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IntRoductIon
Worldwide, antimicrobial resistance is growing concern particularly 
for respiratory tract infections, enteric fever, and infections associated 
with gram-negative bacilli (GNB). The important factors responsible 
for this are misuse of antibiotics and paucity of new and effective 
antimicrobial agents.

Present armoury of antimicrobials includes a wide variety of drugs 
and there is continuous investment in the research for new drugs, 
however, bacteria are rapidly developing resistance to clinically useful 
antimicrobials and making them ineffective [1]. In India, antimicrobial 
resistance is far greater problem since many nonqualified persons/
practitioners prescribe antibiotics and many times in inadequate 
dosage/duration, sometime for unindicted therapy. Self medication 
is also noted. This has resulted in high incidence of antibiotic 
resistance. This article presents brief overview of antibiotic resistance 
to commonly reported clinical disease entities in India and role of 
combination of antibiotics to overcome this resistance.

Is combination therapy a Viable therapeutic option?
In a review published in 1956, Elek SD stated that “In a way all 
therapeutic treatment are combined therapy, since the drugs are 
effective only if body defence of the patient acts in synergy with 
these drugs”.

He also estimated the mathematical chances of success of 
combination therapy by theory: “If the incidence of a mutants is 
1 in a million to one drug and 1 in a million to the other, the odds 
of a single mutant resistant to both drugs is in a million times a 
million. In Infection there may well be a few million organisms in the 
body, but a million times a million bacilli represent about 10 Litres of 
good laboratory culture of a fast-growing bacillus. Such enormous 
populations are unlikely to occur and this is the explanation of 
the success of combined antibiotic treatment in preventing the 
emergence of resistant mutants” [2].
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In 1975 Levin and Harris published principals of combination therapy 
[3] [Table/Fig-1].

In a review, Fischbach discussed three different categories of 
combination therapy; i) inhibition of different targets in different 
pathways (e.g. combination of drugs in directly observed treatment, 
short-course (DOTS) regimen for tuberculosis), ii) inhibition of different 
targets in same pathway (e.g. co-amoxiclav) and iii) inhibition of 
same target in different ways like action of sulfamethoxazole and 
trimethoprim on folic acid cycle synergistically lead to inhibition of 
bacteria [4]. 

Factors Favouring Rational Antibiotic combination 
therapy [5]
There are certain advantages of rational antibiotic combination 
therapy [Table/Fig-2].

Broad spectrum activity:
In the era of increased antibiotic resistant, there is high possibility 
of adequate antibacterial coverage by combining two antibacterial 
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Decreased toxicity without decreased efficacy

Synergy: 1 + 1 = 4 or more

Initial emergency treatment of seriously ill patients with no time to be
wrong: "shotgun therapy"

To prevent and attack mutants bacteria- second antibiotic delays 
emergence of resistant bacteria, prolonging the effect of the active 
agents

Mixed infection with each microorganism requiring a different drug

To prevent super-infection by new bacteria

To attack nonsusceptible population

To reach otherwise unaccessible organisms;an uncommon but important 
consideration

[table/Fig-1]: Indication for use of multiple antibiotics [3]
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that combination therapy with different agents permits a reduction of 
the drug dose sufficient to reduce dose-related toxicity. In addition, 
rational antibiotic combination therapies associated with reduced 
mortality and were reported to produce better clinical outcome in 
patient who are at risk for treatment failure [8].

Disadvantages associated with Combination therapy [5]: There 
are certain disadvantages of antibiotic combination therapy.

antagonism: Notably seen in treatment of microorganism like 
Enterobacter, Serratia, or Pseudomonas with combination therapy 
where induction of β-lactamase by one agent, renders the second 
agent ineffective. This is more prominent in immunocompromised 
patients or in infections where localized host defenses may be 
inadequate such as meningitis and endocarditis. Antagonism may 
lead to conversion of bactericidal agent to bacteriostatic.

