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INTRODUCTION

Gram-negative bacterial infections are becoming more 
prevalent and have become a serious threat to public health 
worldwide because of their difficulty in treatment.1 These 
infections are associated with high morbidity and mortality 
rates. 2.Gram-negative bacterial infections represent one of 
the most significant and microbiologically documented in-
fections causing a wide range of Infections in the world.3This 
global spike in the number of gram-negative bacterial infec-
tions that have occurred in recent years is more prevalent 
than gram-positive infections in many settings.4 The com-
mon sites of these infections include the lungs, urinary tract, 
bloodstream, nervous system, and soft tissues. Surgical 
wounds can also become infected with gram-negative bac-
teria. The predominant gram-negative bacteria associated 
with gram-negative bacterial Infections are Escherichia coli 
(E.coli), Pseudomonas aeruginosa, Klebsiella pneumonia, 

Acinetobacter baumannii, and Enterobacteriaceae.5 These 
microorganisms are the common causes of intra-abdominal 
infections (IAIs), urinary tract infections (UTIs), ventilator-
associated pneumonia (VAP), and bacteremia.6 Escherichia 
coli, K. pneumoniae, and P. aeruginosa, in particular, are 
the important pathogens in a hospital environment and it ac-
counts for about 27% of all pathogens and 70% of all gram-
negative pathogens causing hospital-associated infections. 3

E. coli is the most common causative agent of community 
and hospital urinary tract infections and the main aerobic 
component in intra-abdominal infections. P. aeruginosa, 
Klebsiella pneumonia, and Enterobacter are the major cause 
of nosocomial pneumonia, especially in patients with a pro-
longed hospital stays.7Increased severity of illness, greater 
hospital, and antibiotic costs -and prolonged hospital and 
ICU stays are correlated with gram-negative infections. 8,9 

According to a study conducted by the U.S National safety 
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ABSTRACT
Drug-resistant Gram-negative bacterial infections are increasing at an alarming rate and treatment options for these types of 
infections are still a challenge in the modern world. Complicated urinary tract infections, complicated intra-abdominal infections, 
hospital-acquired pneumonia (including ventilator-acquired pneumonia), sepsis, and skin and soft tissue infections are the most 
commonly encountered gram-negative infections. Over the last decade, an increase in carbapenem-resistant isolates has re-
sulted in the widespread use of colistin  as a ‘last resort’ of antimicrobial agents. However, an increase in colistin resistance is a 
major concern that leads to the spectre of untreatable Gram-negative infections with difficult antibiotic therapy. To overcome the 
resistance against gram-negative bacterial infections, an agent called ceftazidime-avibactam was introduced. The drug is mainly 
active against multi-resistant gram-negative organisms such as Enterobacteriaceae (E.coli, Klebsiella pneumonia ) and Pseu-
domonas aeruginosa, including those expressing certain types of Class A, Class C, and Class D enzymes. Dosage regimen for 
ceftazidime-avibactam can be expressed as total grams of combination product and its typical dosing is 2.5g  administered every 
8 hours by intravenous infusion over 2 hours in adults. It is a well-tolerated drug with no nephrotoxicity compared to colistin. Dose 
adjustment is needed according to the variation in creatinine clearance of the patient.
Keywords: Ceftazidime-avibactam, Enterobacteriaceae, Gram-negative, Klebsiella Pneumonia, Nephrotoxicity, Pseudomonas 
aeruginosa
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Network, gram-negative bacteria is the major cause for more 
than 30% of hospital-acquired Infections and they predomi-
nate in cases of ventilator-associated pneumonia (47%) and 
urinary tract infections (45%) 2.Prevalence of gram-negative 
Infections - Acinetobacter baumannii (20.9%), Klebsiella 
pneumonia (19.7%), Escherichia coli (18.3%), and Pseu-
domonas aeruginosa (14.0%). 10

ESCHERICHIA COLI

In 1885 the scientist Theodor Escherich introduced and 
identified the reliance on the segregation and characteriza-
tion of an organism. It is a slender short rod in shape and 
obtained from infant stool, later the scientist called it Bacte-
rium Coli commune.11 The eminent scientist Alphonse Les-
age proposed that this organism contains harmless strains as 
well as variants with different pathogenic potentials.12 E Coli 
comes under the bacterial family of Enterobacteriaceae.13 
It is a rod-shaped bacteria having immobile or mobile with 
uniformly distributed flagella which can live in both aerobic 
and anaerobic conditions at a temperature of 37°C. 14 The or-
ganism lives in the gastrointestinal tract of human and warm-
blooded animals.13 The consumption of contaminated food 
products (undercooked meat, contaminated fresh products 
like salad leaves, drinking water contaminated with animals, 
through person to person from poor hygiene.15 Out of gram-
negative bacteria,  E Coli is an utmost and common human 
pathogen that can cause bloodstream infections and UTI. 
The acridity factors such as Adhesins, toxins, iron-acquisi-
tion systems, polysaccharide coats, and invasions which are 
not existing in the symbiotic and intestinal infectious strains. 
16,17 Vaginal or endocervical colonization, inflammations in 
conceiving women caused due to presence of the organism 
in the genital tract of women. 18 The  E Coli can be classified 
into O (determined by Cell wall Lipopolysaccharide ) and 
H(due to Flagella Protein), A, B1, B2, D, E with Shigella 
fabricate distinct groups are the phylogenetic classification 
of the organism. 19 The 3 main clinical subsets of E Coli are 
commensal, ExPEC, diarrheagenic. 20 Enterohemorrhagic E 
Coli, Enterotoxigenic  E Coli, Enteropathogenic E Coli, en-
teroaggregative E Coli are the sub pathotype classification.21 
The organism dominates discrete coherent elements which 
help to colonize the small intestine and urethra. Mainly Fim-
briae (pili) or Fibrialle helps for the adhesion, along with 
(intimin of UroPathogenic Escherichia coli (UPEC) and En-
terohemorrhagic Escherichia coli( EHEC ) proteins or other 
non-fimbrial proteins are present on the outer membrane 
of E Coli. The congregation of subcellular messengers like 
cyclic AMP, cyclic GMP, and Ca2+ can be enlarged, later 
the oozing of toxins, as a result of the activity of heat-labile 
enterotoxin (LT), heat-stable enterotoxin a, and heat-stable 
enterotoxin b, lead to ion discharge. The ribosomal RNA is 
divided by Shiga toxin (Stx) of EHEC thereby derange protein 

synthesis and killing the inebriate epithelial or endothelial 
cells.22

Clinical manifestations include abdominal pain, tenesmus, 
meager stools with blood and slime, and desiccation, nausea, 
vomiting, abdominal pain, mild liquid diarrhea, tiredness, 
restlessness, pyrexia, and malnutrition are evolved in the 
initial phase of the disease.23Preventive Measures include-
Intake of safe water, the decrease the chance of food con-
tamination, sanitation procedures, public teaching and vac-
cination, correct storage and cooking temperatures, Food 
irradiation technology are the methods adopted for the eradi-
cation of the spread of E Coli. 24

