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Abstract

Objectives: We conducted this study to test the suscep-
tibility of P. aeruginosa to the routinely used drugs and to
the two recently available antimicrobial agents,
ceftazidime-avibactam and ceftolozane-tazobactam.

Methods: We isolated the non-replicate strains of
P. aeruginosa from inpatients between December 2018
and April 2019. The VITEK® MS system was used for
phenotypic identification and VITEK 2 for initial anti-
microbial susceptibility testing. We supplemented these
tests with determination of the minimum inhibitory
concentration (MIC) of four antimicrobials; imipenem,
meropenem, ceftazidime-avibactam and ceftolozane-
tazobactam. The standards of the Clinical and Labora-
tory Standards Institute were followed.

Results: A total of 67 strains of P. aeruginosa, including
38 multidrug-resistant strains, were obtained from
various specimens. Susceptibility to various tested ami-
noglycosides and fluoroquinolones was maintained in
49.3—56.7% and 40.0—43.3% of the total isolates.
Amongst B-lactams, the strains were susceptible to the
following agents in an ascending order: ceftazidime
(32.8%), cefepime (37.3%), imipenem (36.0%),
piperacillin-tazobactam (39.0%), meropenem (44.8%),
ceftazidime-avibactam  (61.2%) and  ceftolozane-
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tazobactam (62.7%). The susceptibility rates of the
multidrug-resistant strains to both ceftazidime-avibactam
and ceftolozane-tazobactam were less than 35%. High
levels of resistance to the new agents (MIC > 256 ug/ml)
were detected in 21 and 22 isolates.

Conclusion: Our study shows limitation in the empirical
use of ceftazidime-avibactam and ceftolozane-
tazobactam as therapeutics in serious infections. More-
over, our data highlights the need for prompt antimi-
crobial susceptibility testing to guide their clinical usage.

Keywords: Antimicrobial susceptibility; Ceftazidime-avi-
bactam; Ceftolozane-tazobactam; KSA; Pseudomonas
aeruginosa
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Introduction

Pseudomonas aeruginosa is a recognized nosocomial
pathogen worldwide, responsible for infections associated
with prolonged hospitalization, increased costs, and mor-
tality.! In KSA, it has been implicated in causing challenging
infections including those in critical care settings.2 The
success of an organism as a healthcare-associated pathogen
largely relies on its ability to resist multiple drugs via intrinsic
and acquired genetic elements, limiting the efficacy of
empirical therapy.3 High variability among the resistance
rates of P. aeruginosa was observed in various regions in
the global Study for Monitoring Antimicrobial Resistance
Trends.* Various chromosome- or plasmid-encoded resis-
tance mechanisms in P. aeruginosa have been described.
These elements can exist simultaneously and be carried by
organisms on the same transmissible genetic element, thereby
conferring multidrug resistance to different classes of anti-
biotics and limiting therapeutic options. Carbapenem resis-
tance, which originates from the production of B-lactamases,
porin mutations, overexpression of the MexA-MexB-OprM
efflux pump, and/or alterations in the penicillin-binding
protein targets,5 is of particular concern. Combinations of
mechanisms that confer resistance to carbapenems may
coexist in an organism; however, the organism may still be
susceptible to B-lactam agents.(”7 Risk factors for infections
with resistant P. aeruginosa strains include prior use of
broad-spectrum antimicrobials, diabetes mellitus, recent
surgery, presence of invasive devices, bedridden status, and
intensive care unit (ICU) admission.®

P. aeruginosa is intrinsically resistant to several broad-
spectrum beta-lactam antibiotics including cefotaxime, cef-
triaxone, and ertapenem. Anti-pseudomonal agents effective
against the wild-type strain include piperacillin, ceftazidime,
cefepime, imipenem, and meropenem. However,
P. aeruginosa can acquire resistance to these agents,
including carbapenems. In KSA, P. aeruginosa resistance to

carbapenems has increased from 6 to 9%, as reported in
earlier studies, to more than 30%, according to more recent
reportsf)’m A large national study (sample size = 6364)
conducted in 24 Saudi hospitals in 2009 found that
approximately 16% of P. aeruginosa isolates were resistant
to a carbapenem.” Another ICU-based study performed
within the same time frame in central KSA showed an in-
cremental rate of P. aeruginosa resistance to carbapenems,
from 34% to 74%, over a 5-year period.2 This represents a
major clinical challenge, especially in cases of invasive,
serious pseudomonal infections.

