by Leslie and Ding-
well.3 Since the report by Neave and cowork-
ers,2 more recent studies have shown that ud-

ders are also highly susceptible to new IMI
near calving. Many infections that occurred
during the dry period resulted in clinical mas-
titis in the subsequent lactation period, partic-
ularly during early lactation.4–9 Thus, in the ab-
sence of effective mastitis prevention and
control measures at the time of milk cessation,
more mammary quarters will be infected at
calving than at drying off.

Since the early work by Neave and cowork-
ers,2 procedures have been developed to control
infections during the dry period. Intramamma-
ry antibiotic therapy following the last milking
of lactation, commonly referred to as dry cow
therapy, is practiced routinely on many dairy
farms throughout the world. Most dairy advis-
ers recommend that all mammary quarters of
all cows be infused with antibiotics approved
for use in dry cows after the last milking of lac-
tation. The objectives of dry cow therapy are
twofold: to eliminate infections present during

late lactation and to prevent new infections
during the early dry period when mammary
glands are highly susceptible to new IMI.

Ceftiofur hydrochloride is a broad-spectrum
third-generation cephalosporin antibiotic for
veterinary use active against both gram-posi-
tive and gram-negative bacteria. Ceftiofur in-
hibits bacterial cell wall synthesis by interfering
with enzymes essential for peptidoglycan syn-
thesis, which results in lysis of the bacterial cell
and accounts for the bactericidal nature of this
antibiotic.10 Consequently, ceftiofur should be
effective against a wide range of contagious and
environmental mastitis pathogens. Indeed,
Salmon and associates11 demonstrated that cef-

tiofur and its major metabolite, desfuroylcef-
tiofur, had low minimum inhibitory concen-
tration (MIC) values for such mastitis
pathogens as Staphylococcus aureus, coagulase-
negative Staphylococcus spp (CNS), Streptococ-
cus agalactiae, Streptococcus dysgalactiae subsp
dysgalactiae, Streptococcus uberis, and Es-
cherichia coli. Recent studies by Oliver et al12,13

demonstrated that intramammary infusion of
125 mg of ceftiofur hydrochloride into mam-
mary quarters of lactating cows with subclini-
cal and clinical mastitis was effective in elimi-
nating infections caused by several different
mastitis pathogens. In a pilot efficacy study,
500 mg of ceftiofur hydrochloride infused per
mammary quarter following the last milking of
lactation was effective in the treatment of ex-
isting IMI and for the prevention of new IMI
during the dry period.14 The objective of the
present study was to evaluate the efficacy of a
single intramammary infusion of several con-

Most dairy advisers recommend that 
all mammary quarters of all cows be infused 

with antibiotics after the last milking of lactation.
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centrations of ceftiofur for the treatment of ex-
isting IMI at the end of lactation and for pre-
vention of new IMI during the dry period.

n MATERIALS AND METHODS
Study Design

This multiple-location, randomized block
design study was conducted at 21 private dairy
farms in the United States. Licensed veterinar-
ians with experience in bovine mastitis and
dairy practice functioned as principal investi-
gators at each site. The objective of the study
was to compare the efficacy of a single intra-
mammary infusion of 125, 250, or 500 mg
ceftiofur equivalents from ceftiofur hydrochlo-
ride in an oil-based formulation (Pfizer Animal
Health) or a positive control containing 300
mg cephapirin benzathine (Cefa-Dri, Fort
Dodge Animal Health) with an untreated neg-
ative control for treatment of existing IMI
present at the last milking of lactation and for
prevention of new IMI that occur during the
dry period. The study was conducted and ana-
lyzed in accordance with US FDA Center for
Veterinary Medicine and Good Clinical Prac-
tices guidelines to support FDA registration of
ceftiofur as a dry cow therapy.15,16

Herds
Eligible herds had a history of mastitis caused

by staphylococci and/or streptococci and rou-
tinely used dry cow antibiotic therapy. Herds
had to be large enough to provide a sufficient
number of dry cows that met inclusion criteria
to fill the designated blocks. Herds with a high
incidence of damaged teats or teat ends, poor
recordkeeping, or poor sanitation were not used.

Enrollment
Healthy Holstein dairy cows of all parities

were eligible for enrollment as they approached
dry-off. The principal investigator at each loca-
tion obtained somatic cell count (SCC) data

from the last Dairy Herd Improvement Associ-
ation test or equivalent. Only cows with an
SCC of 400,000 cells/ml or greater or a linear
SCC score of 5 or greater were eligible for en-
rollment. Cows were excluded from the study
if they had clinical mastitis or severe teat le-
sions at the time of dry cow therapy, were cur-
rently being treated for any concurrent illness,
had received systemic or intramammary anti-
infectious or antiinflammatory treatments for
any reason within 30 days before enrollment,
or had an expected dry period of less than 45
days or more than 80 days.

