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The susceptibility to 9 antimicrobial agents of 32 aerobic bacterial isolates and to 10 antimicrobial agents
of 37 anaerobic bacterial isolates from 23 cases of bovine summer mastitis (16 Actinomyces pyogenes isolates,
8 Streptococcus dysgalactiae isolates, 3 S. uberis isolates, 3 S. acidominimus isolates, 2 Streptococcus spp., 15 Pepto-
streptococcus indolicus isolates, 10 Fusobacterium necrophorum isolates, and 12 isolates of anaerobic gram-
negative rods) was determined by the agar dilution method. All isolates except one Bacteroides fragilis isolate
(b-lactamase producer) were susceptible to penicillin G, amoxicillin, amoxicillin-clavulanate, cefoxitin, clin-
damycin, and chloramphenicol (the B. fragilis strain was susceptible to the last four), which had MICs at which
90% of isolates were inhibited (MIC90s) of <0.06, <0.06, <0.06, 0.25, <0.06, and 4.0 mg/ml, respectively.
Spiramycin was active against the gram-positive aerobes (MIC90, 1.0 mg/ml) but not against the anaerobes
(MIC90, 16.0 mg/ml). Similar trends were noted for susceptibilities of aerobic and anaerobic bacteria to
ofloxacin (MIC90s, 2.0 and 8 mg/ml, respectively). Occasional strains of aerobic streptococci were resistant to
oxytetracycline, but all anaerobes were susceptible. Tinidazole was active against all anaerobes (MIC90, 2.0
mg/ml). b-Lactamase was produced only by the B. fragilis isolate.

Aerobic-anaerobic mastitis, often termed summer mastitis,
is a suppurative infection of the udder quarters of heifers and
nonlactating cows. The infection is characterized by produc-
tion of copious quantities of foul-smelling pus and a rapidly
progressing course of hardening, tenderness, and eventual tis-
sue destruction of the infected quarters (25). Most cases of
aerobic-anaerobic mastitis occur during the summer pasture
season and a fly, Hydrotaea irritans, is generally considered the
vector (25). However, we have recently shown that a clinically
and bacteriologically comparable disease also occurs indoors in
winter (18). Microaerophilic Actinomyces pyogenes and anaer-
obic bacteria, especially Peptostreptococcus indolicus and Fuso-
bacterium necrophorum, are the pathogens most often impli-
cated in the bacterial etiology of summer mastitis. The most
common aerobic isolates are Streptococcus dysgalactiae strains
(25).
The prognosis of aerobic-anaerobic mastitis is poor; the

affected quarter is lost for milk production, and common prac-
tice is to cull the animal (25). Therapeutic approaches with
antimicrobial agents have been unsuccessful. Contributing fac-
tors for treatment failures include pharmacokinetic problems
associated with particular drugs, the unknown nature of sus-
ceptibility patterns of isolates of animal origin, and the ability
of ruminants to metabolize many drugs very rapidly (25). In
addition, antimicrobial therapy in cattle carries the risk of
leaving drug residues. Therefore, susceptibility results based
on MICs and pharmacokinetics determined in humans are not
directly applicable to bacterial strains of animal origin.
The objective of this study was to collect in vitro antimicro-

bial susceptibility data for major groups of bacteria involved in

aerobic-anaerobic mastitis to identify potential candidates for
future pharmacokinetic studies and eventually to permit di-
rected therapeutic approaches. Aerobic and anaerobic bacte-
rial strains isolated during our recent investigation on the clin-
ical, bacteriologic, and therapeutic aspects of bovine mastitis
(18) were used for the in vitro susceptibility tests.

MATERIALS AND METHODS

The 32 aerobic and 37 anaerobic isolates (see Tables 1 and 2) investigated
originated from udder secretion samples taken from 3 heifers and 20 cows with
summer mastitis. The animals and the methods used to collect and process udder
secretion samples, as well as isolation and identification of the organisms, were
described previously (18). Briefly, the animals were selected on the basis of
medical histories and typical symptoms of summer mastitis (25): the affected
quarter was swollen, hard, and tender, and the secretion was purulent or serous,
with a characteristic foul odor. After careful disinfection of the teat end, milk
samples from the affected quarters were aspirated via the teat canal with a blunt
cannula and a disposable syringe. Each sample was injected into a gas-tight
sealed vial (Port-A-germ; Bio Mérieux, Charbonnièrs, France) and transport-
ed within 24 h to the laboratory for quantitative aerobic and anaerobic cul-
ture. Several selective and nonselective media, as well as thioglycolate enrich-
ment broth, were inoculated with the samples (24). The plates were incubated
in conducive environments for up to 10 days and examined frequently. Bac-
teria were isolated, counted, and identified by established methods (7, 8, 10, 12,
24).
The MICs of penicillin G, amoxicillin, amoxicillin-clavulanate, cefoxitin, oxy-