KLEBSIELLA PNEUMONIA

Klebsiella pneumonia is a Gram-negative, rod-shaped, non-
motile, encapsulated, facultatively anaerobic,/ lactose fer-
menting pathogenic bacterium.25 Genus’ ‘Klebsiella’ is a 
member of the Enterobacteriaceae family which comprises 
the other familiar pathogens like Escherichia Coli, Salmo-
nella Species, Yersinia Species, and Shigella Species.26 The 
Klebsiella species is an opportunistic pathogen, which is a 
natural inhabitant of the gastrointestinal ecosystem, which 
widely colonizes in the mucosal layers of the mouth, skin, 
and intestines of healthy humans and mammals. 27 It is also 
a hospital-associated opportunistic pathogen that is widely 
present in hospital equipment and medical devices. Klebsiel-
la pneumonia colonies are further found in the urinary tract, 
respiratory tract, and blood. 25 The species is found every-
where in nature and is prevalent in the natural environment 
(i.e. water and soil). 27 

After infecting the host, Pneumonia colonizes mostly the 
mucosal surfaces in humans such as the GI tract and na-
sopharynx. The colonization rate of K. pneumonia var-
ies between body sites as well as between community and 
hospital-acquired infections. The nasopharynx colonization 
is mostly associated with alcohol consumption and gastroin-
testinal colonization is associated with hospitalized patients. 
With regards to the risk of transmission and infection, GI 
colonization is the most common and significant reservoir. 
28,29 There are several potential sources of  K. Pneumonia 
transmission in a hospital environment and one such source 
is the direct transmission due to person-to-person contact be-
tween healthcare workers and patients, where the healthcare 
worker’s hands are a major source of infectious bacteria. An-
other identified source of transmission is through contami-
nated surfaces and instrumentations of hospital equipment. 
30,31

The opportunistic K. Pneumonia typically affects hospital-
ized or immunocompromised individuals with compromised 
immune systems or those affected with other underlying dis-
eases such as cancer, diabetes mellitus, alcoholism which can 
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affect the host’s innate immunity. 32,33 K. Pneumonia forms 
colonies generally before the development of nosocomial 
infections. 34 Despite identifying various infection progres-
sion risk factors the exact mechanism of progression from 
colonization to infection has not yet been identified. The risk 
of bacteremia infection is five times more in patients who 
underwent allogeneic hematopoietic stem cell transplanta-
tion. For procedures like endoscopy, repeated use of scopes 
or medical devices or implants with openings facilitates K. 
Pneumonia entry resulting in increased chances of endog-
enous infections. Endotracheal intubation has an increased 
risk of causing Ventilator-associated Pneumonia [VAP] due 
to the microaspiration of the pooled oropharyngeal secre-
tions from the folds of the inflated cuffs into the trachea acts 
as a  substrate for the bacterial growth as well as the forma-
tion of biofilms on the inner side of the tracheal tube. 35 In-
fections in hospitalized patients are significantly associated 
with Intestinal colonization, fluid and electrolyte disorders, 
neurologic disorders, and prior hospital admissions. 34

About one-third of all Gram-Negative Infections are caused 
by K. Pneumonia, 36,37which includes hospital and commu-
nity-acquired serious extraintestinal infections but not lim-
ited to pneumonia, UTI, meningitis, cystitis, and soft tissue 
infections 38,39. The classical strains of K. Pneumonia are 
responsible for primary infections such as Pneumonia and 
/or UTI, which may also sometimes lead to serious infec-
tions such as bacteremia which may be primary, or second-
ary bacteremia that arises as a secondary infection from the 
primary site of infection. 40,41,42 Klebsiella pneumonia is also 
involved in life-threatening infections such as septicemia 
and endocarditis as well as serious community-onset infec-
tions such as necrotizing pneumonia, pyogenic liver abscess, 
and endogenous endophthalmitis.27 Pneumonia plays a major 
role in less common but serious systemic infections such as 
pyogenic liver abscesses that can lead to bacteremia and ex-
trahepatic abscesses 43 and invasive syndrome, septic arthri-
tis, and generalized pustulosis.44 The hypervirulent strains of 
Pneumonia are more likely to cause community-acquired as 
well as systemic infections when compared to the classical 
strain of Pneumonia.45 Pneumonia is a triggering factor in 
the initiation and development of ankylosing spondylitis and 
Crohn’s disease. 31

Pneumonia is divided into two types: Hospital-acquired 
pneumonia [HAPs] and Community-acquired pneumonia 
[CAPs]. Pneumonia CAPs are less prevalent when com-
pared to Pneumonia HAPs. 45 The clinical signs and symp-
toms of Pneumonia HAPs are similar to other nosocomial 
pneumonia with respiratory symptoms like cough and unilat-
eral pulmonary infiltrates as well as systemic symptoms like 
fever and leukocytosis. Pneumonia HAPs are seen both in 
ventilated as well as non-ventilated patients. 46  Meanwhile, 
the clinical signs and symptoms of Pneumonia CAPs are the 
classical signs of acute pneumonia, including cough, fever, 

leukocytosis, and chest pain. It also displays the character-
istic Pneumonia symptom “currant jelly sputum,” which is 
the production of thick blood-tinged mucous due to high lev-
els of inflammation and necrosis in the lungs. 47,48 Among 
the gram-negative bacteria, Pneumonia is the second lead-
ing cause of bloodstream infections (BSI). Cancer is one 
of the primary diseases associated with hospital-acquired 
bloodstream infections and the primary diseases associated 
with community-acquired bloodstream infections are liver 
diseases and diabetes mellitus. In situations when BSI is a 
primary infection, there is no identifiable source but whereas 
in the case of BSI being a secondary infection it results from 
dissemination into the bloodstream from a known source. 
The common sites of secondary BSI are the urinary tract,  
gastrointestinal tract, intravenous or urinary catheters, and 
respiratory sites.

