ANTIMICROBIALS

Time to Fight the New with the Old—Old Antibiotics
in New Role
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A b s t r ac t
Current medical practice is seeing a rise of multidrug-resistant bacteria because of inappropriate antibiotic usage. New antibiotics discoveries
are not at par with the rapidly developing drug resistance. To tide over these circumstances, old antibiotics are now being revived researched
and assigned new roles. Antibiotics, such as colistin, nitrofurantoin, polymyxin, etc., are used in nosocomial and critical care setting to tackle
the multidrug-resistant bacteria. Even the use of old antibiotics should be pathogen centered and inappropriate use should be avoided. In
this study, we are trying to throw some light on some of the old antibiotics which are currently in use and their efficacy. A lot of research is still
required to optimize the drug dosing and prevention of side effects of these older antibiotics.
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The current medical practice involves use of a wide range of
antibiotics for treating infections. The excessive and irrational use of
antibiotics for mild illness has resulted in the emergence of a large
number of resistant organisms especially which are resistant to a
lot of commonly used antibiotics. Time and again practitioners are
made aware of this emerging situation, and as days progress we will
be devoid of all the available drugs as new antibiotic inventions are
not keeping pace.1 This is a very scary and difficult scenario when
it comes to the treatment of patients with nosocomial infections,
patients with underlying immunodeficiency, and patients in critical
care units. As we are left with very few new antibiotic options, the
need of hour is to bring in the old and forgotten antibiotics in new
forms and new roles.
This is a very important step at this juncture through which
we can keep the new and expensive antibiotics as reserve and also
prevent the development of drug resistance.
Older antibiotics went behind curtains mainly because of
reasons, such as side effects, palatability, difficulty in route of
administration, and advent of more effective agents. Before using
it in clinical settings, older antibiotics safety and efficacy should be
reevaluated to optimize therapy.
The most advanced revived antibiotic now commonly used
in present clinical practice is colistin. Other antibiotics, such as
nitrofurantoin, doxycycline, etc., are also currently used for various
gram-positive and gram-negative infections which are resistant to
new drugs.

P o lym yx i n s
Polymyxins are group of antibiotics which came into use in
the 1940s and went into recluse after few years because of the
neurotoxic and nephrotoxic side effects. Among the group
of five compounds, polymyxin B and polymyxin E are used in
clinical practice. 2 They are bactericidal against gram-negative
bacteria and not effective against majority of gram-positive
bacteria and gram-negative cocci. Their use have resurfaced
as they were shown to have in vitro activity against gramnegative bacteria, such as Klebsiella, Pseudomonas aeruginosa,
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Enterobacteriaceae, etc., which were resistant to the most
commonly used antibiotics.

C o l i s t i n (P o lym yx i n E)
Colistin also known as polymyxin E came into clinical use in the
1950s and soon because of the neurotoxic and nephrotoxic side
effects and the availability of other drugs with less side effects
it went out of clinical usage.3 Recently, the focus on colistin has
resurfaced because of its bactericidal effect on gram-negative
bacteria majority of which are resistant to multiple antibiotics.

Spectrum of Action
Mainly bactericidal activity against major pathogenic gramnegative bacteria which are mainly involved in infections in
immunocompromised, critical care settings, and patients with
underlying chronic diseases like Enterobacteriaceae including
extended spectrum beta-lactamase (ESBL) and carapenemase
producing strains, such as Klebsiella pneumoniae, Acinetobacter
baumannii, and Pseudomonas aeruginosa. Antibacterial spectrum
also includes other bacteria, such as Escherichia coli, Shigella,
Salmonella, Bordetella, Haemophilus influenzae, etc.

Indications
Number of multicentric studies have proven efficacy and guarded
safety of colistin in children, infants, and neonates mainly for
highly resistant gram-negative infections which are resistant
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to multiple drugs4,5 or in critical care settings where adequate
clinical progress is not seen and proven culture sensitive infections.
Initially, colistin found use mainly in post burn care patients6 and
in those with cystic fibrosis. Main infections where it has found use
include severe sepsis, ventilator-associated infections, meningitis,
intra-abdominal infections, etc. It is always used as combination
therapy even intrathecal use has been proved to be efficacious in
newborns, etc. Role of colistin in critically ill children and nosocomial
infection also proved it to be effective.7 Inhaled colistin has also
found a place in gram-negative lung infections and mechanically
ventilated patients.

