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Carbapenem-resistant Enterobacterales (CRE) is a hospital-acquired pathogen with a high mortality
rate and limited effective treatment options. The main objective was to design the optimal combination regimens
for the treatment of infections caused by CRE.-The methods were divided into 3 sub-studies. Firstly, an in
vitro study aimed to design the optimal antibiotic options. Broth microdilution/E-test method and checkerboard
method were performed for the mono- and combined. activities, respectively. The molecular study was
demonstrated to describe the types of carbapenemase and mcr-1 genes detected by polymerase chain reaction
(PCR). Secondly, a Pharmacokinetic/Pharmacodynamic (PK/PD) study aimed to design the optimal antibiotic
dosing regimens. Monte Carlo simulation was used to establish' the optimal antimicrobial dosing regimens
achieving the > 90% of a probability of target attainment (PTA) and > 90% of a cumulative fraction of response
(CFR). Finally, a clinical study is used to evaluate the treatment outcomes. A quasi-experimental study was
conducted to compare mortality rates between patients received the optimal combination regimens (prospective
group) and the usual care (retrospective group). A total of 199 CRE clinical isolates were collected, including 49
CRE clinical isolates from Phramongkutklao hospital and 150 CRE clinical isolates from the bacterial culture bank
of the Department of Medical Sciences Ministry of Public Health in health region V. The proportion of CRE clinical
isolates were Carbapenem-resistant Klebsiella pneumoniae (CRKP) (81.91%; n =163), Carbapenem-
resistant Escherichia coli (CREC) (16.58%; n = 33) and Carbapenem-resistant Enterobacter cloacae (CREclo)
(1.51%; n =3). Most CRE isolates were resistant to-aztreonam, fosfomycin, ceftazidime/avibactam, tigecycline, and
colistin, whereas they were highly susceptible to aminoglycosides. Most detected carbapenemases were NDM
(36.18%; n = 72), OXA-48 (45.73%; n = 91) and NDM plus OXA-48 (15.58%; n = 31); five mcr-1 genes also
carried blapxsgs- Only 49 CRE clinical isolates from Phramongkutklao hospital performed synergistic testing, the
results showed amikacin combination with fosfomycin (44%) had a greater synergy rate than other combination
regimens. The optimal antibiotic-dosing regimens showed that high-dosing antibiotic regimens achieved higher PTA
and CFR targets than usual regimens. Combination regimens also reached greater CFR targets than single
regimens. In the clinical study, 88 patients (40 prospective patients and 48 retrospective patients) were included.
The 14-day mortality rate was lower than in prospective patients compared to retrospective patients
(17.50% vs 37.50%, respectively; p-value = 0.038). Risk factors associated with 14-day mortality were receiving
intervention (PK/PD dosing protocol) and vassopresor use. Optimizing doses of antibiotic combination regimens

may be an optimal option for the treatment. Further studies with larger sample sizes are required.
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CHAPTER |
INTRODUCTION

1.1 Background information and Rationale for this study

In the 21" century, antibiotic resistance is one of the major problems
because of the global burden. Resistant pathogens are non-susceptible to available
antibiotics which caused clinical high mortality (clinical impact) and high budget
(economic impact), whereas new antibiotics in drug development are fewer [1, 2].
Carbapenem-Resistant Enterobacteriaceae (CRE) are categorized into one of the
critical groups in WHO lists [3]. In Thailand, the spread of CRE has risen continuously
since 2011 from 0.5% to 3.1% in Escherichia coli and from 0.7% to 11.5% in
Klebsiella pneumoniae [4]. CRE seems likely to be difficult to treat, especially from
NDM types which are often detected in Thailand [5-7].

Diverse actions are designed to address antibiotic resistance with limited
resources, known as antimicrobial stewardship programs (ASPs). IDSA recommended
that dose-optimization by using pharmacokinetics/pharmacodynamics (PK/PD)
application is one of the supplemental strategies [8, 9]. The benefit of the strategy is
to reduce inappropriate antibiotic use and provide minimum resistance as well as
maximum success in.clinical treatment [10]. Optimization of antibiotics consisted of
optimal antibiotic options and optimal antibiotic dosing. For the antibiotic options,
the second-line antibiotic eroups preserved for multi-drug resistance have a role in
the CRE treatment [11]. The strategy that increases effective antibiotic options is
combination therapy (combined with the two agents) [12]. However, current
evidence is not reported which the optimal combination therapy is. The reasons may
be that combined antibiotics can vary among different sites of infection, causative
pathogens, the patterns of local antimicrobial susceptibility, and patient comorbidity
[13]. For antibiotic dosing, the probability is used to evaluate the optimal regimens
by using Monte Carlo simulation [10]. Several studies used the advanced statistical

technique for antibiotic dosing in monotherapy. The methods were proposed to



determine the optimal regimens by using the calculating probability of antibiotic
dosing with Monte Carlo simulation [14].

The treatment of any infections caused by CRE needed further investigation
because of differences in local resistance, resistance mechanisms, and PK/PD
parameters. Integrated an in vitro study of antibiotic activities with PK/PD analysis was
used to design the optimal antibiotic combination regimens to combat CRE. The
anticipated result is to fill the limited data on the appropriate antibiotic regimens for

the individual patient in Thailand.

1.2 Objectives of the research
1.2.1 Primary objectives
To design the optimal antibiotic combination regimens for the treatment of

infection caused by CRE

1.2.2 Secondary objective
1) To describe the CRE resistance characteristics.
2) To investigate the in vitro mono and combined antibiotic activities
against CRE
3) To evaluate the treatment outcomes in patients with CRE infections

treated with the optimal antibiotic combination regimens

1.3 Hypothesis
1.3.1 The optimal combination regimens for the CRE treatment may improve
treatment
outcomes in an individual patient.
1.3.2 The CRE resistance characteristics are various and different.
1.3.3 Colistin-containing regimens have synergistic activity.
1.3.4 In vitro mono- and combined antibiotic activities against CRE based on

CRE resistance characteristics.



1.4. Scope of the study
The study included three parts — an in vitro study, a PK/PD study, and a clinical
study.

1.4.1 In vitro study

Any CRE isolates from the department of medical sciences in health
region V, Samut Songkhram, and Phramongkutklao hospital are determined the
mono- antibiotic activity against CRE. Furthermore, any CRE isolates from
Phramongkutklao hospital are determined both mono- and combined antibiotic
activity against CRE. A group of antibiotics consisted of carbapenems (meropenem
and imipenem), aminoglycosides (amikacin- and gentamicin), colistin, fosfomycin,

tigecycline and ceftazidime/avibactam.

1.4.2 PK/PD study

Application of PK/PD analysis by using Monte Carlo simulation is used to

design the optimal combination regimens in Thai critically ill patients.

1.4.3 Clinical study

Any patients. who. are infected caused by CRE and admitted to
Phramongkutklao hospital.

1.5 Research gap

There are difficult to conclude which optimal antibiotic combination regimens for
the treated infection caused by CRE in Thailand due to geographical variation in
antibiotic resistance. The majority of previous studies reported over-presentation of
KPC carbapenemase type, whereas most carbapenemase types in Thailand were

NDM or OXA-48.



1.6 Research question
Which are the optimal antibiotic combination regimens for CRE treatment in

Thai patients?

1.7 Impact or anticipated outcomes
17.1 Patients
- Increase combination antibiotic regimens for the CRE treatments
- Individualized patients are received optimal combination antibiotic
regimens for Individualized treatment, leading to improve treatment
outcomes.
1.7.2 Healthcare professionals
- Support decision of treatment and/or treatment plans
1.7.3 Hospitals
- Support hospital policy related to antibiotic stewardship programs (ASPs)

- Reduce and prevent antibiotic resistance in the hospital



CHAPTER Il

Review of the Literature

2.1 Overview of CRE

In the 21°" century, antibiotic resistance is one of the major problems
because of a global burden. Available effective antibiotics are limited, whereas new
antibiotics in drug development are fewer. High mortality (clinical impact) and high
budget (economic impact) are the direct impacts of antibiotic resistance [1, 2]. As the
result, World Health Organization (WHO) prioritized antibiotic-resistant pathogen lists
for the first research and development of new antibiotics. Not only Acinetobacter
baumannii and  Pseudomonas  aeruginosa = but also Carbapenem-Resistant
Enterobacterales (CRE) are categorized into the critical groups [3]. The definition of
CRE may be different. In 2015, Centers for Disease Control and Prevention (CDC)
definition of CRE were Enterobacterales being resistant to one of the carbapenems
(not including intermediate) [15], whereas carbapenem non-susceptibility was defined
based on Clinical and Laboratory-Standards Institute (CLSI) in 2020 [16].

Over the last decade, CRE have trended to increase continuously
throughout several regions such as the United States of America, Europe and Asia
[17-19]. In Thailand, National Antimicrobial Resistance Surveillance Thailand (NARST)
data showed that the spread of CRE have been risen continuously since 2011 from
0.5% to 3.1% in E. Coli and from 0.7% to 13.3% in K pneumoniae. Thus, CRE are
categorized into the first group of resistant bacteria for national surveillance [20].

CRE are known as “nightmare bacteria” because of their virulence.
Soontaros S et al in 2019 showed patient-infected CRE were more mortality risk than
patient-infected Carbapenem-Susceptible Enterobacterales (CSE) (pooled-adjusted
odds ratio 2.85, 95% confidence interval 1.88 to 4.30) [21]. Generally, CRE were multi-
drug resistance (MDR) which found two main resistance mechanisms - producing
carbapenemase (CP-CRE) (e.g. KPC, NDM, OXA-48) or non-producing carbapenemase
(non-CP-CRE) (e.g. lux pump or porin changes). The spread of resistance mechanisms

of CP-CRE has also varied in different regions [7-10]. In a comparison of the two



groups, CP-CRE may be more virulent than the non-CP-CRE groups because of higher
mortality. Additionally, higher Minimum Inhibitory Concentrations (MICs) are more
detected in CP-CRE than non-CP-CRE [22]. Among CP-CRE, the distribution of
carbapenem MICs in NDM is higher than KPC and OXA-48 [23]. Thus, NDM types seem
likely to be difficult to treat compared with others. Unfortunately, NDM types are the
major types detected in Thailand [5-7].

2.2 Antimicrobial Stewardship Programs (ASPs)

At this time, antibiotic options for the treated CRE infections are limited. The
rationale for limited options is overuse and misuse of available antibiotics, whereas
insufficient newly developed antibiotics are in a pipeline. Healthcare professionals
have been forced to wisely use antibiotic agents and to strongly weigh the benefits
and risks [24]. As a result, selecting optimizing antibiotics should be precise decision-
making to combat the CRE treatment.

Antimicrobial stewardship programs (ASPs) are designed to address antibiotic
resistance  in  CRE ~with . limited resources.  Dose-optimization by using
pharmacokinetic/pharmacodynamic (PK/PD) application is a supplemental strategy
for ASPs which still need further evidence to support recommendations [8, 9]. The
strategy is used for an individual patient. There are two approaches to optimizing
antibiotic agents, including optimizing antibiotic options and optimizing antibiotic
dosing. The benefit of the strategy is to reduce inappropriate antibiotic use and
provide minimum resistance as well-as-maximum the success of clinical treatment in
clinical routine practice [10]. Furthermore, pharmacists are one of the key persons to
drive the success of interventions by providing antibiotic information to infectious

disease physicians [8, 9].

2.3 Optimizing antibiotic options for the treatment of CRE
2.3.1 Overview of optimal antibiotic options
Effective antibiotic options for the treatment of CRE have been limited. As

previous mentions, CRE seem to be difficult to treat because of multi-drug resistance



and higher carbapenem MICs. The antibiotics for the treated CRE are divided into
new antibiotic groups and classic antibiotic groups [11]. In the new antibiotic group,
most antibiotics are developed to combat KPC-producing Enterobacterales, whereas
NDM- or OXA-48 producing Enterobacterales are fewer. Only two antibiotics
(aztreonam and ceftazidime/avibactam) have the activity against NDM-producing
Enterobacterales. In the classic antibiotic group, the last-resorted antibiotics (e.g.
carbapenem, tigecycline, colistin, aminoglycosides and fosfomycin) preserved for
multi-drug resistance have a role in the treatment [12].
2.3.2 Monotherapy vs combination therapy

Currently, several studies showed that combination therapy is more
effective than monotherapy in clinical studies. In 2014, Falagas ME et al conducted a
systematic review to assess the effectiveness of the antibiotic agents for treating
patients; the results displayed that monotherapy had higher mortality and more
treatment failure than combination therapy (0-80% for mortality in monotherapy and
0-67% for mortality in combination therapy; 40% for treatment failure in
monotherapy and-16.7% for treatment failure in_combination therapy, respectively)
[25]. In 2017, Karaiskos | et al reviewed any current evidence of the treatment of XDR
gram-negative bacteria from 1970 to 2017 (n = 2,972). The results showed that
combination therapy and monotherapy had lower mortality rates than inappropriate
therapy (33.7%, 42.3%, and 57%, respectively) [26]. In 2019, Schmid A et al
conducted a systematic review and. meta-analysis to compare monotherapy and
combination therapy. In subgroup analysis of bloodstream infection (BSI) patients
infected carbapenemase-producing Enterobacterales revealed lower mortality in
combination therapy than monotherapy (Relative Risk (RR) = 0.61, 95% Cl 0.45-0.85;
p= 0.03; 1> = 21%, p-value = 0.026) [27]. Overall, combination therapy may be a
potential strategy to overcome CRE infections in the antibiotic resistance era.

2.3.3. The antibiotic combination therapy for the CRE treatment

2.3.3.1 In vitro study
Before being applied combination therapy in the clinical study, in

vitro synergistic activity against CRE is firstly evaluated. Generally, antibiotic-based



regimens from in vitro studies used to combat CRE are diverse depending on the
definition of each study as follows: a) aminoglycoside-based regimens b)
carbapenem-based regimens c¢) colistin-based regimens d) fosfomycin-based regimens
and e) tigecycline-based regimens Interesting, CRE isolates producing
KPC were predominant revealed in vitro studies, whereas NDM or OXA-48 did not.
Table 1 showed in vitro studies of each antibiotic-based regimen in CRE isolates.
Overall, the synergistic effect varied in these studies because of
heterogeneity in methodologies and differences in carbapenemase types. Thus, it is
difficult to conclude which antibiotic-based combination regimens should be used as

the optimal antibiotic option against CRE.
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2.3.3.2 Clinical study

2.2.3.2.1 Antibiotic combination regimens
Similar to in vitro study, three antibiotic-based regimens
are often wused in routine practice, including carbapenem-based regimens,
aminoglycoside-based regimens, colistin-based regimens and tigecycline-based

regimens.

a) Carbapenem-based regimens

Two potential strategies for the treatment of CRE
infections consist of dual . carbapenems therapy (DCT) and high-dose prolonged
infusion of carbapenem combination regimens [41]. For DCT, the common regimens
are the combination of ertapenem 1 ¢ every 24 h with an infusion time of 30-60
minutes before a prolonged infusion (3 hours) of high-dose meropenem (2 ¢ every 8
hours) [26, 41]. The synergy mechanism is that ertapenem had a high affinity to
carbapenemase; thus, other carbapenems with- high concentration are easy to
hydrolyze carbapenemase [42]. Referring to the reviewed study of Sheu et al,
patients receiving DCT had a greater clinical cure rate and lower mortality rate than
patients receiving non-DCT. However, DCT had the synergistic activity against KPC- or
OXA-48 producing Enterobacterales but no synersistic activity against MBL-types [41].

For high-dose prolonged-infusion of carbapenems (2 ¢
every 8 hours with an infusion time of 3 hours), current evidence provided that
carbapenem-based regimens had lower mortality than carbapenem-sparing regimens
(29.5% and 34.6%, respectively) [26]. Referring to the reviewed study of Rodriguez-
Bano J et al, MICs of meropenem and imipenem are related to clinical cure rates.
High rates of clinical cure were observed at meropenem MICs < 4 pg/mlL (69%)
compared with meropenem MICs < 8 pg/mL (29%) [11]. Thus, the carbapenem-based
regsimens with high-dose prolonged-infusion have benefited when meropenem MICs

may not exceed 8 pg/mL (MICs < 8 pg/mL) [26].

b) Aminoglycoside-based regimens
Aminoglycosides have a role as adjunctive antibiotics

for the combination therapy. The synergistic mechanism is that aminoglycosides
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affect protein synthesis. When inhibition of protein synthesis occurs, the expression
of B—Lactamase enzymes (e.g. KPC or NDM) may decrease. Additionally,
aminoglycosides also interfere with the permeabilizing of the outer membrane of the
pathogens affecting an increase in the penetration of carbapenems at the target site

[43].

c) Colistin-based regimens

The regimens are effective to treat multi-drug
resistant strains and are preferably. combined with other regimens such as
carbapenem, tigecycline, aminoglycosides, and fosfomycin [41, 45]. The synergistic
mechanisms are that colistin may disrupt the cell membrane of the pathogens which
may allow to increase in the penetration of other antibiotics as well as may disrupt
the target sites of antimicrobial resistance mechanisms (e.g. efflux pumps). A
systematic review and meta-analysis included observational studies and randomized
controlled trials (RCTs) showed that the colistin alone are significantly higher
mortality than colistin combination regimens (OR = 1.58; 95% Cl 1.03-2.42 for colistin-
carbapenem regimen, OR = 1.57; 95% Cl 1.06-2.32 for colistin-tigecycline regimen,
colistin-aminoglycoside regimen or  colistin-fosfomycin regimen). In a subgroup
analysis of K. pneumonia with BSI, colistin alone is significantly higher mortality than
colistin-tigecycline regimen or colistin-aminoglycoside regimen (OR = 2.09; 95% Cl
1.21-3.60) [46]. However, higher doses of colistin (more than 200 mg/day) which are
necessary for the treatment CRE infections are associated with nephrotoxicity. Thus,
patients treated with colistin should be concerned with nephrotoxicity, particularly

colistin-aminoglycoside regimen [11, 24, 45].

d) Tigecycline-containing regimens
Tigecycline can be combined with carbapenem,
aminoglycosides, or colistin. In 2014, Falagas ME et al reported that tigecycline-
gentamicin had lower 28/30-day mortality than other regimens (0-50% for tigecycline-
gentamicin, 0-64% for colistin- tigecycline, 0-67% for colistin-carbapenem and 4 0 -
61% for colistin-gentamicin) [13]. In 2016 Ni W et al conducted a systematic review

and meta-analysis of tigecycline-containing regimens which included controlled trials
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or cohort studies. The results showed that monotherapy had higher 30-day mortality
than monotherapy (OR = 1.83; 95% CI 1.07- 3.12; P = 0.03). Additionally, standard
dose tigecycline had differed significantly in mortality at ICU from high-dose
tigecycline regimens (loading dose 200 mg, maintenance dose 100 mg every 12
hours) (OR, 12.48; 95% Cl, 2.06-75.43; P = 0.006) [47]. As the result, tigecycline-based
regimens with high-dose tigecycline seem to be a suitable agent for high-risk patients.

The benefit of the regimen is non-nephrotoxic [41].

2.2.3.2.2 Monotherapy vs Combination therapy

Gutierrez-Gutierrez B, et al. conducted an INCREMENT
study in 2017, The research study was a large retrospective cohort study. The results
showed that overall ‘mortality was not different between patients receiving
appropriate combination therapy (35%; n = 47 of 135) and appropriate monotherapy
(41%; n = 85 of 208) (HR 0.76, 95% Cl 0.53-1.08, P = 0.12; adjusted HR 1.63, 95% Cl
0.67-3.91, P = 0.28) for treatment patients with BSIs. In subgroup analysis,
combination therapy (24%; n = 17 of 72) and monotherapy (20%; n = 21 of 105)
were not different in mortality in low-risk patients (HR 1.18, 95% CI 0.62-2.23, P =
0.61; adjusted HR 1.21, 95% ClI 0.56-2.56, P = 0.62). Nevertheless, combination
therapy (48%; n = 30 of 63) had significantly lower mortality than monotherapy (62%;
n = 64 of 103) (HR 0.60, 95% Cl 0.39-0.93, P =-0.02; adjusted HR 0.56, 95% ClI 0.34-
0.91, P = 0.02) in high-risk patients. Furthermore, difference of combination regimens
was analyzed and compared with colistin monotherapy. The results showed that
combination regimens included aminoglycosides, tigecycline, colistin  and
carbapenem had lower 30-day mortality than colistin monotherapy (adjusted HR =
0.42, 95% Cl 0.20-0.88 for aminoglycoside included regimen, adjusted HR = 0.45, 95%
Cl 0.23-0.86 for tigecycline included regimen, adjusted HR = 0.47, 95% CI 0.24-0.92
for colistin included regimen and adjusted HR = 056, 95% Cl 0.26-1.23 for
carbapenem included regimen, respectively) [44].

In Thailand, clinical outcomes are not clear because of

fewer studies and no specific combination regimens. In 2016, Thamlikitkul V and
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Popum S. conducted a clinical study to monitor the effectiveness and safety of
colistin regimens for the treatment of any infections caused by gram-negative
bacteria at Siriraj hospital from 2005 to 2016. Approximately, one-quarter of patients
(22.45%; n = 31 of 138) infected Entetobacterales. For the treatment regimens,
colistin combined with carbapenem is the most concomitant antibiotic regimen
(50%). The clinical outcomes at the end of treatment found that the colistin-
combination regimens are favorable outcomes (71.7%), non-favorable outcomes
(5.1%), and death (23.2%). Additionally, overall 30-day mortality is 39.9% [48]. Similar
to the study of Prawang A et al, they conducted a retrospective cohort study during
2016-2018. Patients are bacteremia with non-carbapenem-resistant Klebsiella
pneumoniae (non-CRKP), carbapenem-resistant Klebsiella pneumoniae (CRKP) and
colistin-resistant Klebsiella pneumoniae (CoRKP). The result showed that antibiotic
combination therapy 'is favorable for 14-day survival rates outcomes. Most
combination regimens included. colistin-based regimens and aminoglycoside-based
regimens [49].

As mentioned above, ‘it should be emphasized that
combination therapy has more  effectiveness than monotherapy for the CRE
treatment, especially - incritically —ill. patients (high-risk mortality), whereas
monotherapy may be an-alternative option for the CRE treatment in non-critically ill
patients (low-risk mortality). However, there is not concluded in the clinical study
which effective antibiotic-options for the CRE treatment in combination therapy are.

Further studies are needed to investigate.

2.4 Optimizing antibiotic dosing for the treatment of CRE

2.4.1 Overview of Optimal Antibiotic Dosing
Optimal antibiotic dosing is a key consideration after selecting appropriate
antibiotic choices for the CRE treatment because of being relevant to clinical
outcomes [10]. Inappropriate antibiotic dosing causes suboptimal conditions or
toxicity, followed by the emergence of antibiotic resistance and followed by poorer

clinical outcomes. Mathematics and statistics are useful to design the optimal
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antibiotic regimens in uncertain situations, such as critically ill, severe sepsis, or septic
shock [10]. The treatment in the situation may be difficult to predict the clinical
outcomes because of pathophysiological changes in the patients and alterations of
pharmacokinetic parameters, affecting to change the properties of antibiotics to
partition into water or fat (hydrophilic or lipophilic) [50, 51]. The results of change
have impacted on bacterial susceptibility and treatment outcomes [52].