Recently, new B-lactam/B-lactamase inhibitor combina-
tions, including ceftolozane-tazobactam (CT) and
ceftazidime-avibactam (CA), have demonstrated efficacy
in vitro and clinical activity against P. aeruginosa.12 Both
drug combinations are clinically accessible and licensed for
use in complicated cases of urinary tract and abdominal
infections. Moreover, these combinations are promising as
effective therapies for infection with carbapenem-resistant
P. aeruginosa, provided the strains are susceptible to the
drug combinations in vitro, as illustrated in a small multi-
center, retrospective study.13 These novel drug combinations
are also potentially promising as carbapenem-sparing agents
and could help slow the emergence and spread of carbape-
nem resistance.'* A recent randomized clinical trial has
shown that ceftolozane-tazobactam was not inferior to
meropenem in treating 519 cases of hospital-acquired pneu-
monia, including 128 cases in which P. aeruginosa was the
implicated pathogen.'” The clinical trial, however, was based
on the minimum inhibitory concentration (MIC) and
treatment was administered only when the in vitro
susceptibility status was proven.

There are no reports available based on which the activity
of these newly licensed drugs against local P. aeruginosa
isolates could be evaluated. Therefore, this study was un-
dertaken to investigate the antimicrobial susceptibility pat-
terns of clinical P. aeruginosa strains from various infection
sites in hospitalized patients, including multidrug-resistant
(MDR) isolates, to traditional drugs with potential anti-
pseudomonal activity and the newer agents CA and CT. In
addition, the drug resistance index (DRI) was determined for
the isolated strains.

Materials and Methods
Research settings and identification of isolates

We serially collected all non-replicate strains of
P. aeruginosa isolated from clinical specimens belonging to
patients of all ages who were admitted to King Fahad
University Hospital, a 550-bed academic centre, between
December 2018 and April 2019. We included samples from
infected patients who received antimicrobial therapy based
on the clinical picture, while the patients’ surveillance cul-
tures and colonizing organisms were excluded. The speci-
mens were inoculated on blood and MacConkey agar plates
(SPML, Riyadh, KSA) and incubated overnight at 35 °C.
Suspected colonies, based on colony morphology and
catalase- and oxidase—positive reactions, were further tested
to confirm their identity using the VITEK MS system
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(bioM¢érieux, US) based on matrix-assisted laser desorption/
ionization time-of-flight technology. MDR strains were
labelled following international consensus guidelines for
describing drug-resistant organisms.l(’ Community and
hospital-acquired infections were defined based on the
Centers for Disease Control and Prevention (CDC)
criteria.'”

Antimicrobial susceptibility testing

This was a diagnostic research study. Susceptibility
testing was initially performed in the routine microbiology
laboratory by using the VITEK 2 system (bioMérieux, US),
which is accepted for routine, high-throughput susceptibly
testing in diagnostic settings. Data were extracted for agents
recommended by the Clinical and Laboratory Standards
Institute (CLSI) for anti-pseudomonal therapy, including
both group A and B drugs (CLSI 2019).7 Group A drugs
(ceftazidime, gentamicin, and piperacillin-tazobactam)
represent antimicrobial agents that are considered appro-
priate for inclusion in a routine, primary testing panel, as
well as for routine reporting of results for a specific or-
ganism group. Group B drugs (cefepime, amikacin, cipro-
floxacin, levofloxacin, CA, CT, imipenem, and meropenem)
are agents that can be included in primary testing but are
reported only in selective situations, such as when an or-
ganism is resistant to agents of the same antimicrobial class
in group A. E tests (AB Biodisk, Solna, Sweden) were
additionally used to determine the MICs of two carbape-
nems, imipenem and meropenem, and two B-lactam/p-lac-
tamase inhibitor combinations, CA and CT. The tests were
conducted per the CLSI 2019 guidelines for all antimicro-
bials tested, because the MICs of the agents could influence
the selection of therapy in cases of infection with drug-
resistant strains. For analytical quality control, the MICs
for the P. aeruginosa ATCC 27853 and Escherichia coli
ATCC 25922 strains were determined in each test run after
a validation study. The results were accepted if values
within the MIC reference range for both CT and CA were
obtained.

Antimicrobial resistance index

The aggregated antimicrobial DRI for each strain was
determined as previously described by calculating the num-
ber of antibiotics to which an isolate was resistant and
dividing this value by the total number of antibiotics tested
for the isolate based on the CLSI 2019 anti-pseudomonal
panel.”-'*

Statistical analysis

Categorical variables were expressed as absolute fre-
quencies and percentages and continuous variables as me-
dian values and ranges. Categorical and continuous variable
comparisons were assessed using the Fisher’s exact test and
Mann—Whitney U test, respectively. Statistical analyses were
performed using GraphPad Prism Version 6.0 for Mac. A

two-tailed P-value < 0.05 was considered statistically

significant.