The most common site of Klebsiella-associated infections 
is the urinary tract and Klebsiella-associated UTI is mostly 
linked with diabetes mellitus. Pneumonia causes Catheter-
associated infections by forming biofilms and adhering to 
these catheters. Klebsiella is also accountable for wound/sur-
gical site infections too. As a result, Klebsiella Pneumonia 
has become a substantial healthcare burden.38,39

PSEUDOMONAS AERUGINOSA

The recent emergence and widespread of so-called high-
risk clones of multidrug resistance or extensive drug resist-
ance towards bacteria are becoming major threats to public 
health. Multidrug resistance infections are very associated 
with high mortality, long hospital stay, and increased costs 
due to narrow therapeutic options for infected patients. 
49,50 Pseudomonas aeruginosa is one of the most important 
bacteria with reported resistance to antimicrobial classes 
including aminoglycosides, carbapenems, beta-lactams, 
fluoroquinolones, and polymyxins. 51 It is one of the cen-
tral asymptomatic, chronic pathogens causing a diversity 
of healthcare-associated infections including urinary tract 
infections, sepsis, pneumonia, and soft tissue infections .52 
These kinds of infections make a major impact on healthy 
individuals infrequently only but cause high mortality and 
morbidity in immunocompromised individuals and cystic fi-
brosis (CF) patients. 53

The gram-negative bacterium pseudomonas aeruginosa nor-
mally inhibits the soil and surfaces in aqueous environments 
and colonizes the animate surface of plants, animals, and hu-
mans. 54. It is a gram-negative, encapsulated, heterogenous, 
rod-shaped bacteria that are capable of causing a variety of 
life-threatening gram-negative infections 55. Pseudomonas 
aeruginosa carries a single flagellum that is capable of their 
motility and helps in surface correlations. 56 A type IV sur-
face pili are present in aeruginosa which helps in attachment 
to some surfaces and cell membranes. 
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Pseudomonas aeruginosa causes various diseases. Pneu-
monia is identified in chronic lung disease and immunosup-
pressive patients. Fever, chills, cyanosis, productive cough, 
and confusion are the major symptoms of Pneumonia. Bac-
teraemia is another type and its occurrence depends upon 
the primary site of infection. Endocarditis infection is an-
other type that presents with fever and malaise as the starting 
symptoms followed by more specific symptoms depending 
on which cardiac valve is involved. Pseudomonas aerugi-
nosa can cause meningitis and brain abscess with symptoms 
like fever, headache, and confusion. Also, pseudomonas is 
the common cause of chronic otitis media with symptoms of 
continuous pain, oedema, and sensitiveness of soft tissues of 
the ear. Bacterial keratitis and endophthalmitis in adults and 
conjunctivitis in children are pseudomonas infections affect-
ing the eye. Its symptoms include pain, blushing, swelling, 
and reduced vision. Instrumentation, catheterization, and 
surgery give rise to other infections such as Pseudomonas 
urinary tract infections (UTI) are normally acquired from the 
hospital. Pseudomonas also affects the skin causing green 
nail syndrome, tinea pedis, folliculitis, ecthyma gangreno-
sum, etc.57

Pseudomonas aeruginosa infections can be treated only with 
limited classof antibiotics due to their increased multiple 
microbial resistance. Many of the antibiotics are ineffective 
because Aeruginosa shows resistance towards them.56 Intrin-
sic acquired, and adaptive are the major three mechanisms 
of Pseudomonas aeruginosa that can be used to reverse the 
antibiotic attack. The intrinsic resistance includes low mem-
brane permeability, the ability of efflux pumps that expel an-
tibiotics out of the cell, and the synthesizing antibiotic inac-
tivating enzymes. Through the exchange of genetic material 
across genera or by mutational changes the acquired resist-
ance can be obtained.58 Formation of biofilm in the lungs of 
infected patients is the method of obtaining adaptive resist-
ance where the biofilm acts as a barrier to limit antibiotic 
entry to the bacterial cells. 59

The major infections caused by pseudomonas aeruginosa 
bacteria are community-acquired infections and infections 
acquired through the hospital. Community-acquired infec-
tions include keratitis, otitis externa, and skin and soft tissue 
infections. Hospitalized patients may acquire pseudomonas 
aeruginosa infections during their hospital stay and they can 
be confined within the hospital itself 60 Bloodstream infec-
tions, pneumonia, urinary tract infections(UTIs), surgical 
site infections, and skin infections in the setting of burn 
injuries are the nosocomial infections caused by P. Aerugi-
nosa.61 Pseudomonas aeruginosa is particularly responsible 
as a cause of nosocomial infections, and many infections in 
immunocompromised patients. Pseudomonas aeruginosa re-
veals several acrimony factors, also antibacterial resistance 
mechanisms that have given increased antibacterial resist-
ance in recent years, thus becoming difficult to treat.

HOW ARE CARBAPENEMS EFFECTIVE IN THE 
TREATMENT OF GRAM-NEGATIVE BACTERIAL 

INFECTIONS

As we know that beta-lactam antibiotics include penicillin, 
cephalosporins, monobactam, and carbapenems. Among these, 
carbapenem exhibit a wide spectrum of antibacterial activity 
against gram-negative bacterial infections.62 is considered as 
standard treatment for this type of infection.63 Carbapenems 
entered into gram-negative organism via porins(outer mem-
brane proteins)and then reached the periplasmic space where 
its bind to penicillin-binding proteins(PBPs) and inhibit pep-
tidoglycan cross-linking during cell wall synthesis.64 It covers 
a wide range of in vitro spectrum of activity when compared 
to penicillin, cephalosporins, and other beta-lactam antibiotics 
65

. Carbapenems include meropenem, imipenem, ertapenem, 
doripenem, panipenem, biapenem 66. Among these, merope-
nem, ertapenem and doripenem are considered to be active 
against severe gram-negative bacterial infections.67 Ertapen-
em is not much effective as meropenem or imipenem in case 
of infection caused by Pseudomonas aeruginosa  Meropenem 
is not much effective as imipenem or doripenem in case of 
infections caused by Acinetobacter baumannii.68

Minimum inhibitory concentration(MIC) of doripenem is 
lower than imipenem and meropenem against Pseudomonas 
aeruginosa Acinetobacter baumannii.69 A Combination of 
meropenem with clavulanic acid is effective against MDR 
Mycobacterium tuberculosis. 70 Combination therapy of 
carbapenem with other antibiotics is used to treat gram-neg-
ative bacterial infections especially if a patient is infected 
with MDR(multidrug-resistant) pathogens.71  Sometimes it 
also resulted in unexpected side effects due to the high re-
sistance of any one of the drugs used in combination.  The 
oral bioavailability of carbapenems is very low thus it is ef-
fective when given intravenously. Imipenem-cilastatin and 
ertapenem can be also administered intramuscularly. 65,67 
Carbapenems are excreted via the renal route. These drugs 
are generally used to treat complicated bacterial infections. 
Apart from gram-negative bacterial infection, the combina-
tion of carbapenem with other antibiotics can be used as an 
empirical treatment in the case of gram-positive infections. 
The commonly reported side effects with carbapenems are 
nephrotoxicity, neurotoxicity abs immunomodulation.72

RESISTANCE MECHANISM OF CARBAPENEMS

The drug is considered to be safer with fewer adverse effects. 
Therefore carbapenem resistance towards gram-negative 
bacterial infections is still a challenge in the modern world. 
This resistance is mainly due to the following reasons:

a) Intrinsic: Resistance occurs due to gene mutations 
through horizontal transfer. However, this pattern of 
resistance is not clinically significant.73
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b) Some gram-negative organisms block the entry of car-
bapenems in the initial step itself (that is binding to 
penicillin-binding proteins) by destroying the perme-
ability of the outer membrane which leads to the car-
bapenem remaining being ineffective.74

c) After the entry of carbapenem into the periplasmic 
space, resistance is due to the ejection of carbapenems 
with the help of tripartite efflux pump systems into the 
periplasmic space.75

d) Another mechanism by which the drug exhibits resist-
ance is by overproduction of beta-lactamase enzymes, 
which results in the hydrolysis of the beta-lactam ring, 
and the drug remains inactive.76 This is considered the 
most clinically significant resistance mechanism of-
fered by carbapenems.

