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§Le Clos Leveque, 50570 Marigny, France
#Boehringer Ingelheim Animal Health GmbH, Ingelheim, Germany

ABSTRACT

A randomized controlled field trial was performed to
evaluate the efficacy of a 3-d treatment regimen with
i.m. penethamate hydriodide compared with no treat-
ment in lactating cows with subclinical mastitis. To be
included, a cow had to have 2 somatic cell counts (SCC)
>300,000 cells/mL at the last 3 monthly controls, 1 or
more quarters with SCC >250,000 cells/mL, and the
same bacterial species isolated in 2 consecutive samples
2 to 4 d apart. A total of 151 quarters from 92 cows
were monitored for 2 mo following treatment. Quarter
milk samples were examined for bacteriological cure
(BC) and SCC at 14, 28, and 60 d after treatment.
Bacteriological cure was defined as not having the same
bacterial species isolated from the quarter milk samples
taken at 14 and 28 d posttreatment as in the samples
taken before treatment. Systemic treatment with pene-
thamate resulted in BC in 59.5% of quarters and 52.2%
of cows, compared with 16.7 and 10.9% in the untreated
cows. Somatic cell count decreased significantly in the
penethamate-treated cows, steadily in the case of BC
and transiently when the infections persisted. This
study confirms that systemic treatment of subclinical
mastitis with penethamate is effective and that BC of
infected quarters has a sustained positive effect on milk
SCC during the 2 mo following treatment.
Key words: antibiotic, systemic treatment, somatic
cell count, subclinical mastitis

INTRODUCTION

Treatment of subclinical mastitis during lactation
has long been considered devoid of interest from an
economical standpoint, apart from “blitz” therapy to
eliminate infections due to Streptococcus agalactiae
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(Craven, 1987). Changes in European Union regula-
tions imposing increasingly stringent standards on
bulk milk SCC have proved to be one of the major con-
cerns related to milk quality for dairy producers. Given
the continuous restructuring of many herds to increase
milk production capacity without a corresponding
change in resources (human resources in particular),
management practices to prevent IMI are not always
carried out sufficiently. Although not always economi-
cally profitable, treatment of subclinical mastitis dur-
ing lactation might, in some cases, effectively comple-
ment preventive measures (Swinkels et al., 2005a,b).

These considerations, coupled with particularly rigid
European Union health standards, explain why the de-
mand for treating cows with subclinical mastitis, and
thus elevated SCC, remains pressing, especially when
milk quality is a significant component of price (Hiller-
ton and Berry, 2003). As in many regions of the United
States, most European countries operate under a milk
marketing system, which provides bonus incentive pay-
ments for low bulk milk SCC (and other parameters of
milk quality). The use of effective therapy of subclinical
IMI is therefore essential if it may increase the BC
and decrease SCC, helping the herd to achieve an SCC
bonus payment threshold.

Most of the published studies focusing on treatment
of subclinical mastitis during lactation emphasize the
use of intramammary treatment (Sol et al., 1997; Gilles-
pie et al., 2002; Oliver et al., 2004; Deluyker et al., 2005).
In comparison, specific data on systemic treatment of
subclinical mastitis are rather scarce (McDougall, 1998;
St. Rose et al., 2003; Beggs and Wraight, 2006; Sand-
gren et al., 2007). Furthermore, the design of previous
studies did not always allow a correct assessment of
the bacteriological cure (BC) rate, including prognostic
factors, and of the impact of treatment on SCC. Such
a study should ideally involve an untreated control
group. In a meta-analysis, Sol et al. (1997) evaluated
a number of trials involving lactation therapy of sub-
clinical mastitis. This analysis was, however, restricted
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Table 1. General overview of included cows and quarters in penethamate-treated (PEN) and control (CON)
cows