Clostridium difficile infection (CDi):  Any broad spectrum 
antibiotic has potential to cause overgrowth of C. difficile. Among 
these, fluoroquinolones have been reported to be an independent 
risk factor for CDI.

other Disadvantages of Combination therapy: Other risks 
associated with combination therapy are fungal overgrowth, drug 
drug interactions, drug toxicity, irrational drug use and increase in 
cost of therapy. 

clinical Studies Favouring Effectiveness of combination 
therapy in commonly reported Bacterial Infections:
enteric fever: Emergence of drug resistance is well noted in typhoid 
fever. Plasmid-mediated resistance to ampicillin, chloramphenicol 
and/or cotrimoxazole led to the development of multi-drug resistant 
S. typhi (MDRST) strains. Nalidixic acid resistant S. typhi (NDRST) 
and fluoroquinolones resistant isolates have also been reported [9].
Sporadic resistance to cephalosporins (including 3rd generation) is 
possibly due to its usage in areas of high fluoroquinolone resistance 
particularly South Asia and Vietnam. This has made cephalosporins 
less useful as a monotherapy over the time [10].
Naik et al., in their non-comparative evaluation study reported that 
fixed dose combination (FDC) of cefixime and oflaxacin provided 
rapid clinical cure of enteric fever as assessed by the clinical 
parameters of fever, hepatosplenomegaly and symptoms. Significant 
improvement was reported in all parameters from baseline with 
mean fever defervescence time of 4.9 days which showed clinical 
improvement in short course of 5 days [11].

In another study on FDC of cefixime and ofloxacin, Faruqui AA 
assessed the clinical parameters of fever, sleep interference and 
respiratory rate in typhoid fever patient. They reported that significant 
improvement in fever reduction, respiratory rate normalization from 
baseline to day 3 and day 7 of treatment respectively. Study also 
reported significant reduction in nocturnal awakening (no sleep 
interference) [12].

Adverse effects reported in both combination studies were the rare 
cases of nausea, headache and epigastric pain which were of mild 
to moderate intensity. These adverse events (AE) do not require   
treatment discontinuation. Both the studies highlighted that fixed dose 
combination of cefixime and ofloxacin is effective in management of 
uncomplicated typhoid fever with excellent tolerability and safety. 
Use of fixed dose combination is also supported by World Health 
Organisation (WHO) and Indian Association of Paediatrics (IAP) 
guidelines suggesting cefixime per oral (PO) plus ofloxacin PO for 
treatment of uncomplicated typhoid fever.

respiratory tract infections (rtis): Anti-microbial resistance 
is most evident in organism causing RTIs [13]. Among the 
RTIs community-acquired pneumonia (CAP) is a common and 
potentially serious respiratory tract illness. Most frequently isolated 
microorganism in CAP is Streptococcus pneumoniae. Management 
of CAP continues to be a challenge for physician even in 21st 

agents than single agent. In cohort of culture-positive bacterial 
septic shock ICU patients, combination therapy of β-lactam with 
other antibiotic (aminoglycosides, fluoroquinolones, or macrolides/
clindamycin) reported significant decrease in 28 day mortality (36% 
versus 29%; p=0.0002), mechanical ventilation-free days (median 
10 versus 17; p=0.008) and pressor free days (23 versus 25; 
p=0.007) compared to β-lactam monotherapy.  This is attributed 
to agents having broad spectrum of activity against Gram-negative 
organisms causing septic shock. Thus the study clearly highlighted 
the role of antibiotic combination therapy [5].

Provides  broad empiric coverage 

Multimodal action (different spectra of activity)

Prevents emergence of drug resistance  

Produces synergistic/additive effect depending on the combination

Suitable for management of polymicrobial infection

Decreased toxicity of individual agents

Suitable for initial therapy  

Beneficial for patients who are at high risk for treatment failure

Increases compliance to therapy

Reduces mortality

[table/Fig-2]: Advantages of rational antibiotic combination therapy over 
monotherapy

Prevention of Drug resistance: Antibiotic combination therapy 
permits to explore different molecular targets of individual agents 
and thereby broaden the spectrum of action. Antibacterial agents 
with their broad spectra of activity and multimodal action may 
prevent emergence of drug resistance. Reduced rate of resistance 
to rifampin and other anti-tubercular agents is noted due to 
combination treatment [5]. 