MICs are a key success for antibiotic dosing. They are associated with the
relationship between antibiotic options for the CRE treatment and clinical outcomes.
A measurement of MICs is performed by several methods such as an automated
system, broth microdilution (BMD), and gradient method (E-test method). The Clinical
& Laboratory Standards Institute (CLSI) or European Committee on Antimicrobial
Susceptibility Testing (EUCAST) guidelines are mostly used to interpret (Table 2) [53-
55].

Table 2 Susceptibility breakpoints guidelines of antibiotics

Guidelines [56, 57] EUCAST CLsI

Antibiotics S R S I R
MER <2 > 8 <1 2 >4
IMP <2 >0 <1 2 >4
AMI <8 > 16 < 16 32 > 64
GEN <2 >4 <4 8 > 16
TGC <05 >0.5 - - -
CcOoL <2 > 2 - - -
FOS <32 > 32 < 64° 128 > 256
AZT <2 >4 <4 8 > 16
CZA < 8/4 > 8/4 < 8/4 = > 16/4

Abbreviations: CLSI, Clinical & Laboratory Standards Institute; EUCAST, European
Committee on Antimicrobial Susceptibility Testing; MER, meropenem; IMP, imipenem;
AMI, amikacin; GEN, gentamicin; COL, colistin, TGC, tigecycline; FOS, Fosfomycin; AZT,
aztreonam, CZA, ceftazidime/avibactam; S, susceptible; I, Intermediate; R, resistant

* Fosfomycin is used for treating UTls.
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Application of PK/PD by using Monte Carlo simulation is required to
determine the optimal antibiotic dosing achieved in PK/PD target among critically ill
patients as well as to predict the probability of clinical success of treatment. Three
parts of interactions, including appropriate antibiotics consisting of antibiotic regsimens
and PK/PD index and target, the patients consisting of pharmacokinetic parameters,
and bacteria consisting of MICs, are needed to simulate [10]. Achievement in a
Probability of target attainment (PTA) or a cumulative fraction of response (CFR)

values > 90% represent the optimal antibiotic dosing regimens.

2.4.2 Pharmacokinetics/pharmacodynamics of antibiotics
Focusing on classic antibiotic groups, the PK parameters and PK/PD

index/target of the antibiotic options are as follows:

2.4.2.1 Carbapenems (meropenem, imipenem)

2.4.2.1.1 PK/PD of carbapenems

Carbapenems are one of the beta-lactam groups. The
mechanism of action is to bind to penicillin-binding proteins (PBPs) which prevent
completing transpeptidation (cross-linking) of peptidoglycan strands, preventing the
bacterial cell wall synthesis [58].

The pharmacokinetics -of meropenem include 2% of
protein binding, 0.18-0.30. (L/Kg) of volume of distribution, 1 hour of half-life, and
70% of excretion unchanged by renal [58, 59].

The pharmacokinetics of imipenem include 20% of
protein binding, 0.20-0.23 (L/Kg) of volume of distribution, 1 hour of half-life, and 60-
70 (with cilastatin) of excretion unchanged by renal [58, 60]

The optimal PK/PD index of carbapenem is T>MIC [61].
The recommendation of the PK/PD target for carbapenems in critically ill patients is
100% f T>MIC. In critically ill patients, the beta-lactam target is 100% f T>MIC which

is the minimum to achieve clinical efficacy in ICU [62].
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2.4.2.1.2 Carbapenems with Monte Carlo simulation

In 2013, Jaruratanasirikul S et al conducted Thai
population pharmacokinetics and assess the probability of target attainment (PTA) for
imipenem in VAP patients. PK/PD index and target of the study are 20% fT>MIC and
40% fT>MIC. The study found that all imipenem regimens (0.5 ¢ g 6 hours infusion 30
minutes, 0.5 ¢ g 6 hours infusion 2 hours, and 1 ¢ g 6 hours infusion 2 hours)
achieved in the target (PTA > 90%) at MICs < 2 pg/mL. For pathogens with MICs of 4
pg/mL, the PTA of 40% fT>MIC following administration of 1 g every 6 hours (infusion
2 hours) was 98.75%. None of any regimens achieved the target at MICs > 8 pg/mL
[63].

In 2015, Jaruratanasirikul S et al conducted Thai
population pharmacokinetics and assess the probability of target attainment (PTA) for
meropenem in critically ill patients. PK/PD index and target of the study are 40%
fT>MIC and 80% fT>MIC. For pathogens with MICs of 2 and 4 ¢/ml, the PTA of 80%
fT>MIC following administration of 2 g every 8 hours (infusion 4 hours) were 94.72%
and 84.32%, respectively [64]. Similar to the study of Thunyapituk N et al in 2019,
PK/PD target and index are 40% fT>MIC, 75% fT>MIC, and 100% fT>MIC. The study
found that all meropenem regimens achieved the target (PTA > 90%) at MICs < 4
ug/mL. The continuous infusion regimens -1 ¢ every 6 hours (continuous infusion), 1
g every 8 hours (continuous infusion) and 2 g g 8 hours (continuous infusion)
achieved in the target (PTA > 90%) at MICs < 8 pg/mL [65].

Overall, previous results found that prolonged infusion and

continuous infusion have a benefit for the CRE treatment, particularly higher MICs.

2.4.2.2 Aminoglycosides (amikacin, gentamicin)

2.4.2.2.1 PK/PD of aminoglycosides
Aminoglycosides have a role in the CRE treatment as
adjunctive agents [11]. Mechanisms of action of aminoglycosides are inhibition of
ribosomal translocation where the peptidyl-tRNA moves from the A-site to the P-site;

they can also disrupt the integrity of bacterial cell membrane [58].
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The pharmacokinetics of aminoglycosides includes 0-30% of
protein binding, < 0.3 (L/Kg) of volume of distribution, 2-3 hour of half-life, and 94-
98% of excretion unchanged by renal [58, 66, 67]

PK/PD index and target for amikacin are fCmax:MIC at least
8 — 10. The usual dose recommendations of aminoglycosides consist of 5 to 7
me/kg/day for gentamicin and 15 to 20 mg/kg/day for amikacin [11], whereas the
alternative dose recommendations for the CRE treatment are 10 to 15 mg/kg/day for

gentamicin and 25 to 30 mg/kg/day for amikacin [11, 68].

2.4.2.2.2 Aminoglycosides with Monte Carlo simulation

In 2008, Rea R.S., et al showed conducted a population
pharmacokinetic study and pharmacokinetic simulation. One hundred two patients
(n = 102) (body weight 81.4 + 30.3 kg and creatinine clearance (CrCL) 2.2 + 1.9
mg/dL) included to develop pharmacokinetic model and use the final model for
simulation. At C,,/MIC > 10, aminoglycoside dosage regimens ranged from 5 to 30
mg/kg, 15-30 mg/kg and 30 mg/kg achieved the PTA target (> 90%) at MICs of 0.5, 1
and 2 pg/mL, respectively [45].

In 2016, Roger et al evaluated whether high amikacin and
high gentamicin doses were achieved in the targets for ICU patients with severe
sepsis (30 mg/kg amikacin. or 8 mg/kg gentamicin). The targeted concentrations for
amikacin were peak =60 pg/mL and trough 2.5 pg/mL, whereas for gentamicin were
peak > 30 pg/mL and trough 0.5 pg/mL; the target PK/PD ratio was 10xMIC. Severe
sepsis patients (n = 63) had median (IQR) SOFA at the initiation of aminoglycoside
therapy were 7 (4-10). The results at the first dose showed that 36 of 47 patients
(77%) achieved the target (peak concentrations > 60 pg/mL) of amikacin when
received more than 30 mg/kg of amikacin, whereas one of 16 patients (6%) achieved
in the target (peak concentrations > 30 pg/mlL) received more than 8 mg/kg of
amikacin. At the target PK/PD ratio, 59 of 63 patients (94%) achieved the target. As a
result, the recommended doses of amikacin and gentamicin for severe sepsis

patients were 30 mg/kg and 8 me/kg, respectively.
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In 2017, Kato H et al conducted pharmacokinetics and
pharmacodynamics for an optimal initial dosing regimen. The results recommended
that the initial total daily dose of amikacin required to achieve Cmax/MIC > 8 pg/mL
was 15 me/kg daily, and also recommended 15 mg/kg/day as the maintenance
dosage for amikacin MICs < 4 pg/mL. For amikacin MICs > 8 pg/mL, amikacin

monotherapy regimens should not be considered [69].

2.4.2.3 Tigecycline

2.4.2.3.1 PK/PD of aminoglycosides

Tigecycline is-a semisynthetic glycylglycine derivative. A
mechanism of action is bacterial protein- synthesis inhibition by binding to the 30S
ribosomal subunit. Compared with tetracyclines, they exhibit bacteriostatic activity,
but tigecycline has five times higher binding than tetracyclines. [11, 24, 45].

The pharmacokinetics of ‘tigecycline include 71-89% of
protein binding and 7-9. (L/Kg) of volume of distribution. The half-life of multiple
doses is approximately 37 to 67 hours [70]. The tigsecycline elimination included two
routes; the major route is feces (containing 58.6 + 4.5% ~ 59% of the dose) by
biliary/fecal excretion and another route is urines (containing 33.2 + 1.9% ~ 33% of
the dose) by unchanged tigecycline [71, 72].

The optimal PK/PD.index of colistin is AUC/MIC [61]. PK/PD
index and target for tigecycline are fAUC »o/MIC > 0.9 [73].

2.4.2.3.2 Tigecycline with Monte Carlo simulation

In 2017, Xie J, et al assessed PTA and CFR of tigecycline
for CRE from their population PK/PD study which included 10 critically ill patients (n
=10; APACHE I score at admission 20 (13-22)). Three PK/PD indices and targets were
used in the PK/PD study as follows: AUCy_»/MIC = 4.5 for HAP, AUC_,o/MIC = 6.96 for
clAl, and AUC_,/MIC = 17.9 for cSSSI. The tigecycline dosing regimens were 1) 100
mg loading dose followed by 50 mg maintenance dose every 12 hours, 2) 200 mg
loading dose followed by 100 mg maintenance dose every 12 hours, 3) 300 mg

loading dose followed by 50 mg maintenance dose every 12 hours and 4) 400 mg
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loading dose followed by 200 mg maintenance dose every 12 hours. The PTA was
simulated on day 5™ (120-144 hours). The PTA results showed at AUC, ,/MIC = 4.5
and 6.96, all dosing regimens in normal weight achieved PTA of 90% at MICs of < 4
pe/mL, whereas AUCy_,/MIC = 17.9, all dosing regimens in normal weight achieved
PTA of 90% at MICs of < 1 ug/mL. Furthermore, the PTA of obese patients was lower
than normal-weight patients. High dose tigecycline (200 mg g 12 hours) met achieved
PTA of 90% for AUCy_,/MIC = 4.5 and 6.96 at MICs of < 4 pg/mL and AUCy_,o/MIC =
17.9 at MICs of < 2 pg/mL, respectively. For CFR, tigecycline dosing regimens ranged
of 100-200 mg g 12 hours met CFR of 90% at AUCq_,o/MIC = 4.5, 6.96 and 17.9 for
Klebsiella pneumoniae and Escherichia coli [74].

In 2018, Ni w et al simulated PK/PD of tigecycline to
evaluate PTA in CRKP-HAP. The PK/PD index and target was fAUC4,/MIC > 0.9. Only
tigecycline maintenance dosing regimens are used to simulate as follows: 1) 50 mg
every 12 hours 2) 75 mg every 12 hours and 3) 100 mg every 12 hours. One-hundred
sixty-four (n = 164) CRKP isolates were included in the study. Their carbapenemase
types consisted of KPC (n =145 of 164; 88.4%), NDM (n =13 of 164; 7.95%), IMP (n =
4 of 164; 2.4%) and OXA-48-like (0%). Furthermore, MICs, and MICy, for KPC-
producing isolates were 1 ug/mL and 2 pg/mL, whereas MICs, and MICgy, for non-KPC-
producing isolates were 1 ug/mL and 1 pg/mL. The PK/PD results found all
tigecycline dosing regimens reached a PTA of 90% at MICs < 0.5 pg/mL. Only 75 mg
and 100 mg twice daily reached PTA of 90% at MICs < 1ug/mL (MICsy), whereas none
of the tigecycline dosing regimens reached PTA of 90% at MICs < 2 ug/mL (MICq). For
CFR, only tigecycline 100 mg g 12 hours met CFR of 90% for CP-KP [75].

2.4.2.4 Colistin

2.4.2.4.1 PK/PD of colistin
Colistin or polymyxin E is one of the groups of polymyxin
antibiotics. The prodrug of colistin is colistimethate (CMS). A mechanism of action is

to disrupt cell membrane permeability (by charge alteration).
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The pharmacokinetics of colistin includes 59-74% of
protein binding in critically ill patients, 12.4 L of volume of distribution, and 3 hour of
half-life. The optimal PK/PD index of colistin is AUC/MIC [61]. At steady state, the
recommendation of the PK/PD target for colistin is an area under the plasma
concentration-time curve across 24 hours (AUC 54 1) of ~50 mg hour/L which equals
a target average steady-state plasma concentration (Cy ) of ~2 pug/mL for total drug

[76].

2.4.2.4.2 Colistin with Monte Carlo simulation

In 2019, lJitaree et al conducted a study to describe the
optimal dosage regimen of colistin for the treatment of CRE in critically ill patients.
The PK/PD targets were fAUC/MIC > 25. Additionally, they determined the dose
ranges based on creatinine clearance (CrCL >80, 51 to 79, 30 to 50, 11 to 29, and <10
mL/min). At a MIC of 0.5 pg/mL, the recommended dose of colistin included 150 mg
every 12 hours, 114 mg every 12 hours, 150 mg every 24 hours, 60 mg every 24
hours for CrCL =80, 51 to 79, 30 to 50, and < 11 mlL/min, respectively. At a MIC of 2
pe/mL, the recommended dose of colistin-included 180 -mg every 8 hours, 150 mg
every 12 hours, and 120 meg every 24 hours for CrCL 51 to 79, 29 to 50, and < 10
mL/min, respectively. At-a MIC of 8 pg/mL, the recommended dose of colistin
included 150 mg every 8 hours and 180 mg every 12 hours for CrCL 11 to 29 and <
10 mL/min, respectively. At-MIC 16 pg/mL, the recommended dose of colistin
included 180 mg every 8 hours for CrCL < 10 mL/min. At a MIC of > 32 pg/mL, all

regimens were not recommended [77].

2.4.2.5 Fosfomycin

2.4.2.5.1 PK/PD of fosfomycin
Fosfomycin is a bactericidal antibiotic agent. The
mechanism of action is cell wall inhibition which interferes with the formation of the

peptidoglycan precursor UDP N-acetylmuramic acid.
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The pharmacokinetics of fosfomycin includes very low
protein binding, 2.73 + 0.41 (L/Kg) of volume of distribution, 1.54 + 0.40 hour of the
half-life, and 93 - 99% of excretion unchanged by renal [78].

The optimal PK/PD index of fosfomycin is unclear
depending on the microorganism. AUC/MIC is appropriate for Pseudomonas
aeruginosa, E. coli and Proteus spp., whereas T > MIC is appropriate for

Staphylococcus aureus and Enterococcus spp. [79].

2.4.2.5.2 Fosfomycin with Monte carlo simulation

In 2016, Albiero J et al published evidence that compared
combination therapy (fosfomycin-carbapenem) with monotherapy. At MICs, and MICy,
of fosfomycin equal to 64 and 512 ug/mL, respectively. Only fosfomycin regimens of
4 g every 8 hours (12 g/day), 6 g every 6 hours (24 g/day), and 8 g every 8 hours (24
g/day) as a 0.5 and 3- hours infusion achieved the PTA target at MICs < 64 of pg/mL
[80]. In 2019, Rodriguez-Gascon et al showed 24 ¢/d (every 6-8 hours) achieved the
>90% PTA target at MICs < 16 pg/mL [81]). In 2020, Leelawattanachai P et al
simulated fosfomycin dosing regimens with - NDM-positive isolates. The PK/PD target
and index were fAUC, »4 = 21.5. The results showed 24 ¢/day (8 g infusion 1 h every 8
hours) in patients with CrCL > 50 mL/min) met the >90% PTA target at MICs < 128
ue/mL. Furthermore, infusion times between 1 hour and 4 hours were not different

in the PTA [82].

2.4.2.6 Ceftazidime/avibactam

2.4.2.6.1 PK/PD of ceftazidime/avibactam
Ceftazidime-avibactam is one of the f-lactam and [3-
lactamase inhibitors (BLBIs) combined with ceftazidime (a broad-spectrum
cephalosporin) and avibactam (a novel [-lactamase inhibitor). Avibactam has
activities against KPC and some OXA-producing isolates, but it has no activity against
MBL-producing isolates [83].
The pharmacokinetics of ceftazidime included low

volume distributions at a steady-state (14.3 L; range 10.8-17.1), 10% of protein
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binding, 1.76-1.98 hours of the half-life, and 80-90% of excretion in the urine,
whereas the pharmacokinetics of avibactam included low oral biocavailability (7%),
low volume distributions at steady state (15-25 L), low protein binding (5.7-8.2%),
1.49-1.59 hours of the half-life and 97% of excretion in the urine as unchanged form.
Ceftazidime-avibactam is administrated by parenteral due to low oral biocavailability.
The recommended dosing regimens were 2.5 h infusion 2-3 hours every 8 hours.
Nonetheless, it is eliminated by renal clearance; dose adjustment is required in
patients with CrCL < 50 ml/min.

The targeted PK/PD indices and targets were
100%fT > MIC for ceftazidime (CAZ) and fCioqn €Xceeding 1 pg/mL for 100% of the
dosing interval (100%fT> 1 yg/mL) [84].

2.4.2.6.2 Ceftazidime-avibactam with Monte Carlo simulation
In-2018, Stein GE et al determined PTA from Monte Carlo
simulations. The 2.5 g infusion 2 h every 8 hours of CZA dosing regimens achieved
PTA (>90%) at MICs < 16 pg/mL in patients with CrCL 51-130 mL/min and 131-190
mL/min. Nonetheless, the 1.25 g infusion 2-h every 8 hours of CZA dosing regimens

achieved PTA (>90%) at MICs < 16 ug/mL in patients with CrCL 31-50 mL/min [84].

2.5 Risk factors for mortality in patients with the CRE infections

There were mortality-associated risk factors in patients infected with CRE such as
BSI, type of antibiotic regimens, Charlson Comorbidity Index (CCl), or severity of
infection (Table 3). Understanding risk factors for mortality in patients with CRE
infection could be beneficial in planning either the treatment or preventable factors

for a death decrease in the high-risk patients
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CHAPTER Il

Research methodology

3.1 Conceptual framework

Experimental study Quasi-

experimental
In vitro study PK/PD study study

PK/PD target and index of

studied antibiotics

CRE

- Prevalence !

- Resistance mechanisms

Antibiotic activities Optimal combination Treatment
Mono- activities (MICs) antibiotic regimens outcomes

Combined activities (Synergy)

}

PK parameters of Thai critically ill patients

Figure 1 Conceptual framework

3.2 Research design

Experimental studies and quasi-experimental studies were approached in the
study. Experimental studies are investigated in the laboratory setting and using a
computer for simulation; they contain two sub-study designs, including in vitro study
and PK/PD study. Additionally, a quasi-experimental study with an intervention group
(prospective phase) and a control group (retrospective phase) was designed to

evaluate treatment outcomes of optimal combination regimens.
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3.3 Population and sample sizes
3.3.1 Experimental study

3.3.1.1 In vitro study
3.3.1.1.1 Population
Any CRE clinical isolates are obtained from 17 hospitals
(n = 17). The majority of CRE clinical isolates are collected from two settings,
including Phramongkutklao hospital and the bacterial culture bank of the
department of medical sciences in health region V (which was obtained from 16
western hospitals in health region V, Thailand). Lists of hospitals stratified by hospital

levels are shown in Table 4.

Table 4 Lists of hospitals stratified by hospital levels

No. Hospital levels No Hospital name

Super-tertiary hospital
1 (University hospitals): 1.1 Phramongkutklao hospital
1 hospital

2.1~ Nakhon Pathom hospital

Advance-level Hospital (A):
2 2.2 Ratchaburi hospital
3 hospitals

2.3 Samut Sakhon hospital

3.1 BanPong hospital

3.2 Banphaeo general hospital

3.3 Chaophrayayommarat hospital

Standard-level Hospital (S):
3 3.4 Huahin hospital
8 hospitals

3.5 Phanhon Phon Phayuha Sena hospital

3.6 Phra Chomklao Phetchaburi hospital

3.7  Prachuap Khiri Khan hospital
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Table 4 Lists of hospitals stratified by hospital levels

No. Hospital levels No Hospital name

3.8 Somdetphraphutthaloetla hospital

4.1 Damnoen Saduak hospital

4.2  Krathumbaen hospital

Middle-level Hospital (M1):
4.3  Makarak hospital
5 hospitals

4.4 Photharam hospital

4.5 —Somdet Phra Sangkharat 17" Hospital

3.3.1.1.2 Samples
1) Eligible criteria

1.1) CRE clinical isolates are obtained from the bacterial
culture bank of the department of medical sciences in health region V from 1/7/2019
to 31/10/2020.

1.2) CRE clinical isolates from Phramongkutklao hospital
are obtained from the sterile sites and non-sterile sites with clinical symptoms
followed by CDC/NHSN Surveillance Definitions for Specific Types of Infections from
1/1/2018 to 30/4/2020 [90].

3.3.1.1.3 Sample size calculations
The estimation of the sample size is determined by the
single population proportion formula. If the proportion is larger than 5%, the finite
population correction formula is used to calculate the sample size as follows:
NZ® P (1-P)

n =

d?(N-1) + Z2 P (1-P)

where n’ = Sample size with finite population correction
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N = Population size
Z = Z statistic a level of confidence
P = Prevalence proportion (one proportion)

d = Precision proportion

However, when the prevalence is below 10% (the
proportion (P) = 0.1), Naing et al suggested that the precision (d) should be half of P
because the assumption of sample size determination is a normal approximation.
Checking assumption, n’P and n’(1-P) must be greater than 5 [91].