PEN CON

Item n % n %

Cows (quarters) presented 81 (173) 80 (141)
No quarter infection or undetermined

infection status before treatment 29 35.8 32 40
Absence of milk samples or bacteriology

results at d 14 or d 28 or both 5 6.2 2 2.5
Deviation from planned treatment or

additional treatment during the study 1 1.2 0 0
Number of cows (quarters) eligible for analysis
Bacteriological cure 46 (79) 56.8 46 (72) 57.5
Bacteriological cure and SCC variations 38 (61) 46.9 34 (55) 42.5

Parity
1 21 45.6 11 23.9
2 16 34.8 20 43.5
3 9 19.6 15 32.6

DIM
≤180 d 13 28.3 16 34.8
>180 d 30 65.2 22 47.8
Not available 3 6.5 8 17.4

Location of the infected quarter
Right front 12 15.2 10 13.9
Left front 18 22.8 14 19.4
Right rear 28 35.4 20 27.8
Left rear 21 26.6 28 38.9

Number of infected quarters per cow
1 22 47.8 26 56.5
2 17 37.0 15 32.6
3 5 10.9 4 8.7
4 2 4.3 1 2.2

Number of pathogens per cow
1 37 80.4 42 91.3
2 9 19.6 4 8.7

to cases due to Staphylococcus aureus and did not differ-
entiate the results obtained with the different treat-
ment regimens, routes of administration, or drugs used.

Choosing the systemic route seems attractive when
one considers the often-chronic nature of subclinical
infections with the deep-rooted location of infected sites
and frequent simultaneous involvement of several
quarters (Barkema et al., 1997). The antiinfective can-
didate must show high affinity for the mammary gland
and bactericidal effects against gram-positive organ-
isms. Penethamate hydriodide is an ester of penicillin
G that easily crosses the blood-milk barrier and concen-
trates in udder tissues and milk after i.m. administra-
tion (Ziv, 1980). Penethamate is licensed in many coun-
tries for the treatment of subclinical mastitis due to
major gram-positive pathogens. It is active against
streptococci and penicillin-sensitive Staph. aureus in
milk (Louhi et al., 1992) and within mammary epithe-
lial cells (Madgwick et al., 1989; Almeida et al., 2007).

The primary objective of this study was to evaluate
the efficacy of a systemic treatment with penethamate
hydriodide in lactating cows with recently acquired sub-
clinical mastitis compared with a negative control
group. A second objective was to assess the short- and
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long-term effects of penethamate treatment on subse-
quent SCC of those cows.

MATERIALS AND METHODS

Herds and Cows Selected

Selection of Farms. The study was carried out by
8 veterinarian investigators on 53 farms located in dif-
ferent regions of France. Farms with an expected high
prevalence of contagious pathogens (for example,
Staph. aureus or Streptococcus uberis) were targeted.
To be included, a farm had to 1) be a participant of the
French DHIA (France Contrôle Laitier, Paris, France);
and 2) have more than 15% of cows with a monthly
milk SCC >300,000 cells/mL over the past 3 mo and an
average incidence of severe clinical mastitis cases (with
systemic signs) of less than 15% per yr. This informa-
tion could be obtained from the DHIA and on-farm re-
cords, respectively.

Median bulk milk SCC in the month before inclusion
in the study was 277,000 cells/mL. Herd size ranged
from 20 to 140 lactating cows. The cow breeds were
French Holstein (78.9%), Montbeliarde (10.5%), or
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crossbreed (10.6%). The majority were housed in cubi-
cles, with straw bedding judged sufficient or inadequate
in 68.3 and 14.9%, respectively. This information was
missing for the remaining farms. All were milked
twice daily.

Inclusion of Cows. To be included in the study, the
cows had to meet the following criteria: 1) 2 out of the
3 most recent monthly cow milk SCC >300,000 cells/
mL; 2) no concurrent disease requiring treatment; 3)
no teat lesions; 4) no clinical mastitis; 5) no systemic
or intramammary antiinfectious or antiinflammatory
treatments (e.g., antibiotics, nonsteroidal antiinflam-
matory drugs, corticosteroids) during the preceding 2
wk; and 6) no chronic subclinical mastitis during the
previous or current lactation (i.e., 3 consecutive
monthly milk SCC >300,000 cells/mL). Only quarters
with an inflammatory reaction (SCC >250,000 cells/mL)
and with the same bacterial species cultured in 2 pre-
treatment samples were included in the follow-up. Cows
with mixed infections in the same udder quarter were
not included, but cows with several quarters infected
with different pathogens were included.

