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Introduction

Mastitis is an inflammation of the mammary gland often 
caused by bacterial infection. It is the most common and 
costly health disorder in dairy cows [33] due to its negative 
economic impact on dairy farms in terms of discarded 
milk, production loss, reduced milk quality, treatment 
costs, premature culling and even death of the cow [18, 37]. 
Involved pathogens are divided into 2 categories: minor and 
major [32]. Although coliforms are environmental bacteria 
and infect opportunistically, they are classified as major 
pathogens [39]. E. coli tends to be the most predominant 
coliform bacteria, however some other gram negative species 
have also been described [36]. Clinical coliform mastitis can 
be mild, moderate or severe (toxic mastitis). Antimicrobials 

are widely used to treat mastitis by intramammary route, 
nonetheless a controversy exists concerning the use of 
antimicrobials systemically. It is generally accepted that 
treatment of severe cases of E. coli mastitis may require 
systemic administration of antimicrobials [41] however, 
divergent findings concerning the systemic use of 
fluoroquinolones have been reported. One published study 
indicated that the use of danofloxacin in an induced E. coli 
model [29] was beneficial. In another study the authors 
failed to highlight differences between enrofloxacin treated 
and untreated animals [31]. In a clinical field study, a 
3-day marbofloxacin treatment at the dosage of 2 mg/kg/d 
(intramuscular injections) was shown to be statistically more 
efficient than a 3-day systemic administration of amoxicillin-
clavulanic acid [16]. 

ABSTRACT

The efficacy and field safety of marbofloxacin administered as a single-dose 
treatment to lactating dairy cows, suffering from acute mastitis (associating 
general and local clinical signs) were evaluated in a masked, randomised, 
European, multicentre study.  A total of 354 lactating dairy cows suffering 
from acute untreated mastitis (in only one quarter) were enrolled and treated 
on day 0 with either marbofloxacin (10 mg/kg, intramuscular administration; 
n=178) or danofloxacin (6  mg/kg, subcutaneous administration; n=176).  
Milk was collected for microbiological evaluation prior to any treatment. 
Results showed that 194 cows were positive for E. coli, of which 148 
were fully compliant with the study protocol (marbofloxacin n=72 and 
danofloxacin n=76). E. coli positive cattle were clinically assessed on days 1, 
2, 3, 7, 15 and 27 following treatment and milk was sampled on days 15 and 
27. Success rates (cure + clear improvement) were compared using a non-
inferiority margin analysis approach. Both treatments were well tolerated, 
a high success rate was observed on day 15, and marbofloxacin was non-
inferior (P<0.00001) to danofloxacin (day  15 success rate, marbofloxacin 
vs. danofloxacin: 86.1% vs. 81.6%). Secondary parameters (time course of 
the clinical outcome, bacteriological cure rate on days 15 + 27, global cure 
rate (clinical + bacteriological), relapse rate) confirmed that there was no 
difference between treatments (P≥0.33), indicating a consistent although 
non-significant trend in favour of a better efficacy of marbofloxacin. In 
conclusion, a single injection of marbofloxacin is safe and efficacious for the 
treatment of acute E. coli mastitis. 
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RESUME

Efficacité d’une injection unique de marbofloxacine dans le traitement 
des mammites à E. coli de la vache laitière en lactation

L’ efficacité et l’innocuité de la marbofloxacine administrée en injection 
unique à des vaches laitières en lactation atteintes de mammite aiguë 
(associant des signes cliniques locaux et généraux) ont été évaluées dans un 
essai clinique terrain international, randomisé et réalisé dans des conditions 
d’aveugle. 354 vaches laitières en lactation présentant des signes cliniques de 
mammite aiguë sur un quartier et non déjà traitée ont été incluses et traitées 
avec soit de la marbofloxacine (10 mg/kg, voie intramusculaire, n=178) soit 
de la danofloxacine (6 mg/kg, voie sous-cutanée, n=176). Le lait a été prélevé 
pour analyse microbiologique avant tout traitement et des souches d’E. coli 
ont été isolées dans le lait de 194 vaches dont 148 respectaient le protocole 
(marbofloxacine n=72, danofloxacine n=76). Un examen clinique aux jours 
1, 2, 3, 7, 15 et 27 après traitement a été réalisé sur les animaux positifs pour 
E. coli et leur lait a été prélevé aux jours 15 et 27. Les taux de succès (guérison 
+ nette amélioration) ont été comparés selon une approche statistique de 
non infériorité. Les deux traitements ont été bien tolérés, un taux de succès 
élevé a été observé au jour 15 et la non infériorité de la marbofloxacine 
par rapport à la danofloxacine a été montrée (taux de succès au jour 15  : 
marbofloxacine=86.1%, danofloxacine=81.6%, P<0.00001). Les critères 
secondaires (évolution du résultat clinique, taux de guérison bactériologique 
aux jours 15 + 27, taux de guérison globale [clinique + bactériologique], taux 
de rechute) ont confirmé qu’il n’y avait pas de différence entre les traitements 
(P≥0.33), et ont montré qu’il y avait une tendance non significative en 
faveur d’une meilleure efficacité de la marbofloxacine. En conclusion, 
une administration unique de marbofloxacine est sûre et efficace dans le 
traitement des mammites aiguës à E. coli.