Blocking and Randomization
The study was conducted as a randomized

complete block design. Within each herd, cows
were blocked by lactation, with first through
third lactation cows blocked together and
fourth and greater lactation cows blocked
together. Within each block of five cows,
treatments were assigned randomly using a
sponsor generated predetermined randomiza-
tion schedule.

Treatment Groups
Five treatments were evaluated: 

• Untreated negative control: n = 84 cows

• 125 mg of ceftiofur: n = 81 cows

• 250 mg of ceftiofur: n = 90 cows

• 500 mg of ceftiofur: n = 86 cows

• 300 mg cephapirin benzathine: n = 90 cows

Except for the untreated negative control
group, mammary quarters of cows were treated
with one 10-ml disposable syringe containing
the assigned antibiotic per mammary quarter
after the last milking of lactation. Immediately
before treatment, teats were cleaned thorough-
ly and dried with individual disposable paper
towels and teat ends were sanitized with swabs
containing 70% isopropyl alcohol. Treatment
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administrators used the full insertion technique
in which the entire length of the cannula was
inserted into the teat through the streak canal.

Milk Sampling and Testing
Milk samples were collected from each

mammary quarter of each cow for microbio-
logic evaluation at the last milking of lactation
immediately before treatment and 3 and 5 days
after calving. The principal investigator or
trained designee obtained a single sample con-
taining at least 5 ml of foremilk from each
mammary quarter of each cow enrolled in the
study. Samples were collected aseptically before
milking using standard procedures described
by Hogan et al.17 Before sample collection,
teats were dipped in a premilking teat disinfec-
tant, cleaned thoroughly, and dried with indi-
vidual disposable paper towels and teat ends
were sanitized with swabs containing 70% iso-
propyl alcohol. Samples obtained at the last
milking of lactation (pretreatment milk sam-
ples) were used to identify mammary quarters
infected at the time of drying off before treat-
ment. Three and 5 days after calving, foremilk
samples were collected aseptically from each
mammary quarter of cows. Samples obtained
at 3 and 5 days after calving (posttreatment
samples) were used to establish the cure–failure
rate for each treatment. The day each cow was
milked for the first time after calving was con-
sidered day 0.

Samples were stored frozen until the cow
completed the study. Samples were shipped in
overnight freezer packs to the Milk Microbiol-
ogy Laboratory at the Veterinary Teaching and
Research Center, University of California,
Davis, Tulare, California. Milk samples were
examined following procedures recommended
by the National Mastitis Council.17 Briefly, an
aliquot (10 µl) of foremilk from each mamma-
ry quarter was plated onto one quadrant of a
trypticase soy agar plate supplemented with 5%

washed bovine erythrocytes. Plates were incu-
bated at 37˚C, and bacterial growth was ob-
served at 24-hour intervals for 2 days. Bacteria
on primary culture medium were identified
tentatively according to colony morphologic
features, hemolytic characteristics, and catalase
test. Isolates identified presumptively as Staphy-
lococcus spp were tested for coagulase by the
tube coagulase method. Isolates identified pre-
sumptively as Streptococcus spp were evaluated
for growth by esculin hydrolysis and cAMP re-
action. Streptococcal organisms were identified
to the species level using the API 20 Strep sys-
tem (bioMerieux, Hazelwood, MI). Gram-neg-
ative isolates were evaluated to the species level
using the API 20E system (bioMerieux).

Definitions of Cure
A mammary quarter was considered micro-

biologically cured if bacteria identified in the
pretreatment milk sample obtained at the last
milking of lactation were absent from both
samples obtained at 3 and 5 days after calving.
Microbiologic cure of existing subclinical in-
fection at the time of dry-off was used to de-
cide which of the three ceftiofur doses or
cephapirin cured IMI at a rate significantly
greater than in untreated control cows.

A treatment was judged effective for preven-
tion of new IMI during the dry period if both
milk samples obtained after calving from an
uninfected mammary quarter at the time of
drying off were still negative for mastitis
pathogens. Successful prevention of new IMI
during the dry period consisted of a signifi-
cantly greater prevention rate for antibiotic-
treated mammary quarters than for untreated
mammary quarters. Differences in the preven-
tion rate for each treatment were determined.
The percentage of mammary quarters that
were uninfected after calving, regardless of in-
fection status at the last milking of lactation,
was also determined. This required that both
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milk samples obtained after calv-
ing were microbiologically nega-
tive regardless of pretreatment in-
fection status.