Calculation of sample sizes, a level of confidence were
95% Cl (Z = 1.96; two-tailed alpha = 0.0250, type | error would be 5%), P = the
prevalence of CRE from previous study at Rajavithi Hospital in 2015 (P = 5.8% =
0.058), n/N-= 411/7,039 [92], d =-a half of P (d = 0.029) are

calculated with the formula as follows:

7,039 X1.96° X 0.058 X (1-0.058)

n

> 0.029%(7,039-1) +1.96 0.058 X (1-0.058)

n’ =241.06 ~242

The expected total CRE isolates should be at least 242
isolates (n” ~ 242). Accept assumption for normal approximation because n’P and
n’(1-P) are greater than 5 (n’P = 13.98 and n’(1-P) = 13.17).

Nonetheless, the total CRE clinical isolates in a real-world
situation were obtained only 199 isolates. All CRE clinical isolates (n = 49) from
Phramongkutklao hospital were collected, whereas 150 CRE clinical isolates from the
bacterial culture bank of the department of medical sciences in health region V
would be sampled. Calculation of a level of confidence were 92.32% Cl (Z = 1.77,
two-tailed alpha = 0.0384). Accept assumption for normal approximation because
n’P and n’(1-P) are greater than 5 (n’P = 11.48 and n’(1-P) = 10.81). Thus, type | error
would be 7.68%.
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3.3.1.1.4 Sampling technique
Only CRE clinical isolates from the bacterial culture bank of
the department of medical sciences in health region V are sampled, whereas all CRE
clinical isolates from Phramongkutklao hospital were collected due to a few isolates.
Proportional sampling is a systematic sampling technique that will be divided a
population into subpopulations in a multicenter study. The number of isolates in

each hospital (each stratum) will be calculated with the formula [93]:

where n; = The number of CRE isolates of each hospital
n = The expected total CRE samples (n = 150)
N; = The total CRE isolates of each hospital
from bacterial culture bank
N = The total CRE isolates

from bacterial culture bank (n = 190)

3.3.1.2 Pharmacokinetics and pharmacodynamic study (PK/PD study)
In_the case of PK/PD experiments on the computer, the eligible
criteria of population pharmacokinetic study are selected from a literature review as
follows:
1) The studies are the population pharmacokinetic studies from
Thai critically ill patients (If none of the studies, the studies from Asian critically ill
patients and/or the highest number of critically ill patients will be considered,
respectively).
2) The studies analyzed the results based on the compartment
model.
3) The studies have sufficient pharmacokinetic parameters,

including
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- Clearance (Cl), volume of distribution of the central
compartment (V) for one-compartment model

- Clearance (Cl), volume of distribution of the central
compartment (V,), intercompartment clearance (Q), and volume of the peripheral

compartment (V) for two-compartment model

3.3.2 Quasi-Experimental study
3.3.2.1 Population
Any patients have been diagnosed with any diseases caused by
CRE infection by ID physicians at Phramongkutklao hospital.
3.3.2.2 Samples
3.3.2.2.1 Inclusion criteria
1) Any patients have been diagnosed with any diseases
caused by CRE infection by ID physicians at Phramongkutklao hospital from
1/10/2019 to 31/1/2022
2) Any patients aged > 18 years
3) Any patients have > 2 of the signs and symptoms of
SIRS [94].

- Fever (temperature > 38 °C) or
hypothermia (temperature < 36°C)
- Tachypnea (heart rate > 90 beats per minute)
- Respiratory rate > 20 beats per minute
or Paco, < 32 mm Hg (4.3 kPa)
- White blood cell count > 12,000 cells/mL
or White blood cell count < 4,000 cells/mL
3.3.2.2.2 Exclusion criteria
1) Patients are breastfeeding or pregnant.
2) Patients are insufficient or incomplete information on

the medical electronic record such as patients transferred.
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3.3.2.2 Sample size calculations
The estimation of the sample size is determined by the
formula [95].
[Z . + zg)? x [, (1-10) + T, (1-11,) |
[r-m, )2

n =

where n = sample sizes per groups
Zays, ZB = Z statistic a level of confidence
TU, = Proportion of group 1
TU, = Proportion of group 2

TU,-TT, = the difference in proportions

The samples are divided into two groups — intervention and
control groups. Calculation of sample sizes per groups, a level of confidence (Zq,,) =

1.96 at 5% (95% Cl), desired power (Zg) = 0.84-(80%). In 2019, Prawang A et al study
conducted a clinical study at Pramongkutklao hospital. All-cause 14-day mortality
rate from the patients infected with CRKP was 40% (TT;) [49]. For this study, the goal
is to reduce the all-cause 14-day mortality to 25%, resulting all-cause 14-day

mortality rate would be 15% (TT,).

[1.96 + 0.84]>x [0.40 x (1-0.40)+ 0.15 x (1 - 0.15)]

" [0.40 - 0.15]

n = 46.0992 ~ 47
drop out 10%: n = 4.60992 ~ 5

n~4a7 +5=>51

As described above, two groups will be studied, corresponding to a

total of 102 participants (Notaygroup = 51)
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This study consisted of three steps based on the study design, including in vitro

study, PK/PD study, and clinical study.

3.4.1 In vitro study

3.4.1.1 Tools/reagents

3.4.1.1.1 Tools/reagents for phenotyping testing

a) General preparations

- Disposable gloves

70% Ethanol

b) For culture medium preparations

MacConkey agar (Clinical Diagnostics Ltd., Part,
Bangkok, Thailand and Oxoid Ltd, Basingstoke,
Hampshire, England)

Blood agar (Clinical Diagnostics Ltd., Part, Bangkok,
Thailand)

Muller Hinton Agar power (Himedia®,

Himedia Laboratories Pvt. Ltd., India)
Cation-adjusted Mueller Hinton Broth (CAMHB or
MHB 1) (BBL™ Mueller Hinton Il Broth (Cation-
Adjusted), Becton Dickinson and Company, France)
Tryptic Soy Broth powder

(Oxoid Ltd, Hampshire, England)

Agar-agar powder (TM media, Titan Biotech Ltd.,
New Delhi India and Himedia®,

Himedia Laboratories Pvt. Ltd., India)

Sterile distilled water

Laboratory bottle in size of 2 L

Petri disk

¢) For antibiotic stock solution

Meropenem powder
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Imipenem/cilastatin powder
Amikacin powder

Gentamicin powder
CMS/Colistin powder
Fosfomycin powder

G-6-P solution

Aztreonam powder

Tigecycline powder

Sterile water for injection 10 mL
Eppendorf 2 mL

A syringe of 5 ml with a needle of 18”

0.22-um membrane filter

d) For antibiotic susceptibility testing

Normal saline powder (Univar ®, Ajax Finechem Pty Ltd,
Taren Point, Australia

Fosfomycin E-test strips
Ceftazidime-avibactam E-test strips

Lab test tube

U-type 96 well cell culture plate

(SPL, Gyeonggi-do, Korea)

Commercial 96 well plates

for-an automated system (DKMGN plates)
1 pL inoculation loops

Cotton Swab Sterile

Forceps

Pipets and pipet tips

Vortex

3.4.1.1.2 Tools/reagents for genotyping testing

a) General preparations

Disposable gloves

70% Ethanol
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b) For DNA extraction

Proteinase K Solution

RNase A Solution

Digestion Solution

Lysis Solution

Wash Buffer | (concentrated)

Wash Buffer Il (concentrated)

Elution Buffer (10 mM Tris-Cl, pH 9.0, 0.1 mM EDTA)
GenelET Genomic DNA Purification Columns
Collection Tubes

Microcentrifuge tubes (Eppendorf 2 mL)

Dry bath of heating up to 56 °C

Vortex

c) For Polymerase chain reaction (PCR) testing

2XPCR master mix (JumpStart™ REDTaq® ReadyMix™
Reaction Mix for PCR, 100 reactions, Sigma-Aldrich®,
Merck Ltd, Darmstadt, Germany)

Carbapenemase primers (100 nmol RxnReady® Oligos,
RxnReady® Primer Pools, Integrated DNA Technologies,
Inc., lowa, USA)

Mar-1_primers (100 nmol RxnReady® Oligos, RxnReady®
Primer Pools, Integrated DNA Technologies, Inc., lowa,
USA)

ERIC primers (100 nmol RxnReady® Oligos, RxnReady®
Primer Pools, Integrated DNA Technologies, Inc., lowa,
USA)

Microcentrifuge tubes (Eppendorf 2 mL)

Microcentrifuge tube for PCR (Eppendorf 0.2 mL)

Pipets and pipet tips

Vortex

PCR thermal cycler
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d) For gel electrophoresis

1% agarose gel

Tris base, acetic acid, and EDTA (TAE solution)
1% Ethidium bromide

Loading dye

Pipets and pipet tips

Electrophoresis equipment

UV light

3.4.1.2 Phenotyping testing

3.4.1.2.1 Culture media preparations

(1) Cation-adjusted ‘Mueller  Hinton Broth (CAMHB) for

antimicrobial susceptibility ~testing ~with = broth microdilution method (2X) and

synergistic testing (4X) with checkerboard method [96].

For broth microdilution method (2X), weight 44 gm of
the CAMHB powder in a laboratory bottle in size of 2 L
and add 1 L of distilled water to the container

For synergistic testing (4X), weight 88 ¢m of the CAMHB
powder in a laboratory bottle in size of 2 L and add 1 L
of distilled water to the container

Agitate the medium (the mixed solution)

Boil 1 minute to dissolve the medium completely
Autoclave at 121°C, pressure 15 Ibf/in?, 15 minutes

Cool to room temperature

Store the medium at 2-8 °C

(2) Mueller-Hinton Agar (MHA) for antimicrobial susceptibility

testing with gradient-method [97].

Weight 38 gm of the MHA powder in a laboratory bottle
insizeof 2L

Add 1 L of distilled water to the container
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Agitate the medium (the mixed solution)

Autoclave at 121°C, pressure 15 Ibf/in?, 15 minutes
Cool to 45-50 °C

Gently mix well before pouring into sterile Petri dishes
(~ 20 ml)

Cool to room temperature

Store the MHA plates at 2-8 °C

(3) Tryptic soy broth agar (TSA) for bacterial isolation and

cultivation

Weight 24 gm of tryptic soy broth powder in a
laboratory bottle in size of 2 L

Weight 15 em of agar powder and add it to

the Erlenmeyer-flask

Add 1 L of distilled water to the container

Agitate the medium (the mixed solution)

Autoclave at 121°C, pressure 15 Ibf/inz, 15 minutes
Cool to 45-50 °C

Gently mix well before pouring into sterile Petri dishes
(~20 ml)

Cool to room temperature

Store the TSA plates at 2-8 °C

3.4.1.2.2 Reagent preparations

3.4.1.2.2.1 0.9% NSS solution

- Weight 0.9 ¢ of antibiotic powder in a laboratory
bottle in size of 250 mL

- Add 100 mL of distilled water to the container

- Mix the solution well

- Autoclave at 121°C, pressure 15 Ibf/in?,
15 minutes

- Cool to room temperature
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- Store the solution at 2-8 °C

3.4.1.2.2 Antibiotic solution preparations
An antibiotic stock solution is prepared for antibiotic
susceptibility testing with broth microdilution and synergistic testing with the
checkboard method. Each antibiotic stock solution is determined the final
concentration by weight to volume as follows:

1) Meropenem stock solution

- A desired working meropenem stock solution
= 12,500 pg/mL

- Weight 0.0625 g of antibiotic powder in a conical
tube of 15 ml

- Add 5 mL of distilled water to the container

- Mix - well using vortex so that the antibiotic
powder goes into the solution

- Filter into Eppendorf of 2 mL using a syringe with
a needleand 0.22-pum membrane filter for
sterilization of antibiotic stock solution

- Label the desired concentration

- Seal the Eppendorf using parafilm

2) Imipenem/cilastatin stock solution

- A desired working Imipenem/cilastatin stock
solution = 12,500 pg/mL

- Weight 0.125 ¢ of antibiotic powder in a conical
tube of 15 ml

- Add 5 mL of distilled water to the container

- Mix well using vortex so that the antibiotic
powder goes into the solution

- Filter into Eppendorf of 2 mL using a syringe with
needle and 0.22-um membrane filter for

sterilization of antibiotic stock solution
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- Label the desired concentration
- Seal the Eppendorf using parafilm

3) Amikacin stock solution

- A desired working amikacin stock solution =
12,500 pg/mL

- Weight 0.0625 ¢ of antibiotic powder in a conical
tube of 15 ml

- Add 5 mL of distilled water to the container

- Mix. well using vortex so that the antibiotic
powder goes into the solution

- Filter into Eppendorf of 2 mL using a syringe with
a needle and 0.22-um membrane filter for
sterilization of antibiotic stock solution

- Label the desired concentration

- Seal the eppendorf using parafilm

4) Gentamicin stock solution

--A desired working gentamicin stock solution
=50,000 pe/mL

- Weight 0.0625 ¢ of antibiotic powder in a conical
tube of 15 ml

- Add 5 mL of distilled water to the container

- Mix_well-~using vortex so that the antibiotic
powder goes into the solution

- Filter into Eppendorf of 2 mL using a syringe with
a needle and 0.22-um membrane filter for
sterilization of antibiotic stock solution

- Label the desired concentration

- Seal the Eppendorf using parafilm

5) CMS/Colistin stock solutio

- A desired working CMS/colistin stock solution

= 5290 pg/mL
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- Weight 0.1024 ¢ ¢ of antibiotic powder in a conical
tube of 15 ml

- Add 10 mL of distilled water to the container

- Mix well using vortex so that the antibiotic
powder goes into the solution

- Filter into Eppendorf of 2 mL using a syringe with
a needle and 0.22-um membrane filter for
sterilization of antibiotic stock solution

- Label the desired concentration

- Seal the Eppendorf using parafilm

6) Ticecycline stock solution

- A desired working tigecycline stock solution
=12, 500 pg/mL

- Weight 0.0625 ¢ of antibiotic powder in a conical
tube of 15 ml

- Add 5 mL of distilled water to the container

-Mix well using vortex so that the antibiotic
powder goes into the solution

- Filter into Eppendorf of 2 mL using a syringe with
a needle and 0.22-um membrane filter for
sterilization of antibiotic stock solution

- Label the desired concentration

- Seal the eppendorf using parafilm

7) Fosfomycin stock solution

- A desired working fosfomycin stock solution
= 50,000 pg/mL

- Weight 0.0625 ¢ of antibiotic powder in a conical
tube of 15 ml

- Add 5 mL of distilled water to the container

- Mix well using vortex so that the antibiotic

powder goes into the solution



a6

- Filter into Eppendorf of 2 mL using a syringe with
a needle and 0.22-um membrane filter for
sterilization of antibiotic stock solution

- Label the desired concentration

- Seal the eppendorf using parafilm

8) G-6-P stock solution

- A desired working fosfomycin stock solution =
500,000 pg/mL

- Weight 1 ¢ of antibiotic powder in a conical tube
of 15 ml

- Add 2 mL of distilled water to the container

- Mix well ‘using vortex so that the antibiotic
powder goes into the solution

- Filter into Eppendorf of 2 mL using a syringe with
a needle and 0.22-um membrane filter for
sterilization of antibiotic stock solution

--Label the desired concentration

- Seal the eppendorf using parafilm

9) Aztreonam stock solution

- A desired working fosfomycin stock solution
= 12,500 pg/mL

- Weight 0.0625 ¢ of antibiotic powder in a conical
tube of 15 ml

- Add 5 mL of distilled water to the container

- Mix well using vortex so that the antibiotic
powder goes into the solution

- Filter into Eppendorf of 2 mL using a syringe with
a needle and 0.22-um membrane filter for
sterilization of antibiotic stock solution

- Label the desired concentration

- Seal the eppendorf using parafilm
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3.4.1.2.3 Antimicrobial susceptibility testing
Antimicrobial susceptibility testing (AST) is a test used to
determine each antibiotic activity (mono antibiotic activity testing).
1) Subculture CRE isolates

Before antimicrobial susceptibility testing, CRE isolates are a

subculture for bacterial growth and identifying type of bacteria.

- Firstly, after getting samples, isolate CRE isolates by
transferring stocked skim milk at -80 °C on the surface of
sheep blood agar or tryptic soy agar (culture medium used
for bacterial growth). Then, incubate them at 37 °C for
10-12 hours

- Secondly, pick up 3-5 bacterial colonies from the sheep
blood agar plate into the MacConkey agar plate (culture
medium . used for identifying CRE) by streaking them
directly on the surface of the medium. Then, incubate
them at 37 °C for 10-12 hours. To identify CRE isolates
(K- pneumoniae, E. coli, E. cloacae), the morphology of
colonies on MacConkey agar appeared large and mucoid-
pink.

- Before determining antimicrobial susceptibility, all strains
were ‘isolated again on sheep blood agar. Then, incubate
them at 37 °C for 6-hours.

2) Prepare bacterial inoculum preparation of 0.5 McFarland

by direct colony suspension method [98]

- Select at least 3-5 colonies from the last sheep blood agar
plates

- Pick up these isolated colonies with a sterile loop

- Suspended to 0.9% in normal saline

- Adjust the suspension by adding more bacterial colonies or

0.9% sodium chloride solution until the mixed suspension
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achieves turbidity equivalent to 0.5 McFarland standard
which provides a density of a bacterial suspension with
~ 10® colony forming units (CFU/mL)  (CLSI

recommendation: “Should use adequate light to visually

compare the inoculum tube and the 0.5 McFarland
standard against a card with a white backeround and
contrasting black lines”)
3) Perform MICs
3.1) Broth microdilution method

Only ~ CRE = clinical isolates collected  from

Pramongkutklao hospitals (n =49) were performed MICs using broth microdilution

method.

3.1.1) Prepared two-fold serial dilutions of antibiotics

Twelve dilutions of each studied antibiotic using

the two-fold serial dilution method were prepared-as follows:

Dilutions

Antibiotics (uL)

+

<+ x|~

Sterile water (pL)

Channels OOIOIO|IOIOIOIOIOIOIOIO

Discard

Y pL

uL - pL HL uL oL HL L HL pL

Figure 2 Twelve dilutions of each studied antibiotic
using the two-fold serial dilution method

3.1.1.1) Meropenem

- Desired range of two-fold serial dilutions
(0.125 to 256 pg/mL for meropenem)

- Prepare a serial of two-fold dilution of
meropenem and imipenem for 25 CRE

strains (n = 25) as follows:
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® Use the micropipette to dispense 102.4
UL of the meropenem stock solution to
the first and second channels of

multichannel reservoirs

® Use the micropipette to dispense 2.5
ml of the sterile water to all the
channels across a row of multichannel
reservoirs

® Gently mix the solution in the first and
second channels

® Use the micropipette to continually
carry out 2.5 ml of the meropenem
solution from the second channels to
the next channels

® Discard 2.5 ml at the last channels of

multichannel reservoirs

3.1.1.2) Imipenem

- Desired range of two-fold serial dilutions
(0.125 to 256 pg/mL for imipenem)

- Prepare a serial of two-fold dilution of
imipenem for 25 CRE strains (n = 25) as

follows:

® Use the micropipette to dispense 102.4
uL of the imipenem stock solution to
the first and second channels of
multichannel reservoirs

® Use the micropipette to dispense 2.5
ml of the sterile water to all the
channels across a row of multichannel

reservoirs
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® Gently mix the solution in the first and
second channels

® Use the micropipette to continually
carry out 2.5 ml of the meropenem
solution from the second channel to
the next channels

® Discard 2.5 mL at the last channels of

multichannel reservoirs

3.1.1.3) Colistin

- Desired range of two-fold serial dilutions
(0.0625 to 128 pg/mL for colistin)

- Prepare a serial. of two-fold dilution of
colistin for 25 CRE strains (n = 25) as

follows:

® Use the micropipette to dispense
120.98 L of the colistin stock solution
to the first-and second channels of
multichannel reservoirs

® Use the micropipette to dispense 2.5
ml of the sterile water to all the
channels across a row of multichannel
reservoirs

® Gently mix the solution in the first and
second channels

® Use the micropipette to continually
carry out 2.5 ml of the colistin solution
from the second channel to the next

channels

® Discard 2.5 ml at the last channels of
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multichannel reservoirs

3.1.1.4) Tigsecycline

- Desired range of two-fold serial dilutions

(0.03125 to 64 pg/mL for tigecycline)

- Prepare a serial of two-fold dilution of

tigecycline for 25 CRE strains (n = 25) as

follows:

Use the micropipette to dispense 25.6
uL of the tigecycline stock solution to
the first and second channels of
multichannel reservoirs

Use the micropipette to dispense 2.5
ml of the sterile water to all the
channels across a row of multichannel

reservoirs

Gently mix the solution in the first and

second channels

Use the micropipette to continually
carry out 2.5 ml of the tigecycline
solution from the second channel to

the next channels

Discard 2.5 ml at the last channels of

multichannel reservoirs

3.1.1.5) Amikacin

- Desired range of two-fold serial dilutions

(0.0625 to 128 pg/mL for amikacin)

- Prepare a serial of two-fold dilution of

amikacin for 25 CRE strains (n = 25)
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® Use the micropipette to dispense 51.2
uL of the amikacin stock solution to the
first and second channels of

multichannel reservoirs

® Use the micropipette to dispense 2.5
ml of the sterile water to all the
channels across a row of multichannel
reservoirs

® Gently mix the solution in the first and
second channels

® Use the micropipette to continually
carry out 2.5 ml of the amikacin
solution from the second channel to
the next channels

® Discard 2.5 mt at the last channels of

multichannel reservoirs

3.1.1.6) Gentamicin

- Desired range of two-fold serial dilutions
(0.03125 to 64 ug/ml for gentamicin)

- Prepare a serial of two-fold dilution of
gentamicin for 25 CRE strains (n = 25) as

follows:

® Use the micropipette to dispense 6.4 pL
of the gentamicin stock solution to the
first and second channels of
multichannel reservoirs

® Use the micropipette to dispense 2.5
ml of the sterile water to all the
channels across a row of multichannel

reservoirs
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® Gently mix the solution in the first and
second channels

® Use the micropipette to continually
carry out 2.5 ml of the gentamicin
solution from the second channel to
the next channels

® Discard 2.5 ml at the last channels of

multichannel reservoirs

3.1.1.7) Aztreonam

- Desired range of two-fold serial dilutions
(0.0625 to 128 pg/mL for aztreonam)

- Prepare a serial. of two-fold dilution of
aztreonam for 25 CRE strains (n = 25) as

follows:

® Use the micropipette to dispense 51.2
uL of the aztreonam stock solution to
the first and second channels of
multichannel reservoirs

® Use the micropipette to dispense 2.5
ml of the sterile water to all the
channels across a row of multichannel
reservoirs

® Gently mix the solution in the first and
second channels

® Use the micropipette to continually
carry out 2.5 ml of the aztreonam
solution from the second channel to
the next channels

® Discard 2.5 ml at the last channels of

multichannel reservoirs
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3.1.2) Prepared the final inoculum
- Mix 0.5 McFarland bacterial suspension 5 pL with
cation-adjust MHB Il 5 mL in a ratio of 1:1000
3.1.3) Dispense the solution and incubation
- Dispense 50 pL of two-fold serial antibiotic
solution across each column of 96 microwell
plates
- Dispense 50 pL of the final inoculum of each
isolate across each row of 96 microwell plates
- Incubate the 96 microwell plates for 18-20 hours
at 35 °C
3.1.4) Read and Interpreting the results
- After these isolates were incubated, read the MICs
value at the first well that precipitate did not
present
- ~Interpreting the results following CLSI or EUCAST

guidelines

3.2) Gradient method for fosfomycin and

ceftazidime-avibactam [99]

- Swab .a lawn of bacteria from bacterial inoculum
with-0.5 McFarland suspension by using a cotton
strip on the surface of MHA agar plates

- Place E-test strips onto each MHA agar plates

- Incubate the plates for 18 hours at 35 °C

- Read the MICs value at the point that contains the
inhibition zone intersected by the scale on the E
strips

- Interpreting the results following CLSI guidelines or

EUCAST guideline
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Figure 3 Antimicrobial susceptibility testing with broth microdilution

and gradient method for Pharmongkutklao hospital

3.3) Broth microdilution method using DKMGN plate

(Sensititre™)

Only CRE clinical isolates collected from Health Region
V hospitals (n = 150) were performed MICs using broth microdilution method with
DKMGN plate.
- Add 30 pL of 0.5 McFarland bacterial suspension to
cation-adjust MHB Il 11 mL
- Vortex the mixture
- Add 50 pL of the mixture to each of the DKMGN well
plates
- Seal the DKMGN well plates
- Incubate the DKMGN well plates for 18-20 hours
at 35 °C
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- Read the MICs value at the first well that precipitate

did not present

- Interpreting the results following CLSI or EUCAST

guidelines/
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Figure 4 Antimicrobial susceptibility testing with Broth microdilution method

using DKMGN plate for Health Region V hospitals

3.4.1.2.4 Synergistic testing
After determining the MICs of studied antibiotics, eleven
antibiotic combinations were performed with the synergistic effect by checkerboard
technique. These antibiotic-based combinations consisted of amikacin-based
regimens, gentamicin-based regimens, colistin-based regimens, fosfomycin-based

regsimens, and triple-based regimens. Table showed all antibiotic combination

regimens.