CARBAPENEM RESISTANT ENTEROBACTE-
RIACEAE

Enterobacteriaceae are the principal pathogen responsible 
for serious infections like Hospital-acquired pneumonia, 
bloodstream infections, Urinary tract infections, Intra-ab-
dominal infections within the family, UTIs are mainly caused 
by Escherichia coli, and Pneumonia are caused by Klebsiel-
la and Enterobacter species. Overproduction of extended-
spectrum beta-lactamases (ESBL) enzymes, an utterance of 
efflux pumps, porin loss, modification in PBPs which can 
lead to resistance towards this organism.77 Phenotypic obser-
vations of carbapenemase producers are identified by using 
the modified Hodge test. It is not widely used because of sen-
sitivity and specificity. In contrast with format-disk diffusion 
or broth dilution or E test, the carbapenem (eg-Meropenem)
or Cephalosporin (eg-Ceftazidime) amalgam with EDTA and 
Phenanthroline (inhibitors of MBL) and also with Phenylbo-
ronic acid ( inhibitor of KPC).In some cases, the temocil-
lin disk integrates with avibactam used whenever there is no 
particular inhibitor used in class D carbapenemase. Recogni-
tion of KPC Carbapenemase (in 45minutes) or MBL (in 150 
minutes) by using Mass Spectrometry (MALDI -TOF).The 
identification of carbapenemase genes in the clinical labora-
tory by using real-time PCR, hybridization test, simple or 
multiple PCR. This test can resolve the susceptibility and 
explicitness problems with phenotypic tests.80

CARBAPENEM RESISTANT PSEUDOMONAS 
SPECIES

OprD is the outermost membrane porin present in Pseu-
domonas species, it acts as a pathway for the entry of car-
bapenem where penicillin-binding protein(PBPs) is located. 
However, carbapenem resistance in this type is mainly due 
to the leakage, loss, or mutation in the porin membrane.  As 
a result, the binding of carbapenem to PBPs does not take 
place.74

CEFTAZIDIME-AVIBACTAM

It is an intravenously administered fixed drug combination 
of ceftazidime, a third-generation cephalosporin, and avi-
bactam, a non-beta lactam beta-lactamase inhibitor. The drug 
was approved by U.S Food and drug administration (FDA) in 
February 2015.81for the treatment of adults with complicated 
urinary tract infections(UTI), complicated intra-abdominal 
infections(cIAI), and hospital-acquired pneumonia(HAP)81. 
In the EU, it is also approved for the treatment of serious 
infections caused by aerobic gram-negative organisms with 
limited or no other treatment options.81

HOW DOES CEFTAZIDIME-AVIBACTAM OVER-
COME THE RESISTANCE?

Like all other cephalosporins, Ceftazidime binds to peni-
cillin-binding protein PBPs and inhibiting peptidoglycan 
cross-linking during cell wall synthesis results in bacterial 
cell lysis and cell death. But due to the overproduction of 
the beta-lactamases enzyme, the beta-lactam ring gets hy-
drolyzed and renders the antibiotic ineffective. To overcome 
this difficulty, avibactam a non-beta lactam beta-lactamase is 
added to ceftazidime which helps in preventing the hydroly-
sis of beta-lactam ring and increases the spectrum of activity 
of ceftazidime.82 It is effective againstmany multi-resistant 
gram-negative organisms such as Enterobacteriaceae (E.coli, 
Klebsiella pneumonia ) and Pseudomonas aeruginosa, in-
cluding those expressing certain types of ESBLs(extended-
spectrum beta-lactamases) and KPC(Klebsiella pneumoniae 
carbapenemase) (Class A enzymes), extended-spectrum 
cephalosporinases (Class C enzymes)) and also carbapen-
emase produced from the OXA gene (Class D enzymes) 83. 
(Table 2) (Figure 1)

Pharmacokinetics and Pharmacodynamics
The pharmacokinetic properties exhibited by this combina-
tion drug are the same as those administered alone. Only a 
small portion of the drug is bound to plasma hence it pro-
vides a wide volume of distribution. 80- 90% of the drug 
is eliminated as an unchanged drug and there is no metabo-
lism of avibactam in liver cells of humans. The main route of 
elimination is via the kidney. 

EFFECTIVENESS OF CEFTAZIDIME-AVIBAC-
TAM AGAINST ENTEROBACTERIACEAE

Ceftazidime-avibactam is a new drug accepted by the US Food 
and Drug Administration. It is a beta-lactam or beta-lactamase 
inhibitor used for the therapy of complicated intra-abdominal 
infection, complicated urinary tract infections, and in vitro ac-
tivity against Carbapenem-Resistant Enterobacteriaceae which 
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generate Klebsiella Pneumoniae Carbapenemase (KPC) and no 
activity against New Delhi (MBL), Verona -integron-encoded 
MBL (VIM),imipenemase. The drug is administered 2.5 mg in-
travenously (IV) every 8 hours and the dose should be adjusted 
in renal impairment patients. 

In April 2015 and February 2016 a retrospective study was 
conducted in patients having CRE infection who were treat-
ed with ceftazidime-avibactam at the University of Pitts-
burgh Medical Center. Thirty-seven consecutive patients 
were evaluated and treated for 3 days or more. The drug was 
given as monotherapy or in an amalgamation of regimens in 
70% (26/37) and 30% (11/37) of patients, respectively. The 
meld agents (intravenous or inhaled gentamicin, intravenous 
or intrathecal colistin, and tigecycline )were started along 
with ceftazidime-avibactam and given for 72 hours or more. 