Results

Characterization of the isolates

Table 1: Characteristics of patients from whom 67 Pseudo-
monas aeruginosa strains were isolated.

Epidemiological Total strains, no. MDR strains, no P-

parameter (%) (%) value

Sex 0.2

Male 43 (64.2) 27 (62.8)

Female 24 (35.8) 13 (54.2)

*Distribution by age 0.0001
group

<15 years 4(5.9) 0 (0)

15—44 years 13 (19.4) 3(23.1)

45—64 years 15 (22.4) 5(33.3)

>65 years 35 (40) 30 (85.7)

Community acquired 15 (22.4) 3 (20) 0.0003

Hospital acquired 52 (77.6) 35 (67.3)

*The median patient age was 56.5 & 6.1 years.

The frequency of P. aeruginosa isolation and the occurrence of
multidrug resistance show an increasing trend with age
(P < 0.05).

MDR: multidrug-resistant.
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Figure 1: Distribution of the sites of 67 Pseudomonas aeruginosa
infections. skin and soft tissue infections (SST):; CSF: cerebro-
spinal fluid.

Sixty-seven strains of P. aeruginosa, of which 38 (56.7%)
were MDR, were isolated from hospitalized patients. The
demographic data of the patients from whom the strains
were isolated are summarized in Table 1. Of the 15 (22.4%)
community-acquired strains, three were MDR, which were
implicated in soft-tissue, respiratory, and urinary tract in-
fections in three patients aged 61, 77, and 91 years. The
sample distribution of the total isolates is demonstrated in
Figure 1. The most prevalent infections were lower
respiratory tract (43%) and soft-tissue (33%) infections.
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Table 2: Susceptibility rates of Pseud as aeruginosa

strains.
All strains MDR strains P-
(n = 67) (n = 38) value
Susceptibility  Susceptibility (%)
(%)
Ceftazidime 32.8 0 0.0001
Cefepime 37.3 0 0.0001
Piperacillin/ 39 0 0.0001
tazobactam
Ciprofloxacin 43.3 5.3 0.0004
Levofloxacin 40 2.6 0.0001
Gentamicin 56.7 2.6 0.0001
Amikacin 49.3 2.6 0.0001
Imipenem 36 2.6 0.0001
Meropenem 44.8 0 0.0001
Ceftazidime- 61.2 36.8 0.52
avibactam
Ceftolozane- 62.7 36.8 0.42
tazobactam

MDR: multidrug-resistant.

Antimicrobial susceptibility

Susceptibility testing results for the commonly tested
agents per the CLSI guidelines for all P. aeruginosa and

Table 4: Drug resistance index for 67 Pseudomonas aeruginosa
clinical isolates.

Number (%) Median DRI

Isolates susceptible to 41 (61.2) 0.18

both ceftazidime-avibactam

and ceftolozane-tazobactam
Isolates resistant to both 25 (37.3) 1

ceftazidime-avibactam and

ceftolozane-tazobactam
Community-acquired strains 15 (22.4) 0.63
Hospital-acquired strains 52 (77.6) 0.9

DRI: drug resistance index.

MDR strains are shown in Table 2. All of the 38 strains
(100%) that fit the definition of MDR strains were
resistant to meropenem. The MICs of four antimicrobial
drugs as obtained by the E-test are shown in Table 3 (see
Figure 2).

Discussion

This study describes the susceptibility patterns of
P. aeruginosa strains isolated from inpatients against various
antimicrobial agents, including the novel cephalosporin/f-
lactamase inhibitor combinations CA and CT. Most of the

Table 3: Minimal inhibitory concentrations of four agents against Pseudomonas aeruginosa.

Antimicrobial All isolates (n = 67) MDR (n = 38)

iz MICs, MICy, MIC range Resistance MICs MICy, MIC Resistance
(ng/ (ng/ (pg/ml) rate (%) (ng/ (ng/ range rate (%)
ml) ml) ml) ml) (pg/ml)

Imipenem >32 >32 0.25—-32 64.0 >32 >32 >32 97.4

Meropenem 1.5 >32 0.1-32 55.2 >32 >32 >32 100

Ceftazidime-avibactam 4 >256 0.5 to >256 38.8 >256 >256 12 to >256 63.2

Ceftolozane- 2 >256 0.25to >256 37.3 >256 >256 8 to >256 63.2

tazobactam

The breakpoints for imipenem, meropenem, ceftazidime-avibactam, and ceftolozane-tazobactam are 2, 2, 8, and 4 pg/ml.