1) Amikacin-based regimens

For amikacin-based regimens consisted of amikacin
combined with fosfomycin and amikacin combined with tigecycline.

1.1) Amikacin-fosfomycin
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Eishteen CRE clinical isolates (n = 18) which had

fosfomycin MICs of 12-256 pg/mL were included to synergistic testing.

- Desired range of two-fold serial dilutions (0.5 to 32

ug/mL for amikacin and 1 to 1,024 ug/mL for fosfomycin)

- Prepare a serial of two-fold dilution of amikacin

Use the micropipette to dispense 102.4 pL of
the amikacin stock solution to the first and

second channels of multichannel reservoirs

Use the micropipette to dispense 10 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second
channels

Use the micropipette to continually carry out 10
mL of the amikacin solution from the second
channel to the next channels

Discard 10 mL -at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of fosfomycin

Use the micropipette to dispense 1.31 mL of the
fosfomycin stock solution to the first and second
channels of multichannel reservoirs

Use the micropipette to dispense 16 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second

channels
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® Use the micropipette to continually carry out 16
mL of the fosfomycin solution from the second

channel to the next channels

® Discard 16 mL at the last channels of
multichannel reservoirs
- Prepare the final inoculum in each channel of
multichannel reservoirs
® Use the micropipette to mix 0.5 McFarland
bacterial suspension 21 pL with cation-adjust
MHB Il 21 mL in a ratio of 1:1000
- Dispense the solution to 96 microwell plate
® Dispense 25 L of two-fold serial amikacin
solution across each well from row A to row G
® Dispense 25 pl of two-fold serial fosfomycin
solution across each well from column 1 to
column 11
® Dispense 25 pl of 0.9% NSS solution into each
row H wells and each column 12 wells
® Dispense 50 pL of the final inoculum to each of
the 96 wells
- Incubate the 96-microwell plate for 18-20 hours
at 35 °C

- Read and interpret the results

® After these isolates were incubated, read the
MICs value of each antibiotic at the first well that

precipitate did not present

® (Calculate FICI values

MIC A combination A and B MIC B combination A and B
FICI = +
MIC A alone MIC B alone
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® |nterpret the results following FICI values
® FICl values < 0.5 are classified as synergy
® FICI values > 0.5 to 1 are classified as additive
® FICI values > 1 to 4 are classified as

indifferent

FICI values > 4 are classified as antagonism

Row (Drug A) 1 2 3 a q 6 7 8 9 10 11 12
32 A
- 16 B
T
o 8 C
=
Q 4 D
= 2 E
£
o 1 F
x
£ 0.5 G
<
control H
1,024 | 512 | 256 128 64 32 16 8 il 2 1 control
Column (Drug B): Fosfomycin MICs (ug/dl)

Figure 5 Checkerboard- synergy testing for amikacin-fosfomycin combination

synergistic testing.

1.2) Amikacin-tisecycline

All CRE clinical isolates (n = 49) were included in

- Desired range of two-fold serial dilutions (0.0625 to 64
pe/mL  for amikacin and 0.125 to 8 pg/mL for
tigecycline)

- Prepare a serial of two-fold dilution of amikacin

® Use the micropipette to dispense 307.2 pL of
the amikacin stock solution to the first and

second channels of multichannel reservoirs
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Use the micropipette to dispense 15 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second
channels

Use the micropipette to continually carry out 15
mL of the amikacin solution from the second
channel to the next channels

Discard 15 mL at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of tigecycline

Use the micropipette to dispense 32 pL of the
tigecycline stock solution to the first and second
channels of multichannel reservoirs

Use the micropipette to dispense 25 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second
channels

Use the micropipette to continually carry out 25
mL of the tigecycline solution from the second
channel to the next channels

Discard 25 mL at the last channels of

multichannel reservoirs

- Prepare the final inoculum in each channel of

multichannel reservoirs

Use the micropipette to mix 0.5 McFarland
bacterial suspension 15 pL with cation-adjust

MHB Il 15 mL in a ratio of 1:1000
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- Dispense the solution to 96 microwell plate
® Dispense 25 pL of two-fold serial tigecycline
solution across each well from row A to row G
® Dispense 25 pL of two-fold serial amikacin
solution across each well from column 1 to
column 11
® Dispense 25 pL of 0.9% NSS solution into each
row H wells and each column 12 wells
® Dispense 50 pL of the final inoculum to each of
the 96 wells
- Incubate the 96-microwell plate for 18-20 hours
at 35 °C
- Read and interpret the results
® After these isolates were incubated, read the
MICs value of each antibiotic at the first well that
precipitate did not present

® Calculate FICI values

MIC A combination A and B MIC B combination A and B
FICI = .
MIC A alone MIC B alone

® |nterpret the results following FICI values
® FICl values < 0.5 are classified as synergy
® FICl values > 0.5 to 1 are classified as additive
® FICI values > 1 to 4 are classified as
indifferent

® FICl values > 4 are classified as antagonism



62

Row (Drug A) 1 2 3 q 5 6 7 8 9 10 11 12
8 A
. a B
T
g 2 C
"
y 1 D
=
2 0.5 E
o
g 025 | F
o
[
0.125 G
control H
64 32 16 8 q 2 1 0.5 0.25 0.125 0.0625 | control
Column (Drug B): Amikacin MICs (ug/dl)

Figure 6 Checkerboard synergy testing for amikacin-tigecycline combination

2) Gentamicin-based resimens

For gentamicin-based regimens consisted of gentamicin

combined with fosfomycin and gentamicin combined with- tigecycline.

2.1) Gentamicin-fosfomycin

Eighteen CRE clinical isolates (n

fosfomycin MICs of 12-256 pg/mL were included in synergistic testing.

18) which had

- Desired range of two-fold serial dilutions (0.25 to 16

pe/mL. for gentamicin -and 1 to 1,024 pg/mL for

fosfomycin)

- Prepare a serial of two-fold dilution of gentamicin

®  Use the micropipette to dispense 12.8 pL of the

gentamicin stock solution to the first and second

channels of multichannel reservoirs

Use the micropipette to dispense 10 mL of the

sterile water to all the channels across a row of

multichannel reservoirs

Gently mix the solution in the first and second

channels
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Use the micropipette to continually carry out 10
mL of the gentamicin solution from the second

channel to the next channels

Discard 10 mL at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of fosfomycin

Use the micropipette to dispense 1.31 mL of the
fosfomycin stock solution to the first and second

channels of multichannel reservoirs

Use the micropipette to dispense 16 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second
channels

Use the micropipette to continually carry out 16
mL of the fosfomycin solution from the second
channel to the next channels

Discard 16 ~mL at the last channels of

multichannel reservoirs

- Prepare the final inoculum in each channel of

multichannel reservoirs

Use the micropipette to mix 0.5 McFarland
bacterial suspension 21 pL with cation-adjust

MHB Il 21 mL in a ratio of 1:1000

- Dispense the solution to 96 microwell plate

® Dispense 25 pL of two-fold serial gentamicin

solution across each well from row A to row G
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® Dispense 25 pL of two-fold serial fosfomycin
solution across each well from column 1 to
column 11
® Dispense 25 pL of 0.9% NSS solution into each
row H wells and each column 12 wells
® Dispense 50 pL of the final inoculum to each of
the 96 wells
- Incubate the 96-microwell plate for 18-20 hours
at 35 °C
- Read and interpret the results
® After these isolates were incubated, read the
MICs value of each antibiotic at the first well that
precipitate did not present

® Calculate FICl.values

MIC A combination A'and B MIC B combination A and B
FICI = ,
MIC A alone MIC B alone

® |nterpret the results following FICI values
B FIClvalues < 0.5 are classified as synergy
B FIChvalues > 0.5 to 1 are classified as additive
® FICl values > 1 to 4 are classified as
indifferent

® FICl values > 4 are classified as antagonism
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Figure 7 Checkerboard synergy testing for gentamicin-fosfomycin combination

synergistic testing.

2.2) Gentamicin-tisecycline

All CRE clinical isolates (n

= 49) were included in

- Desired range of two-fold serial dilutions (0.0625 to 8

ue/mL for gentamicin and 0.125 to 8 pg/mL for

tigecycline)

- Prepare a serial of two-fold dilution of gentamicin

® Use the micropipette to dispense 9.6 L of the

amikacin stock solution to the first and second

channels of multichannel reservoirs

®  Use the micropipette to dispense 15 mL of the

sterile water to all the channels across a row of

multichannel reservoirs

® Gently mix the solution in the first and second

channels

® Use the micropipette to continually carry out 15

mL of the gentamicin solution from the second

channel to the next channels
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® Discard 15 mL at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of tigecycline

® Use the micropipette to dispense 32 ulL of the
tigecycline stock solution to the first and second
channels of multichannel reservoirs

® Use the micropipette to dispense 25 mL of the
sterile water to all the channels across a row of

multichannel reservoirs

® (Gently mix the solution in the first and second

channels

®  Use the micropipette to continually carry out 25
mL of the tigecycline solution from the second

channel to the next channels

® Discard 25 mL at the last channels of

multichannel reservoirs

- Prepare the final inoculum in each channel of
multichannel reservoirs

® Use the micropipette to mix 0.5 McFarland
bacterial suspension 15 plL with cation-adjust
MHB 1I'15 mL in a ratio of 1:1000

- Dispense the solution to 96 microwell plate

® Dispense 25 plL of two-fold serial tigecycline
solution across each well from row A to row G

® Dispense 25 plL of two-fold serial gentamicin
solution across each well from column 1 to
column 11

® Dispense 25 pL of 0.9% NSS solution into each

row H wells and each column 12 wells
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® Dispense 50 pL of the final inoculum to each of
the 96 wells
- Incubate the 96-microwell plate for 18-20 hours
at 35 °C

- Read and interpret the results

® After these isolates were incubated, read the
MICs value of each antibiotic at the first well that
precipitate did not present

® (Calculate FICI values

MIC A combination A and B MIC B combination A and B
FICI = +
MIC A alone MIC B alone

® |nterpret the results following FICI values
®FICl values < 0.5 are classified as synergy
® _FICIvalues > 0.5 to 1 are classified as additive
® FICI values > 1 to 4 are classified as
indifferent

® FICI values >4 are classified as antagonism
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Ficure 8 Checkerboard synergy testing for gentamicin-tigecycline combination
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3) Colistin-based resimens

For colistin-based regimens consisted of colistin combined
with fosfomycin, gentamicin, amikacin, and fosfomycin

3.1) Colistin-fosfomycin

Nine CRE clinical isolates (n = 9) which had colistin MICs
of < 16 yg/mL and fosfomycin MICs of 12-256 pg/mL were included in synergistic
testing.

- Desired range of two-fold serial dilutions (1 to 64
pe/mbL for colistin and 1 to 1,024 peg/mL for
fosfomycin)

- Prepare a serial of two-fold dilution of colistin

® Use the micropipette to dispense 242 yL of the
colistin stock solution to the first and second
channels of multichannel reservoirs

® Use the micropipette to dispense 6 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

® Gently mix the solution in the first and second
channels

® Use the micropipette to continually carry out 6
mL of the colistin solution from the second
channel to the next channels

® Discard 6 mL at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of fosfomycin
® Use the micropipette to dispense 1.31 mL of the
fosfomycin stock solution to the first and second

channels of multichannel reservoirs
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® Use the micropipette to dispense 16 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

® Gently mix the solution in the first and second
channels

® Use the micropipette to continually carry out 10
mL of the fosfomycin solution from the second
channel to the next channels

® Discard 10 mL at the last channels of

multichannel reservoirs

- Prepare the final inoculum in each channel of
multichannel reservoirs
® Use the micropipette to mix 0.5 McFarland
bacterial suspension 21 pL with cation-adjust
MHB II'21 mL in a ratio of 1:1000
- Dispense the solution to 96 microwell plate
® Dispense 25 pl of two-fold serial colistin
solution across each well from row A to row G
® Dispense 25 pL of two-fold serial fosfomycin
solution across each well from column 1 to
column-11
® Dispense 25 pL of 0.9% NSS solution into each
row H wells and each column 12 wells
® Dispense 50 pL of the final inoculum to each of
the 96 wells
- Incubate the 96-microwell plate for 18-20 hours
at 35 °C

- Read and interpret the results
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® After these isolates were incubated, read the
MICs value of each antibiotic at the first well that

precipitate did not present

® Calculate FICI values

MIC A combination A and B MIC B combination A and B
FICI = +
MIC A alone MIC B alone

® |nterpret the results following FICI values
® FICl values < 0.5 are classified as synergy
® _FICl values > 0.5 to 1 are classified as additive
® _FICI values > 1 to 4 are classified as
indifferent

® FICI values > 4 are classified as antagonism
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Figure 9 Checkerboard synergy testing for colistin-fosfomycin combination

3.2) Colistin-amikacin

Twenty-four CRE clinical isolates (n = 24) which had
colistin MICs of < 16 pg/mL were included in synergistic testing.
- Desired range of two-fold serial dilutions (0.0625 to 64

pg/mL for colistin and 0.5 to 32 pg/mL for amikacin)
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- Prepare a serial of two-fold dilution of colistin
® Use the micropipette to dispense 291 pL of the
colistin stock solution to the first and second

channels of multichannel reservoirs

® Use the micropipette to dispense 6 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

® Gently mix the solution in the first and second

channels

® Use the micropipette to continually carry out 6
mL of the colistin solution from the second
channel to the next channels

® Discard 6 mL at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of amikacin

®  Use the micropipette to dispense 82 ulL of the
amikacin stock solution to the first and second
channels of multichannel reservoirs

® Use the micropipette to dispense 8 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

® Gently mix the solution in the first and second
channels

® Use the micropipette to continually carry out 8
mL of the amikacin solution from the second
channel to the next channels

® Discard 8 mL at the last channels of

multichannel reservoirs

- Prepare the final inoculum in each channel of
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multichannel reservoirs
® Use the micropipette to mix 0.5 McFarland
bacterial suspension 15 pL with cation-adjust
MHB Il 15 mL in a ratio of 1:1000
- Dispense the solution to 96 microwell plate
® Dispense 25 pL of two-fold serial amikacin
solution across each well from row A to row G
® Dispense 25 pL of two-fold serial colistin
solution across each well from column 1 to
column 11
® Dispense 25 plL of 0.9% NSS solution into each
row H wells and each column 12 wells
® Dispense 50 pL of the final inoculum to each of
the 96 wells
- Incubate the 96-microwell plate for 18-20 hours
at 35 °C

- Read and interpret the results

® After these isolates were fincubated, read the
MICs value of each antibiotic at the first well that

precipitate did not present

® Calculate FICI values

MIC A combination A and B MIC B combination A and B
FICI = +
MIC A alone MIC B alone

® |nterpret the results following FICI values
® FICI values < 0.5 are classified as synergy
® FICI values > 0.5 to 1 are classified as additive
® FICl values > 1 to 4 are classified as

indifferent



® FICl values > 4 are classified as antagonism
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Figure 10 Checkerboard synergy testing for colistin-amikacin combination

3.3) Colistin-gentamicin

colistin MICs of < 16 pg/mL were included in synergistic testing.

ug/mL for colistin and 0.25 to 16 pg/mL for gentamicin)

- Prepare a serial of two-fold dilution of colistin

Twenty-four CRE clinical isolates (n = 24) which had
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- Desired range of two-fold serial dilutions (0.0625 to 64

® Use the micropipette to dispense 291 pL of the

colistin stock solution to the first and second

channels of multichannel reservoirs

Use the micropipette to dispense 6 mL of the

sterile water to all the channels across a row of

multichannel reservoirs

Gently mix the solution in the first and second

channels

Use the micropipette to continually carry out 6

mL of the colistin solution from the second

channel to the next channels
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Discard 6 mL at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of gentamicin

Use the micropipette to dispense 10.24 pL of
the gentamicin stock solution to the first and
second channels of multichannel reservoirs

Use the micropipette to dispense 8 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second
channels

Use the micropipette to continually carry out 8
mL of the gentamicin solution from the second
channel to the next channels

Discard’ '8 mL ~at the last channels of

multichannel reservoirs

- Prepare the final inoculum in each channel of

multichannel reservoirs

Use the micropipette to mix 0.5 McFarland
bacterial suspension 15 plL with cation-adjust

MHBII' 15 mL in a ratio of 1:1000

- Dispense the solution to 96 microwell plate

® Dispense 25 pL of two-fold serial gentamicin

solution across each well from row A to row G

® Dispense 25 pL of two-fold serial colistin

solution across each well from column 1 to

column 11

® Dispense 25 pL of 0.9% NSS solution into each

row H wells and each column 12 wells
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® Dispense 50 pL of the final inoculum to each of
the 96 wells
- Incubate the 96-microwell plate for 18-20 hours
at 35 °C

- Read and interpret the results

® After these isolates were incubated, read the
MICs value of each antibiotic at the first well that

precipitate did not present

® Calculate FICI values

MIC A combination A and B MIC B combination A and B
FICI = +
MIC A alone MIC B alone

® |nterpret the results following FICI values
® FICl values < 0.5 are classified as synergy
® FIClvalues > 0.5 to 1 are classified as additive
® FICl values > 1 to 4 are classified as
indifferent

® FIClvalues > 4 are classified as antagonism

Row (Drug A) 1 2 3 4 5 [ 7 8 9 10 11 12

16 A

8 B
=

£ 4 C
»
=

Q 2 D
=

£ 1 E
£
]

g 0.5 F
0

0.25 G

control H

64 32 16 8 4 2 1 0.5 0.25 0.125 0.0625 | control
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Figure 11 Checkerboard synergy testing for colistin-gentamicin combination
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3.4) Colistin-tisecycline

Twenty-four CRE clinical isolates (n = 24) which had
colistin MICs of < 16 pg/mL were included in synergistic testing.

- Desired range of two-fold serial dilutions (0.0625 to 64
pe/mL for colistin and 0.03125 to 2 pg/mL for
tigecycline)

- Prepare a serial of two-fold dilution of colistin

® Use the micropipette to dispense 291 L of the
colistin stock solution to the first and second
channels of multichannel reservoirs

® Use the micropipette to dispense 6 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

® Gently mix the solution in the first and second

channels

® . Use the micropipette to continually carry out 6
mL of the colistin solution from the second
channel to the next channels

® Discard 6 mL at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of tigecycline

® Use the micropipette to dispense 5.12 pL of the
tigecycline stock solution to the first and second
channels of multichannel reservoirs

® Use the micropipette to dispense 8 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

® Gently mix the solution in the first and second

channels
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® Use the micropipette to continually carry out 8
mL of the tigecycline solution from the second

channel to the next channels

® Discard 8 mL at the last channels of

multichannel reservoirs

- Prepare the final inoculum in each channel of
multichannel reservoirs
® Use the micropipette to mix 0.5 McFarland
bacterial suspension 15 pL with cation-adjust
MHB 115 mL in a ratio of 1:1000
- Dispense the solution to 96 microwell plate
® Dispense 25 pL of two-fold serial tigecycline
solution across each well from row A to row G
® Dispense 25 pL of two-fold serial colistin
solution across each well from column 1 to
column 11
® Dispense 25 pb of 0.9% NSS solution into each
row H wells and each column 12 wells
® Dispense 50 pL of the final inoculum to each of
the 96 wells
- Incubate the 96-microwell plate for 18-20 hours
at 35 °C
- Read and interpret the results
® After these isolates were incubated, read the
MICs value of each antibiotic at the first well that
precipitate did not present

® (Calculate FICI values

MIC A combination A and B MIC B combination A and B
FICI = +
MIC A alone MIC B alone




® |nterpret the results following FICI values

® FICl values < 0.5 are classified as synergy
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® FICl values > 0.5 to 1 are classified as additive

® FICl values > 1 to 4 are classified as

indifferent

® FICl values > 4 are classified as antagonism
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Figure 12 Checkerboard synergy testing for colistin-tigecycline combination

4) Fosfomycin-based resimens

For fosfomycin-based regimens consisted of fosfomycin

combined with tigecycline. Twenty-one CRE clinical isolates, including eighteen CRE

clinical isolates (n = 18) for fosfomycin MICs of 12-256 ug/mL and three CRE clinical

isolates (n = 3) for fosfomycin MICs of >1,024 ug/mL, were included to synergistic

testing.