tetracycline, spiramycin, clindamycin, chloramphenicol, ofloxacin, and tinidazole
(anaerobes only) were determined by the agar dilution method outlined by the
National Committee for Clinical Laboratory Standards (13, 14). b-Lactamase
production (by anaerobic gram-negative rods) was assessed by the chromogenic
cephalosporin disk test (Biodisk, Solna, Sweden). The antimicrobial agents were
received as standard powders from individual pharmaceutical manufacturers.
The medium used for testing aerobic isolates was Iso-Sensitest agar (Oxoid,
London, England) supplemented with 7% hemolysed sheep blood, and that used
for testing the anaerobes was vitamin K1- and hemin-supplemented brucella
blood agar (24). The inocula were delivered with a multipoint inoculator. Aer-
obes were incubated for 1 to 2 days, in air, and anaerobes were incubated at 368C
for 2 days in jars filled with a mixed gas (80% N2, 10% CO2, 10%H2), after which
the plates were interpreted.
In addition to the mastitis isolates, the following reference strains were in-

cluded as controls: Staphylococcus aureus ATCC 25923 and ATCC 25929, Esch-
erichia coli ATCC 25922, Bacteroides fragilis ATCC 25285, Fusobacterium necro-
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phorum ATCC 25286, Prevotella oralis ATCC 33269, Bacteroides levii ATCC
27147, and Peptostreptococcus magnus ATCC 29328.

RESULTS

Tables 1 and 2 contain the susceptibility results. All bacterial
isolates, except one b-lactamase-producing B. fragilis isolate,
were susceptible to penicillin G, amoxicillin, amoxicillin-clavu-
lanate, cefoxitin, clindamycin, and chloramphenicol (the B.
fragilis strain was susceptible to the last four), which had MICs
at which 90% of isolates were inhibited (MIC90s) of #0.06,
#0.06, #0.06, 0.25, #0.06, and 4.0 mg/ml, respectively. All
anaerobic isolates were susceptible to oxytetracycline, but oc-
casional aerobic streptococci were resistant. Spiramycin was
highly active against the gram-positive aerobes (MIC90, 1.0
mg/ml), but its activity against the anaerobes was low (MIC90,
16.0 mg/ml). The susceptibilities of aerobes and anaerobes to
ofloxacillin followed the same trends (MIC90, 2.0 and 8 mg/ml).
Tinidazole was active against all anaerobes (MIC90, 2.0 mg/ml).
b-Lactamase was produced by the one B. fragilis isolate.

DISCUSSION

The susceptibility profiles of most aerobic and anaerobic
bacterial strains recovered in this study compared well with
MICs reported earlier (2, 15, 16, 20). However, major differ-
ences were noted between published susceptibilities to spira-
mycin of Bacteroides, Prevotella, and Fusobacterium species iso-
lated from goats with footrot (16) and those of the isolates
from bovine summer mastitis in the present study. In that
study, the MICs at which 50% of isolates were inhibited
(MIC50s) for Bacteroides and Prevotella spp. were 0.06 to 1.0

