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 ShortCommunication
A

b
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ra
ct Widespread emergence of multidrug resistant (MDR) bacterial pathogens is a problem 

of global dimension. MDR infections are diffi cult to treat and frequently associated with 
high mortality. More than one antibiotic is commonly used to treat such infections, but 
scientifi c evidence does not favor use of combination therapy in most cases. However, 
there are certain subgroups where combination therapy may be benefi cial, e.g. sepsis due 
to carbapenem-resistant Enterobacteriaceae (CRE), bacteremic pneumococcal pneumonia, 
and patients with multiple organ failure. Well-designed prospective studies are needed to 
clearly defi ne the role of combination therapy in these subgroups.
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Introduction
Combination antibiotic therapy is widely practised in 

the Indian subcontinent. However, combination therapy 
has its own disadvantages and irrational use can worsen 
the already alarming scenario of antibiotic resistance. 
Antibiotics are most commonly overused in subgroup 
of less severely ill patients. Identifying the subgroup 
of patients who are likely to benefi t from combination 
therapy and restricting its use only for those specifi c 
indications can be helpful in controlling excessive use 
of antibiotics.

Combination antibiotic therapy is used in critically 
ill patients due to widespread emergence of multidrug 
resistance organisms (MDR). Multidrug resistance is 
defi ned as lack of susceptibility to at least one agent in 
three or more antibiotic categories.[1] Over the past few 
years, carbapenem-resistant Enterobacteriaceae (CRE) 
has emerged as one of the most notorious groups 
due to dissemination of Klebsiella pneumoniae 
carbapenemase (KPC) and other carbapenemase 

subtypes like New Delhi metallo--lactamase (NDM1), 
via mobile genetic elements.[2] Using dual coverage 
for organisms producing these enzymes is intuitively 
thought to be better by many physicians. Majority 
of the published literature has shown no mortality 
benefi t with combination therapy when compared 
with monotherapy in sepsis patients.[3,4] In a recently 
published exhaustive review on combination therapy 
for Gram-negative bacteria, Tamma et al., have 
summarized 10 meta-analyses, out of which one 
meta-analysis showed that combination therapy 
improves survival in high-risk life-threatening 
infections but may be detrimental to low-risk patients, 
whereas nine showed no mortality benefit with 
combination therapy as compared with monotherapy.[5] 
The authors concluded that combination therapy is 
appropriate in empirical regimens when the organism 
is unknown, whereas definitive therapies should 
include single appropriate antibiotic only. However, 
certain subgroups need to be studied separately, 
e.g. patients infected with CRE and multiple organ 
failure patients.

Reasons for using combination therapy
Combination therapy is mostly practiced because of 

one or more of the following reasons:
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• Broadening antibacterial spectrum. Use of more than 
one agent broadens the antibacterial spectrum of the 
empirical therapy and thus ensures that at least one 
agent will cover the infecting organism. It has been 
shown by clinical studies that initial appropriate 
antibiotic choice is one of the most important 
determinants of mortality in critically ill patients.[6-8] 
Patients infected with resistant organisms are more 
likely to get delayed appropriate antibiotic and 
subsequently mortality increases[9,10]

• Polymicrobial infections. Intra-abdominal infections 
with breach in continuity of gut wall are often 
polymicrobial and require more than one antibiotic 
to cover all bacterial pathogens

• Synergy. Antibiotic combinations are also used 
for their synergistic action. Synergy is defi ned as 
combined effect of two agents together being greater 
than the sum of their individual activities, e.g. certain 
beta-lactams and aminoglycoside combinations. 
Various synergistic combinations have been tested 
for CRE organisms also. Pournaras et al., reported 
in vitro synergy between tigecycline and colistin but 
not between tigecycline and meropenem in KPC 
producing K. pneumoniae strain via time kill assay.[11] 
Synergistic combinations have been proved to be 
advantageous in animal models but clinical studies 
are still lacking