The 30-day durability rate was 76% (28/37) and the durabil-
ity rate for 90-day was 62% (23/37). Clinical success was 
achieved in 59% (22/37) and did not differ for patients re-
ceiving monotherapy (58% [15/26]) or combination therapy 
(64% [7/11]). The success rates will not be on the basis of 
baseline creatinine clearance (<30, 31–50, or >50 mL/min 
(100% [2/2], 67% [6/9], and 65% [13/20]. Microbiologic 
failures occurred in 27% (10/37) of patients due to recurrent 
infections within 30 and 90 days and urinary colonization 
with Carbapenem-Resistant Enterobacteriaceae. 84 (Table 3)

EFFECTIVENESS OF CEFTAZIDIME-AVIBAC-
TAM AGAINST PSEUDOMONAS AERUGINOSA  

Complicated intra-abdominal infections, complicated uri-
nary tract infections (cUTIs), and nosocomial pneumonia 
are mostly caused by pseudomonas aeruginosa species. Its 
resistance towards antibiotics is a major problem thus leads 
to limited treatment options for those infections.

Ceftazidime- avibactam is a combinational drug approved 
by the US FDA for the treatment of serious gram-negative 
infections and has completed trials in cIAI, cUTI, and venti-
lator-associated pneumonia patients.

Study analysis of evaluation of the clinical activity of cef-
tazidime-avibactam against MDR Enterobacteriaceae and 
Pseudomonas aeruginosa was conducted in 2018. The iso-
lates were pooled from clinical trials in patients with com-
plicated intra-abdominal infections, complicated urinary 
tract infections, and nosocomial pneumonia including ven-
tilator-associated pneumonia where .95 patients with MDR 
P.aeruginosaisolates were identified. Clinical and microbi-
ological responses were assessed at the test-of-cure (TOC) 
visit. It showed a clinically cured response rate of 85.4% for 
ceftazidime-avibactam and 87.9% for comparators. A higher 
susceptibility rate was reported for pseudomonas aeruginosa 
isolates.(Table 4 )

In conclusion, the ceftazidime-avibactam clinical trial pro-
gram successfully demonstrated it is a suitable drug for 
gram-negative infections. 85

DISCUSSION

The article serves to provide clinical information regard-
ing a novel antibiotic combination Ceftazidime-Avibactam 
for the treatment of drug-resistant gram-negative bacterial 
infections, which is mainly active against Klebsiella pneu-
moniae, Pseudomonas aeruginosa, and E Coli. The Major-
ity of studies showed that this combination is predominantly 
active against Klebsiella pneumoniae for abdominal infec-
tion, urinary tract infection as well as pneumonia. The drug 
showed resistance patterns towards carbapenem-resistant 
Enterobacteriaceaepossessing  NDM-1enzyme  (class B 
Metallo beta-lactamases), which is mostly overcome by 
combining Ceftazidime-Avibactam with aztreonam. Moreo-
ver, Ceftazidime-Avibactam has superior efficacy as well as 
limited adverse drug reaction than colistin therapy especially 
in the case of renal impaired patients. It is also observed that 
Ceftazidime-Avibactam can be also used as an alternative 
therapy when colistin could not be used with worsening re-
nal function. 

CONCLUSION

The drug is effective in the case of Enterobacteriaceae and P. 
aeruginosa but has no activity against A. baumannii. Ceftazi-
dime-avibactam is incompetent to inhibit metallo-b-lacta-
mases ( IMP or NDM).The drug can cause serious infections 
in CRE patients due to a lack of clinical trials. As a result of 
the higher rate of SAEs compared with carbapenems,  safety 
should also need to be assessed. In minority patients having 
a chance of developing resistance after the continuous use 
of the drug over 10 days, which later leads to treatment fail-
ures and death, so to avoid this need more drugs to be active 
against CRE. Dose adjustment is not done in CRRT patients. 

ACKNOWLEDGEMENT

We are immensely obliged and thankful to Dr.Sabitha M.,  
Principal, Amrita School of Pharmacy, Amrita Vishwa Vid-
yapeetham Kochi, India. We also extend our gratitude to The 
Department of Pharmacy Practice for catering to legitimate 
facilities for carrying out the work. The authors acknowledge 
the immense help received from the scholars whose articles 
are cited and included in references of this manuscript. The 
authors are also grateful to authors/editors/publishers of all 
those articles, journals, and books from where the literature 
for this article has been reviewed and discussed.



Int J Cur Res Rev   | Vol 13 • Issue 10 • May 2021 S-146

Kripa et al: Ceftazidime-avibactam: a salvage therapy in the treatment of drug-resistant gram-negative bacterial infections

Conflict of Interest: All authors have none to declare.

Source of Funding: The authors received no specific fund-
ing for this work.

REFERENCES
1. Kaye KS, Pogue JM. Infections Caused by Resistant Gram-Neg-

ative Bacteria: Epidemiology and management. Pharmacother J 
Hum Pharmacol Drug Ther.2015 Oct 1;35(10):949-62.

2. Ghanshani R, Gupta R, Gupta BS, Kalra S, Khedar R S, Sood 
S. Epidemiological study of prevalence, determinants, and out-
comes of infections in medical ICU at a tertiary care hospital in 
India. Lung India. 2015 Sep 1;32(5):441.

3. Cordonnier C, Herbrecht R, Buzyn A, Leverger G, Leclercq R, 
Nitenberg G, et al. and Club de Réflexion sur les Infections en 
Onco-Hématologie Group. Risk factors for Gram-negative bac-
terial infections in febrile neutropenia. Haematologica. 2005 Jan 
1;90(8):1102-9.

4. Vincent J L, Rello J, Marshall J, Silva E, Anzueto A, Martin 
CD, et al. International study of the prevalence and outcomes 
of infection in intensive care units. J Am Med Ass. 2009 Dec 
2;302(21):2323-29.

5. Monegro AF, Regunath H . Hospital-acquired infections. Stat-
Pearls Publishing. 2018.

6. Sievert DM, Ricks P, Edwards JR, Schneider A M P H, Patel J , 
Srinivasan A, et al . National Healthcare Safety Network T, et al. 
Antimicrobial-resistant pathogens associated with healthcare-
associated infections: summary of data reported to the National 
Healthcare Safety Network at the Centers for Disease Control 
and Prevention, 2009-2010. Infect Control Hosp Epidemiol. 
2013 Jan;34(1):1-14.

7. Wilson J, Elgohari S, Livermore DM, Cookson B, Johnson A, 
Lamagni T, et al. Trends among pathogens reported as causing 
bacteremia in England, 2004–2008. Clin Microbiol Infect. 2011 
Mar11;17(3):451-58.

8. Maragakis LL. Recognition and prevention of multidrug-resist-
ant Gram-negative bacteria in the intensive care unit. Cri Care 
Med. 2010 Aug 1;38:S345-51.

9. Evans HL, Lefrak SN, Lyman J, Smith RL, Chong T W, McE-
learney ST, et al. Cost of Gram-negative resistance. Crit Care 
Med. 2007 Jan 1;35(1):89-95.

