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ABSTRACT

Objective: To determine the frequency of Ceftazidime-Avibactam (CAZ-AVI) susceptibility in specimens of Carbapenem-
resistant Pseudomonas aeruginosa (CRPA) at a tertiary care hospital.

Study Design: Analytical cross-sectional study.

Place and Duration of Study: Department of Microbiology, Combined Military Hospital (CMH), Multan, Pakistan, from Jan-
Jun 2024.

Methodology: Specimens of carbapenem-resistant Pseudomonas aeruginosa were included in the study to find the
susceptibility of CAZ-AVI using the standard Kirby Bauer disc diffusion method. Zones were interpreted using a Vernier
caliper following Clinical Standard Institute (CLSI) 2023, where zone of CAZ-AVI 221 was considered as susceptible.

Results: The total sample size was 103 CRPA specimens, out of which, 47(45.60%) were found to be susceptible to CAZ-AVI
with an average zone of inhibition of 16.9 £ 8.8 mm, with male patients showing more susceptibility as compared to females
(51.00% vs. 40.40%). The majority 44(68.80%) of resistant cases were from inpatient department as compared to the outpatient
department 12(30.80%) (p-value <0.001). Organisms were more susceptible in the specimens bronchioalveolar lavage sputum
(87.50% and 75.00% respectively) whereas the most resistant isolates were found in Tracheal aspirate and blood specimens
(100.00%) (p-value <0.001).

Conclusion: The study demonstrates that approximately 45.60% of carbapenem-resistant Pseudomonas aeruginosa (CRPA)
isolates at a tertiary care hospital are susceptible to Ceftazidime-Avibactam (CAZ-AVI), supporting its potential role as a
valuable treatment option.
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INTRODUCTION

With the irrational use of broad-spectrum
antibiotics, the emergence of multidrug-resistant
Pseudomonas aeruginosa isolates has become a
significant health problem worldwide.! Infection
caused by CRPA is related to high levels of morbidity
and mortality? making it one of the leading causes of
healthcare-associated infections around the world3. In
hospitals, prolonged hospital stay,
immunosuppression and an overall increase in
resistance, accounts for greater healthcare costs*
leading to complicated abdominal, bloodstream,
surgical site, urinary tract and skin infections
predominantly in burn patients, healthcare-associated

treatment of severe gram-negative infections,®
however, it is not cost-effective, has adverse effects
and its excessive use in critical care units has increased
the resistance of the drug to serious life-threatening
infections worldwide as the resistance is attributed to
the presence of enzymes called carbapenemsases
which  inactivate most [-lactam antibiotics’.
Ceftazidime-avibactam was approved by the Food
and Drug Administration (FDA) in 2015 for the
treatment of complicated infections caused by multi-
drug resistant or extended drug resistant gram-
negative bacteria®. A review study regarding the
global frequency of Carbapenem-resistant
Pseudomonas aeruginosa showed the frequency to

pneumonia and ventilator-associated pneumonia in
intensive care units®. Currently, carbapenems are
considered as first-line antimicrobial agents for the
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range from 16.80 to 50.00%° while a study conducted
in Pakistan analyzed 155 CRPA strains isolated from
different clinical specimens, out of which 131 (84.5%)
were susceptible and 24 (15.5%) were found to be
resistant!. The rationale of the study is to increase the
evidence base for the use of Ceftazidime-avibactam
(CAZ-AVI]) in patients with Carbapenem-resistant
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Pseudomonas aeruginosa infection to improve patient
outcomes by decreasing hospital stays and decrease
the cost of treatment.
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Figure-1: Frequency of CRPA Specimen (n=103)

*BAL: Bronchoalveolar Lavage

METHODOLOGY

This analytical cross-sectional study was
conducted in Department of Microbiology, Combined
Military Hospital (CMH) Multan, Pakistan, over a
duration of six months, from January to June 2024.
Ethics approval was obtained from the Institutional
Ethics Committee Letter Number : (04/2024).

Inclusion Criteria: All microbiological samples (blood,
urine, pus) positive for Carbapenem resistant
Pseudomonas aeruginosa, from either gender, with
age ranging from 18 to 65 years, admitted or outdoor
patients, were included in the study.