- Desired range of two-fold serial dilutions (0.125 to 8

pg/mL for tigecycline and 1 to 1,024 pe/mL for

fosfomycin)

- Prepare a serial of two-fold dilution of tigecycline

® Use the micropipette to dispense 17.92 pL of

the tigecycline stock solution to the first and

second channels of multichannel reservoirs
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Use the micropipette to dispense 7 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second
channels

Use the micropipette to continually carry out 7
mL of the tigecycline solution from the second
channel to the next channels

Discard 7 mL at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of fosfomycin

Use the micropipette to dispense 1.31 mL of the
fosfomycin stock solution to the first and second
channels of multichannel reservoirs

Use the micropipette to dispense 16 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second
channels

Use the micropipette to continually carry out 16
mL of the fosfomycin solution from the second
channel to the next channels

Discard 16 mL at the last channels of

multichannel reservoirs

- Prepare the final inoculum in each channel of

multichannel reservoirs

Use the micropipette to mix 0.5 McFarland
bacterial suspension 21 pL with cation-adjust

MHB Il 21 mL in a ratio of 1:1000
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- Dispense the solution to 96 microwell plate
® Dispense 25 pL of two-fold serial tigecycline
solution across each well from row A to row G
® Dispense 25 pL of two-fold serial fosfomycin
solution across each well from column 1 to
column 11
® Dispense 25 pL of 0.9% NSS solution into each
row H wells and each column 12 wells
® Dispense 50 pL of the final inoculum to each of
the 96 wells
- Incubate the 96-microwell plate for 18-20 hours
at 35 °C
- Read and interpret the results
® After these isolates were incubated, read the
MICs value of each antibiotic at the first well that
precipitate did not present

® Calculate FICI values

MIC A combination A and B MIC B combination A and B
FICI = .
MIC A alone MIC B alone

® |nterpret the results following FICI values
® FICl values < 0.5 are classified as synergy
® FICl values > 0.5 to 1 are classified as additive
® FICI values > 1 to 4 are classified as
indifferent

® FICl values > 4 are classified as antagonism
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Figure 13 Checkerboard synergy testing for tigecycline-fosfomycin combination

5) Triple-based regimens

For  triple-based

regimens  consisted of two antibiotic

regimens, including fosfomycin-tigecycline plus amikacin. and fosfomycin-tigecycline

plus gentamicin. Six CRE clinical isolates (n = 6) being high antibiotic resistance were

included in synergistic testing.

5.1) Fosfomycin-tisecycline-amikacin

Three isolates (n =3) included colistin MICs > 2 ug/mL,

fosfomycin MICs > 32 pug/mL, tigecycline MICs > 0.5 pg/mL, amikacin MICs > 16

pueg/mL, and gentamicin MICs < 4 pg/mL.

- Desired range of two-fold serial dilutions (0.125 to 8

pe/mL for tigecycline, 1 to 1,024 pg/mL for fosfomycin

and amikacin 4 pg/mL)

- Prepare a serial of two-fold dilution of tigecycline

® Use the micropipette to dispense 11.52 pL of

the tigecycline stock solution to the first and

second channels of multichannel reservoirs
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Use the micropipette to dispense 4.5 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second
channels

Use the micropipette to continually carry out 4.5
mL of the tigecycline solution from the second
channel to the next channels

Discard 4.5 mL at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of fosfomycin

Use the micropipette to dispense 286.72 L of
the fosfomycin stock solution to the first and

second channels of multichannel reservoirs

Use the micropipette to dispense 3.5 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second
channels

Use the micropipette to continually carry out 3.5
mL of the fosfomycin solution from the second
channel to the next channels

Discard 3.5 mL at the last channels of

multichannel reservoirs

- Prepare amikacin solution

Use the micropipette to dispense 23.04 pL of
the amikacin stock solution to multichannel

reservoirs
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Use the micropipette to dispense 18 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second

channels

- Prepare the final inoculum in each channel of

multichannel reservoirs

Use the micropipette to mix 0.5 McFarland
bacterial suspension 5 pL with cation-adjust
MHB II'5 mL in a ratio of 1:1000

Add G-6-P 0.4 ulL to each of the multichannel

reservoirs

- Dispense the solution to 96 microwell plate

Dispense 25 pL of two-fold serial tigecycline
solution across each well from row A to row H
Dispense 25 uL of two-fold serial fosfomycin
solution across each-well from column 1 to
column 12

Dispense 25 pL of amikacin solution across each
of well, except column 12 and row H

Dispense 50 pL of 0.9% NSS solution into each
row H wells and each column 12 wells
Dispense 50 pL of the final inoculum to each of

the 96 wells

- Incubate the 96-microwell plate for 18-20 hours

at 35 °C

- Read and interpret the results
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® After these isolates were incubated, read the

MICs value of each antibiotic at the first well that

precipitate did not present

® Calculate FICI values

MIC A combination A and B

FICI =

MIC B combination A and B

® nterpret the results following FICI values

MIC A alone

+

MIC B alone

®_FICl values < 0.5 are classified as synergy

B _FICl values > 0.5 to 1 are classified as additive

B FICl values > 1 to 4 are classified as

indifferent
B FIClvalues > 4 are classified as antagonism
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Figure 14 Checkerboard synergy testing

for tigecycline-fosfomycin-amikacin combination
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5.2) Fosfomycin-tisecycline-gentamicin

Three isolates (n = 3) included colistin MICs > 2 ug/mL,

fosfomycin MICs > 32 pg/mL, tigecycline MICs > 0.5 pg/mL, amikacin MICs < 16

pe/mL and gentamicin MICs > 4 pg/mlL.

- Prepare a serial of two-fold dilution of tigecycline

Use the micropipette to dispense 11.52 pL of
the tigecycline stock solution to the first and
second channels of multichannel reservoirs
Use the micropipette to dispense 4.5 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second
channels

Use the micropipette to continually carry out 4.5
mL of the tigecycline solution from the second
channel to the next channels

Discard 4.5 mL at the last channels of

multichannel reservoirs

- Prepare a serial of two-fold dilution of fosfomycin

Use the micropipette to dispense 286.72 pL of
the fosfomycin stock solution to the first and
second channels of multichannel reservoirs
Use the micropipette to dispense 3.5 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

Gently mix the solution in the first and second

channels
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® Use the micropipette to continually carry out 3.5
mL of the fosfomycin solution from the second
channel to the next channels

® Discard 3.5 mL at the last channels of

multichannel reservoirs

- Prepare gentamicin solution

® Use the micropipette to dispense 6.08 pL of the
gentamicin stock solution (12,500 pg/mL) to
multichannel reservoirs

® Use the micropipette to dispense 19 mL of the
sterile water to all the channels across a row of
multichannel reservoirs

® Gently mix the solution in the first and second
channels

- Prepare the final inoculum in each channel of
multichannel reservoirs

® Use the micropipette to mix 0.5 McFarland
bacterial suspension 5 pL with cation-adjust
MHB -5 mL ina ratio of 1:1000

® Add G-6-P 0.4 plL toeach of the multichannel
reservoirs

- Dispense the solution to 96 microwell plate

® Dispense 25 plL of two-fold serial tigecycline
solution across each well from row A to row H

® Dispense 25 pL of two-fold serial fosfomycin
solution across each well from column 1 to
column 12

® Dispense 25 pL of amikacin solution across each

of well, except column 12 and row H
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® Dispense 25 pL of 0.9% NSS solution into each
row H wells and each column 12 wells
® Dispense 25 pL of the final inoculum to each of
the 96 wells
- Incubate the 96-microwell plate for 18-20 hours
at 35 °C
- Read and interpret the results
® After these isolates were incubated, read the
MICs value of each antibiotic at the first well that
precipitate did not present

® Calculate FICI values

MIC A combination A and B MIC B combination A and B
FICI = +
MIC A alone MIC B alone

® |nterpret the results following FICI values
® FICl values < 0.5 are classified as synergy
® FIClvalues > 0.5 to 1 are classified as additive
® FICI'values > 1 to 4 are classified as
indifferent

® FICl values > 4 are classified as antagonism
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Figure 15 Checkerboard synergy testing

for tigecycline-fosfomycin-gentamicin combination

3.4.1.3 Genotyping testing

3.4.1.3.1 DNA Extraction
Before doing any PCR test, the CRE clinical isolates from
Pramongkutklao "hospital: are  included to extract DNA (GeneJET™ Genomic DNA
Purification Kit, Thermo Fisher Scientific, Co., LTD). The procedure is following to the
manufacturer’s instruments.

1) Lysis the CRE clinical isolates

- Add 180 pL of digestion solution to Eppendorf 2 mL

- Using a sterile loop, harvest up to 1 full loop of the colony
of CRE isolates on the surface of blood agar and suspend thoroughly by vortex

- Add 20 pL of proteinase K solution and mix thoroughly by
vortex to obtain a uniform suspension.

- Incubate the samples at 56 °C with a water bath for less
than 30 minutes (shake them occasionally) until the cells are completely lysed. The
color of the samples would change from white to light white.

- Add 20 pL of RNase A Solution and mix thoroughly by

vortex
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- Incubate the samples for 10 min at room temperature

- Add 200 pL of lysis solution to the sample and mix
thoroughly by vortex for about 15 s until a homogeneous mixture is obtained.

- Add 400 pL of 50% ethanol and mix by vortex

2) Purification of the lysate DNA

- Transfer the lysate samples to a GeneJET Genomic DNA
Purification Column inserted in a collection tube.

- Centrifuge the column in a collection tube for 1 min at

6,000 X g, discard the flow-through solution and place the purification column back
into the collection tube.

-~ Add 500 pl of wash buffer | (with ethanol added),

centrifuge for 1 min at 8,000 X g, discard the flow-through, and place the purification
column back into the collection tube.

--Add 500 pl of wash buffer Il (with ethanol added),

centrifuge for 3 min at 12,000 X-g), discard the flow-through, and the collection tube
- Place the purification column back into the Eppendorf
2 mL
- Add 60 of elution buffer to the center of the GenelET

Genomic DNA Purification Column membrane to elute genomic DNA, incubate for 2-5

min at room temperature, centrifuge for 1 min at 8,000 X g, and first collect the
purified DNA in Eppendorf
- Add 75 of elution buffer to the center of the GenelET

Genomic DNA Purification Column membrane to elute genomic DNA, incubate for 2-5

min at room temperature, centrifuge for 2 min at 12,000 X g, and second collect the
purified DNA in Eppendorf

- Label each Eppendorf

- Discard the purification column.

- Store at -20 °C
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3.4.1.3.2 Amplification
Polymerase chain reaction (PCR) is an amplification method to
generate multiple copies of a DNA sequence. For this study, Enterobacterial
repetitive intergenic consensus polymerase chain reaction (ERIC-PCR) and multiplex
PCR are used to analyze bacterial diversity and detect mcr-1 genes and

carbapenemase genes.

1) Enterobacterial repetitive intergenic consensus
polymerase chain reaction (ERIC-PCR)

Enterobacterial repetitive intergenic consensus polymerase
chain reaction (ERIC-PCR) is a method for ‘analyzing bacterial diversity. The
procedures consist of three steps.

1.1) Select primer [100]

Universal primers are used for ERIC-PCR, including
- Primer ERIC-F: 5’-ATGTAAGCTCCTGGGGATTCAC-3’,
- Primer ERIC-R: 5’-AAGTAAGTGACTGGGGTGAGCG-3’
1.2) Prepare a master mix
Table 5 showed ERIC master mix for a PCR reaction (1X
reaction = 1 sample). Calculate a total volume of ERIC master mix needed to

multiple amounts of ERIC master mix per reaction by the number of DNA samples.

Table 5 ERIC master -mix (1X reaction)

No Reagent Volume (ul)
1 MQ water 5.7
2 2X PCR master mix 7.5
3 20X ERIC-F (x) 0.4
4 20X ERIC-R (x) 0.4
5 DNA template 1
Total volume 15

1.3) Incubate reactions in a thermal cycler [100]
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Amplification was performed overnight using a thermal
cycler as follows: one cycle of 2 min at 95°C (initial denaturation), followed by 35
cycles of 50 seconds at 95°C (denature), 30 seconds at 46°C (anneal), and 30 seconds
at 49°C (elongation) and 3 min at 72°C (final elongation). The amplification ended
with one cycle of 10 min at 72°C.
1.4) Analyze and Interpret results [100]

- The amplified products of ERIC-PCR and a standard 1
kb ladder maker as a reference are analyzed by 1% electrophoresis agarose gel in
0.5 x Tris/Borate/EDTA (TBE)

- Stained with ethidium bromide

- Visualize DNA by using UV transilluminator

- Read the results by identifying and grouping the
positions of bands (amplicon sizes) between the PCR products and the PCR reference

- Interpret the results: if positions of band patterns are
different in more than three bands, it indicates that different strains

- Cluster the CRE isolates following the results into

the similarity or difference groups

2) Multiplex- polymerase chain reaction (Multiplex-PCR)
2.1) Select primers
Primer sequences used for multiplex PCR are selected
from studies conducted by Poirel-et-alin 2011 [101]. Primers used to identify

carbapenemase genes and mcr-1 gene are shown in Table 6.
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Table 6 Primers used to identify carbapenemase genes

Primer sequence Amplicon Size,
Targeted Gene
(5' to 3' Direction) bp
F-5-CGTCTAGTTCTGCTGTCTTG-3’
blakpc 798
R- 5-CTTGTCATCCTTGTTAGGCG-3’
F- 5-GGTTTGGCGATCTGG c-3
blayou 621
R- 5'-CGGAATGGCTCATCACGATC-3
F- 5-GGAATAGAGTGGCTTAAYTCTC-3'
blaye 232
R- 5-GGTTTAAYAAAACAACCA C-3’
F- 5-GATGGTGTTTGGTCGCATA-3
blayy 390
F- 5-CGAATGCGCAGCACCAG-3’
F- 5-GCGTGGTTAAGGATGAACAC-3"
blaOXA-48 438
R- 5'-CATCAAGTTCAACCCAACCG-3
F- 5’-CGG TCA GTC CGT TTG TTC-3’
mcr-1 205

R- 5’-CTT GGT CGG TCT GTA GGG-3’

Bacterial strains for used as positive control [102]

KPC-3 positive K. pneumoniae (NCTC 13438)

NDM- positive K. pneumoniae (NCTC 13443)

IMP-type positive E. coli (NCTC 13476)

VIM=10 positive Pseudomonas aeruginosa (NCTC 3437)

OXA-48 positive K. pneumoniae (NCTC 13442)

Negative control: No template control (PCR master mix only)

2.2) Prepare master mix [103]

Table 7 and 8 showed multiplex-PCR master mix for a

PCR reaction (1X reaction = 1 sample). Calculate a total volume of multiplex-PCR

master mix needed to multiple amounts of multiplex-PCR master mix per reaction

by the number of DNA samples.
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Table 7 Multiplex-PCR master mix for mcr-1 gene (1X reaction)

No Reagent Volume (pl)
1 MQ water 5.7
2 2X PCR 7.5
3 20X mcr-1-F (x) 0.4
a4 20X mcr-1-R (x) 0.4
5 DNA template 1
Total volume 15

Table 8 Multiplex-PCR master mix for carbapenemase gene (1X reaction)

No Reagent Volume ()

1 MQ water 3.5

2 PCR master mix 7.5

3 20 UM-IMP (2x) 0.4

a4 20 uM-VIM (2x) 0.4

5 20 uM-OXA-48 (2x) 0.4

6 20 uM-NDM (2x) 0.4

7 20 uM-KPC (2x) 0.4

8 DNA template 2
Total volume 15

2.3) Incubate reactions in a thermal cycler [103]

- The mcr-1 PCR conditions for amplification were as
follows: one cycle of 3 min at 94°C (initial denaturation), followed by 35 cycles of 30
seconds at 94°C (denature), 35 seconds at 53°C (anneal), and 45 seconds at 72°C
(elongation); and a final extension step for 5 min at 72 °C (final elongation).

- The multiplex PCR conditions for amplification were
as follows: a cycle of preincubation for 3 min at 94 °C (initial denaturation), 35 cycles
of 30 seconds at 94 °C (denature), 35 seconds at 57 °C (anneal), and 45 seconds at

72 °C (extension), and a final extension step for 5 min at 72 °C (final extension) [104].
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2.4) Analyze and Interpret results [100]

- The amplified products of multiplex-PCR (DNA
fragments) and control are analyzed by 1 % electrophoresis agarose gel in 0.5 x
Tris/Borate/EDTA (TBE)

- Stained with ethidium bromide

- Visualize  DNA by wusing a UV transilluminator
equipped with a camera

- Read the results by identifying the positions of bands
(@amplicon sizes) between the PCR products and the PCR reference

- Interpret the results: if positions of band patterns are

similar, it indicates that similar carbapenemase genes or mcr-1 genes

3.4.2 PK/PD study
AWl pharmacokinetic \parameters of critically ill patients were obtained from
previous studies. The relationship between drug concentration levels and time was
generated using a one-compartment model for meropenem, gentamicin, colistin, and
ceftazidime-avibactam, or  two-compartment -model for imipenem, amikacin,
tigecycline, CMS and fosfomycin with the linear pharmacokinetic behavior. For
meropenem, amikacin, gentamicin, colistin, and fosfomycin, these antibiotics were
simulated the plasma concentration-time using the equations containing CrCL as a
covariate factor.
Two steps are developed to design the optimal combination regimens in the
PK/PD study, including the selection of pharmacokinetic or pharmacodynamic

parameters and Monte Carlo simulation.

3.4.2.1 Pharmacokinetic/pharmacodynamic (PK/PD) parameters
Pharmacokinetic and pharmacodynamic parameters should firstly be selected

in order to design optimal antibiotic dosing regimens. This section describes the
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population pharmacokinetic parameters, antibiotic PK/PD parameters, and antibiotic

dosage regimens for simulation, based on antibiotic options for the CRE treatment.

1) Meropenem
1.1) Population pharmacokinetic parameters
The population pharmacokinetic model for meropenem was the
one-compartment model. Pharmacokinetic data from Jaruratanasirikul S, et al in
2015 was retrieved [64]. The patients (n =9; 171 samples) are Thai critically ill who
had APACHE Il score 16-33, SOFA score 5-14, and CrCL > 50 mL/min. A final model

was as follows:

- CL =TveL x &M Tvel =(0,+ 0,)x MDRD Cl,,
N,

-V =TWxe

A set of parameters was generated is shown in Table 9.

Table 9 A set of parameters of meropenem

PK parameters Estimate % RSE
CL (L/h) 7.82 22.1
Vy (L) 23.7 12.6

Abbreviations: V, volume of distribution; CL, total body clearance; RSE = Relative standard error;

IV = Interindividual variability

1.2) PK/PD index and target
PK/PD index and target for meropenem are 100% fT > MIC [62].

1.3) Antibiotic dosage regimens for simulation
Twenty-eight meropenem dosage regimens (n = 28) for simulation
are loading dose 0-2 ¢, followed by 1-2 g infusion 0.5-3 hours every 6-8 hours. Both
typical parameters and covariate parameters with final models were simulated.

Furthermore, different PK profiles were simulated with patients having CrCL of < 10
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mL/min, 10-25 mL/min, 26-50 mL/min, and 51-90 mL/min, respectively. The dosing

regimens were simulated over a 24 h period.

2) Imipenem
2.1) Population pharmacokinetic parameters
The population pharmacokinetic model for imipenem was the two-
compartment model. Pharmacokinetic data from Jaruratanasirikul S, et al in 2013 was
retrieved [63]. The patients (n = 9) are Thai critically ill who were intubated, received
mechanical ventilation, and CrCL > 60 mL/min. A set of parameters was generated

shown in Table 10.

Table 10 A set of parameters of imipenem

PK parameters Mean S.D.
CL (L/h) 20.86 6.130

Vg (L) 23.59 5.070

Vy (LZkg) 0.368 0.123
Ki2 (/h) 2.819 1.448

Ka1 (/h) 5.598 5.283

Ke (/D) 0.901 0.283

Abbreviations: CL, total body clearance; Vg, volume of distribution;
ki, = intercompartmental transfer rate constant from central to peripheral compartment;
k,, = intercompartmental transfer rate constant from peripheral to central compartment;

k. = elimination rate constant from central compartment

2.2) PK/PD index and target
PK/PD index and target for imipenem are 100% fT > MIC [62].

2.3) Antibiotic dosage regimens for simulation
Twelve imipenem dosage regimens (n = 12) for simulation are
loading dose 0-1 g, followed by 0.5-1 g infusion 2-3 hours every 6 hours. Only typical
parameters are used to simulate. The dosing regimens were simulated over a 24 h

period.
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3) Amikacin
3.1) Population pharmacokinetic parameters
The population pharmacokinetic model for amikacin was the two-
compartment model. Pharmacokinetic data from Delattre IK, et al in 2010 was
retrieved [105]. Eighty-eight adult patients with sepsis or septic shock were enrolled
in the study. They had APACHE Il score of 20 (6-45), SOFA score of 8 (1-19), and CrCL
555 (12.3-408.3) mL/min. A final covariate model was as follows:

eCL—CrCL
Clpop = CL + CrCL

A set of parameters was generated are shown in Table 11.

Table 11 A set of parameters of amikacin

PK parameters Estimates % RSE
CL (L/h) 0.77 28.4
Ve (L) 19.2 5.31
Q (L/h) 4.38 18.3
Vy (L) 9.38 7.15
B ccl (ML/min) 1.42 18.4

Abbreviations: CL, Clearance; V¢ Central volume of distribution; Q, intercompartmental
clearance; Vo, Peripheral volume of distribution; RSE, Relative standard error;
GCL_C,CL, fractional change on CL resulting from CrCL; CrCL, creatinine clearance

(estimated by the Cockcroft-Gault); Covariate model: ClL,,, = CL + CrCLeMCL

3.2) PK/PD index and target
The effective PK/PD targets and indices of aminoglycosides were
Crma/MIC > 8, indicative of good clinical outcomes [106]. The safe PK/PD targets of
aminoglycosides were AUCq,4 (Mg x h/L) > 700 which occurred nephrotoxicity rate of

more than 10% [107].
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3.3) Antibiotic dosage regimens for simulation
Twenty-nine dosage regimens (n = 29) for simulation are loading
dose 25-30 mg/kg, followed by 15-20 me/ke g 24 hours. Both typical parameters and
covariate parameters with final models were simulated. Furthermore, different PK
profiles were simulated with patients having CrCL of < 10 mL/min, 10-25 mL/min,
26-50 mL/min, 51-90 mL/min, and 91-130 mL/min, respectively. The dosing

regsimens were simulated over a 24 h period.

4) Gentamicin
4.1) Population pharmacokinetic parameters
The population pharmacokinetic model for gentamicin was the one-
compartment model. Pharmacokinetic data from Rea RS, et al in 2008 were

retrieved. The patients were ICU patients (n = 102) with GFR 48.1 + 26.5 (mL/min)
3.14 x CrCLM?

54.8'2+ CrCL2
creatinine clearance (estimated by glomerular filtration rate (GFR):

[108]. A final covariate model was as  follows: CL = where CrCL,

GFR (mL/min)=186.3 X Cr* X -Age 2% x (1.212 if black)x (0.742 if female)

where Cr is serum creatinine level (ug/mL)

A set of parameters was generated shown in Table 12.