MDR: multidrug-resistant; MIC: minimal inhibitory concentration.

Frequency of MIC distribution

Himipenem
B Meropenem

B Ceftazidime-Avibactam
B Ceftolozane-Tazobactam
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Figure 2: Distribution of the minimal inhibitory concentrations (MICs) of four agents against Pseudomonas aeruginosa (n = 67). The
breakpoints for imipenem, meropenem, ceftazidime-avibactam, and ceftolozane-tazobactam are 2, 2, 8, and 4 pg/ml.
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isolates were obtained from patients with respiratory and
soft-tissue infections. P. aeruginosa and MDR strains were
more frequently encountered with increasing patient age.
Consistent with findings from other studies, 19:20 85 794 of the
MDR P. aeruginosa strains were isolated from elderly
patients (aged >65 years). This finding has implications for
the selection of the therapeutic regimen for this age group.
In addition, institutions might consider screening this
patient population upon admission for MDR organisms,
including MDR P. aeruginosa; this is supported by a
moderate level of evidence.”' Currently, there are no clear
guidelines on the selection of sites for the screening of
MDR P. aeruginosa strains, although the best yield is
obtained with multiple site screening.”” Most of the MDR
strains in this study were hospital acquired. Three cases
(20%), however, had a community origin, raising a
concern. No previous study in KSA has addressed
community-acquired P. aeruginosa infection. The cases
detected in this study could have been sources of infection or
even an outbreak if they had not been identified. A recent
review examined the risk factors for community-acquired
respiratory infections with MDR organisms, including
P. aeruginosa, and proposed a scoring system to identify
them upon admission.”’ Such a scoring system, or an
equivalent, can be used to help with triaging such cases and
implementing effective infection control and treatment
strategies.

Ceftazidime is a powerful anti-pseudomonal agent, with
strong bactericidal action against most wild-type strains and
retained  activity against some carbapenem- or
fluoroquinolone-resistant isolates.”* The majority of the

P. aeruginosa strains tested in our study exhibited
resistance to ceftazidime, as well as to cefepime,
piperacillin-tazobactam, fluoroquinolones, aminoglyco-

sides, and carbapenems, making empirical therapy difficult
and highlighting the importance of rapid antibiotic suscep-
tibility testing.

CA and CT have good coverage for wild-type
P. aeruginosa strains. Although these agents were initially
licensed for use in cases of complicated intra-abdominal or
complicated urinary tract infections, clinical studies are
ongoing to support their extended use in other condi-
tions.”>?® We found that less than 35% of the total
P. aeruginosa strains were susceptible to these new agents.
High levels of resistance to CA and CT (MIC: >256 pg/ml)
were detected in a significant proportion of the isolates,
which were never exposed to the drugs earlier.
Furthermore, the MICsg9q values for the 67 isolates were
>32/>32 pg/ml, 1.5/>32 pg/ml, 4/>256 pg/ml, and 4/
>256 pg/ml for imipenem, meropenem, CA, and CT,
respectively. The resistance rates to CT and CA in this
study were higher than those reported by other groups;
however, they were in accordance with those reported in
certain other published work, including a recent meta-
analysis from Turkey.w*” In contrast, studies performed
in Asian and East European countries demonstrated that
>67% of MDR P. aeruginosa strains maintained
susceptibility to CA and CT.*"*! These variable resistance
rates for CT and CA may reflect variations in the
underlying resistance mechanisms of MDR P. aeruginosa
strains that could vary across regions. As expected, the
MDR strains demonstrated higher MICsg/99, and none of

the four agents can be used for adequate empirical
monotherapy if MDR P. aeruginosa is a likely pathogen.