mg/ml and those for fusobacteria were 0.06 to 2.0 mg/ml. In our
study, the MICs were consistently much higher. On the other
hand, no resistance to tinidazole, oxytetracycline, or chloram-
phenicol was detected among the anaerobic bacteria in the
present study. Surprisingly, 20 to 50% of footrot strains were
resistant to tinidazole and also to oxytetracycline and chloram-
phenicol (16). Knowledge of the antimicrobial susceptibility
profiles of the bacteria involved in a particular disease is one
facet of rational therapy, which also includes knowledge of the
pharmacokinetics and safety of the drugs in question in the
target animal. In acute infections, it is preferable to give anti-
microbial treatment parenterally, especially for infections such
as summer mastitis, in which adequate distribution of antimi-
crobial agents administered by the local route is unlikely be-
cause of the massive purulent reaction. For systemic treatment
of acute mastitis, knowledge of drug concentrations in udder
secretions is useful. Unfortunately, pharmacokinetic data for
the antimicrobial agents in lactating cattle, discussed here, are
not comprehensive (17). In this study, most of the aerobes and
anaerobes were very sensitive in vitro to penicillin G, amoxi-
cillin and the combination amoxicillin-clavulanic acid. Gener-
ally, b-lactam drugs are rapidly eliminated in ruminants if used
as water-soluble formulations. Penicillins also distribute poorly
in the milk gland because they are weak acids. However, using
the recommended dose of penicillin G, concentrations above
the MICs and MBCs for the susceptible pathogens can be
maintained in serum and milk (3, 4). Some representatives of

TABLE 1. In vitro susceptibility of aerobic bacteria isolated
from udder secretions

Bacterial isolate
(no. of isolates)

Antimicrobial
agent

MIC (mg/ml)

Range MIC50 MIC90

Actinomyces pyogenes
(16)

Penicillin G #0.06 #0.06 #0.06
Oxytetracycline 0.125–1.0 0.25 0.5
Clindamycin #0.06 #0.06 #0.06
Spiramycin 0.06–0.25 0.125 0.25
Chloramphenicol 0.25–8.0 0.5 0.5
Cefoxitin #0.06 #0.06 #0.06
Amoxicillin #0.06 #0.06 #0.06
Amoxicillin-clavulanate #0.06 #0.06 #0.06
Ofloxacin 1–2 2 2

Streptococcus dysgalac-
tiae (8)

Penicillin G #0.06
Oxytetracycline 0.5–16
Clindamycin #0.06
Spiramycin 0.5–1
Chloramphenicol 1–4
Cefoxitin 0.25
Amoxicillin #0.06
Amoxicillin-clavulanate #0.06
Ofloxacin 1

Streptococcus species
(8) [S. uberis (3), S.
acidominimus (3),
Streptococcus spe-
cies (2)]

Penicillin G #0.06
Oxytetracycline 0.25–8
Clindamycin #0.06
Spiramycin 0.125–1
Chloramphenicol 0.5–2
Cefoxitin #0.06–1
Amoxicillin #0.06
Amoxicillin-clavulanate #0.06
Ofloxacin 1

TABLE 2. In vitro susceptibility of anaerobic bacteria isolated
from udder secretions

Bacterial isolate
(no. of isolates)

Antimicrobial
agent

MIC (mg/ml)

Range MIC50 MIC90

Peptostreptococcus in-
dolicus (15)

Penicillin G #0.06 #0.06 #0.06
Oxytetracycline 0.25–4 0.25 0.5
Clindamycin 0.25–0.5 0.25 0.25
Spiramycin 16 16 16
Chloramphenicol 4 4 4
Cefoxitin #0.06–0.25 #0.06 #0.06
Amoxicillin #0.06 #0.06 #0.06
Amoxicillin-clavulanate #0.06 #0.06 #0.06
Ofloxacin 8–16 8.0 16.0
Tinidazole 0.5–4 2 2

Fusobacterium necro-
phorum (10)

Penicillin G #0.06 #0.06 #0.06
Oxytetracycline 0.125–0.5 0.5 0.5
Clindamycin #0.06–0.25 #0.06 0.25
Spiramycin 16 16 16
Chloramphenicol 2–4 2 4
Cefoxitin #0.06–16 0.125 2
Amoxicillin #0.06–8 #0.06 2
Amoxicillin-clavulanate #0.06–2 #0.06 1
Ofloxacin 2–8 8 8
Tinidazole 0.25–1 1 1

Gram-negative rods
(12) [MCR Pre-
votella hep/zooa (7),
MCR B. levii (4), B.
fragilis (1)]