Treatment

Cows meeting the inclusion criteria were given a case
number in chronological order and then allocated to
treatment or nontreatment using a printed label (pene-
thamate or control) enclosed in case-numbered printed
envelopes and following a preestablished randomiza-
tion list. Treatment consisted of daily i.m. injections of
penethamate hydriodide (Mamyzin/Stop M-, Boeh-
ringer Ingelheim GmbH, Ingelheim, Germany) for 3
consecutive days at a dose of 10 g/animal on d 1, followed
by 5 g/animal on d 2 and d 3 (1 �g of penethamate
hydriodide provides 1 IU of penicillin G), in accordance
with the approved commercial product label for France.
The first injection was administered by the investigator
and subsequent injections by the farmer.

Milk Sampling and Laboratory Procedures

Before treatment, milk samples from each quarter of
the included cows were collected twice for bacteriologi-
cal examination (aseptic sampling): 2 to 4 d before treat-
ment (d −n) and immediately before treatment (d 0).
Additional milk samples were also taken on d 0 from
each quarter into flasks containing 0.1% potassium di-
chromate for SCC determination. Milk samples were
taken on d 14, 28, and 60 after treatment for bacterial
examination and SCC determination.

Bacteriological culture and identification were car-
ried out according to National Mastitis Council stan-
dards (Harmon et al., 1990). Quarter milk SCC was
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determined using a Fossomatic 5000 device (Foss Elec-
tric, Hillerd, Denmark) according to International
Dairy Federation standards (IDF, 1995). Measurement
was carried out within 2 d of collection.

Definitions of BC

Bacteriological cure of the quarter was defined as a
negative culture at d 14 and 28 or the presence of a
bacterial species different from the one isolated in the
samples collected before treatment. All quarters with
a missing or contaminated sample taken on d 14 or 28
were excluded from the analysis.

In addition, the BC status of the cows was divided
into 3 groups: 1) totally cured if all included quarters
were cured; 2) partly cured if only some quarters were
cured; and 3) not cured if no quarter was cured.

Statistical Analysis

The predefined statistical unit was the cow. Categori-
cal variables such as parity (1 or >1), stage of lactation
(DIM >180 d or ≤180 d), and number of infected quarters
per cow before treatment (1, 2, 3, or 4) were compared
between the groups at baseline using χ2 tests. Bacterio-
logical cure rates were compared between the 2 treat-
ment groups using logistic regression. To explore the
robustness of the results of this analysis, a series of
sensitivity analyses was performed with prognostic fac-
tors added to the logistic regression model (thus ad-
justing the treatment effects for these prognostic fac-
tors). The SCC data were analyzed on the natural log
(ln) scale, based on the mean of the included quarters
per cow. The treatments were primarily compared with
respect to SCC using a repeated-measures analysis of
covariance (ANCOVA) model, with fixed effects for time
and treatment and baseline SCC as covariate. The re-
peated-measures analysis was performed without as-
suming any specific covariance structure for the re-
peated measurements within the subjects. Again, a se-
ries of sensitivity analyses was performed with
prognostic factors added to the model; the prognostic
factors considered were the same as for the logistic
regression analysis of BC rates.

In addition, SCC were compared between groups sep-
arately for each timepoint using Student’s t-test, and
paired sample t-tests were used for within-group com-
parisons to the initial value. The statistical analyses
were carried out using SAS software (release 8.02, SAS
Institute Inc., Cary, NC). Statistical significance was
defined as P < 0.05.
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Table 2. Bacteriological cure rate of quarters according to pathogen
isolated at d 0 in penethamate-treated (PEN) and control (CON) cows

PEN CON

Pathogen n % n %

Staphylococcus aureus 6/19 31.6 2/30 6.7
CNS 17/27 63 3/18 16.7
Streptococcus uberis 9/16 56.2 4/13 30.8
Streptococci except Strep. uberis1 12/14 85.7 3/8 37.5
Total streptococci 21/30 70 7/21 33.3
Corynebacterium bovis 3/3 100 0/3 0
All pathogens 47/79 59.5 12/72 16.7

1Excluding enterococci.