Mots-clés: mammite aiguë, marbofloxacine, efficacité, 
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Combining Pharmacokinetic/Pharmacodynamic (PK/
PD) data with in vitro modelling is routine in human medicine 
for dosage optimization, especially for fluoroquinolones 
[1, 34, 42].  The emergence of bacterial resistance under 
antimicrobial selection pressure has led to the identification 
of PK/PD indices that correlate better with the antibacterial 
effect and with the prevention of antimicrobial resistance [7].  
For fluoroquinolones, it has been proposed that inducing 
high plasma concentrations, which exceed the threshold for 
spontaneous-drug-resistant-mutant susceptibility, should 
prevent the selective amplification of any present mutant 
subpopulation [47]. In order to minimise the risk of resistance 
development in cattle, an optimized dosage regimen for 
marbofloxacin has been developed. This approach suggests 
that a single intramuscular injection of marbofloxacin at 
10  mg/kg should be effective for the treatment of E. coli 
mastitis taking into account the susceptibility of the E. coli 
strains isolated from mastitis and the inhibitive effect of milk 
on marbofloxacin. [17, 22, 26].

Here we present the results of an international, multi-
centred, randomised, masked clinical trial conducted to 
evaluate the field efficacy and safety of a single injection 
of marbofloxacin (Forcyl®, Vetoquinol) administered 
intramuscularly at a dose of 10  mg/kg in comparison to 
danofloxacin (A180®, Zoetis) for the treatment of naturally 
occurring E. coli mastitis.  This study was conducted as 
part of a product development program in accordance with 
Good Clinical Practice and EMEA guidelines pertaining to 
statistics and for intramammary products [10, 11, 43].

Materials and methods

STUDY DESIGN

This study was conducted in compliance with VICH 
(International Co-operation on Harmonisation of Technical 
Requirements for Registration of Veterinary Medical 
Products) guidelines for Good Clinical Practice (VICH 
2001) and EMEA guideline for the conduct of efficacy 
studies for intramammary treatments [11, 43]. It was a 
multisite study conducted at farms in France and Germany.  
Local reference laboratories (one per country) were used 
to evaluate bacteriological milk samples.  Approval was 
obtained from the appropriate regulatory authorities and 
conformed to local animal welfare standards.  Danofloxacin 
(A180®, Zoetis) was chosen as the positive control because 
it is a licensed antimicrobial indicated for the treatment of 
acute E. coli bovine mastitis in EU countries.

Lactating dairy cows suffering from acute mastitis in one 
quarter were randomised in a 1:1 ratio to a single treatment 
with either marbofloxacin or danofloxacin in a masked study.  
Day 0 was defined as the day of treatment.  Each animal 
was subjected to a veterinary clinical examination and 
bacteriological sampling prior to antimicrobial treatment 
on day 0.  Animals were clinically assessed by a veterinary 
surgeon, who was unaware of treatment allocation, on days 

1, 2, 3, 7, 15 and 27.  Additional bacteriological samples were 
collected on days 15 and 27 if E. coli was isolated from the 
day 0 sample and in the event of relapse, treatment failure or 
appearance of a new affected quarter.

ANIMALS

Lactating cattle of various dairy breeds which met the 
clinical enrolment criteria were enrolled in different farms 
in France and Germany. Animals were selected from dairy 
farms with a satisfactory hygiene management level i.e. where 
the farmers record all administered treatments and ensure 
a healthcare follow up of their animals. The husbandry and 
housing of the cattle followed the standard practices on each 
farm and was representative of typical field conditions in 
each of the countries.  All animals were identified by ear tags. 