Exclusion Criteria: Samples of the patients which
were recurrent and duplicate samples of Carbapenem-
resistant Pseudomonas aeruginosa were excluded
from the study.

A sample size of 103 patients was calculated
through the World Health Organization (WHO)
sample size calculator using the formula for single
proportion, keeping the frequency of Pseudomonas
aeruginosa susceptibility to Ceftazidime-avibactam as
84.50%, desired precision 7.00% and level of
confidence as 95.00%12. Patient characteristics
including age (years), gender (male/female), type of
specimen, and indoor/outdoor cases were noted.
Kirby-Bauer disk diffusion method was used to
determine the antibiotic susceptibility of Pseudomonas
aeruginosa by preparing inoculum of 0.5 Mc Farland
standard. The suspension was streaked on Muller
Hinton agar and antibiotic discs were applied as per
standard guidelines. Plates were incubated at 37
degrees for 24 hours and results were interpreted

according to CLSI 2023 with Vernier caliper in
Carbapenem resistant cases. Ceftazidime-avibactam
(CAZ-AVI]) discs were applied, and results were
interpreted according to CLSI guidelines. A zone of
>21 was considered susceptible and zone of < 20 was
considered as resistant. Descriptive statistics were
calculated for qualitative and quantitative variables in
the form of mean * standard deviation (SD) and
frequency and percentages using Statistical Package
for Social Sciences version 23.00. Relation of CAZ-AVI
susceptibility with age groups and type of specimen
was assessed through chi-square. Pearson Correlation
was used to find the realtionship of age and CAZ-AVI
Zone of Susceptibility in CRPA Isolates test taking p-
value < 0.05 as significant.

RESULTS

Out of a total of 103 specimens, 47(45.60%) were
found to be susceptible to CAZ-AVI with an average
zone of inhibition of 16.90 + 8.80. Male patients
showed more susceptibility to CAZ-AVI as compared
to female patients (51.00% vs. 40.40%). The majority of
resistant cases were from the inpatient department
44(68.80%) as compared to the outpatient department
(n=12, 30.80%) with a significant p-value (<0.001) as
shown in Table-I.

Table-I: Location-wise CAZ-AVI Susceptibility in CRPA
Isolates (n=103)

Location Resistant Susceptible pvalue
n (%) n (%)

IPD 44(68.80%) 20(31.30%)

OPD 12(30.80%) 27(69.20%) <0.001

Total 56(54.40%) 47(45.60%)

*CAZ-AVTI: Ceftazidime-avibactam,

CRPA: Carbapenem-resistant pseudomonas aeruginosa,
IPD: Inpatient department,

OPD: Outpatient department

The majority of susceptible cases belonged to the
age group of 14-25 years whereas the majority of the
resistant cases belonged to the age group of 60-77
years as shown in Table-II.

Table-1I: Age Distribution and CAZ-AVI Susceptibility in
CRPA Isolates (n=103)

Age Group Re;l(i/t:;nt Sus:e((});:;ble p-value
14-25 1(8.30%) 11(91.70%)
26-39 4(17.40%) 19(82.60%)
40-59 20(60.60%) 13(39.40%) <0.001
60-77 31(88.60%) 4(11.40%)
Total 56(54.40%) 47(45.60%)

*CAZ-AVI: Ceftazidime-avibactam, CRPA: Carbapenem-resistant pseudononas
aeruginosa

Pak Armed Forces Med ] 2026;76(2):232



Frequency of Ceftazidime-Avibactam Susceptibility

Moreover, a significant correlation (p-value
<0.005) was found between age and zone of
susceptibility with intermediate strength of association
(r = -.58). This showed that with advancing age there
was a decrease in the sensitivity to CAZ-AVI as shown
in Table III

Table-III: Correlation of Age and CAZ-AVI Zone of
Susceptibility in CRPA Isolates (n=103)

i Zone of
Variable Susceptibility
Ape r value -0.58

& p value <0.001

*r = correlation coefficient,
CAZ-AVI: Ceftazidime-avibactam,
CRPA: Carbapenem-resistant pseudomonas aeruginosa

A significant association was found between the
zone of susceptibility and specimen type (p-value
<0.001). The most susceptibility was noted in BAL and
sputum (87.50% and 75.00% respectively) samples
whereas the most resistant isolates were of tracheal
aspirate and blood (100.00%) as shown in Table IV.