RESULTS

Cows and Quarters Eligible for Analysis

In total, 100 lactating cows (168 quarters) were in-
cluded in the trial. The bacteriological status at d 14
and 28 could be determined on 151 quarters from 92
cows: 46 (79 quarters) in the penethamate-treated
group and 46 (72 quarters) in the control group (Table
1). Of these, 3 consecutive SCC at d 14, 28, and 60 were
available for 72 cows (116 quarters). Seven cows were
excluded because the bacterial result was missing at d
14 or 28, and 1 cow was excluded because she needed
additional therapy soon after inclusion.

There was no statistical difference for average parity
and stage of lactation between the treatment and con-
trol groups (P = 0.08 and P = 0.15, respectively). How-
ever, there were more cows in first lactation in the
penethamate group. The number and location of the
infected quarters were equally distributed in both
groups, with infections predominant in the rear quar-
ters (65%). In almost half the cows, 2 or more quarters
were affected (Table 1). On average, 1.7 quarters per
cow had a positive culture (range: 1 to 4). Most cows
were infected by only 1 pathogen species, and only
rarely by 2 pathogens. The overall distribution of the
different pathogens was comparable between groups
except for Staph. aureus, for which the unbalanced dis-
tribution required specific adjustment in the analysis.

Table 3. Bacteriological cure rate in penethamate-treated (PEN) and control (CON) cows

95% confidence
PEN CON interval

n % n % OR1 Low High P-value

Number of cows 46 46
Cows with all quarters cured 24 52.2 5 10.9 9.775 2.953 32.352 0.0002
Cows not cured 22 47.8 41 89.1 — — —
Cows with no quarter cured 10 21.7 35 76.1
Cow with some quarters cured 12 26.1 6 13.0
Cow with at least 1 quarter cured 36 78.3 11 23.9 12.249 4.269 35.151 <0.0001

1Odds ratio (unadjusted estimates).

Journal of Dairy Science Vol. 91 No. 2, 2008

Bacteriological Cure

Systemic treatment with penethamate resulted in a
bacteriological quarter cure rate of 59.5% compared
with a spontaneous BC rate of 16.7% in the untreated
control quarters. Cure rates for Staph. aureus, CNS,
and overall streptococcal IMI were better in the pene-
thamate treatment group compared with spontaneous
cure (Table 2).

Considering that a cow is totally cured if all its in-
fected quarters are bacteriologically cured, the overall
BC rate was 52.2% in the penethamate-treated cows
vs. 10.9% in the untreated cows (P < 0.001; Table 3). In
the penethamate group, 21.7% of cows had no quarters
cured compared with 76.1% in the control group, and
78.3% of cows had at least one quarter cured compared
with 23.9% in the control group (P < 0.0001; Table 3).
The chance of BC was significantly influenced by the
number of infected quarters (Table 4). Cure rates after
penethamate treatment were larger than spontaneous
cure rates regardless of the number of affected quarters
per cow. The proportion of totally cured cows showed a
significant decrease as the number of affected quarters
increased: in the penethamate-treated group, 72.7% of
cows with only one quarter infected at d 0 were com-
pletely cured, whereas cows with 3 or 4 quarters in-
fected were unlikely to be cured (cure rates of 14.3
and 0, respectively). In contrast, the BC rate was not
significantly modified by the presence of Staph. aureus,
parity, the involvement of rear quarters, or the stage
of lactation (Table 4). The significant treatment effect
observed in the study was not relevantly changed when
the statistical analysis was adjusted for imbalances
with respect to prognostic factors at baseline, indicating
that those imbalances did not have a relevant influence
on the study outcomes. Logistic regression analyses also
did not show any evidence for an interaction between
treatment and any prognostic factors.