• Emergence of resistance. Chances of emergence of 
resistance against two drugs are lower as compared 
with a single drug. Polymyxin and tigecycline are 
the two most commonly used antibiotics for CRE. 
As these antibiotics are last resort for resistant 
infections, emergence of resistance against these 
drugs needs to be prevented. There are reports of 
emergence of resistance against tigecycline and 
polymyxin, whereas the patient is still on treatment 
when these agents are used as monotherapy. In a 
study of 12 patients being treated for KPC infection 
with polymyxin B monotherapy, three (25%) 
developed reduced susceptibility to polymyxin B 
during the therapy. The authors recommended use 
of combination therapy to prevent emergence of 
resistance.[12] However, these fi ndings have not been 
validated by well-designed randomized control 
trial (RCT).

Combination therapy can be helpful in following 
conditions.

Targeted therapy for patients with life-threatening 
CRE infections

Carbapenem monotherapy is frequently used to 
treat MDR Gram-negative infections, but a new class 
of enzymes capable of inactivating carbapenems has 
emerged. These are called carbapenemases. Various 
types of carbapenemases are KPC, Verona integron-
encoded metallo beta lactamases (VIMs), active on 
imipenem metallo beta lactamases (IMPs), New Delhi 
metallo betalactamases (NDMs) and so forth.

KPC enzyme is a type of carbapenemase, which 
was first reported in K. pneumoniae, but over a 
period of few years it has spread to other bacteria of 
Enterobacteriaceae family, e.g. Escherichia spp, Proteus 
spp, Acinetobacter spp, and Pseudomonas spp. There are 
nine KPC variants reported in literature out of which 
KPC2 and 3 are most common. KPC infections are health 
care-associated infections with estimated mortality of 
30 to 50%.[13] KPC-producing organisms are frequently 
resistant to many other classes of antibiotics, including 
fl uoroquinolones and aminoglycosides.[14] There is a 
paucity of literature regarding appropriate antibiotic 
choice for KPC infections [Table 1].

Lee et al., reviewed 38 articles on KPC infection, which 
included case reports, case series, and retrospective 
cohort studies.[16] Of 105 patients studied 49 (47%) patients 
received monotherapy, whereas 56 (53%) cases received 
combination therapy. Blood was the most common site 
of infection followed by respiratory tract and urine. 
The study reported signifi cantly more treatment failure 
rates with monotherapy as compared with combination 
therapy (49% versus 25%; P = 0.01). Authors recommended 
combination therapy for KPC infection. Similarly, Qureshi 
et al., reported superiority of combination therapy over 
monotherapy in bacteremia due to KPC-producing 
K. pneumoniae in a retrospective study conducted 
over 41 patients.[18] Multivariate analysis showed that 
combination therapy was independently associated with 
improved survival. Twenty-eight day mortality was 
13.3% in combination group as compared with 57.8% 
in monotherapy group. These results were seen despite 
in vitro susceptibility in monotherapy group. Colistin or 
polymyxin B or tigecycline combined with carbapenem 
were the most commonly used combinations. The authors 
concluded that combination regimens should be used for 
defi nitive therapy for KPC-K. pneumoniae. Hirsch and Tam 
reviewed 15 studies/reports on patients infected with 
bacteria producing KPCs.[15] They reported that polymyxin 
monotherapy was associated with poor response rate as 
compared with combination therapy (14% versus 73%) 
in patients infected with KPC. In a multicentric study 
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conducted in Italy, 125 cases with bloodstream infections 
caused by KPC-producing K. pneumoniae were studied. 
Mortality rate was signifi cantly higher in monotherapy 
group (54% versus 34% in combination therapy group). 
Multivariate analysis showed that a combination of 
tigecycline, colistin, and meropenem was associated with 
decreased risk of death.[19]

It has been shown in various studies that despite being 
carbapenem resistant, KPC infections can be treated 
with carbapenems if following aspects are kept in mind, 
i.e. minimum inhibitory concentration ( MIC) of the 
carbapenem for the infecting organism should be <4 mg/l, 
the drug should be given as prolonged infusion in 
maximum possible dose, and carbapenem should be used 
in combination with another active antibiotic.[20]

Another type of novel carbapenemase is NDM1, 
which was fi rst reported in 2008. Evidence regarding 
appropriate antibiotic regimen for organisms possessing 
these enzymes is lacking in literature. A study by 
Kumarasamy showed that 89% NDM1 isolates from UK 
were sensitive to colistin, whereas 64% were sensitive to 
tigecycline.[21] These isolates were resistant to all other 
tested antibiotics including carbapenems.