Spectrum of Action

Polymyxin B is also used for resistant infections by Enterobacteriaceae,
Pseudomonas, Klebsiella, and E. coli8 Mainly in nosocomial infections
and infection in critical care settings. Multidrug-resistant gramnegative bacilli with high rates of carbapenem resistance is leading
to increasing use of polymyxin B as the only drug to combat against
these infections in critically ill children.9

Due to its bactericidal activity against gram-negative bacteria,
such as Enterobacter, E. coli, Klebsiella, we find its clinical use in
urinary tract infections acute as well as recurrent, also indicated in
prophylaxis in patients with underlying urinary tract pathologies.
Based on the sensitivity pattern, it finds its use in respiratory
infections like pneumonia, also in otitis media its previous
role as a first-line drug in community-acquired pneumonia is
fading due to gradual development of resistant organisms. In
immunocompromised individuals, the drug has a major role due to
its efficacy against P. jirovecii and isospora. The drug’s role in typhoid
and bacillary dysentery has also declined due to its resistance
but it is one of the drugs of choice in brucellosis and nocardiosis.
Emerging drug-resistant nosocomial infections have again shifted
focus on trimethoprim–sulfamethoxazole.11 It is also likely to be
effective in community-acquired MRSA and mainly used in skin
and superficial infections.
The judicious use of trimethoprim–sulfamethoxazole will
prevent overuse of costly and new antibiotics and preserve the
drug for sensitive microbes preventing drug resistance.

Side Effects

C l i n da m yc i n

Nephrotoxicity and neurotoxicity are dose and duration dependent.
Dosage adjustment need to be made in children with renal
impairment. With proper titration of doses and monitoring of renal
function, the side effects can be minimized. The nephrotoxicity
induced by colistin was proved to be reversible according to certain
studies and to a less extent neurotoxicity.5

Clindamycin clinically came into use since 1962. Concerns about
Clostridium difficile has limited its use. It is very useful against
anaerobic infections.12

P o lym yx i n B
Spectrum of Action

N i t r o f u r a n to i n
Even though nitrofurantoin came into clinical practice in 1952, it
was not used widely because of gastrointestinal side effects. After
the macrocrystalline form came, side effects were less and safety
profile improved.

Spectrum of Activity
Nitrofurantoin has a broad spectrum of antibacterial action
ranging from gram-negative bacteria, such as E. coli, Klebsiella,
Enterobacter, Shigella, Salmonella, etc., to gram-positive organisms,
such as Staphylococcus aureus, group Streptococcus, etc. The most
important feature is that ESBL producing E. coli is also sensitive to
nitrofurantoin, so it is mainly indicated for the treatment of lower
urinary tract infections10 due to the increase in ESBL producing E.
coli emerging as a major pathogen in urinary tract infections. It also
finds use in recurrent and treatment resistant infections which shows
culture sensitivity. The disadvantage is that of the poor palatability
almost making the drug non-compliant in children.

T r i m e t h o p r i m –S u l fa m e t h oxa zo l e
Trimethoprim–sulfamethoxazole is a two-drug fixed combination
antibiotic individually either of them are bacteriostatic together
has a very broad spectrum of action against both gram-positive
bacteria including some methicillin-resistant Staphylococcus aureus
(MRSA) and gram-negative bacteria like Enterobacter. The drug
combination was introduced in 1969. The drug is also effective
against Toxoplasma gondii isospora and Pneumocystis jirovecii. Due
to the two-drug combination resistance development to drug is
less. The main advantage of the drug was good oral availability
and cost effectiveness and disadvantage was the allergic reaction
in susceptible patients.
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Spectrum of Action
Similar antibacterial spectrum like of macrolides. Effective against
mainly gram-positive aerobic cocci like Staphylococcus even penicillinresistant Streptococcus pneumoniae13 and community-acquired
methicillin-resistant S. aureus. Its effectiveness against anaerobes
finds its usage in intra-abdominal, bone and joint infections, lung
abscess, etc. Due to its inhibitory effect on bacterial toxin production,
it finds role in necrotizing fasciitis, toxic shock syndrome (TSS),
staphylococcal induced and also in streptococcal toxic shock either
alone or as a combination therapy. Other advantages include good
oral absorption and tissue distribution. Clindamycin is also used
for resistant P. jirovecii and adjunctive in Plasmodium falciparum
infections. Palatability is a disadvantage. Dosage adjustment
required in hepatic and renal dysfunction. Major side effects are
pseudomembranous colitis which is not dose or duration dependent,
though, less reported in children. Judicious use of this drug will spare
expensive broad spectrum and newer antibiotics.

