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Antibiotics are usually pro-
duced by micro-organisms
for the purpose of destroying

or inhibiting other competing micro-
organisms among which there can
be species able to cause infectious
diseases to humans and animals.
Antibiotics can be classified as

either bactericidal or bacteriostatic.
Bactericidal antibiotics kill bacteria
directly, whereas bacteriostatic
antibiotics prevent them from multi-
plying. However, these classifica-
tions are based on laboratory
behaviour; in practice, both of these
are capable of ending a bacterial
infection.

Fight against bacteria

Although British bacteriologist
Alexander Fleming discovered the
bacteria killing property of Penicillin
in 1928, when he noticed that
colonies of the bacterium Staphylo-
coccus aureus could be destroyed
by the mould Penicillium notatum,
the chemically synthesised sulphon-
amides were the first effective drugs
used to fight bacterial infection in
humans.
Originally developed in the 1930s

for use in the dye industry, they
were initially effective against a
broad range of bacteria. However,
many strains of bacteria quickly
developed a resistance to sulphon-
amides. By 1945, penicillin was
widely and successfully used in the
treatment of many bacterial dis-
eases, including strep throat, syphilis
and pneumonia.
But it soon appeared that the drug

worked against only certain types of
bacteria. Streptomycin, the first rep-
resentative of a new class of antibi-
otics called aminoglycosides, was
then developed by Waksman from
soil bacteria. It proved to be particu-
larly effective against tuberculosis
and was used in the treatment of
many other bacterial infections.
They were followed after World

War II by chlortetracycline, the first
drug of the tetracycline family, which

was effective against a wider variety
of bacteria.
However, early in the antibiotic

era, most antibiotics were rather
narrow spectrum agents (active
against a subgroup of organisms)
and it became apparent that not all
infections responded to treatment
with sulphonamides, penicillin or
streptomycin used alone.

Antimicrobial combinations

Antimicrobial combinations were
therefore used to broaden the lim-
ited spectrum of activity of the avail-
able compounds.
They are still used for that pur-

pose when narrow spectrum antibi-
otics are chosen, in order to provide
a better antimicrobial ‘coverage’ in
empiric therapy prior to identifica-
tion of pathogens or for the treat-
ment of mixed infections.
Although the basis for the early

combinations was obviously empiri-
cal, some of this early experience
was remarkably successful.
Furthermore, some combinations

resulted in greater inhibitory or bac-
tericidal activity than would be
expected merely from the sum of
the activities of the individual agents.
This provided a first illustration of a
synergistic bactericidal activity.
When entering discussions about

antibiotics combinations, sooner or
later one will be confronted with the
issue of interactions between groups
of antibiotics. In the 1950s, Jawetz
established some general rules
based on the potential enhancement
of the antibacterial activity that may
result from a combination of two
antibiotics.
He divided antimicrobial drugs into

two groups, based on their mecha-
nism of action. Group I drugs are
those which achieve bactericidal
action at clinically relevant concen-
trations like penicillins, cephalo-
sporins or aminoglycosides.
Group II drugs are those whose

activity is merely bacteriostatic at
clinically relevant concentration, for
example tetracyclines, macrolides
and lincosamides.
According to Jawetz, group I

drugs, when combined, may result in
synergism, never antagonism, while
mixture of group II drugs show no

combined effects beyond simple
addition and eventually, the mixture
of an antibiotic of group I with a
drug of group II is likely to be antag-
onistic.
However, examples of clinical

exceptions to the so-called ‘Jawetz’s
law’ abound; combinations expected
to be antagonistic can be clinically
useful or synergistic and conversely,
combinations predicted by Jawetz’s

law to be synergistic can be antago-
nistic, indifferent or inefficacious.
Recent research on antibiotic ther-

apy mainly focused on new drug dis-
covery. Drugs were specifically
designed and developed to offer an
expanded spectrum of activity, a
high level of efficacy as well as a con-
venient regime of administration.
Meanwhile, combination therapy

was still used to increase bactericidal
activity in the case of infections
involving antibiotic resistant strains.
Nowadays, although combination

of antimicrobial agents is common

practice in both human and veteri-
nary medicine, it is still not very clear
how the antibacterial effects of
antibiotic combinations can be accu-
rately predicted.

Interactions investigated

Interactions between drugs are usu-
ally investigated in vitro, by using
various laboratory methods.
Meaningful information may be

generated, which describes and
gives indication on the efficacy to be
expected when combining antibi-
otics. Since investigations on drug
interactions can lead to opposite
conclusions by different methodolo-
gies, potential advantages of syner-
gistic combinations should be
confirmed in vivo.
In many cases, antibiotic combina-
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Mastitis therapy:
To combine or not to
combine antibiotics?

Narrow spectrum of activity

A narrow spectrum antibiotic is effective against a relatively defined small
subset of bacteria only a few Gram positive or Gram negative.
Penicillin is an example of an antibiotic possessing a highly efficient but

narrow spectrum of activity, acting particularly against Gram positive bacte-
ria (bacteria that have a cell wall composed of a thick layer of a particular
substance that retains the colour of the crystal violet stain in the Gram
stain. The Gram positive bacteria include staphylococci and streptococci.
Use of a narrow spectrum antibiotic allows an avoidance of some of the
destruction of normal flora usually associated with antibiotic use.

Jawetz's law on antimicrobial combination

� Bactericidal + bactericidal: may be synergistic or additive.
� Bacteriostatic + bacteriostatic: usually additive.
� Bacteriostatic + bactericidal: may be antagonistic or indifferent.