The following animals were excluded from the trial; 
individuals with mastitis in more than one quarter, that had 
visible lesions on teats in affected quarters, that had received 
antimicrobial and/or anti-inflammatory compounds (by 
systemic or intra-mammary routes) within 30 days prior 
to inclusion, and animals that had been vaccinated against 
E.  coli.

Animals not included were non lactating cows, cows 
during drying off period or producing less than 5 litres of 
milk/day and cattle with concomitant disease or requiring 
additional therapies other than those planned in the study 
protocol.

CLINICAL ASSESSMENT

Inclusion criteria were: pyrexia (rectal temperature 
≥39.5ºC), local clinical signs of mastitis (modification of 
the milk aspect and/or modification of the quarter, score≥1) 
and depression (score≥1) or inappetance (score≥1, Table I).  
Rectal temperatures, clinical signs and presence of injection 
site swelling were recorded on days 1, 2, 3, 7, 15 and 27 after 
treatment administration (if E. coli was not isolated on day 0 
then the follow up of the animal was discontinued on day 7 at 
the earliest).  If an animal required additional therapy at any 
time, it was withdrawn from the study, classified as a failure 
(or as a relapse if after day 15) and received appropriate 
medication.

LABORATORY EXAMINATIONS

Milk samples for bacteriological evaluation were collected 
from all animals on day  0 before treatment administration 
and on days 15 and 27 for E. coli positive cows.  Bacteriological 
samples were cultured to identify bacterial pathogens.  
Pathogens identified from any samples were subjected to 
sensitivity analysis by antibiogram at the local laboratory.  
For the same pathogens, minimum inhibitory concentrations 
(MIC) for marbofloxacin were subsequently established in a 
central laboratory according to CLSI guideline M31-A3 [6]. 
If more than 2 strains were isolated then the sample was 
considered to be contaminated.
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INVESTIGATIONAL TREATMENT ADMINISTRATION

On day 0, cattle were randomised to receive a single injection 
in the neck of either marbofloxacin (10 mg/kg, intramuscular 
(IM) administration; 178 animals) or danofloxacin (6  mg/
kg, subcutaneous (SC) administration; 176 animals). Pain on 
injection was scored (0=no pain; 1=slight pain; 2=moderate 
pain; 3=severe pain). Depending on the randomization, the 
cow received, either the marbofloxacin verum on the right 
side of the neck and the danofloxacin placebo on the left 
side, or the marbofloxacin placebo on the right side of the 
neck and the danofloxacin verum on the left side. Thus the 
investigator never knew which treatment was administered. 
Some mandatory supportive treatments were administered: 
a 3-day oxacillin intramammary treatment for all animals 
selected in the study and a 500 ml hypertonic glucose vial 
for all animals with an inappetance score≥2. If necessary 
the investigator was entitled to administer a fluid therapy 
but anti-inflammatory agents were prohibited. For the local 
intra-mammary treatment, oxacillin was chosen because it is 
not active against Gram-negative bacteria.

ASSESSMENT CRITERIA

As the aim of the study was to compare the efficacy 
of the two drugs to treat E. coli mastitis, only animals 
with a confirmed diagnosis of this bacteria at inclusion 

were kept in the primary efficacy analysis. Animals were 
classified according to outcome (Table  II).  The primary 
efficacy criterion was the day  15 success rate (cure + clear 
improvement).

Secondary efficacy criteria included the bacteriological 
cure rate (disappearance of E. coli in the 2 post treatment 
samples or absence of the bacteria in the sample performed at 
failure or relapse), the global cure (clinical + bacteriological), 
the clinical outcome from day 1 to day 15, the relapse rate, 
and the time course of the clinical parameters. Furthermore 
a complementary analysis taking into account all the 
selected animals whatever the bacteria isolated on day 0 was 
performed to follow the evolution of the success rate from 
day 1 to day 7 for all assessable cases.

Local tolerance was assessed based on pain at injection 
and injection site swelling.  General tolerance was assessed 
based upon the frequency of adverse reactions. All the treated 
animals were included in the safety analysis.