Table 12 A set of parameters of gentamicin

PK parameters Estimate % CV
CL(L/h) 3.14 83.7
V(L) 53.0 64.4

Abbreviations: CL, Clearance; V. Central volume of distribution; Q, intercompartmental

clearance; V,, Peripheral volume of distribution; CV, Coefficient of variation;
3.14 x CrCL*?

5482+ CrCL!? ;
CrCL, creatinine clearance (estimated by glomerular filtration rate (GFR):

Covariate model: CL =

GFR (mL/min)= 186.3 X Cr "1 X Age *?* x(1.212 if black)x(0.742 if female)

where Cr is serum creatinine level (ug/mL)
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4.2) PK/PD index and target
The effective PK/PD targets and indices of aminoglycosides were
Crnax/MIC > 8, indicative of good clinical outcomes [106]. The safe PK/PD targets of
aminoglycosides were AUCq_,4 (Mg x h/L) > 700 which occurred nephrotoxicity rate of

more than 10% [107].

4.3) Antibiotic dosage regimens for simulation
Thirty-one dosage regimens (n = 31) for simulation are loading dose
7-8 mg/kg, followed by 5-7 meg/kg g 24 hours. Both typical parameters and covariate
parameters with final models were simulated. Furthermore, different PK profiles were
simulated with patients having CrCL of < 10 mL/min, 10-25 mL/min, 26-50 mL/min,
51-90 mL/min, and 91-130 mlL/min, respectively. The dosing regimens were

simulated over a 24 h period.

5) Tigecycline
5.1) Population pharmacokinetic parameters
The population pharmacokinetic model for tigecycline was the two-
compartment model. Pharmacokinetic data from Borsuk-De Moor A, et al in 2018 was
retrieved. The patients are ICU patients with sepsis or septic shock in Poland (n = 37,

SOFA = 13 (2-21)) [109]. A set of parameters was generated as shown in Table 13.

Table 13 A set of parameters of tigecycline

PK parameters Estimate % RSE
CL (L/h) 22.1 3.16
Ve (L) 162.0 53
Q (L/h) 69.4 32.6
Vv, (L) 87.9 8.67

Abbreviations: CL, Clearance; V¢ Central volume of distribution;
Q, intercompartmental clearance; V,, Peripheral volume of distribution;

RSE, Relative standard error
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5.2) PK/PD index and target
PK/PD index and target for tigecycline are fAUC.,4/MIC > 0.9 [73].

5.3) Antibiotic dosage regimens for simulation
Six dosage regimens (n = 6) for simulation are loading doses of 200-
400 mg, followed by 100-200 mg every 12 hours or 100-200 mg every 24 hours. Only
typical parameters were simulated. The tigecycline unbound fraction of 80% was

used. The dosing regimens were simulated over a 24 h period.

6) Colistimethate sodium (CMS) and colistin
6.1) Population pharmacokinetic parameters
The population pharmacokinetic ‘model for colistimethate sodium
(CMS) was two-compartment; colistin was. the “one-compartment model [110].
Pharmacokinetic data from Nation R.L, et al. was retrieved [111]. The patients (n =
214) had APACHE Il score (median 21; range 4-43), whereas Cl., 39.8 mL/min (range 0-

314 mL/min). A set of parameters was generated are shown in Table 14.

6.2) PK/PD index and target
PK/PD index and target for colistin-are fAUC/MIC > 25 [112].

6.3) Antibiotic dosage regimens for simulation
Twenty-one colistin dosage regimens (n = 21) for simulation are
loading dose 300 mg, followed by 100-150 mg every 12 hours or 150-180 mg every
24 hours. Only covariate parameters with final models were simulated. Furthermore,
different PK profiles were simulated with patients having creatinine clearance of < 10
mL/min, 10-25 mL/min, 26-50 mL/min, 51-90 mL/min, and 91-130 mL/min,

respectively. The dosing regimens were simulated over a 24 h period.
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Table 14 A set of parameters of colistimethate sodium (CMS) and colistin

Category Parameter Estimate %SE %IV
CMS CLD; (L/h) 12.9 - 40.4
vy (L) 16.1 - 70.9
V, (L) 9.57 10.5 80.1
CLRews (L/h/CrCL) 0.0340 6.85 75.2
CLNRcys (L/h) 2.52 3.71 39.8
Colistin Va/fm (L) 57.2 5.13 43.5
CLT/fm (L/h) 3.59 - 379

CLR/fm (L/h/CrCL) 0.00834 27.7 -

CLNR/fm (L/h) 3.11 4.38 -

Abbreviations: CLD; = Distributional clearance between the central and peripheral

compartments for CMS; V1 = Central volume for CMS; V2 = Peripheral volume for CMS;
CLRqys = Renal clearance of CMS, CLNR¢s = Non-renal clearance of CMS; V5 = Volume of
distribution of formed colistin; CLT. = Total clearance of colistin; CLR; = Renal clearance of
colistin; CLNR¢ = Non-renal clearance of colistin; %SE = The standard error of the estimates;

%IIV = The inter-individual variability in the population; CrCL = creatinine clearance

7) Fosfomycin
7.1) Population pharmacokinetic parameters
The population pharmacokinetic model for fosfomycin was the two-
compartment model. Pharmacokinetic data from Parker S. L, et al in 2015 was
retrieved [113]. The patients were ICU/critically ill patients (n = 10; APACHE Il score =
11.5 (8.8 - 16.5); SOFA score on ICU admission = 7 (6 to 10) in Greece. A final model
is represented as follows:
TVe = 0,4 X CLer/90
where TV = typical value of CL
ClL¢g = creatinine clearance
0, = typical value of fosfomycin CL in the
population, with each sampling day defined as an individual occasion (0), from days

1(0,), 2(0,), 3(03),4(Ba),5(O.), 6 (B, 7 (O,



102

A set of parameters was generated are showed in Table 15 [113].

Table 15 A set of parameters of fosfomycin

PK parameters Estimate % CV
CL (L/h) 2.06 91.9
Ve (L) 26.5 39.0
Q (L/h) 19.8 -
Vv, (L) 22.3 -

Abbreviations: CL, Clearance; V¢, Central.volume of distribution;
Q, intercompartmental clearance; V, Peripheral volume of distribution; %CV, coefficient

of variation

7.2) PK/PD index and target
PK/PD index and target for fosfomycin are fAUCq ,sh/MIC = 21.5 [114].

7.3) Antibiotic dosage regimens for simulation
Twenty fosfomycin dosage regimens (n = 20) for simulation are
loading doses of 4-8 g, followed by 2-6 g every infusion 1-2 hours every 4-6 hours.
Both typical parameters and covariate parameters with final models were simulated.
Furthermore, different PK profiles were ~simulated with patients having CrCL
< 10 mL/min, 10-25 mL/min, 26-50 mL/min, and 51-90 mL/min, respectively. The

dosing regimens were simulated over a 24 h period.

8) Ceftazidime-avibactam
8.1) Population pharmacokinetic parameters
The population pharmacokinetic model for ceftazidime-avibactam
was the one-compartment model. Pharmacokinetic data from Stein GE, et al in 2019
was retrieved [84]. The patients were ICU and critically ill patients (n = 10; APACHE I
score = 21 (11-33)) in Michigan, USA. A set of parameters of ceftazidime-avibactam

were presented in Table 16.
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Table 16 A set of parameters of ceftazidime-avibactam

Antibiotics PK parameters Mean SD
CL (L/h) 6.14 3.80
Ceftazidime
V(L) 34.78 10.49
CL (L/h) 11.09 6.78
Avibactam
V(L) 50.81 14.32

Abbreviations: CL, Clearance; V. Volume of distribution; SD, standard deviation

8.2) PK/PD index and target
PK/PD index and target for ceftazidime-avibactam are 100% fT>MIC
for ceftazidime and 100%fT > 1 pg/mL for avibactam [84].

8.3) Antibiotic dosage regimens for simulation
Eight ceftazidime-avibactam dosage regimens (n = 8) for simulation
are 2.5 g every 6 or 8 hours. Only typical parameters were simulated. The dosing

regimens were simulated over a 24 h period.

3.4.2.2 Monte Carlo simulation
3.4.2.2.1 Calculate antibiotic concentrations in plasma [115]

The values from population pharmacokinetic and antibiotic
parameters are substituted intomathematic equations to calculate antibiotic
concentrations in plasma at any time point from the start of infusion to the
achievement in steady-state. The equations are divided into two groups, based on
the number of compartment models.

1.1) IV infusion for one-compartment model

IV infusion for the one-compartment model is used to
calculate antibiotic concentrations in plasma of meropenem, amikacin, gentamicin,

and colistin.
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Formula:
P ! k (t-tp)
()= — x — x (1-e"") Sif t-ty <T ¢
Tinf ka
D 1 kT, k( T )
C(t): T_ X V X (1—67 ) x @ tto-Tinr, ,If t-tD ST .
inf d

where C (t) = plasma concentration during IV infusion
at any time (t)
D = antibiotic dose (g)

t ~=attime t after dose D given at time tj

Tins = infusion time (duration of infusion)
Vy = volume of distribution

K. = first order elimination

1.2) IV infusion for two-compartment model
IV infusion for two-compartment model is used to
calculate antibiotic concentrations in plasma of imipenem, tigecycline, CMS,
and fosfomyecin.

Formula:

D A B
()= — x l— x (1-e29) ¢ — x (1eP ) ] if -ty <T o
Tinf a B
A

— (1_efomnf o @O (o T

B if 1o >T i
Tiﬂf —I— E X (1_e'BTinf) X e'B (t'tD'Tmf)

where C (t) = plasma concentration during IV infusion at any time (t)
D = antibiotic dose (g)

t = attime t after dose D given at time tp
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T = infusion time (duration of infusion)

V; = volume of distribution of central compartment

V, = volume of distribution of peripheral compartment

Ky, = first order elimination from central compartment to
peripheral compartment

Ky, = first order elimination from peripheral compartment
to central compartment

CL = the central compartmental clearance

Q = the inter-compartmental clearance

a, ,3 = parameterized in micro-constants

Bk B- 2
1 7 1 -
B = 77 21:_X_V2
v, o v, Ba

Q CL

BB
1
B = £[k12+k21+k _\/(k12+k21+k)2 - 4k21k:|

1le o a o Qv )2 QcL
===+ —+ —- —+ =+ =) —4——
2|lvi v, v ViV, Y V, Vy

3.4.2.2.2 Generate data by using Monte Carlo simulation

All parameters of each antibiotic and the results of calculated
antibiotic concentrations will be added to Microsoft Excel. The lognormal distribution

is used to generate random sample data for Monte Carlo simulation (Oracle Crystal

Ball program).

3.4.2.2.3 Perform and calculate the results
To calculate PK/PD target and index using the 10,000 virtual

plasma concentration and time. The trapezoidal rule was used to calculate AUG;
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fAUC was calculated and divided by the given MIC to estimate the desired PK/PD
value.

After calculating the data following to desired PK/PD target
and index, the Probability of Target Attainment (PTA) was calculated. Then, calculate
the proportion or the percentage of Cumulative fraction of response (CFR) from PTA

following the below equation [116].

n

CFR = Z PTA; x F,

i=1
where PTA; = PTA of each MICs

F; = the fraction of the population of CRE strains at each MICs

3.4.3 Clinical study

3.4.3.1 Design of the optimal antibiotic combination regimens
After investigated the in vitro study to select the optimal antibiotic
options and simulated the PK/PD of antibiotics to select the optimal antibiotic dosing
regimens, the optimal antibiotic combination resimens for the treatment of BSIs are
designed and are approved by ID physicians, ID pharmacists and a researcher. The

details of the optimal antibiotic combination regimens revealed in appendix i.

3.4.3.2 Recruited participants, data collection and intervention
For the clinical study, all recruited participants were divided into two
groups — control groups and intervention groups. The research procedure could be
done by the groups of participants as follows:
3.4.3.2.1 Control groups
Retrospective study with chart review via electronic medical

record can be used to collect patients’ data. The procedure consisted of as follows:

® Requested the CEO of the hospital for collecting patients’
data
® Recruited  participants  infected  CRE,  especially

carbapenem-resistant K pneumoniae, E.Coli and
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Enterobacter cloacae, from 1 January 2018 to 30

September 2020

Screened participants using inclusion criteria as follows:
adult BSI patients (218 years) with the positive CRE
hemoculture during the period.

Excluded participants using exclusion criteria as follows:
pregnancy or breastfeeding, insufficient or incomplete
data, duplicated data, and not receiving antibiotics for the
empirical ‘therapy for at least 2 days followed by the
documented therapy for the CRE treatment.

Data of eligible participants would be reviewed and

collected by the electronic medical record.
Collected the participant data and their clinical outcomes

Analyzed and concluded the results

3.4.3.2.2 Intervention groups

A prospective study with a quasi-experimental design can be

used to collect patients’ data. The procedure consisted of as follows:

Requested the CEO of the hospital for collecting patients’
data

® To generate the suggested recommendation based on

infection disease

Recruited  participants  infected  CRE,  especially
carbapenem-resistant K pneumoniae, E.Coli and
Enterobacter cloacae, from 1 October 2020 to 30

September 2022

Screened participants using inclusion criteria as follows:
adult BSI patients (=18 vyears) with the positive CRE
hemoculture during the period (routine blood culture

collection)
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® (Contact participants or their authorized relatives to provide
informed consent for research. Investigators communicated
the objective of the study, the procedure for collecting
specimens, and the risks and benefits before obtaining
informed consent.

® The rest of the routine blood culture collections are
cultured using DKMGN plates. Next, the antimicrobial
susceptibility testing results are reported to physicians.

® The physicians decided on the treatment infection and
whether the suggested recommendation.

® Data of eligible participants would be reviewed and
collected by the medical record.

® Followed up and collected the clinical outcomes of the
participant until finished a course of antibiotics for the CRE

treatment

® Analyzed and concluded the results

Enrollment/
Inclusion

Adult BSI patients (=18 years) with a positive CRE hemoculture from 1/1/2018 to 31/7/2022

a
B Ef3
o 3 Exclusion criteria
5 = Pregnancy or breast-feeding
2% o = Insufficient or incomplete data
[ W s = Duplicated patients
9 g .t‘_', = Patients did not receive documented therapy
w
Eligible patients
o ‘ Prospective phase (1/10/2020 to 31/7/2022)
2 Retrospective phase - -
2 | (1112018 to 31/912020) | Prospective pafients |
* Refused
= Lost follow up to sign informed consent
| Retrospective patients ‘ | Acoepted to participate ‘
g
s | i 1 $ @ .
2 Coen ][ s | [ o]
]
I L 2 et g
it .
. o]

Figure 16 Clinical study procedure
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3.5 Definition of the study

- Carbapenem Resistance Enterobacteriaceae (CRE) is defined as any
Enterobacteriaceae which are resistant to any carbapenem (not including
intermediate) MIC of meropenem, imipenem, doripenem > 4 pg/mL or MIC
ertapenem > 2 pg/mL [15]

- Sterile site is defined as the specimens from blood, cerebrospinal fluid (CSF),
pleural fluid, peritoneal fluid, pericardial fluid, bone, joint fluid, and internal
body sites

- Non-sterile sites with clinical symptoms are defined as non-sterile sites with
clinical symptoms followed by CDC/NHSN Surveillance Definitions for Specific
Types of Infections [90]

- Monotherapy is defined as any regimens that contain one antibiotic agent for
the CRE treatment, including meropenem, imipenem, amikacin, gentamicin,
tigecycline, colistin, and fosfomycin (7 antibiotic agents)

- Combination regimens are defined as any regimens that contain two antibiotic
agents for - the ~ CRE treatment, including  colistin-based regimens
aminoglycoside-based regimens, fosfomycin-based regimens

- Colistin-based regimens are defined as colistin plus other antibiotics, including
colistin-carbapenems, - colistin-aminoglycosides, - colistin-tigecycline, colistin-
fosfomycin

- Aminoglycoside-based regimens are defined as amikacin-based regimens and
gentamicin-based regimens.

- Amikacin-based regimens are defined as amikacin plus other antibiotics,
including amikacin-carbapenems, amikacin-tigecycline, amikacin-fosfomycin

- Gentamicin-based regimens are defined as gentamicin plus other antibiotics,
including gentamicin-carbapenems, gentamicin-tigecycline, and gentamicin-
fosfomycin.

- Fosfomycin-based regimens are defined as fosfomycin plus other antibiotics

including fosfomycin-carbapenems or fosfomycin-tigecycline.
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- Triple based regimens are defined as a combination of three antibiotics for
the treatment of CRE

- Probability of target attainment (PTA) is defined as the probability that at
least a specific value of a pharmacodynamic index (fT>MIC, C..c MIC,
fAUC/MIC) is achieved at a certain concentration (mostly, Minimum Inhibitory
concentration) in Monte Carlo simulations

- Cumulative fraction of response (CFR) is defined as the expected population
probability of target attainment for a specific drug dose (PTA) and a specific
population of microorganisms (which the MIC category ranked from lowest to

highest MIC value of a population of microorganisms) [116].

Optimal combination regimens are defined as the dosing regimens of each
antibiotic MIC or the MIC values from the synergistic study reached greater than
90% of PTA for documented therapy and greater than 90% of CFR for empirical
therapy. The protocol of the optimal combination regimens was designed

based on in vitro study of the clinical CRE isolates of Phramongkutklao hospital.

Multi-drug resistant (MDR) pathogen is defined as an isolated CRE that is non-
susceptible to at least 1 agent in greater than 3 classes of antimicrobials [117].

- Extensively drug-resistant (XDR) is defined as an isolated CRE that is non-
susceptible to at least 1 agent in all, excepting fewer than 2 classes of

antimicrobials [117].

Pan drug-resistant (PDR) bacteria are defined as isolated CRE that are non-

susceptible to all agents in-all classes of antimicrobials [117].

Appropriate documented antibiotic therapy is defined as receiving antibiotic
regimens that are coverage activities against the suspected pathogens within 48

hours after the diagnosis of BSI.

CRE infections are defined as any infections caused by CRE reported microbial

laboratory reports and diagnosed by ID physicians at Phramongkutklao hospital

Systemic Inflammatory Response Syndrome (SIRS) are 2 or more of four
following conditions: temperature >38°C or < 36°C; 2) heart rate > 90/min; 3)
respiratory rate > 20/min or PaCO2 < 32 mm Hg (4.3 kPa); 4) White blood cell
count > 12 000/mm? or < 4000/mm? [94]
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- Sepsis is defined as a life-threatening syndrome that induced organ dysfunction
caused by dysregulation of the host response to infection. The criteria of
defined as sepsis in the study consist of 1) SIRS, 2) documented CRE infections
and 3) at least 2 points of SOFA score [94]

- Septic shock is defined as a subset of sepsis that had abnormalities of
circulation and metabolism leading to substantially increased mortality. The
criteria defined as a septic shock in the study consist of 1) having sepsis 2)
hypotension (mean arterial blood pressure of < 65 mmHg) that needs one or
more vasopressor therapy to maintain blood circulation and 3) a serum lactate
level > 2 mmol/L after adequate fluid resuscitation after adequate fluid
resuscitation [94]

- Vasopressor use is -defined as the ‘use of wvasopressor during receiving
antibiotics for documented therapy.

- Treatment outcomes are defined as clinical outcomes, process outcomes,
and microbiological outcomes.

- Clinical outcomes are defined as clinical improvement/failure, 14- and 30- day
mortality, and length of stay.

- Clinical improvement is defined as the resolution of the signs and symptoms
of the infection with no change or additional antibiotic agents to treatment at
the end of the treatment course, except for de-escalation to narrow-spectrum
antibiotics.

- Clinical failure is defined as the signs and symptoms of the infection being
more serious with change or additional antibiotic agents to treatment, failure
because the treating physicians judged clinical improvement to be insufficient.
In addition, recurrence of the infection, development of superinfection, or an
adverse drug effect constituted a failure [118]

- 14- day mortality is defined as all-cause mortality within 14 days, measured
from the day indicated as CRE infections (day 0).

- 30- day mortality is defined as all-cause mortality within 30 days, measured

from the day indicated as CRE infections (day 0).
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- Length of stay (LOS) is defined as the duration of a hospitalization, measured
from admitted to discharged day.
- Process outcome is defined as the following recommendations of optimal
combination regimens which collect data from ID physicians.
- Microbiological outcome is defined as microbiological eradication or
microbiological persistence after the treatment.
3.6 Data collection
3.6.1 In vitro study (detail in appendix section)
- Reported culture date
- Ward (if any)
- Bacteria species
- Source of specimens
- MICs of antibiotic agents for single antibiotic agents with SIR category and
combined antibiotic agents
- CP-CRE genes from multiplex-PCR

- FICI values and types of synergistic activities from synergistic testing

3.6.2 PK/PD study
- % PTA of each antibiotic
- % CFR of each antibiotic
3.6.3 Clinical study (detail in.appendix section)
3.6.3.1 Patient data
- Sex
- Age
- Admission date
- Baseline laboratory: serum creatinine (S,), alanine
aminotransferase (ALT)
- Comorbidity: Charlson Comorbidity Index (CCl)
- Severity: Pitt bacteremia score and SIR criteria
3.6.3.2 Pathogen data

- Culture date: collected culture date



- Bacteria species

- Source of specimens

- MICs of each antibiotic with SIR category

3.6.3.3 Treatment data

Antibiotic exposure (< 90 days before admission)
Diagnosis date of CRE infections

Type of infections

Vasopressor use

Mechanical use

Sepsis

Sepsis shock

Appropriate antibiotic therapy

Antibiotic combination regimens

Antibiotic dosing regimens

Duration of treatment

3.9.3.4 Treatment outcomes

3.7 Outcomes

Clinical improvement/failure, 14-day clinical failure
Mortality at 14 and 30 days

Length of stays (days)

Acceptance to the protocol or not (process outcomes)
Microbiological eradication or persistence (microbiological

outcomes)

3.7.1 In vitro study

- Frequency and percentage of CRE (only Phramongkutklao hospital)
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- Frequency and percentage of bacteria species and source of specimens

- Frequency and percentage of antimicrobial susceptibility (SIR), MIC

distribution
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- Frequency and percentage of CP-CRE, types of carbapenemase genes
(blanpw blayw, blae, blakes blaoxass)
- MICs at 50 and 90 percentiles of single antibiotic agents
- Frequency and percentage of synergistic activity of each combination
3.7.2 PK/PD study
- PTA and CFR of single antibiotic dosing regimens
3.7.3 Clinical study
3.7.3.1 Patient data
- Frequency and percentage of sex, underlying disease
- Mean + standard deviation or median (interquartile range) of
age, Charlson Comorbidity Index (CCl) for comorbidity, Pitt
bacteremia score and SIR criteria for severity, Scr, ALT
3.7.3.2 Pathogen data
- Frequency and percentage of antimicrobial susceptibility (SIR),
type of bacteria
3.7.3.3 Treatment data

Frequency and percentage of type of antibiotic exposure
(< 90 days before admission)
- Frequency and percentage of vasopressor use, mechanical
use, sepsis, septic shock
- Frequency and percentage of type of infections
- Frequency and percentage of appropriate antibiotic therapy
- Frequency and percentage of antibiotic combination regimens
- Mean =+ standard deviation or median (interquartile range) of
duration of treatment
3.7.3.4 Treatment outcomes
3.7.3.4.1 Clinical outcomes
- Frequency and percentage of clinical

improvement/failure
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Frequency and percentage of 14- and 30- days of
mortality
Mean + standard deviation or median (interquartile

range) of the length of stay

3.7.3.4.2 Process outcomes

Frequency and percentage of acceptance of the

protocol

3.7.3.4.3 Microbiological outcomes

3.8 Statistics and analysis

Frequency and percentage of eradication or

persistence

3.8.1 Statistical and analysis methods

3.8.1.1 Descriptive statistics

Descriptive statistics will be used to describe the results.