Only 7 cases of clinical mastitis were observed during
the course of the study (2 in the penethamate group
and 5 in the control group), with only 3 cases identified
within the first 28 d of follow-up (1 in the penethamate
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Table 4. Bacteriological cure (BC) of cows after adjustment for different prognostic factors in penethamate-treated (PEN) and control (CON)
animals

PEN CON

95% confidence intervalBC No cure BC No cure

Adjustment factor n % n % n % n % OR Low High P-value

None 24 52.2 22 47.8 5 10.9 41 89.1 9.7751 2.953 32.352 0.0002
Infected quarters 17.7641 4.463 70.704 <0.0001
1 16 72.7 6 27.3 4 15.4 22 84.6
2 7 41.2 10 58.8 1 6.7 14 93.3 4.8722 1.300 18.255 0.0188
>2 1 14.3 6 85.7 0 0 4 100.0 21.5313 2.140 216.63 0.0092

Staphylococcus aureus 9.0721 2.709 30.384 0.0003
No 20 57.1 15 42.9 5 19.2 21 80.8 2.5304 0.684 9.362 0.1643
Yes 4 36.4 7 63.6 0 0 20 100.0

Parity 8.6801 2.557 29.465 0.0005
1 12 57.1 9 42.9 1 9.1 10 90.9 1.6205 0.549 4.783 0.3826
>1 12 48 13 52 4 11.4 31 88.6

Rear quarter infected 9.4251 2.806 31.653 0.0003
No 6 75 2 25 2 33.3 4 66.7 3.1346 0.667 14.722 0.1479
Yes 17 47.4 20 52.6 3 7.5 37 92.5

DIM 11.4251 3.265 39.979 0.0001
>180 d 14 46.7 16 53.3 2 9.1 20 90.9 0.4647 0.148 1.451 0.1869
≤180 d 9 69.2 4 30.8 2 12.5 14 87.5
Not available 1 33.3 2 66.7 1 12.5 7 87.5

1Odds ratio (OR) estimate for PEN vs. CON.
2OR estimate for 1 vs. 2 quarters.
3OR estimate for 1 vs. >2 quarters.
4OR estimate for absence vs. presence of Staph. aureus
5OR estimate for parity 1 vs. parity >1.
6OR estimate for absence vs. presence of rear quarter infection.
7OR estimate for DIM >180 d vs. ≤180 d.

group and 2 in the control group). In all cases, the
responsible organism was identical to that isolated on
d 0. Streptococcus uberis was involved in 3 cases, CNS
in 2 cases, and Staph. aureus and Corynebacterium
bovis in the remaining 2 cases.

SCC

The variations of cow SCC between d 14 and 60 were
strongly influenced by baseline values at d 0 and by
treatment (P < 0.001). According to the repeated-mea-
sures ANCOVA, the baseline-adjusted log-transformed
SCC values were reduced by 0.827 ln units for penetha-
mate compared with the control (P < 0.001), which cor-
responds to a reduction factor of about 44% on the origi-
nal measurement scale. Stage of lactation (DIM) was
the only prognostic factor that reached statistical sig-
nificance at the 0.05% level, in favor of cows in the
earlier stage of lactation.

The mean cow SCC before treatment did not differ
between the 2 groups (Table 5). In cows treated with
penethamate, mean SCC was lower at d 14, 28, and 60
than at d 0, and lower than in the control cows (Table
5). In the control group, SCC at d 14, 28, and 60 was
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not significantly different from the value at d 0. Split
results according to the cure status of individual cows
showed that BC, with or without treatment, resulted
in an overall significant decrease of SCC (Table 6). So-
matic cell counts remained high when the infection per-
sisted, even though a transient decrease was observed
at d 28 in the penethamate-treated cows (Table 6).