Combination therapy has also been studied for CRE 
Acinetobacter baumanii infections, but due to lack of 
randomized control trials, defi nite conclusions cannot be 
drawn. Most of the information is derived from animal 
models, in vitro studies, or small case series. Petrosillo 
et al., in their pilot study of combination therapy with 
rifampicin and colistin for CRE Acinetobacter baumannii 
infection reported improved microbiological clearance in 
nine of 14 (64%) patients.[17] A recently conducted larger 
study including 210 critically ill subjects also showed 

significant increase in microbiological eradication 
rate with rifampicin and colistin combination when 
compared with colistin alone.[22] However, the study 
failed to show mortality benefi t in combination therapy 
group. The authors concluded that at present rifampicin 
should not be routinely combined with colistin in clinical 
practice. Many questions like appropriate antibiotic 
combination, appropriate duration of combination 
therapy, and appropriate dosage of various combination 
antibiotics remain unanswered and require exhaustive 
research in this fi eld.

Therapy for sepsis patients with multiorgan failure
Severely ill patients also form a subgroup of patient 

in which combination antibiotic therapy can improve 
survival. Kumar et al., in a meta analysis of 50 studies 
demonstrated that combination antibiotic therapy 
benefi ted only those patients who were at high risk of 
death (monotherapy risk of death >25%).[5] The benefi t of 
combination therapy was lost in 15 to 25% risk range and 
was associated with worse survival when used in patients 
with <15% risk of death with monotherapy. Such fi ndings 
may be related to the fact severely ill patients have more 
microbial burden and their accelerated clearance may 
help in reversal of organ failure.

Therapy for severe community acquired pneumonia 
with bacteremia

All patients of community acquired pneumonia are 
not alike and treatment depends on risk stratifi cation. 
A scoring system named as CURB 65 (confusion, 
urea >20 mg/dl, respiratory rate >30 breaths/min, 
systolic blood pressure <90 mmHg or diastolic 
pressure <60 mmHg, age >65 years) can be used for this 
purpose. Patients with a score of three or more require 

Table 1: Summary of studies on combination therapy for Carbapenem-resistant Enterobacteriaceae

Year Type of study Cohort Site of 
infection 

Causative organism Remarks

2010
Hirsch and 
Tam[15]

15 studies
(case series, case 
reports)

55 patients (7 cases received 
Polymyxin monotherapy, 11 cases 
received Polymyxin combination 
therapy, 15 cases received 
carbapenem monotherapy and 4 
received carbapenem combination)

BSI, LRTI, 
UTI, 
pneumonia

KPC enzyme producing organism Polymyxin or carbapenem 
monotherapy associated 
with lower clinical 
success rates as 
compared to when used 
in combination

2012
Lee et al.[16]

38 studies
(case series 47%, 
retrospective 
studies 35%, case 
reports17%)

105 patients (49 cases received 
monotherapy, 56 cases received 
combination therapy)

Blood (52%)
Lung (30%) 
and 
Urine (10%)

KPC enzyme producing 
Organisms (K. pneumoniae 89%, 
Pseudomonas spp 4%, Escherichia 
coli 3%, Serratia marcescens 3%, 
Enterobacter Cloacae 2%)

Treatment failures more 
with monotherapy 
compared to combination 
therapy (49% vs 25%; 
P=0.01)

2013 
Petrosillo 
et al.[23]

12 studies
(case series, 
retrospective 
studies, studies)