Statistical Analysis
The study was designed to en-

roll a sufficient number of ani-
mals to achieve 80% power for
detecting 17% improvement us-
ing a one-sided test with a 5%
significance level. Cows from the
21 herds that met inclusion crite-
ria were blocked in groups of five
based on lactation number and
entered into the study. Parity
groups were design factors and
were not included in the analysis
model. The proportion of mam-
mary quarters cured was analyzed using the
GLIMMIX macro of SAS (SAS Institute, Cary,
NC).18 Using the logit link with the binomial
error, treatment was the fixed effect and herds,
herds × treatment, and cows (herd × treat-
ment) were random effects. For dose determi-
nation purposes, the four doses of 0, 125, 250,
and 500 mg of ceftiofur per mammary quarter
were used. The selected dose was the lowest
dose that was significantly better than the un-
treated negative control at a one-sided α = .05
level; and it and all higher doses were not sig-
nificantly worse than the highest dose (500
mg) at a one-sided α = .10 level.

n RESULTS
From the 21 participating herds, 431 cows

and 1,708 mammary quarters were enrolled in
this study. Approximately 85% and 15% of
cows were in their first to third lactations and
fourth or greater lactations, respectively. Since
61 mammary quarters had two pathogens iso-
lated at dry-off, this increased the total number
of quarters eligible for analysis to 1,769. Of

these, 535 quarters had pathogens isolated in
pretreatment samples that were used for mi-
crobiologic cure analysis. A total of 1,165
quarters with no growth in pretreatment sam-
ples was used for analysis of prevention of new
infections during the dry period.

Ceftiofur hydrochloride as an intramamma-
ry infusion was well tolerated. No adverse for-
mulation-related events were noted in any of
the cows in this study that received intramam-
mary infusion of ceftiofur after the last milking
of lactation.

In milk samples obtained at the last milking
of lactation before treatment, CNS were isolat-
ed most frequently (62.6% of isolates), fol-
lowed by S. aureus (22.1%), environmental
Streptococcus spp (2.8%), Corynebacterium spp
(1.7%), and gram-negative mastitis pathogens
(1.5%). S. agalactiae was not found in any of
the herds participating in this study.

Results of microbiologic cure rates for the
five treatment groups are shown in Figure 1. A
mammary quarter was considered microbio-
logically cured if bacteria identified in the pre-

Figure 1. Mammary quarter microbiologic cure rates after intramam-
mary infusion of ceftiofur hydrochloride at the last milking of lactation.
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treatment milk sample obtained at the last
milking of lactation were absent from both
samples obtained at 3 and 5 days after calving.
If one of the two postcalving samples was pos-
itive, this was considered a treatment failure.
Microbiologic cure rates were 46.4%, 65.3%,
54.8%, 61.8%, and 56.3% for 0 mg, 125 mg,
250 mg, and 500 mg ceftiofur and 300 mg
cephapirin, respectively (Figure 1). Microbio-
logic cure rates for 125 mg of ceftiofur (P =
.024) and 500 mg of ceftiofur (P = .031) were
significantly greater than for untreated nega-
tive controls. However, microbiologic cure
rates for cephapirin (P = .150) and 250 mg of
ceftiofur (P = .138) were not statistically dif-
ferent from untreated negative controls.

Prevention of new IMI during the dry peri-
od and comparisons with the untreated control
group are presented in Figure 2. A treatment
was considered effective for the prevention of
new IMI during the dry period if both post-
calving milk samples from microbiologically
negative pretreatment mammary quarters were

still negative after calving. Pre-
vention rates of new IMI during
the dry period were 53.3%,
61.2%, 59.2%, 67.1%, and
63.6% for 0 mg, 125 mg, 250
mg, and 500 mg of ceftiofur and
300 mg cephapirin, respectively
(Figure 2). The prevention rate
for 500 mg of ceftiofur (P = .029)
was significantly greater than for
untreated negative controls. Pre-
vention rates for cephapirin (P =
.066), 125 mg of ceftiofur (P =
.120), and 250 mg of ceftiofur (P
= .217) were not statistically dif-
ferent from untreated negative
controls.