Table-IV: Distribution of Specimen Type and CAZ-AVI
Susceptibility in CRPA Isolates (n=103)

. Resistant Susceptible -
Specimen Type n (%) n (50) value
Sputum 6(25.00%) 18(75.00%)

Urine 19(54.30%) 16(45.70%)

Pus 21(84.00%) 4(16.00%)

Tissue 5(71.40%) 2(28.60%) <0.001
Tracheal Aspirate 3(100.00%) 0(0.00%) ’
BAL 1(12.50%) 7(87.50%)

Blood 1(100.00%) 0(0.00%)

Total 56(5440%) | 47(45.60%)

*CAZ-AVI: Ceftazidime-avibactam,
CRPA: Carbapenem-resistant pseudomonas aeruginosa,
BAL: Bronchoalveolar Lavage

DISCUSSION

In this study susceptibility of Ceftazidime-
avibactam in  MDR  Carbapenem  resistant
Pseudomonas aeruginosa came out to be 45.60%. A
study conducted in Turkey noted that multi-drug
resistant and extensive drug resistant, Pseudomonas
aeruginosa was one of the leading causes of death in
hospitals particularly in ICUs.’2 Another study
showed greater susceptibility to CAZ-AVI than our
study at 84.50%1% showing that this drug responded
more in developed countries than under developed
countries, probably due to lack of good hospital care
and infection control measures in under-privileged
countries. Another European study showed the
frequency of MDR Pseudomonas aeruginosa as 30.20%

whereas in this study it was 56.00%. The susceptibility
was low in Pakistan due to advising antibiotics when
necessary and strict compliance of infection control
strategies’*. A study noted the susceptibility of
Ceftazidime-avibactam in South America to be 86.00%
whereas it was 46.00% in this study®. A study
conducted in Sub-Saharan Africa showed the
resistance of Pseudomonas aeruginosa as 14.00%
which was found to be less resistant’. In a study
conducted in Qatar, 205 samples were taken, out of
which 68.80% were found to be susceptible to
ceftazidime avibactam with the organism most
commonly isolated from respiratory samples
(44.00%)Y7, however in this study, organism was
isolated mostly from urine (34.00%).1% A study
conducted in Iran predominately showed that the
sensitivity of respiratory samples was found to be
85.00%1° whereas in our study, bronchoalveolar lavage
was 87.50% followed by sputum 75% with respiratory
samples being more susceptible to ceftazidime in both
the studies. The frequency of Ceftazidime-Avibactam
(CAZ-AV]) in the treatment of Carbapenem-Resistant

Pseudomonas aeruginosa (CRPA) is increasing
drastically. Keeping this in view Ceftazidime-
avibactam could be novel therapeutic option,

particularly in the context of multidrug-resistant
organisms where treatment options are too limited.

LIMITATIONS OF STUDY

A key limitation of this study is its single-center,
cross-sectional design, which may limit the generalizability
of CAZ-AVI susceptibility patterns to other hospitals or
regions with different antibiotic-use practices. The sample
size, although adequate for descriptive analysis, may not
fully capture the heterogeneity of CRPA isolates across
different wards and specimen types. Additionally,
susceptibility was assessed only by disc diffusion without
confirmatory methods such as minimum inhibitory
concentration (MIC) testing or molecular characterization of
resistance mechanisms, which could affect the precision and
interpretability of the reported resistance rates.

CONCLUSION

The study demonstrates that approximately 45.60% of
carbapenem-resistant Pseudomonas aeruginosa (CRPA)
isolates at a tertiary care hospital are susceptible to
Ceftazidime-Avibactam (CAZ-AVI), supporting its potential
role as a valuable treatment option in this setting. These
findings highlight the mneed for routine CAZ-AVI
susceptibility testing and careful source-guided empiric
therapy in CRPA infections.
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