Categorical variables will be displayed as frequency and percentage, whereas

continuous variables will ‘be displayed as mean =+ standard deviation (if normal

distribution) or median + interquartile range (if not normal distribution).

3.8.1.1.1 In vitro study

Frequency and percentage of CRE (only
Phramongkutklao hospital), bacteria species,
antimicrobial susceptibility (SIR), MIC distribution,
types of carbapenemase genes (blaypy, blayy, blae,
blakee, blapxaas), synergistic effects of each
combination

MICs at 50 and 90 percentiles of single antibiotic

agents

3.8.1.1.2 PK/PD study

PTA and CFR of each antibiotic dosing regimen
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3.8.1.1.3 Clinical study

Cateoorical variables

- Patient data: frequency and percentage of sex,
CCl = 3, Pitt bacteremia score > 4

- Pathogen data: antimicrobial susceptibility

- Treatment data: frequency and percentage of
antibiotic exposure (< 90 days before admission),
type of antibiotic combination regimens, type of
infections,  appropriate  antibiotic  therapy,
vasopressor use, type of antibiotic treatment
regimens, vasopressor use, mechanical use, sepsis,
sepsis shock

- Treatment outcomes: frequency and percentage
of  14- and 30- days of mortality, clinical
improvement/failure, process outcomes, and
microbiological outcomes

Continuous variables

- Patient data: mean +S.D. or median (interquartile
range) of age, Charlson Comorbidity Index (CCl) for
comorbidity, SIR criteria and Pitt bacteremia score
for severity, S¢-and ALT

-~ Treatment data: mean =+ S.D. or median
(interquartile range) for the duration of antibiotic
treatment

- Treatment outcomes: mean + S.D. or median

(interquartile range) for a length of stay

3.8.1.2 Inferential statistics
Inferential statistics are used to test normal distribution and

compare the differences between retrospective and prospective groups as well as
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survival and non-survival groups. Only continuous variables and normal distribution
will be evaluated using the Shapiro-Wilk test

1) For comparisons categorical variables between two groups in
the clinical study will be analyzed using the pearson X? test or fisher’s exact test (if
an expected value for each cell (E) is less than 5 and a frequency of the expected
value (E < 5) below 20% of cells).

2) For comparisons continuous variables between two groups
in the clinical study will be analyzed using the independence t-test (if normal
distribution) or Wilcoxon-Mann Whitney test (if not normal distribution).

3) For 14-day and 30-day mortality, and 14-day clinical failure
Kaplan-Meier was used to estimate the survival and failure curves, and the log-rank
test was used to test the differences between the two groups.

4) Logistic regression is used to - analyze risk factors for

mortality.

All -tests. of inferential statistics ~will be used two-tailed,

P-values < 0.05 for statistical significance testing.

3.8.1.3 Programs for analysis
Software programs will be used for analysis as follows:
- Microsoft-Excel for descriptive statistics and PK/PD study
- Statistical program for inferential statistics (Stata 14)

- Crystal ball program for Monte Carlo simulation in PK/PD study

3.9 Ethical approval

Ethical approval for this study was obtained from the Ethics Committee for
Human Research of Silpakorn University, Nakhon Pathom, Thailand (Ethics number:
REC 63.0429-033-1871 issued on 13 August 2020) and the ethics review committee of
the Royal Thai Army Medical Department and Phramongkutklao Hospital, Bangkok,
Thailand (Ethics number: Q011h/63 issued on 13 July 2020) .
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CHAPTER IV
RESULTS

4.1 In vitro results

A total of 199 non-duplicated CRE clinical isolates from various specimens were
collected from 12 multicenter hospitals — 49 isolates from a university hospital
(hospital-level U) and 150 isolates from 4 regional hospitals (advanced hospitals —
Hospital-level A) and 8 general hospitals (5 standard hospitals — hospital-level S and
3 middle hospital — Hospital-level M1).

4.1.1 Phenotypic results

4.1.1.1 Antimicrobial susceptibility results

Using CLSI-and EUCAST breakpoint for susceptibility interpretations,
the majority of CRE isolates showed non-susceptibility to studied antibiotics, except
aminoglycosides. Antimicrobial susceptibility testing results were performed for 163
strains of CRKP (81.91%), 33 strains of CREC (16.58%), and 3 strains of CREclo (1.51%).
The total antibiotic susceptible rates were 175 (87.94%) for amikacin, 141 (70.85%)
for gentamicin, 112 (56.28%) for colistin, 95 (47.74%) for tigecycline, 59 (30.41%) for
ceftazidime/avibactam, 20 (10.05%) for imipenem, 4 (8.16%) for fosfomycin, 15
(7.54%) for meropenem, 7 (3.52%) for aztreonam. The antibiotic susceptibility rates,
MICso, MICqy, and MIC distributions of CRE clinical isolates were presented in Table 17.

The MIC distributions of the studied antibiotics were distributed in
high-level resistance at the university hospitals. In the comparison of the antibiotic
susceptible rates between the university hospital (hospital-level U) and the non-
university hospitals (Hospital-level A, S and M1), CRE clinical isolates of the university
hospital were more non-susceptible to meropenem, imipenem, colistin, and
tigecycline than other hospital levels. On the other hand, these non-university
hospitals remained less susceptible to aminoglycoside and ceftazidime-avibactam
than the university hospital. The antibiotic susceptibility rates, MICsy, MICgg, and MIC
distributions of CRE clinical isolates divided by hospital levels were presented in

Table 18 and Figure 17-25 .



Table 17 The antibiotic susceptibility, MICso, and MICy, of total isolates

Total
Antibiotics  isolates MIC range MICs, MICqyq N (%S)*
(n)

MEM 199 <=0.125->16 >16 >16 15 (7.54)
IMP 199 <=0.5->16 16 >16 20 (10.05)
AMK 199 <=0->32 8 32 175 (87.94)
GEN 199 <=0.5->8 1 >8 141 (70.85)
COL 199 0.125->8 2 >8 112 (56.28)
TGC 199 <=0.25-4 1 2 95 (47.74)
FOS 49 12->1,024 >1,024 >1,024 4(8.16)
ATM 199 <=0.5->32 >32 >32 7(3.52)
CZA 194 <=0.5/4->16/4 = >16/4 >16/4 59 (30.41)

Abbreviations: MEM, Meropenem; IMP; Imipenem; AMK, Amikacin; GEN, Gentamicin; COL,
Colistin; TGC, Tigecycline; FOS, Fosfomycin; ATM, Aztreonam; CZA, Ceftazidime-avibactam

® Using the intermediate breakpoint following CLSI 2021
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(a) University hospital (Pramongkutklao hospital)

Meropenem MIC distribution for KP-CRE isolates (n = 49)
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Figure 17 MIC distributions, MICsq and MICy, of meropenem divided by settings
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(a) University hospital (Pramongkutklao hospital)

Number of KP isolates

Imipenem MIC distribution for KP-CRE isolates (n = 49)
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Figure 18 MIC distributions, MICs, and MICq, of imipenem divided by settings



(a) University hospital (Pramongkutklao hospital)

Number of KP isolates

Amikacin MIC distribution for CRKP isolates (n = 49)
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Figure 19 MIC distributions, MICsq and MICy, of amikacin divided by settings
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(a) University hospital (Pramongkutklao hospital)

Gentamicin MIC distribution for CRKP isolates (n = 49)
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(b) Non-university hospital (western hospitals in health region V)

Gentamicin MIC distribution for CRE (n = 150)
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Figure 20 MIC distributions, MICsq and MICy, of gentamicin divided by settings



(a) University hospital (Pramongkutklao hospital)

(b) Non-university hospital (western hospitals in health region V)
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Figure 21 MIC distributions, MICsq and MICy, of tigecycline divided by settings

125



126

(a) University hospital (Pramongkutklao hospital)

Colistin MIC distribution for KP-CRE isolates (n = 49)
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Figure 22 MIC distributions, MICsq and MICy, of colistin divided by settings
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(a) University hospital (Pramongkutklao hospital)
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Fosfomycin MIC distribution for KP-CRE isolates (n = 49) ‘
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Figure 23 MIC distributions, MICsq and MICyy of fosfomycin
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(a) University hospital (Pramongkutklao hospital)
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Aztreonam MIC distribution for KP-CRE isolates (n = 49)
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(b) Non-university hospital (western hospitals in health region V)
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Figure 24 MIC distributions, MICsy and MICq, of aztreonam divided by settings
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(a) University hospital (Pramongkutklao hospital)

Number of KP isolates

Ceftazidime/avibactam MIC distribution for KP-CRE isolates (n = 44) by E-test method
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(b) Non-university hospital (western hospitals in health region V)
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Figure 25 MIC distributions, MICsq and MICy, of ceftazidime-avibactam
divided by settings
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4.1.1.2 Antibiotic combination results

A total of CRE isolates (n = 49) from the university hospital were
included to investigate synergistic effects with 11 antibiotic combinations divided into
5 combination antibiotic-based-regimens, including colistin-based regimens, amikacin-
based regimens, gentamicin-based regimens, fosfomycin-based regimens, and triple
antibiotic-based regimens.

The top five synergistic effects in antibiotic combinations as shown
in 8 of 18 (44.44%) isolates for amikacin — fosfomycin, 7 of 21 (33.33%) isolates for
fosfomycin — tigecycline, 2 of 9 (22.22%) isolates for colistin — fosfomycin, 3 of 18
(16.67%) isolates for gentamicin ~ fosfomycin and 1 of 6 (16.67%) isolates for
fosfomycin-tigecycline-amikacin (16.67%).

The top five of additive effect in antibiotic combinations was shown
in 37 of 49 (75.5%) isolates for amikacin-tigecycline, 34 of 49 (69.4%) for gentamicin-
tigecycline, 15 of 23 (65.22%) isolates for gentamicin-colistin, 14 of 23 (60.87%)
isolates for amikacin-colistin and 13 of 23 (56.52%) isolates for colistin-tigecycline,
respectively.

Moreover, an indifferent effect was observed in triple combination
regimens — 5 of 6 (83.33%) isolates for fosfomycin-tigecycline-gentamicin and 4 of 6
(66.66%) isolates for fosfomycin-tigecycline-amikacin, respectively.

None of any CRE isolates showed antagonism in the checkerboard

assays. The ' synergistic testing” results were = shown in Table 19.
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4.1.2 Genotypic results
4.1.2.1 ERIC PCR
Only CRE clinical isolates obtained from the university hospitals (n
= 49) were investigated by using the ERIC PCR technique to determine their types.
The results showed no discriminative DNA banding patterns in the CRE clinical
isolates. Therefore, none of any isolates were classified into main groups. DNA
banding patterns of the CRE clinical isolates from the university hospital were

presented in Figure 26.
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@y . .-
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Figure 26 DNA banding patterns of the CRE clinical isolates from the university
hospital (n = 49)

4.1.2.2 mcr-1 PCR
One-hundred ninety-nine isolates (n = 199) were investigated by
using the mcr-1 PCR technique to determine colistin-resistance genes. The results
showed that 5 of 199 (2.51%) isolates were found in mcr-1 genes. Based on hospital
levels, mcr-1 positive isolates were only found in hospital-level A. DNA banding

patterns of the mcr-1 positive isolates were presented in Figure 27.

4.1.2.3 Multiplex PCR
Of 199 CRE isolates, NDM and OXA-48 were performed in our study,
whereas KPC, VIM and IMP did not find. The prevalence of carbapenemase were as

follow: OXA-48 (n = 91; 45.73%), NDM (n = 72; 36.18%), OXA-48 plus NDM (n = 31,
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15.58%) and not detected any carbapenemase (n = 5; 2.51%). DNA banding patterns

of the carbapenemase positive isolates were presented in Figure 28.

Figure 27 DNA banding patterns of the mcr-1 positive isolates (n = 5)

Figure 28 DNA banding patterns of the carbapenemase positive isolates

Based on the type of carbapenem resistance bacteria, CRKP and
CREC were found in either NDM or OXA-48. The most common carbapenemase
genes in CRKP and CREC were OXA-48 (n = 86; 52.76%) and NDM (n = 27; 81.82%),
respectively. Furthermore, CREClo were found only NDM (n = 1; 33.33%). Table 20

showed the type of carbapenemase divided by carbapenem resistance bacteria.

Table 20 Type of carbapenemase divided by carbapenem resistance bacteria
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Carbapenemase CRKP CREC CREClo Total
NDM 44 (26.99) 27(81.82)  1(33.33) 72 (36.18)
OXA-48 86 (52.76)  5(15.15) 0 (0) 91 (45.73)
NDM plus OXA-48 30 (18.4) 1(3.03) 0 (0) 31 (15.58)

Not detected
3(1.84) 0 (0) 2 (66.67) 5(2.51)
any carbapenemase

Total 163 (100)  33(100) 3 (100) 199 (100)

Abbreviations: CRKP, carbapenem resistance Klebsiella pneumoniae;
CREC, carbapenem resistance Escherichia coli; CREClo carbapenem resistance Enterobacter cloacae

NDM, New Delhi metallo—B-Lactamase—l; OXA-48, Oxacillinases-48

For CRKP isolates, OXA-48 (n = 26; 53.06%), OXA-48 plus NDM (n =
21; 42.86%) and NDM (n = 1; 2.02%) were revealed from 49 isolates from the
university hospital. In the western hospitals in health region V, of the 114 isolates of
CRKP, OXA-48 (n = 60 of 114; 52.63%) was the most common carbapenemase gene
detected followed by NDM (43 of 114; 37.72%), NDM plus OXA-48 (9 of 114; 7.89%)
and not found any carbapenemase (2 of 114; 1.75%).

According to CREC isolates, the detected carbapenemase genes
included NDM (27 of 33; 81.82%), OXA-48 (5 of 33; 15.15%) and NDM plus OXA-48 (1
of 33; 3.03%), respectively. Not found any carbapenemase gene (2 of 3; 66.7%) and
NDM (1 of 3; 33.3%) was detected in CREClo isolates.

According to multiplex PCR and mcr-1 PCR, 5 of 199 CRE clinical
isolates (1.51%) contained mcr-1 genes. Five mcr-1 producing isolates revealed in the
CRKP isolates from Hospital-level A. Moreover, they were found to co-harbor the
mcr-1 and OXA-48 genes. Table 21 showed type of carbapenemase genes and mcr-1

divided by hospital levels.
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4.1.3 Characteristics of phenotypic results and genotypic results

The susceptible rates of tigecycline, colistin, amikacin and gentamicin were
90.28%, 84.72%, 55.56% and 55.56% for NDM positive isolates, 64.84%, 47.25%,
89.01% and 80.22% for OXA-48 isolates as well as 32.26%, 12.9%, 80.65% and
83.87% for NDM plus OXA-48 isolates, respectively. Table 22 showed MIC range,
MICso, MICyy and the antibiotic susceptible rates divided by each carbapenemase
gene.

Interestingly, 24.12% (n = 48 of 199) of CRE clinical isolates showed no
categorical agreement of interpretive criteria for aminoglycosides following to CLSI
guideline. The frequencies of no agreement were NDM (n = 25 of 48; 52.08%), NDM
plus OXA-48 (n = 8 of 48; 16.67%) and OXA-48 (n = 14 of 48; 29.17%), respectively.
Additionally, the frequencies of agreement were OXA-48 (n = 77 of 151; 50.99%),
NDM (n = 47 of 151; 31.13%), and NDM plus OXA-48 (n = 23 of 151; 15.23%),
respectively. Table 23 showed categorical agreement of interpretive criteria for

aminoglycosides following to CLSI gsuideline
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4.2 PK/PD results
4.2.1. Probability of Target Attaining (PTA)

4.2.1.1 Carbapenems

4.2.1.1.1 Meropenem

At MICsy and MICyqy (> 16 pg/ml), none of any
meropenem dosing regimens were achieved in the PTA target. At MICs of 1-2 pg/mL
(non-resistant breakpoints), meropenem dosing regimens (1 g) of 3-hours prolonged
infusion achieved in the >90% PTA at 100%jfT>MIC in general patients and patients
with CrCL of > 25 mL/min. Additionally, the prolonged infusion of 3-hours given 6
hours could provide the PTA targets more than the prolonged infusion of 3-hours
given 8 hours. Patient with creatinine clearance 10-25 mL/min, maintenance doses
0.75 -1 ¢ with a 3-hours prolonged infusion every 12 hours achieved in the PTA
target. None of any prolonged infusion regimens met the PTA target in a patient with
CrCL < 10 mlL/min. Table 24 showed the >90% PTA at 100%fT>MIC in general
patients and patients with CrCL ranging from 0-9, 10-25, 26-50, 51-90 mL/min.

4.2.1.1.2 Imipenem
At MICsq (16 pg/mL) and MICy, (> 16 pg/mL), none of any
meropenem dosing regimens were achieved in the PTA target. In general patients,
only the prolonged infusion of 3-hours could provide the 290% PTA at 100%fT>MIC
with a MIC of 0.5 pg/mL. Table 25 showed the >90% PTA at 100%fT>MIC in general

patients.
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4.2.1.2 Aminoglycosides

4.2.1.2.1 Amikacin
At a MIC of 1 pg/mL, all amikacin dosage regimens met the
PTA target (Cmax/MIC > 8) in critically ill patients. At a MIC of 2 pg/mL, a loading
dose of 25-30 mg/kg followed by a maintenance dose of 15-20 mg/kg of amikacin
met the PTA target in patients with creatinine clearance levels of more than 50
mL/min. No regimens achieved the target at MIC50 (8 pg/mL) and MIC90 (32 pg/mL).

The PTA for different amikacin regimens is presented in Table 26.

4.2.1.2.2 Gentamicin
For gentamicin, all dosage regimens met the PTA target in
critically ill patients with a MIC of 0.5 and 1 (MIC 50) pg/mL. At a MIC of 1 pg/mL, 4
mg/kg, and 5 mg/kg every 24 and 48 hours (extended infusion) reached the PTA
target in patients with creatinine clearance at 51-90 and 10-50 mL/min, respectively.
None of any gentamicin regimens met the target at MIC90 (>8 pg/mL). The PTA for

different gentamicin regimens is presented in Table 27.

4.2.1.3 Tigecycline
For tigecycline dosage regimens to meet the PTA at fAUC0-24/MIC >
0.9, once-daily high-dose tigecycline (400 mg loading dose followed by 200 mg
supplemental doses every 12 hours) achieved > 90% PTA with a MIC of 1 pg/mL (MIC
50) and 2 pg/mL (MIC 90). Twice daily tigecycline dosing regimens achieved the PTA
target with a MIC of 1 pg/mL (MIC 50), whereas all tigecycline dosing regimens
reached the PTA target of a MIC of 0.5 pg/mL. The assessments of PTA for different

tigecycline dosages are shown in Table 28.
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4.2.1.4 Colistin

At a loading dose of 300 mg followed by a maintenance dose of
100-150 mg every 12 hours, achieved > 90% PTA (fAUCq,/MIC > 25) at MICs < 4
ug/mL in patients with CrCL < 25 mL/min as well as at MICs < 2 pg/mL (MICsq) in
patients with CrCL of < 50 mL/min, respectively. At a MIC of 0.5 pyg/mL, a loading
dose of 300 mg followed by a maintenance dose of 150-180 mg every 8 hours,
achieved > 90% PTA in patients with CrCL of > 50 mL/min. None of the colistin
regimens met the target at MICyy (> 8 pg/mL). The PTA for the colistin dosing

regimens is presented in Table 29.

4.2.1.5 Fosfomycin

On day 1°'of treatment, fosfomycin dosing regimens reached the >
90% PTA (fAUCy.,o/MIC =.21.5) at MICs < 256 pg/ml as follows: 24 g¢/day (a loading
dose of 8 g, followed by 4 ¢ dripin 1 hour every 4 hours or 6 g drip in 1 hour every 6
hours) in general patients, 16 g/day (a loading dose 8 ¢, followed by 4 g drip in 0.5-2
hour every 6 hours) in patients with creatinine clearance 51-90 mL/min, and 12 g/day
(a loading dose 8 g, followed by 4 g drip in"0.5-2 hour every 8 hours) in patients with
creatinine clearance 26-50 mL/min.

Furthermore, 12 ¢/day of fosfomycin-dosing regimens (a loading dose
of 8 g, followed by 4 ¢ drip in 0.5-2 hours every 8 hours) in patients with CrCL 51-90
mL/min as well as all dosing regimens with CrCL < 50 mL/min reached in the PTA
target at MICs < 128 of ug/mL on day 1*'of treatment.

On day 2" of treatment, all fosfomycin dosing regimens achieved in
the > 90% PTA at MICs < 256 of pg/mL, except a loading dose of 4 mg, followed by
2 ¢ drip in 0.5-2 hours every 12 hours in a patient with creatinine clearance 0-9
mL/min.

On day 5" of treatment, all fosfomycin dosing regimens achieved the
> 90% PTA at MICs < 256 pg/mL. No regimens achieved the target at MICsq and MICyq
(>1,024 pg/mL). The PTA for the fosfomycin dosing regimens is presented in Table
30-33.
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4.2.1.6 Ceftazidime-avibactam

For ceftazidime-avibactam dosing regimens, the 6-hours and 8-
hours intervals were achieved in the PTA target at MICs < 4 and < 8 pg/mL,
respectively. Regarding PTA for various ceftazidime-avibactam regimens, for
pathogens with a MIC of 8 pg/mL (the current susceptibility breakpoint for
ceftazidime-avibactam), the optimal PTA target of fTime>MIC >50% was achieved in
all studied regimens. For >90% PTA target of fTime>MIC 100%, the current
ceftazidime-avibactam recommended dose, namely 2.5 ¢ every 8 h, has to be
infused longer time as 2-3 hours to optimally cover CRKP with a ceftazidime-
avibactam MIC of 8 pg/mL. Whereas the regimen of 2.5 g every 8 hours with standard
infusion time (0.5h) was effective against only isolates with ceftazidime-avibactam
MICs of <4 pg/mL. This approach of prolonged infusion was also able to achieve
PK/PD index of avibactam at avibactam fCtrough exceeding 0.5 pg/mL entire time
interval of ceftazidime-avibactam administration. None of the ceftazidime-avibactam
dosing regimens met the PTA target at MIC 50 and MIC 90 (>16/4 pg/mL). Prolonged
infusion regimens had obtained a higher PTA target than standard infusion. The PTA

for the fosfomycin = dosing  regimens is  presented in Table  34.
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4.2.2. Cumulative Fraction of Response (CFR)

4.2.2.1 Carbapenems

4.2.2.1.1 Meropenem
None of any meropenem dosing regimens met the > 90%
CFR target even divided by settings, types of Enterobacterales, and hospital levels.