DISCUSSION

The inclusion criteria in this trial selected cows with
a natural recent subclinical infection. Conversely, cows
with chronic infection and a history of increased SCC
during the preceding or current lactation were ex-
cluded. Moreover, only animals with of parity 3 or less
were included. Selected cows therefore had a greater
probability of cure (Deluyker et al., 1999, 2005). They
were likely to respond positively to antibiotic treatment
during lactation, which could, therefore, be economi-
cally justified (Swinkels et al., 2005a,b). Other prognos-
tic factors such as number and location of infected quar-
ters or stage of lactation can also have a considerable
influence on the healing of infections treated during
lactation (Owens et al., 1997; Sol et al., 1997; Deluyker
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Table 5. Variations in SCC of initially infected quarters in penethamate-treated (PEN) and control (CON)
animals

Ln SCC SCC (numerical) Comparison
between Comparison vs.

Day Treatment n1 Mean SEM Mean2 Mean ± SEM groups3 d 0 value4

0 PEN 38 13.784 0.160 969 826 ± 1,137 NS —
CON 34 13.931 0.125 1,122 991 ± 1,272 —

14 PEN 38 13.000 0.242 442 347 ± 564 <0.05 0.001
CON 34 13.852 0.192 1,037 856 ± 1,257 NS

28 PEN 38 12.665 0.224 316 253 ± 396 <0.001 <0.001
CON 34 13.925 0.181 1,116 931 ± 1,337 NS

60 PEN 38 12.849 0.224 380 304 ± 476 <0.05 <0.001
CON 34 13.588 0.169 797 673 ± 943 NS

1Only cows with quarter SCC available at d 0, 14, 28, and 60 were considered.
2Arithmetic mean (× 1,000 cells/mL).
3Student’s t-test.
4Paired samples t-test.

et al., 2005). None of those factors, however, had a
statistically significant effect on BC in this trial. The
presence of Staph. aureus, usually associated with
lower cure rates (Sol et al., 1997), did not significantly
increase the risk of treatment failure.

The overall bacteriological profile of the 2 groups was
comparable. Nonagalactiae streptococci, Staph. aureus,
and CNS were found to be responsible for more than
90% of the subclinical infections recorded here. These
data are consistent with those reported in most publica-
tions focusing on subclinical mastitis, although the rela-
tive importance of each bacterium varies according to
the survey and country (Sobiraj et al., 1997; McDougall,
1998; Deluyker et al., 2005). In France, Staph. aureus
and Strep. uberis are the major pathogens most fre-
quently isolated; Streptococcus agalactiae has almost
completely disappeared (Jouy et al., 2003).

The BC rate of all the bacterial pathogens combined
was good at both the quarter and cow levels. In the
treated group, 59.5% of quarters and 52.2% of cows

Table 6. Variations in SCC of initially infected quarters according to cure status in penethamate-treated
(PEN) and control (CON) animals

Noncured cows Totally or partly cured cows

Ln SCC SCC Ln SCC SCC

Day Treatment n1 Mean SEM Mean2 Mean ± SEM n1 Mean SEM Mean2 Mean ± SEM

0 PEN 11 13.915 0.333 1,105 792 ± 1,541 27 13.731 0.183 919 765 ± 1,104
CON 25 13.818 0.143 1,002 869 ± 1,157 9 14.243 0.230 1,533 1,218 ± 1,930

14 PEN 11 14.261 0.283 1,561 1,176 ± 2,072 27 12.486** 0.263 265 203 ± 344
CON 25 14.102 0.223 1,332 1,066 ± 1,664 9 13.158* 0.280 518 392 ± 686

28 PEN 11 12.788* 0.416 358 236 ± 543 27 12.602** 0.270 297 227 ± 389
CON 25 14.048 0.217 1,262 1,016 ± 1,568 9 13.585* 0.318 794 578 ± 1,091

60 PEN 11 13.473 0.413 710 470 ± 1,073 27 12.595** 0.256 295 228 ± 381
CON 25 13.751 0.178 938 785 ± 1,120 9 13.135* 0.385 506 345 ± 744