416 Patients (206 received 
monotherapy, 210 received 
combination therapy)

BSI, LRTI, 
HAP, UTI
SSI, IAI

CR-KP Mean mortality 49% vs. 
18.3% in monotherapy 
and combination therapy

BSI: Blood stream infection; LRTI: Lower respiratory tract infection; HAP: Healthcare associated pneumonia; UTI: Urinary tract infection; SSI: Skin and soft tissue infection; 
IAI: Intra-abdominal infection; KPC: Klebsiella pneumonia carbapenemase; CRE: Carbapenem-resistant Enterobacteriaceae; CR-KP: Carbapenem-resistant K. pneumoniae
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intensive care unit (ICU) care.[24] Other factors affecting 
choice of treatment in CAP are presence of comorbid 
illnesses and previous antibiotic exposure.

Around 10% of the patients with community acquired 
pneumonia also develop bacteremia. Though bacteremic 
patients form a small group, but mortality is high in 
this subgroup of patients. Weiss et al., reviewed four 
retrospective studies on bacteremic pneumococcal 
pneumonia and concluded that combination therapy 
with beta-lactam and a macrolide is superior to 
monotherapy.[25] The advantage with macrolides in such 
patients is inhibition of pneumolysin production and 
immunomodulatory action on neutrophils.

Empirical therapy for sepsis
Though sepsis guidelines suggest  the use of 

combination therapy in empirical regimens for patients 
with difficult to treat infections, evidence from 
well-designed randomized trials is lacking. Ideally 
empirical regimens for life-threatening infections should 
cover all likely pathogens. If this is not possible by giving 
one drug, combination therapy can be used but should 
be streamlined to specifi c monotherapy as soon as the 
microbiology reports are available.

Figure 1 outlines an algorithm for choosing antibiotic 
therapy for MDR pathogen.

Conclusions
With the emergence and rapid dissemination of MDR 

organisms, approach toward bacterial infections and 
antimicrobial therapy needs to be redefi ned. Limited 
evidence derived from various case series and case reports 
shows favorable results in only certain subgroups of 
patients when treated with certain antibiotic combinations. 
Large well-designed RCTs addressing this issue are 
lacking in the literature. Further research is needed in 
this fi eld to guide rational use of combination antibiotics.

References
1. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, 

Giske CG, et al. Multidrug-resistant, extensively drug-resistant and 
pandrug-resistant bacteria: An international expert proposal for interim 
standard definitions for acquired resistance. Clin Microbiol Infect 
2012;18:268-81.

2. Gupta N, Limbago BM, Patel JB, Kallen AJ. Carbapenem-resistant 
Enterobacteriaceae: Epidemiology and prevention. Clin Infect Dis 
2011;53:60-7.

3. Paul M, Benuri-Silbiger I, Soares-Weiser K, Leibovici L. Beta lactam 
monotherapy versus beta lactam-aminoglycoside combination therapy 
for sepsis in immunocompetent patients: Systematic review and 
meta-analysis of randomised trials. BMJ 2004;328:668.

4. Paul M, Silbiger I, Grozinsky S, Soares-Weiser K, Leibovici L. Beta 
lactam antibiotic monotherapy versus beta lactam-aminoglycoside 
antibiotic combination therapy for sepsis. Cochrane Database Syst 
Rev 2006:CD003344.

5. Tamma PD, Cosgrove SE, Maragakis LL. Combination therapy for 
treatment of infections with gram-negative bacteria. Clin Microbiol 
Rev 2012;25:450-70.

5959

Patients with suspected Life threatening MDR infection

Start with broad spectrum antibiotic 
cover. 

Once microbiological data is available

Carbapenem sensitive
MDR organism

Carbapenem resistant MDR 
organism

Carbapenem monotherapy Consider combination therapy

Figure 1: Proposed algorithm for choosing antibiotic therapy for life threatening infection with MDR pathogen. MDR: Multidrug resistant
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