synergy in action: Synergistic action leading to broader spectrum 
than the sum of activity of two individual agents has been reported 
with combination therapy. Combination of ampicillin and gentamicin 
in Enterococcal endocarditis; penicillin and gentamicin in viridians 
Streptococcal endocarditis; and vancomycin and gentamicin in 
Staphylococcal endocarditis are classical examples [5]. 

enhance Uptake and sequential Blockage: Combination also 
helps in enhancing uptake and inhibition of sequential steps. 
Combination of β-lactam and aminoglycoside antibiotics provides 
antimicrobial synergy with increased uptake. This is mediated 
by β-lactam induced cell wall damage that facilitates passage of 
aminoglycoside into bacterial cell thereby enhancing bactericidal 
effect. Sequential blockade with combination of trimethoprim-
sulfamethoxazole (Cotrimoxazole) is effective in treating chronic 
urinary tract infections (UTIs), typhoid fever, and shigellosis caused 
ampicillin-resistant organisms. 

Polymicrobial infections: Polymicrobial infections are commonly 
seen in intra-abdominal, pelvic region and uro-genital tract infection. 
They consist of mixed flora of aerobic and anaerobic microorganism. 
Antibiotic combination therapies are mainstay of treatment of these 
polymicrobial infections as seen with common use of ciprofloxacin 
along with metronidazole. Better coverage including atypical 
microorganisms was reported in polymicrobial community-acquired 
pneumonia (CAP) [6]. 
empiric therapy: In patients where the nature of infection is not 
clear, empiric antibiotic combinations are very useful to initiate the 
therapy. By using empiric antimicrobial therapy with an agent to 
which organism is susceptible has been associated with reduction 
in mortality and improvement in outcomes [7].

Decreased toxicity and Decreased Mortality: Rational antibiotic 
combination therapy decrease the concentration/dose required for 
treatment and thus reduce the dose related toxicity. However there 
is no data from reported clinical trials that establishes beyond doubt 
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combination therapy in management of RTI like CAP, HAP (Hospital 
Acquired Pneumonia) [Table/Fig-5].

gram negative infections (Pseudomonas aeruginosa): A high 
mortality rate of 30 – 70% was reported in hospitalized patients with 
resistant Gram-negative organisms as an important underlying cause.  
Drug resistance among gram negative organisms is not restricted 
to β-lactams but also includes quinolones and aminoglycosides. 
Reported clinical data suggest that in carbapenemase producer, 
resistance to quinolones and aminoglycosides approaches to 
98% and 50% respectively. The last resort agents effective against 
carbapenemase producers include polymyxins (colistin and 
polymyxin B), tigecycline, and fosfomycin. However, resistance to 
these agents has also been reported [5].
Among these, most notable and notorious gram negative 
microorganism is Pseudomonas aeruginosa and posses the ability 
to express multiple mechanisms of resistance [5].

In patient of P. aeruginosa bacteraemia, combination therapy of 
antipseudomonal β-lactam antibiotics with aminoglycoside reported 
significantly higher cure rate (72% versus 29%; p < 0.001) compared 
to aminoglycoside monotherapy. Lower mortality rate (27% vs. 
47%; p < 0.02) was reported with combination therapy compared 
to monotherapy. Similarly among severely ill patients higher survival 

century due to development of antibiotic resistance especially in S. 
pneumoniae [6]. 

β-lactam, macrolide and fluoroquinolone class of drugs are mainly 
involved in RTIs management. However these recommended 
classes of antibiotic had their certain limitations [Table/Fig-3].

Combinations therapy may help in overcoming individual class 
limitation as well as to counteract antibiotic resistance of S. 
pneumoniae [6].

Several studies have reported that treatment of respiratory infections 
(particularly pneumonia) with combination therapy is beneficial and 
offers better treatment outcome than monotherapy [Table/Fig-4]. 