10. Hidron A I, Jonathan R Edwards, Jean Patel, Teresa C Horan, 
Dawn M Sievert, Daniel A Pollock, et al. National Healthcare 
Safety Network Team, and Participating National Healthcare 
Safety Network Facilities. Antimicrobial Resistant pathogens 
associated with healthcare associated infections: annual sum-
mary of data reported to the National Healthcare Safety Network 
at the Centers for Disease Control and Prevention, 2006–2007. 
Infect Control Hosp Epidemiol. 2008 Nov;29( 11 ):996-1011.

11. Escherich T. The intestinal bacteria of the neonate and breast-fed 
infant. Clin Infect Dis. 1988 Nov 1;10(6):1220-25.

12. Lesage AA . Contribution à l’étude des entéritesinfantiles—sé-
rodiagnostic des races de Bacterium coli. CR Soc. Biol.(Paris) 
1897;49:900-1.

13. Kaper JB, Nataro JP, Mobley HL. Pathogenic Escherichia coli.
Nat Rev Microbiol. 2004Feb;2(2):123-40.

14. Nataro JP, Kaper JB. Diarrheagenic Escherichia coli. Clin Mi-
crobiol Rev. 1998 Jan 1;11(1):142-201.

15. Berger CN, Sodha SV, Shaw RK, Griffin PM, Pink D, Hand P et 
al. Fresh fruit and vegetables as vehicles for the transmission of 
human pathogens.Environ Microbiol.2010 Sep; 12(9):2385-97.

16. Sannes MR, Kuskowski M A, Owens K, Gajewski A, Johnson JR 
. Virulence factor profiles and phylogenetic background of Es-
cherichia coli isolates from veterans with bacteremia and unin-
fected control subjects. J Infect Dis. 2004 Dec 15;190(12):2121-
28.

17. Mokady D, Gophna U, Ron EZ. Virulence factors of septicemic 
Escherichia coli strains.Int J Med Microbiol Suppl. 2005 Oct 
5;295(6-7):455-62.

18. Guiral E, Bosch J, Vila J, Soto SM . Prevalence of Escherichia 
coli among samples collected from the genital tract in pregnant 
and nonpregnant women: relationship with virulence. FEMS 
Microbiol Lett. 2011 Jan 1;314(2):170-3.

19. Scheutz F, Cheasty T, Woodward D, Smith HR. Designation of 
O174 and O175 to temporary O groups OX3 and OX7, and six 
new E. coli O groups that include Verocytotoxin‐producing E. 
coli (VTEC): O176, O177, O178, O179, O180, and O181. AP-
MIS. 2004 Sep;112(9):569-84.

20. Touchon M, Hoede C, Tenaillon O, Barbe V, Baeriswyl S, Bidet 
P, et al. Organized genome dynamics in the Escherichia coli spe-
cies results in highly diverse adaptive paths. PLoSGenet. 2009 
Jan 23;5(1), p.e1000344.

21. Weintraub A. Enteroaggregative Escherichia coli: epidemiology, 
virulence, and detection. J Med Microbiol. 2007 Jan 1;56(1):4-8.

22. Cassels FJ, Wolf M K. Colonization factors of diarrheagenic 
E. coli and their intestinal receptors. J Ind Microbiol. 1995 Sep 
1;15(3):214-26.

23. Croxen M A, Law R J, Scholz R, Keeney KM, Wlodarska M, 
Finlay BB. Recent advances in understanding enteric pathogenic 
Escherichia coli. Clin Microbiol Rev. 2013 Oct 1;26(4):822-80.

24. Mielke M. Prevention and control of nosocomial infections 
and resistance to antibiotics in Europe–Primum non-nocere: 
elements of successful prevention and control of healthcare-
associated infections. Int J Med Microbiol. Suppl 2010 Aug 
1;300(6):346-50.

25. Li B, Zhao Y, Liu C, Chen Z, Zhou D. Molecular pathogenesis of 
Klebsiella pneumoniae.Future Microbiol. 2014 Sep;9(9):1071-
81.

26. Magill S, Edwards J, Fridkin S. Survey of healthcare-associated 
infections. N Engl J Med. 2014 Jun 1;370:2542-43.

27. Podschun R, Ullmann U. Klebsiella spp. as nosocomial patho-
gens: epidemiology, taxonomy, typing methods, and pathogenic-
ity factors. Clin Microbiol Rev. 1998 Oct 1;11(4):589-603.

28. Farida H, Severin J A, Gasem M H, Keuter M, van den Broek P, 
Hermans PW, et al. Nasopharyngeal carriage of Klebsiella pneu-
moniae and other Gram-negative bacilli in pneumonia-prone 
age groups in Semarang, Indonesia. J Clin Microbiol. 2013 May 
1;51(5):1614-6.

29. Dao TT, Liebenthal D, Tran TK, Vu BNT, Nguyen DNT, Tran 
HKT, et al . Klebsiella pneumoniae oropharyngeal carriage in 
rural and urban Vietnam and the effect of alcohol consumption. 
PLoS One. 2014 Mar 25;9(3):e91999.

30. Casewell M, Phillips I. Hands as a route of transmission for 
Klebsiella species. Br Med J. 1977 Nov 19;2(6098):1315-17.

31. Jarvis WR, Munn VP, Highsmith AK, Culver DH, Hughes JM. 
The epidemiology of nosocomial infections caused by Klebsiella 
pneumoniae.Infect Control Hosp Epidemiol.1985 Feb;6(2):68-
74.

32. Horan T D, Culver D, Jarvis W, Emori G, Banerjee S, Martone 
W et al. Pathogens causing nosocomial infections preliminary 
data from the national nosocomial infections surveillance sys-
tem. AntimicrobNewsl. 1988 Sep 1;5(9):65-7.

33. Schaberg DR, Culver DH, Gaynes RP. Major trends in the mi-
crobial aetiology of nosocomial infection. Am J Med 1991 Sep 
16;91(3): S72-5.



Int J Cur Res Rev | Vol 13 • Issue 10 • May 2021S-147

Kripa et al: Ceftazidime-avibactam: a salvage therapy in the treatment of drug-resistant gram-negative bacterial infections

34. Martin RM, Cao J, Brisse S, Passet V, Wu W, Zhao L, et al . 
Molecular epidemiology of colonizing and infecting isolates of 
Klebsiella pneumoniae. Msphere. 2016 Oct 26;1(5).

35. Taur Y, Xavier JB, Lipuma L, Ubeda C, Goldberg J, Gobourne 
A, et al. Intestinal domination and the risk of bacteremia in pa-
tients undergoing allogeneic hematopoietic stem cell transplan-
tation. Clin Infect Dis. 2012 Oct 1;55(7):905-14.

36. Spagnolo AM, Orlando P, Panatto D, Perdelli F, Cristina ML. 
An overview of carbapenem-resistant Klebsiella pneumoniae: 
epidemiology and control measures. Rev Med Microbiol. 2014 
Jan 1; 25(1):7-14.