The limited molecular surveillance work conducted thus
far has revealed the diverse mechanisms that confer carba-
penem resistance in P. aeruginosa isolates from KSA. In
those few available studies, Verona imipenemase (blayyy)
was repeatedly described as a leading mechanism underlying
the widespread carbapenemases in P. aeruginosa strains in
the Gulf Cooperation Council countries, including KSA. %%
In the United States, more than 90% of MDR P. aeruginosa
strains were estimated to be susceptible to both CA and
CT.”’” However, it is known that novel cephalosporin/B-
lactamase inhibitor combinations can overcome resistance
to carbapenem and other P-lactams that is mediated by
certain mechanisms, for instance by outer membrane porin
D downregulation, but not to those encoded by class
metallo-beta-lactamases, as the later are not inhibited by
by tazobactam or avibactam.”’** Ceftolozane is the most
active anti-pseudomonal B-lactam to date, and an MIC of
>4 ng/ml is limited to those harbouring metallo-B-lactamase
(MBL) or other unusual genes such as VEB and GES.* The
high prevalence of MBL-producing P. aeruginosa strains in
KSA raises a question about the efficacy of empirical use of
CA and CT. In KSA, blaypm was first detected in 2002 by
sequencing the gene from a urine isolate obtained from an
HIV-infected patient who presented with a complicated
urinary tract infection following admission.”® Since then, few
reports have identified blaypv-like genes during the screening
of clinical P. aeruginosa isolates from various regions of
KSA.*** These data suggest that MBLs are commonly
associated with carbapenem resistance among
P. aeruginosa strains in KSA with a high prevalence of the
VIM type, owing to which the therapeutic options for
MDR P. aeruginosa are very limited. The gene is usually
carried on mobile gene cassettes inserted into class 1
integrons that are embedded in resistant plasmids and
conjugative transposons.% Since molecular characterization
is not routinely performed in diagnostic settings because of
the absence of commercial kits for carbapenemase
detection in P. aeruginosa, caution needs to be exercised
during the routine use of CT and CA in a formulary
without prior surveillance in an institution. Another
consideration is the well-known emergence of resistance
during the treatment of P. aeruginosa infections despite the
initial susceptibility. This is encountered in approximately
10% of the infections caused by the organism, with subse-
quent increased morbidity and mortality along with higher
hospitalization costs. This phenomenon, however, is associ-
ated more with imipenem use.’’ Thus, de-escalation is
necessary once in vitro susceptibility testing shows a sensitive
strain. The emergence of resistance during therapy has also
been observed for CT and CA, which presents another
challenge in using these new combinations. It also raises the
need for an expert infectious diseases (ID) team and effective
communication with the laboratory to remeasure the MIC if
the isolate was subsequently grown as a failure to respond or
breakthrough infection.””™’ In a small, retrospective
cohort,*® resistance to CT was reported to emerge as early
as 8 days, and in vitro resistance to the drug was predictive
of clinical failure.'**!

Recently, the DRI has been described as an antimicrobial
stewardship toolkit.¥ It is a composite measure that
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combines the ability of antibiotics to treat infections within
the extent of their use in clinical practice. The tool is
sensitive to changes and useful for experts to monitor the
trend of resistance over time and to correlate it with
interventional measures. It also allows comparisons
between regional resistance rates for non-specialist decision
makers, whereby aggregate information about antimicrobial
resistance and consumption is quantified to predict antibiotic
effectiveness over time. To our knowledge, this is the first
systematic measurement of the DRI for P. aeruginosa strains
in this region. We found an overall high DRI (>0.5) for
P. aeruginosa strains isolated from patients with community-
and hospital-acquired infections in our institution (Table 4).
We also observed susceptibility to CA and CT in isolates
with a lower DRI. This finding further demonstrates that
the empirical use of these anti-pseudomonal drugs needs to
be restricted to cases of low risk of MDR P. aeruginosa
infection.

The main limitations of the study are the small number of
strains and the non-availability of colistin susceptibility data,
which require broth microdilution testing that was not per-
formed for the isolates. Future prospective, larger studies
will be useful for providing microbiological evidence about
the efficacy of CA and CT against infections with
P. aeruginosa and other challenging gram-negative patho-
gens, mainly Enterobacteriaceae species.

Conclusion

This study provides evidence for the limited anti-
pseudomonal activity of CT and CA in the absence of
accurate in vitro susceptibility testing. Diagnostic labora-
tories need to supplement the therapeutic use of the drugs
with a timely and quality-assured susceptibility testing tool
in institutions where CA and CT are to be administered.
Therefore, there is a need for an enhanced national sur-
veillance system with the ability to provide feedback to
medical centres, so as to facilitate the effective introduc-
tion of new drugs to hospital formularies. For this pur-
pose, a country-specific policy that supports the fight
against antimicrobial resistance is necessary. Furthermore,
such a policy should be complemented by stringent infec-
tion control measures to limit the spread of emerging
resistant strains.

Abbreviations: blayyy, Verona imipenemase; CA, Ceftazidime-avi-
bactam; CT, Ceftolozane-tazobactam; HIV, Human immunodefi-
ciency virus; MBL, Metallo-B-Lactamase; MDR, Multidrug-
resistant; MIC, Minimal inhibitory concentration; VIM, Verona
integron-mediated metallo-B-lactamase.
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