STATISTICAL ANALYSIS

For each assessment criterion, two analyses were 
conducted.  One analysis included all treated animals 
(Intent To Treat analysis: ITT).  A second analysis (Per 
Protocol analysis: PP) excluded all animals for which 

Score Rectal 
Temperature (°C)

General 
condition Appetite Daily milk 

production
Quarter 
aspect Milk aspect

0 - Normal Normal Normal Normal Normal

1 - Altered
Slightly 
reduced 
(<50%)

Decreased less 
than 50%

Slight local 
swelling With  clots

2 - Severely 
altered

Severely 
reduced 
(≥50%)

Decreased 
more than 

50%

Slight swelling 
of the whole 

quarter

Slightly 
aqueous with 

clots

3 - Paraplegia Anorexic Nearly nil or 
nil

Severe 
swelling of the 
whole quarter

Aqueous (beer 
aspect)

4 - Induration

Table I: Scoring parameters

General signs Local signs

T° General 
condition Appetite Quarter + Milk

Cure < 39.5°C score 0 score 0 score 0

Clear improvement < 39.5°C score 0 score 0 score 1 or 2

Improvement Improvement of at least one general sign 
(without alteration of another sign)

Improvement of at least one local sign (without 
alteration of another sign)

Failure No improvement (in the sense of the definition above) or worsening of one or several clinical 
symptoms, or investigator’s decision. 

Table II: Clinical outcome
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procedures (including treatment administration and efficacy 
measurements) were not conducted to a sufficient standard 
to enable a fair comparison.  Only PP results were used to 
determine efficacy against E. coli infection as they were close 
to ITT ones. To complete the efficacy data presentation, an 
ITT analysis was conducted to compare efficacy between 
compounds for the treatment of acute clinical mastitis 
irrelevant of the etiology during the first week of follow up. 
Similarly for safety, all treated animals were included in the 
analyzed sample whatever the mastitis etiology.

Before starting the study, power calculations indicated that 
a minimum of 90 cases per treatment group (E. coli positive, 
ITT sample) were needed to demonstrate non-inferiority for 
the primary criteria with at least 80% power and a success 
rate of about 75% in both groups.  To test whether a single 
administration of marbofloxacin at 10 mg/kg IM was non-

inferior to a single administration of danofloxacin at 6 mg/kg 
SC, a 20% non-inferiority margin was defined.  For the non-
inferiority test, the 95% two sided confidence interval of the 
observed odds ratio was calculated as well as the odds ratio at 
the non inferiority limit of -20%.  If the lower confidence bound 
of the confidence interval was above the predetermined lower 
limit of non-inferiority, then marbofloxacin was considered 
non-inferior to danofloxacin.  Furthermore a P-value was 
calculated to confirm non inferiority and to quantify the 
strength of the rejection of inferiority [8]. If the calculated 
P-value was lower than 2.5% i.e. 0.025 then the hypothesis of 
inferiority of the new compound compared to the reference 
one was rejected and the non-inferiority established.  For 
all other secondary parameters, the comparisons between 
treatments were performed by a variety of statistical 
methods dependant upon whether the data was qualitative 
or quantitative and a repeated measure or not (qualitative 

Bacteria N
Arcanobacterium pyogenes 2

Enterobacter cloacae 2

Enterobacter spp 1

Enterococcus spp 4

Escherichia coli 182

Klebsiella oxytoca 2

Klebsiella pneumoniae 7

Lactobacillus spp 1

Lactococcus 2

Pseudomonas aeruginosa 1

Serratia marcescens 1

Staphylococcus aureus 10

Staphylococcus coagulase - 4

Streptococcus agalactiae 2

Streptococcus dysgalactiae 18

Streptococcus sp 7

Streptococcus uberis 50

Without bacteria 41

Yeast 1

Escherichia coli + Enterococcus faecalis 1

Escherichia coli + Staphylococcus aureus 1

Escherichia coli + Streptococcus spp 2

Escherichia coli + Streptococcus uberis 6

Escherichia coli + Staphylococcus coagulase - 1

Escherichia coli + Streptococcus dysgalactiae 1

Klebsiella pneumonia + Staphylococcus aureus 1

Arcanobacterium pyogenes + Streptococcus uberis 1

Sreptococcus dysgalactiae + Staphylococcus aureus 2

Table III: Distribution of bacteria prior to treatment
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variables: Chi square or Fisher’s exact test, quantitative 
variables: Student’s or Wilcoxon’s test, qualitative variables 
with repeated measurements: GEE model using GENMOD 
procedure, quantitative or semi-quantitative measurements: 
Mixed model). Statistical analyses were performed using SAS 
software (SAS/STAT 9.2, SAS Institute).