1Only cows with quarter SCC available at d 0, 14, 28, and 60 were considered.
2Arithmetic mean (× 1,000 cells/mL).
*P < 0.05; **P < 0.001 [comparison vs. d 0 value (paired samples t-test)].
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were cured, which is 3.6 times and 4.8 times greater,
respectively, than the BC rates in the control group.
The rate of spontaneous cure was rather low but compa-
rable to that stated in previous publications using a
similar definition of BC (St. Rose et al., 2003; Deluyker
et al., 2005; Sandgren et al., 2007). Conversely, the
number of cases developing into clinical mastitis was
lower than that observed in earlier studies and was
significantly reduced in the cows receiving systemic
treatment with penethamate compared with the non-
treated cows (St. Rose et al., 2003; Deluyker et al.,
2005). This may be explained by the recent nature of
the cases selected in our study protocol. Nevertheless,
the lower frequency of progression to clinical mastitis
after systemic treatment compared with intramam-
mary treatment has already been reported (Shephard
et al., 2000; Sandgren et al., 2007). Deluyker et al.
(2005) observed a 3-fold increase in the number of clini-
cal cases after extended (8 d vs. 2d) intramammary
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treatment, which might be explained by an increased
risk of iatrogenic infection (Beggs and Wraight, 2006).

As reported by other researchers (Poutrel, 1978; Sol
et al., 1997), the number of infected quarters per cow
was negatively correlated with the BC of cows: when
only 1 quarter was infected, the odds of cow cure was
about 5 times greater than when 2 quarters were in-
fected and about 20 times greater than when 3 or more
quarters were infected. With the treatment protocol
used in this study, reasonable cure rates were achieved
in cows with no more than 2 quarters infected.

However, treatment success varies according to the
bacterial species responsible (Deluyker et al., 2005;
Sandgren et al., 2007). The cure rates recorded for
streptococcal infections were greater than those pub-
lished (St. Rose et al., 2003), which may again be ex-
plained by the inclusion criteria excluding chronic per-
sistent cases. The BC rate for Strep. uberis was slightly
lower than for other streptococci, but not very different
from those previously reported (Oliver et al., 2004; San-
dgren et al., 2007).

Bacteriological cure of quarters infected by Staph.
aureus was less than for other infectious agents, but
significantly greater compared with spontaneous heal-
ing, in agreement with published results (Sol et al.,
1997, Oliver et al., 2004). Not taking into account the
animal’s own abilities (Sol et al., 1997; Deluyker et al.,
2005), β-lactamase production by Staph. aureus strains
has a great effect on BC. It has been clearly established
that the BC rate is much lower, regardless of the antibi-
otic used, for the β-lactamase–producing strains com-
pared with the nonproducing strains (Barkema et al.,
2006). In this study, because there was no preliminary
screening test for penicillin resistance, all Staphylococ-
cus strains were treated with penethamate. Prevalence
of penicillin resistance in bovine Staph. aureus varies
from country to country (Anderson et al., 2006; Moroni
et al., 2006); in France, approximately 45% of strains
isolated from IMI are β-lactamase–producing (AFSSA,
2006). This characteristic appears to be homogeneous
within the herd, because the Staph. aureus strains im-
plicated in subclinical mastitis are either all non-β-
lactamase–producing or all β-lactamase–producing in
approximately 70% of herds (Sérieys and Giquel-Bru-
neau, 2005). The prior selection of strains determined
by penicillin sensitivity would probably have improved
the BC rate (Ziv and Storper, 1985), because the treat-
ment of penicillin-resistant strains during lactation is
not advised elsewhere (Barkema et al., 2006).

Approximately two-thirds of CNS infections were
cured following treatment. Although these infections
trigger smaller increases in SCC than do the major
pathogens (Djabri et al., 2002), they potentially persist
in the affected quarters for a long time, and spontane-
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ous cure is rare (Chaffer et al., 1999; Sears and McCar-
thy, 2003). Some strains are penicillin-resistant (Gen-
tilini et al., 2002; Rajala-Schultz et al., 2004). Apparent
treatment failure may also be explained by rapid rein-
fection by another CNS species (Deluyker et al., 2005).