37. Ramirez MS, Traglia GM, Lin DL, Tran T, Tolmasky ME. Plas-
mid‐mediated antibiotic resistance and virulence in gram-neg-
ative: the Klebsiella pneumoniae paradigm. Plasmids: Biology 
and Impact. Biotechn Discov. 2015 May 30:459-74.

38. Richards M J, Edwards J R, Culver DH, Gaynes R P and Na-
tional Nosocomial Infections Surveillance System. Nosoco-
mial infections in combined medical-surgical intensive care 
units in the United States. Infect Control Hosp Epidemiol. 2000 
Aug;21(8):510-5.

39. Selene F, Talha K A, Islam A, Hasan Z, Hyder M, Selvapandian 
S. Organisms associated with ventilator-associated pneumonia 
(VAP) in intensive care units (ICU). J Bangladesh Soc Anaes-
thesiol. 2009;22:72-7.

40. Kang C I, Kim SH, Bang J W, Kim H B, Kim NJ, Kim E C, et al. 
Community-acquired versus nosocomial Klebsiella pneumoniae 
bacteremia: clinical features, treatment outcomes, and clinical 
implication of antimicrobial resistance. J Korean Med Sci. 2006 
Oct;21(5):816.

41. Qureshi ZA, Paterson DL, Potoski BA, Kilayko MC, Sandusky 
G, Sordillo E, et al. Treatment outcome of bacteremia due to 
KPC-producing Klebsiella pneumoniae: superiority of combi-
nation antimicrobial regimens. Antimicrob Agents  Chemother. 
2012 Apr 1;56(4):2108-13.

42. Zarkotou O, Pournaras S, Tselioti P, Dragoumanos V, Pitirida V, 
Ranellou K. Predictors of mortality in patients with bloodstream 
infections caused by KPC-producing Klebsiella pneumoniae 
and impact of appropriate antimicrobial treatment.Clin Micro-
biol Infect. 2011 Dec 1; 17(12):1798-803.

43. Stamm WE. Catheter-associated urinary tract infections: epi-
demiology, pathogenesis, and prevention. Am J Med. 1991 Sep 
16;91(3):S65-71.

44. Murphy C N, Clegg S. Klebsiella pneumoniae and type 3 fim-
briae: nosocomial infection, regulation and biofilm formation. 
Future Microbiol 2012 Aug;7(8):991-1002.

45. Paczosa M K, Mecsas J. Klebsiella pneumoniae: going on the 
offense with a strong defense.Microbiol Mol Biol Rev. 2016 
Sep1;80(3):629-61.

46. Korvick J A, Hackett A K, Yu VL, Muder RR. Klebsiella pneu-
monia in the modern era: clinicoradiographic correlations. South 
Med J. 1991 Feb 1;84(2):200-4.

47. Blue DE, Schmitt BH. Microbiology for the Surgical Patholo-
gist. In Essentials of Anatomic Pathology. Business Media New 
York.2002.p.349-442. 

48. Moon WK, Ime JG, Yeon KM, Han M C. Complications of 
Klebsiella pneumonia: CT evaluation. J Comput Assist Tomogr. 
1995 Mar 1;19(2):176-81.

49. Horcajada JP, MonteroM, Oliver A, Sorlí, L, Luque S, Gómez-
Zorrilla S, Benito N, Grau S . Epidemiology and treatment of 
multidrug-resistant and extensively drug-resistant Pseudomonas 
aeruginosa infections. Clin Microbiol Rev. 2019 Sep 18;32(4).

50. Hong  D J, Bae I K, Jang I H, Jeong S H, Kang H K, Lee K 
. Epidemiology and characteristics of Metallo-β-lactamase-
producing Pseudomonas aeruginosa. Infect Chemother. 2015 

Jun;47(2):81-97.
51. Johansen HK, Moskowitz SM, Ciofu O, Pressler T, Høiby N . 

Spread of colistin-resistant non-mucoid Pseudomonas aerugi-
nosa among chronically infected Danish cystic fibrosis patients. 
J Cyst Fibros. 2008 Sep 1;7(5):391-7.

52. Dorman SE, Chaisson R E. From magic bullets back to the mag-
ic mountain: the rise of extensively drug-resistant tuberculosis. 
Nat Med. 2007 Mar;13(3):295-8.

53. Pang Z, Raudonis R, Glick BR, Lin T J, Cheng Z. Antibiotic 
resistance in Pseudomonas aeruginosa: Mechanisms and al-
ternative therapeutic strategies. Biotechnol Adv. 2019 Jan 
1;37(1):177-92.

54. Gellatly S L, Hancock RE. Pseudomonas aeruginosa: new in-
sights into pathogenesis and host defences. Pathog Dis. 2013 
Apr 1;67(3):159-73.

55. Fazeli H, Akbari R, Moghim S, NarimaniT, Arabestani MR, 
Ghoddousi A R . Pseudomonas aeruginosa infections in patients, 
hospital means, and personnel’s specimens. J Res Med Sci. 2012 
Apr;17(4):332.

56. O’Toole GA, Kolter R. Flagellar and twitching motility are nec-
essary for Pseudomonas aeruginosa biofilm development. Mol 
Microbiol 1998 Oct;30(2):295-304.

57. Baltch AL, Smith RP. Pseudomonas aeruginosa: infections and 
treatment. Pseudomonas aeruginosa. Infect Treat. 1994;(12).

58. Breidenstein EB, de la Fuente-Núñez C , Hancock RE. Pseu-
domonas aeruginosa: all roads lead to resistance.Trends Micro-
biol. 2011 Aug 1;19(8):419-26.

59. Drenkard E. Antimicrobial resistance of Pseudomonas aerugi-
nosa biofilms.Microbes Infect. 2003 Nov 1;5:1213-9.

60. Bonten M J, Bergmans D C, Speijer H , Stobberingh EE . Char-
acteristics of polyclonal endemicity of Pseudomonas aeruginosa 
colonization in intensive care units: implications for infection 
control. Am J Respir Crit Care Med. 1999 Oct 1;160(4):1212-9.

61. Driscoll JA, Brody SL, Kollef MH. The epidemiology, patho-
genesis and treatment of Pseudomonas aeruginosa infections. 
Drugs. 2007 Feb;67(3):351-68.

62. Meletis G. Carbapenem resistance: overview of the problem and 
future perspectives. Ther Adv Infect Dis. 2016 Feb;3(1):15-21.

63. Li J, Nation RL, Turnidge JD, Milne RW, Coulthard K, Rayner 
CR. Colistin: the re-emerging antibiotic for multidrug-resistant 
Gram-negative bacterial infections.Lancet Infect Dis. 2006 Sep 
1;6(9):589-601.