Results

STUDY POPULATION

A total of 354 dairy cows were enrolled into the 
study with acute, untreated mastitis (clinical symptoms 
present  <  5  hours on average, 3.5 hours as a median). 
Marbofloxacin was administered to 178 cows and 
danofloxacin was administered to 176 cows. E. coli was 
isolated from the milk sample collected on day 0 from 194 
of these animals (54.8%, Table III). Fifteen of these animals 
were excluded due to concomitant disease or new affected 
quarter(s) during the first 15 days of follow up. A total of 148 
animals (marbofloxacin n=72 and danofloxacin n=76) fully 
complied with the study protocol and were analysed in the PP dataset. 

 The main breed recruited in this study was the Prim 
Holstein, approximately 60% of the animals; other dairy 
breeds recruited in lower proportions were e.g. Normande, 
Montbeliarde and Simmental cattle. Included animals were 
on average in their third lactation (P=0.23) and the median 
for the time between the occurrence of mastitis and last 
calving was less than 90 days (P=0.89). The mean daily milk 
yield was approximately 30 litres/day (P=0.65).

CONFIRMATION OF MASTITIS

From the 354 enrolled cows, a total of 194 E. coli strains 
were isolated before treatment and 179 in the ITT analysed 
sample. In the vast majority (93.8%) E. coli was isolated as 
a pure strain except on 12 (6.2%) occasions where a co-
infection was observed but no sample contamination was 
recorded (Table III). The susceptibility of these isolates to 
marbofloxacin and danofloxacin was determined.  Among 
the 179 ITT analysed cases, 3 E. coli strains were resistant 
to danofloxacin and to marbofloxacin (marbofloxacin 
MIC50=0.022µg/ml and MIC90=0.030µg/ml). Day 0 clinical 
parameters confirmed the severity of the mastitis with an 
average rectal temperature of 40.3°C and more than 97% 
of animals presenting with an alteration of the general 
condition and/or a reduced appetite. Local parameters were 
also severely affected: 0% of all infected quarters showed a 
normal aspect and only 6% had a normal milk aspect. The 
daily milk production was altered in more than 93% of all 
infected cows. No statistical difference between treatment 
groups was observed.

EFFICACY ASSESSMENTS

The evolution of some clinical parameters from day 0 to 
day 15 are presented in Figure 1. There was a high success 

rate (primary efficacy criterion) at day 15 in both treatment 
groups (Table IV). A +4.5 % difference was observed between 
marbofloxacin and danofloxacin (non inferiority test 
P<0.00001).  Therefore, marbofloxacin successfully achieved 
non-inferiority to danofloxacin. Similar results were obtained 
with the ITT population. Except on day 1, the evolution of 
the success rate showed a non significant trend in favour of 
marbofloxacin treated animals (Figure 2). Distribution and 
evolution of the different efficacy outcomes are presented in 
Figure 3.

Figure 1: Summary of mean percentage with normal clinical score for 
Appetite (), Milk production (•) and Body temperature (×) in the 
marbofloxacin (solid line) and danofloxacin (dotted line) groups

Figure 2: Time course of success rate (cured or clear improvement) and 
clinical improvement, according to treatment groups (marbofloxacin or 
danofloxacin), from day 1 to day 15 (P≥0.4) (E. coli positive cows)

Figure 3: Time course of clinical outcomes according to treatment groups
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The bacteriological cure rates were very similar in 
both groups with a non significant advantage in favour of 
marbofloxacin (+8.5%, P=0.33, Table IV). This result was 
consistent with the primary criterion. Thirteen animals were 
not taken into account because they were not assessable 
(i.e. one post treatment sample was missing and the single 
sample was negative for E. coli and it was then not possible 
to conclude if cured or failed as 2 negative samples were 
required).

The global cure rate combined clinical and bacteriological 
outcomes, the non-significant advantage observed in favour 
of the marbofloxacin treated animals was also found (73.2% 
vs. 67.6%, P=0.47, Table IV).

A non significant higher number of relapses was 
observed in the danofloxacin group (4 vs. 1, P=0.36, Table 
IV) (relapse = reoccurrence of clinical signs of acute mastitis 
on the included quarter).