As has been observed with other drugs, it is likely
possible to improve the cure rate of all penicillin-sensi-
tive staphylococci by prolonging treatment with pene-
thamate (Funke, 1982; Ziv and Storper, 1985; Oliver
et al., 2004; Deluyker et al., 2005) or by using it in
combination with an intramammary treatment (Owens
et al., 1988).

In this trial, antibiotic therapy had a very marked
and sustained effect on SCC, which is seldom reported
(Mc Dougall, 1998; Shephard et al., 2000; Beggs and
Wraight, 2006). When considering SCC at the cow level
from composite quarter samples whether infected or
not, St. Rose et al. (2003) noted a decrease in SCC in
cows receiving penethamate, albeit to a lesser extent.
Repeated-measures ANCOVA showed that this de-
crease was largely correlated with BC and treatment.
Analysis of SCC in cows treated but not cured high-
lighted a statistically significant decrease in SCC at d
28 in the treatment group compared with the control
group and baseline values. Although a chance effect
cannot be excluded, it may also be assumed that the
treatment had some effect on SCC that cannot be re-
duced to BC of quarters only. It can be hypothesized
that, even if antibiotic treatment does not manage to
eliminate the infection completely, it nevertheless re-
duces, albeit temporarily, the microbial population in
the infected quarters (Owens et al., 1999), resulting in
a diminished influx of leukocytes into the milk and a
consequent reduction in SCC (Rosenberg et al., 2002).
As a result, to conclude that an animal is cured solely
on the basis of a reduction in SCC 1 mo after treatment
probably overestimates the reality of a BC, even if this
observation is of major importance to the stockman; all
too often, this is the only reason for treating subclinical
mastitis during lactation. In contrast, once BC has been
achieved, the reduction in SCC persists and SCC re-
mains significantly lower on d 60 compared with pre-
treatment values.

The choice of the systemic route for subclinical infec-
tions is based on pharmacokinetic and economic crite-
ria. First, provided that the active drug diffuses prop-
erly in the mammary gland, it is uniformly distributed
in the infected quarter following parenteral administra-
tion. Once this occurs, the achieved concentration must
remain above the MIC for a sufficient period of time
(Ziv, 1980). If these conditions are met, there is an
economic interest in treating several quarters simulta-
neously without increasing the treatment cost, and with
no need for prior determination of which quarters are
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subclinically infected. Given that cows with subclinical
mastitis are, on average, infected in 2 quarters (Bar-
kema et al., 1997), it is possible to expect collateral
effects on nontargeted quarters, as observed in the sys-
temic treatment of clinical mastitis (Sérieys et al.,
2005). This interesting outcome might be considered
when assessing the economic benefits of lactational an-
tibiotic treatment, given its overall impact on cow milk
SCC and bulk tank milk SCC, and therefore on the
incentive bonus for the milk producer. According to
Swinkels et al. (2005a,b) and based on the BC observed
in this trial, a 3-d penethamate treatment of subclinical
staphylococcal and environmental streptococcal masti-
tis would be economically profitable in most cases. For
cows with more than 2 infected quarters, however, the
expected cure rate is so low that the value of such a
treatment is questionable.

CONCLUSIONS

A 3-d systemic treatment of subclinical mastitis with
penethamate resulted in a bacteriological cure rate of
more than half the cows affected and brought about a
significant reduction in the SCC of these animals. This
SCC decrease persisted when there was a bacteriologi-
cal cure, but was only transient in its absence. The
value of systemically administered penethamate lies
equally in the fact that the systemic route carries less
risk in terms of further mammary infection than the
local route, and that it does not require prior identifica-
tion of the affected quarter or quarters to treat. Our
results show that the success of such treatment depends
greatly on the number of affected quarters in the cow.
As chances of a cure diminish with respect to the num-
ber of quarters affected, careful consideration must be
given to the decision to treat during lactation when
more than 2 quarters are affected. Similarly, when a
resistant strain of Staphylococcus aureus is suspected,
a prior test for β-lactamase production is advised to
maximize the chances of success for treatment during
lactation.
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