SSyynneerrggiissmm can be defined as the positive interaction of two or more agents
so that their combined effect is significantly greater than the expected sum
of their individual effects (1 + 1 = 3).

AAnnttaaggoonniissmm is a negative interaction between two drugs; the combined
effect of their combination is significantly less than the sum of the respective
effect when tested separately (1+1=1).

AAddddiittiivviittyy assumes that the result observed with more than one drug
should be the sum of the separate effects of the drug being tested if those
drugs do not interact with one another (1+1=2).
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tions are used with the specific
intent of obtaining a synergistic
antimicrobial effect against an infect-
ing micro-organism in order to
increase the likelihood of positive
outcome of antibiotic therapy.
Despite the wide range of new

drugs being available, bacterial resis-
tance has become an increasing
issue. 
Sometimes, newer agents achiev-

ing high bactericidal activity as a sin-

gle agent may prove comparable in
efficacy to synergistic combination of
older drugs. 
Since the emergence of drug resis-

tant bacterial sub-populations is a
direct result of selective pressure by
antimicrobial therapy, the chance of
being resistant to two antimicrobials
at a time are reduced.
Combination therapy might there-

fore be used to possibly prevent or
delay the emergence of resistance.
Intramammary treatment contain-

ing a fixed combination of antibiotics
is commonly used in dairy cattle for
the treatment of clinical mastitis dur-
ing lactation, and for the treatment
and prevention of udder infection at
drying off.  Most products contain
penicillin G together with an amino-
glycoside, the combination of which
is expected to offer a wide spectrum
of activity and potential synergy.
However, despite this wide use of

combination formulations, only a
few clinical trials have investigated

the actual advantages of combina-
tion therapy over the individual
compounds or compared to other
antibiotics. In most cases, compara-
ble clinical and bacteriological cure
were achieved by the combination
or the control treatment. 
Use of antibiotic combination was,

however, reported as being some-
times associated with a lower rate of
treatment failure (cow being re-
treated for clinical mastitis after ini-
tial treatment). Proof of clinically
important antimicrobial synergy
would require the conduct of
blinded clinical trials with positive
controls.
It may be concluded that the use

of antibiotic combinations in an
attempt to produce bactericidal syn-
ergism would merit confirmatory
testing in many circumstances.
However, in a vast majority of

cases, antibiotic combinations may
be used successfully to provide a
broad spectrum of activity or in the
hope of delaying or suppressing the
emergence of resistance.               �
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Family of Main Spectrum Main target  Mode of 
antibiotic representatives of activity organisms action

PPeenniicciilllliinnss PPeenniicciilllliinn  GG
PPeenneetthhaammaattee  
CCllooxxaacciilllliinn NNaarrrrooww GGrraamm  ++  ((ssttrreeppttooccooccccii BBaacctteerriicciiddaall
OOxxaacciilllliinn aanndd  ssttaapphhyyllooccooccccii))

NNaaffcciilllliinn

AAmmppiicciilllliinn GGrraamm  ++  ((ssttrreeppttooccooccccii  aanndd
AAmmooxxiicciilllliinn BBrrooaadd ppeenniicciilllliinn  sseennssiittiivvee  ssttaapphhyyllooccooccccii))  BBaacctteerriicciiddaall

aanndd  GGrraamm  --  ((EE..  ccoollii))

CCeeffaalloossppoorriinnss CCeeffaalleexxiinn  
CCeeffaappiirriinn
CCeeffaazzoolliinn  NNaarrrrooww MMaaiinnllyy  GGrraamm  ++ BBaacctteerriicciiddaall
CCeeffaalloonniiuumm  
((11sstt  ggeenneerraattiioonn))

CCeeffooppeerraazzoonnee
CCeeffttiiooffuurr  
((33rrdd  ggeenneerraattiioonn)) BBrrooaadd GGrraamm  ++  aanndd  GGrraamm  -- BBaacctteerriicciiddaall
CCeeffqquuiinnoommee  
((44tthh  ggeenneerraattiioonn))

AAmmiinnooggllyyccoossiiddeess SSttrreeppttoommyycciinn  
KKaannaammyycciinn NNaarrrrooww GGrraamm  -- BBaacctteerriicciiddaall

NNeeoommyycciinn
FFrraammyycceettiinn BBrrooaadd GGrraamm  ++  ((ppeenniicciilllliinn  rreessiissttaanntt

GGeennttaammiicciinn ssttaapphhyyllooccooccccii))  aanndd  GGrraamm  -- BBaacctteerriicciiddaall

PPoollyyppeeppttiiddeess BBaacciittrraacciinn
NNaarrrrooww

GGrraamm  ++  ((BBaacciittrraacciinn))
CCoolliissttiinn GGrraamm  --  ((CCoolliissttiinn)) BBaacctteerriicciiddaall

MMaaccrroolliiddeess SSppiirraammyycciinn
TTyylloossiinn
LLiinnccoommyycciinn  

NNaarrrrooww GGrraamm  ++,,  mmaaiinnllyy  ssttaapphhyyllooccooccccii BBaacctteerriioossttaattiicc

PPiirrlliimmyycciinn

TTeettrraaccyycclliinneess TTeettrraaccyycclliinnee
OOxxyytteettrraaccyycclliinnee

BBrrooaadd GGrraamm  ++  aanndd  GGrraamm  -- BBaacctteerriioossttaattiicc

Table 1. Antibacterial drugs used for mastitis treatment.
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