EVOLUTION OF THE SUCCESS RATE FROM DAY 1 TO DAY 
7 FOR ALL SELECTED CASES

An additional analysis was performed taking into account 
all the available data to assess the efficacy of the 2 compounds, 
irrelevant of the mastitis etiology. Excluded from this analysis 
were animals affected by a condition apparently masking the 

treatment efficacy during the time course of the study (e.g. 
new affected quarter). Results showed a trend towards higher 
success rates in the marbofloxacin treated animals and no 
statistical difference between the groups was observed at any 
time (Figure 4, P≥0.23).

SAFETY ASSESSMENT

Both treatments were well tolerated and there were no 
serious adverse events related to either one. Distribution of 
adverse events is presented in Table V.  A non significant 

Success on Day 
15(1)

Bacteriological 
Cure Rate 

D15 +27(2)

Overall Cure  
(clinical + 

bacteriological)(2)

Relapse Rate (n)
(2) Adverse Events(2)

Danofloxacin 81.6% 70.0% 67.6% 6.5% (4) 14.8%

Marbofloxacin 86.1% 78.5% 73.2% 1.6% (1) 9.6%
(1) Non-inferiority testing P<0.00001
(2) Treatment comparison P≥0.15

Table IV: Treatment success summary (per protocol dataset)

Disorder Danofloxacin 
(26 cows)

Marbofloxacin 
(17 cows)

Mammary (new affected quarter) 8 3*

Worsening of the mastitis 6 5

Digestive 4 4

Metabolic (ketosis, hypophosphataemia) 3 1

Locomotor 1 1*

Respiratory 0 1

Genito-urinary 2 1
Other (e.g. trauma because of bulling cow in 

oestrus) 2 2

*one cow showed signs of haemolactation on another quarter and foot rot during the follow up

Table V: Distribution of adverse events

Figure 4: Time course of success rate (cured or clear improvement) and 
clinical improvement, according to treatment groups (marbofloxacin or 
danofloxacin), from day 1 to day 7 (P≥0.23) (all assessable selected cows)
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difference for the adverse event rates was observed between 
groups (9.6% in the marbofloxacin treated animals vs. 14.8% 
in the danofloxacin ones, P=0.15, Table IV). No difference 
was observed between groups for the local safety with only 
a few cases of swelling at injection sites. At the different 
examination time points a total of 11 animals showed 
swelling at the marbofloxacin injection site compared to 14 
that showed swelling at the danofloxacin injection site. In 
both groups only very few animals showed pain at injection 
(6 animals in the marbofloxacin and 4 in the danofloxacin 
group).

Discussion

Coliform organisms are the most common cause of severe 
clinical mastitis resulting in some cases in agalactia or even 
death of the animal, leading to high economic losses. The 
highly inflammatory local and general symptoms are linked 
with the release of lipopolysaccharide endotoxins from the 
bacteria [19]. In the case of acute E. coli mastitis, the initiation 
of treatment usually occurs after bacteria have reached peak 
concentration in the milk, when the endotoxin concentration 
is maximal. In this case immediate supportive treatment of 
endotoxic shock must be implemented. As the purpose of the 
study was the registration of the tested product, additional 
supportive treatments were strictly limited.  In particular 
the prohibition of the use of NSAI drugs which, in general 
practice, is highly recommended in such cases of acute and 
peracute clinical mastitis to improve the well-being of the 
animals [2, 25].

Some papers have shown that 30 to 40% of E. coli mastitis 
cases develop bacteraemia as an additional complication. 
This bacteraemia was observed to be more frequent in cows 
suffering from severe clinical signs and 35% of the bacteraemic 
cows died [5, 45]. Erskine et al [12] have shown that in severe 
coliform cases, animals treated systemically  with ceftiofur 
had a  decreased death rate compared to untreated cows and 
concluded that the benefit may be due to  the improvement 
of bacteraemic-related pathogenesis. 