Penicillin G #0.06–16 0.06 0.125
Oxytetracycline 0.125–0.5 0.25 0.5
Clindamycin #0.06–0.5 #0.06 #0.06
Spiramycin 4–16 8 16
Chloramphenicol 2–8 4 4
Cefoxitin #0.06–8 0.5 1
Amoxicillin #0.06–16 #0.06 0.25
Amoxicillin-clavulanate #0.06–0.25 #0.06 #0.06
Ofloxacin 0.25–165 1 8
Tinidazole #0.06–2 #0.06 2

aMost closely related (MCR) to Prevotella heparinolytica/zoogleoformans
group.
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the cephalosporin group have also been studied in lactating
cows (22, 23). The fraction secreted into milk is very small, and
therapeutic levels cannot be obtained in milk.
Alone among the gram-negative rods investigated here, the

B. fragilis strain was b-lactamase producing. All other Bacte-
roides, Prevotella, and Fusobacterium spp. tested were suscep-
tible to penicillin G, a feature dissimilar to that of correspond-
ing isolates of human origin. When penicillin-resistant bacteria
are involved in the infection, use of b-lactamase inhibitors
often solves the problem, provided that the mechanism of
resistance is b-lactamase mediated. Limited data are avail-
able on pharmacokinetics in cattle of the amoxicillin-clavulanic
acid combination. The dosage recommendation made by the
manufacturer appears too low, because the compounds are
eliminated rapidly in adult cattle. The concentrations of both
components in milk seem to remain low and are short-lived
(1).
A widely used alternative to penicillin G in treatment of

anaerobic infections in cattle is macrolides. Many macrolides
have favorable pharmacokinetics in lactating cattle, because, as
lipophilic drugs, they distribute well throughout the body and
concentrate in milk. There are no difficulties in maintaining
therapeutic concentrations in milk with spiramycin adminis-
tered parenterally once a day (4, 21). However, macrolide
therapy of infections such as summer mastitis involving F.
necrophorum may not be successful, because fusobacteria are
frequently resistant to macrolides such as erythromycin (5).
The MICs of spiramycin against all anaerobes evaluated in
this study were high. Some newer representatives of this group
of antimicrobial agents might be more potent (5). Oxytetracy-
cline remains the most common drug used against mixed and
anaerobic infections in cattle. Anaerobes investigated here
showed no resistance to this drug, but occasional aerobic iso-
lates were resistant. Levels of oxytetracycline in serum can be
maintained by administering recommended doses at a dose
interval of 1 or 2 days. However, this drug is not ideal, because
it is difficult to maintain sufficient concentrations and because
the casein component of milk also interferes with its action (11,
17).
Tinidazole and other nitroimidazole derivatives are active

against a wide range of anaerobes, as also demonstrated here.
Among nitroimidazoles, the pharmacokinetics of tinidazole
has been studied in several animal species, including lactating
cows (19). This is a good example of a drug with highly variable
pharmacokinetics in different animal species. With administra-
tion of high doses, therapeutic levels of the drug can be main-
tained in the serum and milk of cows. Unfortunately, approval
of tinidazole is unlikely because of its potentially carcinogenic
and mutagenic residues (17). In a recent study, the combina-
tion of tinidazole and penicillin G was not superior to penicillin
G alone in the treatment of experimentally induced summer
mastitis (6).
Fluoroquinolones are generally not very active against

anaerobes (5). This was observed with ofloxacin in the present
study. Therefore, despite favorable pharmacokinetic proper-
ties (9, 17), the currently available fluoroquinolones are not
likely to be suitable drugs for treating these infections.
In conclusion, all b-lactam compounds and several other

antimicrobial agents had low MICs for aerobic and anaerobic
isolates originating from cases of summer mastitis. However,
spiramycin and ofloxacin are not good candidates for the an-
timicrobial therapy of summer mastitis because of their low
activity against the key anaerobes involved. The drug of choice
for anaerobic and mixed infections in cattle remains penicil-
lin G. Cases in which b-lactamase-producing bacteria are
present, especially summer mastitis, in which F. necrophorum is

prevalent and is generally resistant to macrolides, are prob-
lematic. Clindamycin and cefoxitin have not been approved for
use in cattle, and chloramphenicol has recently been banned
for food animal use in the European Union. Tetracyclines,
although not ideal, remain a good choice, although occasional
resistance occurs. Despite the high in vitro activity of tinida-
zole, it is not a good supplement because of its potential mu-
tagenicity and its unapproved status. Other compounds for
future clinical trials include the new macrolides and cephalo-
sporin derivatives, but careful pharmacokinetic assessments in
the animal species for which their use is intended must to be
done.
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