T e i co p l a n i n
Glycopeptide group of antibiotics came into clinical use since 1978.
It requires more research in children.

Spectrum of Activity
Action mainly against gram-positive organisms, active against
both methicillin-resistant and methicillin-sensitive S. aureus,
S. pneumoniae, enterococci,14,15 Listeria, Corynebacterium, Clostridium,
and anaerobic gram-positive cocci. Oral absorption is poor. Indicated
for the prevention of bacterial endocarditis in the presence of
penicillin allergies. Also clinically used in catheter-related infections,
cerebrospinal fluid (CSF), shunt infection resistant, bone and soft
tissue infection. Mainly reserved for the patients with neutropenia
along with beta-lactam and aminoglycosides. Advantages when
compared to vancomycin are single daily dosage, intramuscular
administration, etc. Side effects are mainly rashes, drug-related fever,
and dosage adjustment to be made in renal impairment.
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F o s f o m yc i n
Fosfomycin has a broad spectrum of action and excellent safety
profile with little or limited research in pediatrics. The drug is noted
to have very good dissemination into tissues like bones.

Spectrum of Activity
Antibacterial spectrum include MRSA, multidrug-resistant gramnegative bacteremia (carbapenem-resistant Enterobacteriaceae),
Staphylococcus epidermidis, Listeria, and resistant Pneumococcus.
Fosfomycin is currently being researched for community-acquired
lower urinary tract infections in pediatrics.16

D ox yc yc l i n e
Doxycycline, a second generation tetracycline, came into clinical
use since early 1970s. Uses in children were limited due to the side
effects of discoloration of teeth. Recently, studies have proved
against this and now doxycycline is recommended for shorter
duration therapy even in children less than 8 years.

Spectrum of Activity
Doxycycline exhibits bacteriostatic effect on a large number of
gram-positive and gram-negative bacteria parasites, etc., of which
Brucella, Bartonella, Enterobacter, Gonococci, Vibrio cholerae, Bacillus
anthrax, Listeria. Other organisms, such as Rickettsia, Mycoplasma,
Chlamydia, etc., require special mention. It is considered as a firstline therapy in rickettsial illness in any age group. Also used in
trachoma, psittacosis, relapsing fever, etc. Recently, doxycycline is
used for macrolide-resistant Mycoplasma infections. In scenarios
of resistant gram-negative infections, if culture sensitive then
doxycycline is used. Use in cholera and prophylaxis for falciparum
malaria also found to be effective.17 Due to its intracellular
mechanism of activity recently approved safety profile and low
cost, the demand of doxycycline in clinical practice has increased.18
Over use of this drug should be avoided and should be used only
in recommended and culture proven conditions. Photosensitivity,
C. difficile infection, and teeth discoloration on prolonged use and
availability in the form of capsules are major disadvantages.

Temocillin
Temocillin, a semisynthetic penicillin derivative, came in 1980s did
not see much clinical use due to its narrow antibacterial spectrum,
mainly lack of action against gram-positive bacteria. The current rise
of resistant gram-negative bacteria resulted in renewed interest in
temocillin which has excellent beta-lactamase and carbapenemase
stability.

Spectrum of Activity
As mentioned earlier, temocillin has a narrow spectrum of
activity mainly against gram-negative bacilli, such as E. coli,
Klebsiella, Enterobacter sp., etc. The clinical need of temocillin is its
effectiveness against resistant Enterobacteriaceae4) and helps in
reserving carbapenems. Temocillin proved to be effective and safe
in the treatment of pyelonephritis often due to ampicillin-resistant
strains in children according to a study by Verboven.19 Further
studies in pediatrics is required now, as of limited studies the drug
is mainly used in hepatic transplant recipients, resistant urinary
infections, and cholangitis.
Many other old antibiotics, such as spectinomycin, minocycline,
quinupristin–dalfopristin, fusidic acid, etc., are being extensively
revived researched in adults.

Rational use of old antibiotics in clinical practice paves a new
way in the treatment of multidrug-resistant pathogens which is
very much pronounced in the critical care and nosocomial setting
and slowly expanding into community. The old drugs also help
in preserving the new and expensive drugs, so that we are better
equipped in our fight against the microbes. Antibiotic stewardship
is the current norm and must be followed in all clinical settings.
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