Several papers have shown that in cases of severe E. coli 
mastitis, systemic antimicrobial treatment was not superior 
to no antimicrobial treatment. For example, Jones and Ward 
[21] did not show any benefit of parenteral gentamicin 
injection. Suojala et al. [40] in a field study compared the 
use of systemic enrofloxacin and supportive treatment to 
supportive treatment alone. The authors concluded that 
although systemic enrofloxacin may have facilitated faster 
elimination of bacteria, compared to supportive treatment 
alone there was no significant advantage of the systemic 
enrofloxacin. Pyörälä et al. [30] demonstrated that in 
experimentally induced E. coli mastitis three parenteral 
administrations of trimethoprim-sulfadiazine were no 
more effective than no antimicrobial treatment. Erskine et 
al. [13] explains that these equivocal conclusions are most 
likely due to different conditions during the trials - E. coli 
inoculation under experimental conditions does not lead 

to such severe clinical outcomes as natural infections - 
the choice of antimicrobials or dose, or the targeting of 
incorrect compartment. In a review article, Suojala et al 
[41] recommends a non-antimicrobial approach in cases 
of E. coli mastitis with mild to moderate clinical signs and 
the use of fluoroquinolones or third or fourth generation 
cephalosporins in cases of severe E. coli mastitis as these 
classes are the only ones for which there is some evidence of 
positive effects. 

It is accepted that for antimicrobial treatment of severe 
coliform mastitis to be successful it should target the systemic 
compartment that is infected [13]. Marbofloxacin belongs 
to the fluoroquinolone family and its diffusion profile in 
blood, udder and milk ensures high active levels of molecule 
that can kill coliform bacteria [35]. Coliform bacteria, in 
particular E. coli strains, isolated from bovine mastitis are 
very sensitive to marbofloxacin [22]. Based on these facts, 
marbofloxacin appeared to be a suitable compound for 
the treatment of  E. coli mastitis administered systemically 
to control bacteraemia, but also able to penetrate into the 
mammary tissue and milk, killing pathogens directly in the 
infected gland. Marbofloxacin is registered in Europe for the 
treatment of acute E. coli mastitis at the daily dose of 2 mg/kg 
for 3 days. The development of new concepts [34, 42, 47] to 
assess efficacy of this antibiotic class, to better account for the 
risk of resistance emergence, led to a change of dosage and 
administration rate. Preliminary PK/PD data showed that a 
single administration of a 10 mg/kg dose of marbofloxacin 
should be efficacious. Additionally a single high dose also 
decreases the risk of resistance selection during treatment. 
[17]. Perrin et al [26] confirmed the efficacy of this protocol 
in a trial conducted under controlled conditions, comparing 
intravenously and intramuscularly treated animals with 
untreated ones and showing a statistical superiority of the 
antimicrobial treatment. To confirm these first predictions 
and the clinical/bacteriological efficacy of marbofloxacin 
in naturally occurring severe mastitis by systemic route, 
a field trial was implemented comparing systemic use of 
marbofloxacin (10mg/kg, intramuscular injection)  to the 
reference product  danofloxacin (6  mg/kg subcutaneous 
injection).  More than 50% of the cows selected in the study 
presented with E. coli at selection (mainly in pure culture) 
confirming the high prevalence of this pathogen in naturally 
occurring acute mastitis with systemic clinical signs [3, 23, 
28, 38]. In our study, to increase the odds to select acute E. coli 
mastitis, the investigators were asked to focus on the severity 
of the systemic clinical signs [44, 46], general condition, lack 
of appetite, increased body temperature, stage of lactation, 
season [20] and calving conditions [24] as predictive factors. 
According to Burvenich et al [4], the severity of E. coli 
mastitis is mainly determined by predisposing factors of the 
cow and not by the pathogenicity of the strain.  

The E. coli strains isolated in the present study were 
highly sensitive to marbofloxacin confirming the findings of 
Kroemer et al [22]. The efficacy results were high for both 
drugs with a success rate at day 15 greater than 85% in the 
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marbofloxacin group allowing rejection of the inferiority 
of the tested compound, compared to the reference one. 
Among the 3 cows presenting with an E. coli strain resistant 
to fluoroquinolones at inclusion, 1 was classified as a cure 
(marbofloxacin group) and 2 as a failure (one in each 
treatment group). The strain susceptibility could not explain 
clinical failures observed in this study. Some other factors 
such as the interval between treatment and onset of mastitis, 
need for additional supportive care (e.g. NSAI drugs), clinical 
conditions at enrolment, zootechnical or environmental 
parameters as well as some individual factors like mammary 
gland condition could explain them but no trend was 
observed. Furthermore as the occurrence of failures was low, 
no statistical multivariate analysis was implemented in order 
to detect possible explicative factors.