64. Hashizume T, Ishino F, Nakagawa JI, Tamaki S,Matsuhashi M. 
Studies on the mechanism of action of imipenem (N-form imi-
doyl thienamycin) in vitro: binding to the penicillin-binding pro-
teins (PBPs) in Escherichia coli and Pseudomonas aeruginosa, 
and inhibition of enzyme activities due to the PBPs in E. coli. J 
Antibiot. 1984;37(4):394-400.

65. Bassetti M, Nicolini L, Esposito S, Righi E , Viscoli C. Cur-
rent status of newer carbapenems.Curr Med Chem. 2009 Feb 
1;16(5):564-75.

66. Queenan AM, Shang W, Flamm R, Bush K. Hydrolysis and in-
hibition profiles of β-lactamases from molecular classes A to D 
with doripenem, imipenem, and meropenem. Antimicrob Agents 
Chemother. 2010 Jan 1;54(1):565-9.

67. Rodloff AC, Goldstein E J C , Torres A. Two decades of imipen-
em therapy. J Antimicrob Chemother. 2006 Nov 1;58(5):916-29.

68. Oliver A, Levin BR, Juan C, Baquero F, Blázquez J. Hypermu-
tation and the preexistence of antibiotic-resistant Pseudomonas 
aeruginosa mutants: implications for susceptibility testing and 
treatment of chronic infections. Antimicrob Agents Chemother. 
2004 Nov 1;48(11):4226-33.

69. Mandell L. Doripenem: a new carbapenem in the treat-
ment of nosocomial infection. Clin Infect Dis. 2009 Aug 
15;49(Supplement_1):S1-3.



Int J Cur Res Rev   | Vol 13 • Issue 10 • May 2021 S-148

Kripa et al: Ceftazidime-avibactam: a salvage therapy in the treatment of drug-resistant gram-negative bacterial infections

70. Hugonnet J E, Tremblay LW, Boshoff HI, Barry CE, Blanchard 
JS. Meropenem-clavulanate is effective against extensively 
drug-resistant Mycobacterium tuberculosis. Sci. 2009 Feb 27; 
323(5918):1215-18.

71. Balke B, Hogardt M, Schmoldt S, Hoy L, Weissbrodt H, Häu-
ssler S. Evaluation of the E test for the assessment of synergy 
of antibiotic combinations against multiresistant Pseudomonas 
aeruginosa isolates from cystic fibrosis patients. Eur J Clin Mi-
crobiol Infect Dis. 2006 Jan;25(1):25-30.

72. Docquier JD, Calderone V, De Luca F, Benvenuti M, Giuliani F, 
Bellucci, L et al . Crystal structure of the OXA-48 β-lactamase 
reveals mechanistic diversity among class D carbapenemases. 
Chem Bio. 2009 May 29;16(5):540-7.

73. Sánchez MB. Antibiotic resistance in the opportunistic patho-
gen Stenotrophomonas maltophilia. Front Microbial. 2015 Jun 
30;6:658.

74. Bonomo RA, Szabo D. Mechanisms of multidrug resistance in 
Acinetobacter species and Pseudomonas aeruginosa. Clin Infect 
Dis. 2006 Sep1;43(Supplement_2):S49-56.

75. Schweizer HP. Efflux as a mechanism of resistance to antimi-
crobials in Pseudomonas aeruginosa and related bacteria: unan-
swered questions. Genet Mol Res. 2003 Mar 31;2(1):48-62.

76. Walsh TR. Emerging carbapenemases: a global perspective. Int 
J Antimicrob Agents. 2010 Nov 1;36:S8-14.

77. Ambler RP. The structure of b-lactamases. Philos Trans R Soc 
London Ser B, Biol  Sci.  1980 May 16;289(1036):321-31.

78. Jaurin B, Grundström T. ampC cephalosporins of Escherichia 
coli K-12 has a different evolutionary origin from that of be-

ta-lactamases of the penicillinase type. Proc Natl Acad  Sci. 
1981;78(8):4897-901.

79. Ouellette M, Bissonnette L ,RoY PH. Precise insertion of anti-
biotic resistance determinants into Tn21-like transposons: nu-
cleotide sequence of the OXA-1 beta-lactamase gene. Proc Natl 
Acad Sci. 1987 Nov 1;84(21):7378-82.

80. Sheu CC, Chang YT, Lin SY, Chen YH , Hsueh PR. Infections 
caused by carbapenem-resistant Enterobacteriaceae: an update 
on therapeutic options. Front Microbiol. 2019 Jan 30;10: 80.

81. European Medicines Agency. Zavicefta: summary of product 
characteristics. 2018. 

82. US FDA. Avycaz (ceftazidime and avibactam) for injection, for 
intravenous use: the US prescribing information.2018.

83. Wu G, Abraham T, Lee S. Ceftazidime-avibactam for treatment 
of carbapenem-resistant Enterobacteriaceae bacteremia. Clin In-
fect Dis. 2016 Oct 15;63(8):1147-1148.

84. Stone GG, Newell P, Gasink LB, Broadhurst H, Wardman A, 
Yates K. Clinical activity of ceftazidime/avibactam against 
MDR Enterobacteriaceae and Pseudomonas aeruginosa: pooled 
data from the ceftazidime/avibactam Phase III clinical trial pro-
gram. J Antimicrob Chemother. 2018 Sep 1;73(9):2519-23.

85. Shields R K, Potoski BA, Haidar G, Hao B, Doi Y, Chen L, 
et al. Clinical outcomes, drug toxicity, and the emergence of 
ceftazidime-avibactam resistance among patients treated for 
carbapenem-resistant Enterobacteriaceae infections. Clin Infect 
Dis. 2016 Dec 15;63(12):1615-18.

Table 1: Dosage regimen of ceftazidime-avibactam
Indication Dose Frequency Treatment duration

cIAI 2 g/0.5 g Every 8 hours 5-14 days

cUTI 2 g/0.5 g Every 8 hours 5-10 days

Hospital-acquired pneumonia 2 g/0.5 g Every 8 hours 7-14 days SS

Ambler classification of beta-lactamases enzymes (table 2)77-79

Table 2: Classification of beta-lactamases enzymes
Classes Groups

Class A serine beta-lactamases [77]

Class B metallo-b-lactamases [78]

Class C AmpC beta-lactamases

Class D OXA beta-lactamases [79]

Table 3: Success Rate of Ceftazidime-Avibactam for Carbapenem-Resistant Enterobacteriaceae in various dis-
eases.
Underlying Disease Success Rate

Pyelonephritis 100%

Primary bacteremia 70%

Pneumonia 50%

Skin/Soft tissue infections 50%

Intra Abdominal infections 50%

Other infections 33%
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Table 4: Microbiological and clinical response data
Pathogen Number of

Patients
MIC50 (mg/L) MIC90(mg/L) Susceptibility

Enterobacteriaceae 509 0.12 1 99.2

Pseudomonas aeruginosa 56 8 64 66.1

Figure 1: Mechanism of action of ceftazidime-avibactam (83).