The percentages of mammary
quarters uninfected (both post-
calving milk samples microbio-

logically negative) during early lactation re-
gardless of pretreatment infection status were
43.7%, 56.7%, 52.2%, 59.6%, and 55.5% for
0 mg, 125 mg, 250 mg, and 500 mg of ceftio-
fur and 300 mg cephapirin, respectively (Fig-
ure 3). The percentage of mammary quarters
uninfected during early lactation for 500 mg of
ceftiofur (P = .001), 125 mg of ceftiofur (P =
0.013), and cephapirin (P = .011) were statis-
tically greater than for untreated negative con-
trols. However, the percentage of mammary
quarters uninfected during early lactation for
250 mg ceftiofur (P = .075) was not statistical-
ly different from untreated negative controls.

n DISCUSSION
The objectives of dry cow therapy are

twofold: to eliminate infections present during
late lactation and to prevent new infections
during the early dry period when mammary
glands are highly susceptible to new IMI. Intra-
mammary infusion of 500 mg of ceftiofur after
the last milking of lactation was effective for

40

Figure 2. Prevention of new mammary quarter intramammary infec-
tions during the dry period after intramammary infusion of ceftiofur hy-
drochloride at the last milking of lactation.
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eliminating IMI present during
late lactation and for preventing
new IMI at a time when mamma-
ry glands are highly susceptible to
such infections. None of the oth-
er doses of ceftiofur or cephapirin
met both these criteria. 

Experimental evidence suggests
that dry cow therapy is very effec-
tive in controlling IMI due to 
S. agalactiae, somewhat effective
against S. aureus, less effective
against environmental streptococ-
ci, and ineffective against coliform
bacteria.1,3–9 Environmental masti-
tis pathogens such as S. uberis, S.
dysgalactiae, and coliform bacteria
are ubiquitous in the cows’ envi-
ronment. Consequently, mamma-
ry glands are exposed continu-
ously to environmental mastitis pathogens
throughout the dry period, especially in herds in
total confinement housing.1,3–9 Many antibiotic
preparations approved for use in dry cows are
formulated primarily against gram-positive bac-
teria and have little, if any, activity against gram-
negative mastitis pathogens.

In the present study, several bacteria—in-
cluding CNS, S. aureus, environmental Strepto-
coccus spp, Corynebacterium spp, and such
gram-negative mastitis pathogens as E. coli and
Klebsiella spp—were identified from infected
mammary quarters. Results of the present study
suggest that ceftiofur is effective at eliminating
several pathogens capable of causing mastitis.
This is consistent with a recent report in which
Oliver and associates12 demonstrated that intra-
mammary infusion of ceftiofur hydrochloride
into mammary quarters of lactating cows with
subclinical mastitis was effective in eliminating
infections caused by several different mastitis
pathogens, including S. aureus, S. dysgalactiae,
CNS, and Corynebacterium bovis. In another

study, ceftiofur therapy was effective in elimi-
nating S. uberis experimental IMI in dairy cows
that developed clinical mastitis following exper-
imental infection during early lactation.13 It is
noteworthy that ceftiofur has considerable in
vitro activity against several environmental
mastitis pathogens, including environmental
streptococci and gram-negative mastitis patho-
gens. Ceftiofur may be effective for the treat-
ment and prevention of mastitis caused by
gram-negative pathogens during the dry peri-
od, which is one important limitation of many
dry cow antibiotic preparations approved for
use. However, in the present study, there were
too few gram-negative IMI to demonstrate effi-
cacy, and, consequently, further studies are
needed to substantiate this hypothesis.

n CONCLUSION
The results of this large multiple-location

field study demonstrated that a single intra-
mammary infusion of 500 mg of ceftiofur was
the only treatment in this study that was effec-

41

J. W. Hallberg, M. Wachowski, W. M. Moseley, K. J. Dame, J. Meyer, and S. L. Wood

Figure 3. Percentage of mammary quarters uninfected during early lac-
tation after intramammary infusion of ceftiofur hydrochloride at the last
milking of lactation regardless of infection status at drying off.

70

60

50

40

30

20

10

0
0 125 250 500 Positive

Control
(300 mg

cephapirin)

Ceftiofur Treatment (mg)

%
Un

in
fe

ct
ed

% Uninfected Quarters Were Significantly Greater in the 125- and
500-mg Ceftiofur and Positive Control Groups vs. Untreated Controls 