The Suojala et al study [40] is a comparable study to this 
one. The differences are that the Suojala paper compared a 
combination of two administrations of systemic enrofloxacin 
and non-steroidal anti-inflammatory treatment to non-
steroidal anti-inflammatory treatment alone and in this 
study we compared the single administration of two different 
fluoroquinolones without non-steroidal anti-inflammatory 
treatment. In this study bacteriological cure was considered 
when E. coli was not isolated, in both post treatment milk 
samples and in the sample performed in case of failure or 
relapse. In the Suojala et al. study [40] bacteriological cure 
rates were higher (close to 90% in both enrofloxacin treated 
and non-treated animals). In this study the success rate was 
calculated as a combination of cure + clear improvement. As 
no anti-inflammatory agent was allowed, the improvement 
of the local signs linked to the inflammatory process of the 
infection was delayed. Considering only the cure rates on 
day 15, 73.6% and 65.8% were observed in the marbofloxacin 
and danofloxacin groups respectively. These cure rates are 
clearly higher than those observed in the Suojala et al trial 
(46.7% in the enrofloxacin group on day 21 vs. 57.1% in the 
untreated animals). On day 2, in our current study only 4.2% 
of animals were clinically cured (all in the marbofloxacin 
group) compared to 8.1% in the enrofloxacin group and 
20% in the untreated group of the Suojala et al study. The 
explanation for this difference could be the fact that in our 
study the animals did not receive anti-inflammatory agents. 
The clear improvement rate was close to 36% in both groups 
confirming that only local signs were persisting and that 
the systemic ones had recovered. The results of this study 
indicate that the level of efficacy depends on the molecule and 
its dosage regimen and not on the class of antibiotic i.e. not 
all fluoroquinolones are equally effective.   The quick onset 
of action of systemically administered antimicrobials that 
are active in the blood and mammary gland appears to be 
beneficial. Administered in the early phase of the infection to 
inhibit growth of the bacteria in the udder, they decrease the 
risk of bacteraemia and endotoxaemia and the subsequent 
impact on the cow health [9]. Treating the infection early 
with a high dose also minimises the risk of resistant mutant 
selection [14].

 Coliforms are the main bacteria to target in an emergency 
first-line treatment for potentially life-threatening mastitis. 
However, other pathogens such as Streptococcus uberis or 
Staphylococcus aureus [28, 38] may be involved in cases 
of severe mastitis. These bacteria remain localized in the 
milk and udder parenchyma [13]. When a treatment needs 
to be initiated immediately it is acceptable to administer 
Gram-positive specific antibiotics [15], via intramammary 
route to cover a broad bacterial spectrum. In this study, we 
also analysed the efficacy of the systemic marbofloxacin 
treatment associated with intramammary oxacillin taking 
into account all the available data irrelevant of the mastitis 
etiology. The overall success rates were higher than 80%, 
confirming that targeting both systemic compartment and 
udder compartment is an effective approach when treating a 
severe acute mastitis. 

Current international policies to reduce the use of 
antimicrobials to prevent the development of antimicrobial 
resistance must always be considered when initiating 
antimicrobial treatment in animals. At the farm level, decision 
making is based on combining scientific knowledge with 
economic considerations [27]. Nowadays diagnostic tests 
have been developed in veterinary medicine allowing culture 
on the farm or in a veterinary practice (e.g. Minnesota Tri-
plate, Vetorapid). These tests are fast (8 to 24 hours) and allow 
the treatment strategy to be quickly adapted after sampling. 
In this study these tests were not implemented as the authors 
wished to standardize the bacteriological part of the study 
by using reference diagnostic laboratories because the trial 
was intended for product registration. Used routinely in the 
case of severe mastitis, these tests, when available on the 
market and authorized by local authorities, could allow the 
treatment to be adapted as quickly as 12-24h after emergency 
and probabilistic antimicrobial treatment in order to avoid 
unnecessary extension of antimicrobial exposure resulting 
in higher treatment costs, increased milk withdrawal and 
selection pressure on commensal bacteria. 

To conclude, this field study supports the use of 
marbofloxacin at 10 mg/kg in a single administration as an 
efficient and safe product for the treatment of acute bovine 
mastitis, safe both for the animal but also for the Public 
Health, with an optimized dose to minimise the risk of the 
emergence of resistance.
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