In patient with complicated RTI and risk of treatment failure, 
β-lactam (usually in combination with a β-lactamase inhibitor or 

Class Limitation

β-lactam No activity against atypical pathogen and development 
of S. pneumoniae resistant isolates > 50 %

Macrolides 30.9 % resistant S. pneumoniae isolates reported

Fluroquinolones Increase potential for emergence of resistant strain of 
gram negative microorganism

[table/Fig-3]: Individual antibiotic class limitation in RTI management 
[14]

american thoracic society (ats) British thoracic society (Bts) infectious Disease 
society of america 
(iDsa) 

Canadian infectious 
Disease society (CiDs)

outpatients with Comorbidities and Previous antibiotic therapy

Cephalosporin or β-lactam/β-
lactamases inhibitor  plus macrolide 
or Doxycycline or respiratory 
quinolone

Preferred: Amoxicillin plus macrolide or 
amoxicillin-clavulanic acid or cephalosporin 
(I,II or III generation) plus macrolide
Alternative: respiratory quinolone or respiratory 
quinolone plus benzylpenicillin

Cephalosporin or 
β-lactam/β-lactamases 
inhibitor  plus macrolide
 or a respiratory 
quinolone

Cephalosporin 
(I,II or III generation)
 plus macrolide

Cap that requires hospitalization

no risk for P. aeruginosa  infection: 
Cephalosporin or β-lactam/β-
lactamase inhibitor plus macrolide 
or a respiratory quinolone risk for 
P. aeruginosa infection:  
Antipseudomonal
β-lactam plus
antipseudomonal quinolone or
Antipseudomonal β-lactam 
plus aminoglycoside and macrolide 
or respiratory quinolone

Cephalosporin or 
β-lactam/β-lactamase
inhibitor  plus 
macrolide or a 
respiratory quinolone

No risk for P. aeruginosa  infection:
First choice: respiratory quinolone plus  
III generation cephalosporin
 or β-lactam/ β-lactamase inhibitor
 Second choice: Macrolide plus III
 generation cephalosporin or β-lactam/
 β-lactamase inhibitor risk for P.
 aeruginosa  infection:
Antipseudomonal  quinolone plus
 Antipseudomonal
 β-lactam/ Antipseudomonal β-lactam 
plus aminoglycoside and macrolide 
Antipseudomonal: β-lactam plus a
 quinolone and macrolide[table/Fig-5]: Recommendation by various societies’ guidelines on combination of therapy [19,20,21]

author Cohort study design n Drug Combination outcome

Weiss et al., [8] Pneumococcal bacteremia Monocenter, retrospective 95 β-lactam plus macrolide Lower mortality with combination

Dudas et al., [15] CAP Multicenter, prospective 2963 β-lactam plus macrolide Lower mortality and reduced length 
of stay

Waterer et al., [16] Pneumococcal bacteremia Multicenter, retrospective 225 β-lactam plus macrolide Lower mortality

Lodies TP et al., [17] CAP Multicenter, retrospective 845 β-lactam plus macrolide Lower mortality

Rodrigo C et al., [18] CAP Multicenter, retropective 5240 β-lactam plus macrolide Lower mortality

[table/Fig-4]: Published clinical studies on combination of antibiotic therapy in-hospitalized patients with CAP

macrolide) and respiratory fluoroquinolones are most commonly 
recommended [19]. Antibiotic combination therapy produces 
synergistic effects and reduces mortality at high risk for treatment 
failure, in comparison with monotherapy. Various speciality societies 
like American Thoracic Society (ATS), British Thoracic Society 
(BTS), Infectious Disease Society of America (IDSA) and Canadian 
Infectious Disease Society (CIDS) recommended use of empiric 

rate (53% vs. 8%; p < 0.02) was reported with combination therapy 
compared to monotherapy [5].

concluSIon
In case of drug resistant infection, it is essential to select the 
appropriate empiric therapy which can completely eradicate target 
microorganisms without leaving any mutants. Thus the rational 
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antibiotic combinations therapies are key in the battle against 
drug resistance bacteria in the area of high prevalence of drug 
resistance. Drug resistant and multidrug resistant bacteria are major 
concern in the effective management of infection. Greater morbidity 
and mortality associated with delays in appropriate and effective 
antimicrobial treatment. 

However combination therapy is not free from disadvantages which 
may include real or potential as follows: i) Encouragement of shot-
gun therapy ii) Failure to provide optimum dose of individual agent iii) 
Increased drug resistance by providing empirically two agents when 
organism is susceptible for single agent [22]. Judicious and rational 
use of antibiotic combination therapy reduces risk of development 
of drug resistance and improves clinical outcome and can be used 
whenever required and rational.
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