43.7%
139/318

P = .013
P = .075

P = .001
P = .011

56.7%
182/321 52.2%

178/341

59.6%
202/339 55.5%

191/344



Veterinary Therapeutics • Vol. 7, No. 1, Spring 2006

42

tive (statistically) both for treatment of existing
IMI at the last milking of lactation and for pre-
vention of new IMI during the dry period.
This treatment resulted in a significantly
greater percentage of uninfected mammary
quarters at calving regardless of pretreatment
infection status. Ceftiofur was effective against
a broad range of mastitis pathogens. Ceftiofur
hydrochloride as an intramammary infusion
was well tolerated, and no adverse formula-
tion-related events were noted in any of the
cows enrolled in this study. The broad spec-
trum of antimicrobial activity coupled with the
ability of ceftiofur to eliminate IMI present at
the time of drying off and to prevent new IMI
during the dry period at a time when mamma-
ry glands are highly susceptible to new IMI
should be of benefit to the dairy industry.

n ACKNOWLEDGMENTS
We appreciate the veterinarians, dairy producers, and farm
personnel who participated in this study. We also appreci-
ate the laboratory personnel at the Milk Microbiology
Laboratory at the Veterinary Teaching and Research Cen-
ter, University of California, Davis, Tulare, California.

n REFERENCES
1. Oliver SP, Sordillo LM: Approaches to the manipula-

tion of mammary involution. J Dairy Sci 72:1647–
1664, 1989.

2. Neave FK, Dodd FH, Henriques E: Udder infections
in the ‘dry period.’ J Dairy Res 17:37–49, 1950.

3. Leslie KE, Dingwell RT: Background to dry cow ther-
apy: What, where, why—Is it still relevant? Proc Natl
Mastitis Council:5–17, 2003.

4. Oliver SP, Mitchell BA: Susceptibility of bovine mam-
mary gland to infections during the dry period. J
Dairy Sci 66:1162–1166, 1983.

5. Smith KL, Todhunter DA, Schoenberger PS: Envi-
ronmental pathogens and intramammary infection
during the dry period. J Dairy Sci 68:402–417, 1985.

6. Smith KL, Todhunter DA, Schoenberger PS: Envi-

ronmental mastitis: Cause, prevalence, prevention. J
Dairy Sci 68(6):1531–1553, 1985.

7. Eberhart RJ: Management of dry cows to reduce mas-
titis. J Dairy Sci 69:1721–1729, 1986.

8. Oliver SP: Frequency of isolation of environmental
mastitis-causing pathogens and incidence of new in-
tramammary infection during the nonlactating peri-
od. Am J Vet Res 49:1789–1793, 1988.

9. Oliver SP, Sordillo LM: Udder health in the peripar-
turient period. J Dairy Sci 71:2584–2606, 1988.

10. Hornish RE, Kotarski SF: Cephalosporins in veteri-
nary medicine—Ceftiofur use in food animals. Curr
Top Med Chem 2(7):717–731, 2002.

11. Salmon SA, Watts JL, Yancey RJ: In vitro activity of
ceftiofur and its primary metabolite, desfuroylceftio-
fur, against organisms of veterinary importance. J Vet
Diagn Invest 8:332–336, 1996.

12. Oliver SP, Gillespie BE, Ivey SJ, et al: Efficacy of ex-
tended ceftiofur therapy for treatment of naturally oc-
curring subclinical mastitis in lactating dairy cows. J
Dairy Sci 87:2393–2400, 2004.

13. Oliver SP, Almeida RA, Gillespie BE, et al: Efficacy of
extended ceftiofur therapy for treatment of experi-
mentally-induced Streptococcus uberis intramammary
infections in lactating dairy cattle. J Dairy Sci
87:3322–3329, 2004.

14. Hallberg JW, Wachowski MB, Alaniz GR, et al: Effi-
cacy for intramammary formulations of pirlimycin
hydrochloride, ceftiofur hydrochloride, and ceftiofur
crystalline free acid as dry cow therapies. Proc 2nd Int
Symp Mastitis Milk Quality:263–267, 2001.

15. United States Food and Drug Administration/Center
for Veterinary Medicine: Good Target Animal Study
Practices, Clinical Investigators and Monitors. Rock-
ville, MD, FDA/CVM, 1996.

16. Committee for Veterinary Medicinal Products. Work-
ing Party on the Efficacy of Veterinary Medicines:
Clinical Trials to Assess the Efficacy of Veterinary Medi-
cinal Products Administered via the Teat Duct to Lac-
tating Cows for the Treatment of Subclinical Mastitis.
III/3173/92-EN, Final. London, European Medicines
Agency, 1993.

17. Hogan JS, Gonzalez R, Harmon RJ, et al: Laboratory
Handbook on Bovine Mastitis. Madison, WI, National
Mastitis Council, 1999.

18. SAS Institute Inc. SAS/STAT User’s Guide, Version 8.
SAS Institute, Cary, NC, 1999.