Table 35-37 showed the percentage of CFR for the meropenem dosing regimens.

4.2.2.1.2 Imipenem
There were no imipenem dosing regimens divided by
settings, types of Enterobacteriaceae and hospital levels achieved in the > 90% CFR

target. Table 38-40 showed the percentage of CFR for the imipenem dosing regimens.
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4.2.2.2 Aminoglycosides

4.2.2.2.1 Amikacin
There were no amikacin dosing regimens divided by
settings, types of Enterobacteriaceae, and hospital levels achieved in the > 90% CFR

target. Table 41-43 showed the percentage of CFR for the amikacin dosing regimens.

4.2.2.2.2 Gentamicin
There were no gentamicin dosing regimens divided by
settings, types of Enterobacteriaceae, and hospital levels achieved in the > 90% CFR
target. Table 44-46 showed the percentage of CFR for the gentamicin dosing

regimens.
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4.2.2.3 Tigecycline
Double high dose tigecycline (loading dose 400 mg, followed by 200
mg infusion 0.5 h every 12 hours) reached the > 90% CFR target for either the
university or non-university hospitals. Based on the type of carbapenem-resistant
Enterobacterales and hospital levels from Health region V, double high dose
tigecycline was also achieved in the CFR target. Nonetheless, the CFR of the usual
dosing regimen (tigecycline 100 mg every 12 hours) ranged from 76-88%. Table 47-49

showed the percentage of CFR for the tigecyccline dosing regimens

4.2.2.4 Colistin

Although most colistin dosing regimens divided by settings could not
achieve the CFR target, the colistin dosing regimens ranged from 100-150 mg every
12 hours in patients with CrCL of 0-9 mL/min (91% of CFR). Based on hospital levels,
hospital-level U and A could not reach the CFR target, whereas the hospital-level S
and M1 met the CFR target in patients with CrCL > 25 mL/min.

Based on CrCL, the colistin dosing regimens. (loading dose 300 mg and
maintenance dose 100-180 mg infusion 0.5 hours every 12 hours) met the CFR target
in patients with CrCL < 50 mlL/min for E. coli-and E. cloacae. Additionally, loading
dose 300 mg and maintenance dose 150 mg¢ .infusion 0.5 hours every 8 hours)
reached the CFR target in patients with CrCL 51-90 mL/min, whereas none of any
colistin regimens in patients with CrCL 91-130 mL/min were achieved in the CFR.

Table 50-52 showed the percentage of CFR for the colistin dosing regimens
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4.2.2.5 Fosfomycin
None of the fosfomycin dosing regimens for all patients divided by
creatinine clearance on day 1, day 2, and day 5 met the CFR target. Table 53 showed

the percentage of CFR for the fosfomycin dosing regimens

4.2.2.6 Ceftazidime-avibactam

Based on a CFR of >90%, no ceftazidime-avibactam regimens were
effective against all studied CRKP isolates with various types of carbapenemase.
Focusing on only CRKP isolates carrying only blapxaqgs, the optimal CFR target of
FfT>MIC >50% was achieved in all studied ceftazidime-avibactam regimens. Whereas,
for fT>MIC 100%, regimens of 2.5 g infused longer time as 2-3 hours every 8 hours
gave CFR >90% in critically ill patients with OXA-48 type CRKP infection or isolates
giving susceptible to ceftazidime-avibactam based on CLSI guideline. Table 54-56

showed the percentage of CFR for the ceftazidime-avibactam dosing regimens
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4.3 Clinical results
4.3.1 Baseline characteristics
Of the 121 patients with positive hemocultures for CRE, 102 patients met
the inclusion criteria, and 19 patients were excluded from the study. A total of
participants in the final analysis included 88 patients (n = 88) that divided the 48
patients into retrospective group (n = 48) and 40 patients into prospective group (n =

40). The flowchart of patients in the study is presented in Figure 29.

Adult BSI patients (= 18 years) with a positive CRE hemoculture from 1/1/2018 to 31/7/2022 (N = 121)

Inclusion
criteria

Exclusion criteria (N = 19)
= Pregnancy or breast-feeding (N = 0)
= Insufficient or incomplete data (N = 5)
= Duplicated patients (N = 1)
« Patients did not receive documented therapy (N = 13)

Enrollment/

Screening and
recruitment

Exclusion
criteria

Eligible patients (N = 102)

', Prospective phase (1/10/2020 to 31/7/2022)

Retrospective phase

(11112018 to 31/912020) Prospective patients (N = 54) |

= Refused (N = 5)
= Lost follow up to sign informed consent (N = 9)

Accepted to participate (N = 40) |

Eligible

| Retrospective patients (N = 48) |

3 | & . 9 e 9
% iﬁ | Death | | Survive | J Survive |
ol [] 9 [ .

;E | Death | | Survive | | Survive |

Figure 29 Flowchart of patients in the study

Table 57 showed baseline characteristics of all pateints (n = 88). In the
retrospective groups, 26 patients (54.17%) were male, the median age was 66 years,
the mean CCl score was 4.67 + 2.58, the mean Pitt bacteremia score was 5.72 + 2.86,
29 patients (60.42%) had sepsis, 17 patients (35.42%) had septic shock, 44 patients
(91.67%) used mechanical ventilators, 38 patients (79.17%) received vasopressors.
Vascular catheter-related infections were the most common types of infection (n =
20; 41.67%) in retrospective, followed by IAls (n = 9; 18.75%). In the prospective
group, 26 patients (50.00%) were male, the median age was 68 years, the mean CCl

score was 4.18 + 2.71, the mean Pitt bacteremia score was 5.36 + 3.45, 20 patients
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(50.00%) had sepsis, 14 patients (35.00%) had septic shock, 32 patients (80.00%) used
mechanical ventilators, 26 patients (72.22%) received vasopressors. Vascular
catheter-related infections were the most common types of infection (n = 21,
52.50%) in prospective groups, followed by IAls (n = 7; 17.50%).

In the antimicrobial susceptibility testing, CRKP and CREC in the
retrospective group were susceptible to tigecycline (89.58%), amikacin (89.58%), and
gentamicin (66.67%) as well as intermediate to colistin (47.92%). CRKP in the
prospective group was susceptible to gentamicin (87.50%), amikacin (83.33%),
tigecycline (60.00%) as well as intermediate to colistin (60.00%).

All patients included to analyzed at 14-day mortality divided to survived
and non-survived patients. Of 63 survived patients (71.59%), 38 patients (60.32%)
were male, the mean Pitt bacteremia score was 5.11 + 3.45, 32 patients (50.79%) had
sepsis, 21 patients (33.33%) had septic shock, 51 patients (80.95%) used mechanical
ventilators, 44 patients (69.84%) received vasopressors. In 25 non-survived patients
(28.41%), 14 patients (56.00%) were male. mean Pitt bacteremia score was 6.61 +
1.85, 17 patients (68.00%) had sepsis, 10 patients (40.00%) had septic shock, 25
patients (100%) used ~mechanical ventilators, 24 -patients (96.00%) received
vasopressors. Pitt bacteremia score, mechanical use, and vasopressor use were
statistically significant between survived-and non-survived groups.

All patients included to analyzed at 30-day mortality also divided to
survived and non-survived patients. In 47 survived patients (43.41%), 26 patients
(55.32%) were male, the mean Pitt bacteremia score was 4.75 + 3.62, 27 patients
(46.81%) had sepsis, 13 patients (27.66%) had septic shock, 35 patients (74.47%) used
mechanical ventilators, 30 patients (63.83%) received vasopressors. In 41 non-
survived patients (46.59%) at 30-day, 26 patients (63.41%) were male, the mean Pitt
bacteremia score was 6.41 + 2.24, 27 patients (65.85%) had sepsis, 18 patients
(43.90%) had septic shock, 41 patients (53.95%) used mechanical ventilators, 38
patients (92.68%) received vasopressors. Table 59 showed survived and non-survived

patients at 14-day and 30-day mortality.
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4.3.2 Treatment regimens

Among the antibiotic regimens in the study, 6.82% (h = 6 of 88) and
93.18% (n = 82 of 88) were treated with monotherapy and combination therapy,
respectively. The most frequent therapies were aminoglycoside-based regimen (n =
40 of 88; 45.45%) and colistin-based regimens (n = 40 of 72; 45.45%). None of the
carbapenem-based regimens were shown in the study.

Table 58 showed treatment characteristics of patients. In retrospective
group, the most antibiotic-based regimens were colistin-based regimens (n = 24 of
48; 50.00%) and the most frequent antibiotic regimens were colistin plus meropenem
(n = 9). In prospective group, gentamicin-based regimens were the most antibiotic-
based regimens (n = 14 of 40; 63.63%) and gentamicin plus tigecycline were the most
frequent antibiotic regimens (n = 8). Fosfomycin-based regimens and triple-based
regsimens were only used in the retrospective group. The duration of treatment was
not significant.

Table 60 showed treatment characteristics of survive and non-survive
patients of 14-day mortality and 30-day mortality. For 1d4-day mortality, there was 63
(n = 63; 71.59%) and 25 patients (n = 25; 28.41%) in survive and non-survive groups,
respectively. In survive group, 38 patients (60.32%) were male, the median age was
66 years, the mean CCl score was 4.30 + 2.70, the mean Pitt bacteremia score was
5.11 + 3.45, 32 patients (50.79%) had sepsis, 21 patients (33.33%) had septic shock,
51 patients (80.95%) used mechanical ventilators, 44 patients (69.84%) received
vasopressors. Vascular catheter-related infections were the most common types of
infection (n = 29; 46.03%) in retrospective, followed by IAls (n = 10; 15.87%). In the
non-survive group, 14 patients (56.00%) were male, the median age was 68 years, the
mean CCl score was 4.8 + 2.50, the mean Pitt bacteremia score was 6.60 + 1.85, 17
patients (68%) had sepsis, 10 patients (40%) had septic shock, 25 patients (100.00%)
used mechanical ventilators, 24 patients (96%) received vasopressors. Vascular
catheter-related infections were the most common types of infection (n = 12; 48%)
in prospective groups, followed by IAls (n = 6; 24%). In the antimicrobial susceptibility
testing, CRKP and CREC in the survive group were susceptible to amikacin (82.54%),

gentamicin (76.19%) and tigecycline (73.02%), as well as intermediate to colistin
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(52.38%). CRKP and CREC in the non-survive group was susceptible amikacin
(92.00%), tigecycline (84.00%) and gentamicin (76.00%) and as well as intermediate
to colistin (56.00%).

For 30-day mortality, there was 47 (n = 47; 53.41%) and 41 patients
(n = 41; 46.59%) in survive and non-survive groups, respectively. In survive group, 26
patients (55.32%) were male, the median age was 63 years, the mean CCl score was
4.09 + 2.87, the mean Pitt bacteremia score was 4.75 + 3.62, 22 patients (46.81%)
had sepsis, 13 patients (27.66%) had septic shock, 35 patients (74.47%) used
mechanical ventilators, 30 patients (63.83%) received vasopressors. Vascular
catheter-related infections were the most common types of infection (n = 25;
53.19%) followed by IAls (n = 5; 10.64%). In the non-survive group, 41 patients
(46.51%) were male, the median age was 68 years, the mean CCl score was 4.85 +
2.31, the mean Pitt bacteremia score was 6.41 + 2.24, 27 patients (65.85%) had
sepsis, 18 patients (43.90%) had septic shock, 41 patients (53.95%) used mechanical
ventilators, 38 patients (92.68%) received vasopressors. Vascular catheter-related
infections were the most common types of infection (n = 16; 39.02%), followed by
IAls (n = 11; 26.83%). In the antimicrobial susceptibility testing, CRKP and CREC in the
survive group were susceptible to amikacin (82.98%), gentamicin (74.47%) and
tigecycline (74.47%), as well as intermediate to colistin (55.32%). CRKP and CREC in
the non-survive group was susceptible amikacin (87.80%), tigecycline (78.05%) and
gentamicin (78.05%) and as well as.intermediate to colistin (51.22%).

Table 61 showed the frequency and the percentage of all antibiotic
combination regimens, including dual therapy and triple therapy. The most antibiotic
combination regimens were dual therapy either retrospective or prospective groups.
The most antibiotic combination regimens in retrospective and prospective groups
were colistin-based regimens and aminoglycoside-based regimens, respectively.

There were no differences in each combination regimens.



, 095°0 (@z'2L) 92 (L1'61) 8¢ (%) u ‘asn Jossaidosep

w C1T0 (00°08) ¢¢ (L9°16) bb (96) U ‘2SN J01R)1JUSA 1BDIUBYDIN
» 8960 (00°G¢) p1 (€v'ee) L1 (%) U “oys dndas
# LCE0 (00°09) 0C (Zv°09) 62 (9%) U ‘sisdag AIIBASS D
¢ V€010 Mmze (Mme (4OI) UeIPSW ‘SY|S
46120 (09°¢L) 62 (€1°68) TP (%) U ‘p T 21025 elwaia10eq Hid
¢ 91090 (GP'¢) 9¢°S 98°2)cLs (@S) uesw ‘2103s ejuwaia1oeq 1id
4 0007 (009) ¢ VAR")N4 (%) U ‘UoDBJUI 210Jaq SAep J A198INs JuadaYy
4 000°T (009) ¢ (8 v (%) U ‘eluadoinaN
4 090 (057C1) S (GT9) ¢ (%) U ‘0d0D
L 06L°0 (0522) 11 (00'52) 21 (%) U ‘snInaW s3aqelq
SUOIIPUOD
. 088°0 (09°LT) L (G181) 6 (%) U ‘@seasiq Asupry dIUoIyD
SuIAspuUN g
4 9290 (05°L) ¢ (Zv01) S (%) U ‘9seas|p J9Al dIuoIyD
4 WWLO (00°02) 8 (2622) 11 (9) U ‘492UED SISeISPISU JO. PILUUSYNS) JO AIO)SIH
4 L1970 (00°09) v¢ (L999) ¢¢ (%) U ‘e 210D
¢ C18¢0 (TL2)8TY (8972) L9V (@s) uesw ‘DD
» €020 (00°09) 9¢ (LT19) 9¢ (%) U ‘@1 uoieULIOUI
¢ 62850 (v2) 89 (0€) 99 (HOI) uelpaW “(A) 28y JlydessSowa e
aneA-d (Op = u) aAnDadsoud (8p = U) aA130adsou1ay s9)1gelep

syuaied Jo sopsUeIdRIRYD BUNSseg /G 9\qel

404



,35¢0 (0009) vZ (¢6'L) €2 (S1eIpaWIAIU) 10D
%) U
(0)0 (0) 0 143 o)
‘(so1dwies/o\qndadsns)
vel’o (00'ST) 9 (Liv) e I
i Anigndsosns 7y
, 8620 (05Z1) S Lrve CEL
00 89v1) L DEID)
(00T) OV (c'e8) v D (%) U ‘YD 4o 2dAL o
5100
## '«
w0100 052) 1 (SL81)6 URAVlenlV]=/
e 190°0 0)0 @vo1).g sauoyouinbolon)4 (96) U “UOISSILIpE
o O7L0 (0001) ¥ (85°pT) L S99 21042q sAep 06 >
w7200 (00°01) b (L1'62) b1 swiauadeqied e A
LAY (0521 § (80°L2) €1 suodsoreyds)
(0572) ¢ (LTv)e elwIRLIR1DRg Alewd
00 (Zpo1) g punom/|1SS
(092N § (€670 11 elUOWNSUY
(05°25) 12 (L9°Tb) 0Z SUODRJUI POYRIDI-ID}BYIeD JeNdseA
(09°27) L (GL'81) 6 SV
e €110 (00°01) b (8001 SILN (%) u
aNeA-d (Op = u) aADadsoud (8p = U) aA130adsou1ay s9)1gelep

¢0¢



BUNDADSN ‘DI ‘UDIWLIUSS ‘NID ‘UIDBYILIe AV ‘UIISNOD “TOD ‘Wwauadeus ‘143 ‘wauadiul ‘||

‘wauadolaw ‘YW 102 bIydLBYDST JuelSISaI-wauadeqgle) ‘DY) ‘aojuownaud 0))a1sqa)yf uelsisal-wauadegled) ‘dyyD SI0lgIyul Sseule}dr)|rISg/ueoe|elag

{S|g7g ‘UOIIDBUI DNSSIY YOS PUR UG ‘S|1SS ‘SUOIIDDJUI JeUILIOPge-RIIU| ‘S| SUOIIDR4UI 1081 AlRULIN ‘S|LN DUIOIPUAS asuodsal AI0JeuIWIR) Ul DILUSISAS

‘SHIS ‘@583510 ASUPIY JIUOIYD ‘@YD ‘Bseasip Aleuownnd SAIPNIISAO JIUOIYD ‘Ad0D SNINPW s33adeld ‘N X3pUl AIPIGIOW0d Uospey) ‘2D [SUOHeIARIAqY

1591 N ASUHYM-UUe)y o 15911 1uspuadapul sUISn anjeA-d ¢ 159} 10eXD 5 Jaysy suIsn anjeA~d ., 3593 21enbs-1yd Sulsn sNjeAd , [G0°0 > aN)0A-d JI SDUEDHIUBIS

-, 09P00 [62 = U] (602) 96T [52 = U] (6:99) 8'G¢ (YOI) UBIpaU qusLL3eaI} JO PUS 243 38 AeQ
o 09910 [€Z = Ul (Cee) L'eC [0Z = Ul (£18) 00V (4OI) uelpaw ‘. Aeqg
Qw/ni) LV 2
o EP0CO [GZ = U] (L'9¢) 6'vE [cC = Ul(c'bS) T'eh (JOI) ueipaw ‘¢ Ae@
o 008¢0 [Le=ul(9Zh) T T [8¢ = U] (2'09) 9°Cce (40I) ueipawi ‘o Aeqg
o 06970 [8¢ = U] (0LT) 22T [Op =u] (I¢'T) Ob'T (4OI)- ueIpaW “yuswieal} JO pud 3y} e Aeg
o 76980 [be = ul (bT'T) 02T [T¢=ul (0 T) ec't (4O1) ueipawi ‘. Ae@ (Ip/sw)
o 9670 [L€ = U]l (10'T) ST (1= U] (1) €eT (4OI) ueipaw ‘¢ Aeq auluReaID WINISS P
o V8VD0 [0b = U] (L9'T) ST [Lb = Ul(p1'2) 051 (4OI) ueipaw ‘0 Ae@
(00'5b) 81 UN vZD
5o, 1000 (09) vZ (85°68) €b oIL
4200 (05°28) g€ (L9'99) 2¢ NE[3)
A% (€e'¢8) ¢¢ (85°68) ¢ IV
aNeA-d (Op = u) aADadsoud (8p = U) aA130adsou1ay s9)1gelep

1404



(€9'¢9) v1 (@01 § paseg-unIWelusn z'z'z'q
(00°0) 0 (69°2) 1 43N + OIL + IV
(000) 0 (80°¢2) € SO4 + INY
(0062) Z (9v'8¢) § OIL + INY
(0062) 9 (LL°0g) b , Swauadeque) +iNY
(9¢'9¢) 8 (czen) et paseq-upeyIWY 1°Z2'q
(00'§9) 22 (052¢) 81 Ppaseq-apIsodA|souluy Z2'q
(0§c1) ¢ (L9991 b SO4+ 10D (%) U ‘SUSISS MOGIUY
(00'62) ¥ (€€8) ¢ 9IL + 10D
(000) 0 (0521) ¢ 5 Swausdeqgie) + |AY + 10D
(L1'62) L (L9'TY) 01 o Swausdequied + 700
(GL81) ¢ (€8'02) § . SOPISOOA|50UILY + TOD
(00'0p) 91 (09) vZ paseq-uisnod 12'q
(00'56) 8¢ (19'16) tp Adeisyy voieuIquIo) Z'q
(009 ¢ (€c8) v Adelsyjouop 1°q
4 01€°0
4w 8DL0 (00°06) 9¢ (Cv's8) v (%) U “Adessyy pajuswunsop jeudoiddy Kdesous sreudosddy ¢
%000 (00°09) vz (80°12) €1 (%) u ‘Adessyy 1esuidws oyendoiddy
anjeA-d (0P = U) aAdadsoud (8Y = U) 9A13D9dsou19Yy 9\geliep

G0¢

syuaned Jo soisuSIdeIRYD JUDWIIRDI] 86 S)1geL



BUNDADSN ‘DI ‘UPIWIRIUSS ‘NTD ‘Upesjiwe ‘|AY ‘UlsSNod 10D ‘Wwauadens ‘|47 ‘wauadiwl ‘|| ‘wausdolaw ‘Y3 :SUORIASIGAY

1591 N ASUNYM-UUeR) o 15911 1uspuadapul sUISn anjeA-d ¢ 159} 12eX3 S Jaysy suisn ameA-d ,, 1593 21enbs-Iyd Sulsn sNjeAd , [G0°0 > aN)0A-d JI SDUBDHIUBIS
(60°6) Z IWI + N3O (60°6) ¢ 43I + NID :sdnous sandadsoid {9G°G) T I + NID :sdnous aandadsonas :swauadeqie) + NID |

(€L°22) G IWI+ WY (GSD) T 93N + IWY :sdnois sanoadsold (TTTT) Z AL+ IWY (TT:TT) 2 YIW + WY :sdnois sAndadsosias iswauadedue) +IAY P

(LT'D) T Wi+ IAY + 10D (€€'8) ¢ YW + WY + 0D :sdnois saizoadsouyal sswausdegied + WY + 10D

(0S°ZT) Z IWI + 710D “(LT'9) T IWI + 10D :sdnois-2apdadsoid 5z 1€)-6 43N + 10D (05°LE) 6 9N + 10D :5dnaus sapdadsosyal :swisuadequed + 710D q
(S2°81) € N3O + 10D :sdnous aaidadsoid {(€8°02) S WY + TOD :sdnous eAndadsoual :sapisodAisoulwy + 10D ,

¢ CV1L9°0 9 . (6) 8 (4OI) UeIPSW (SAep) uoielnp Juswiesi] (SAep) UoljeINP JUDWIIeU] D
(000) 0 (00°001) ¢ daW + SO4
(000) 0 (L19) ¢ P35eG-UIDAWOJSOH 1'Z'g
(000) 0 0o paseq-wauadeqied ¢'z'q
(98¢y) 9 (000) 0 OIL + N39
(LS80 v (0008) v SO4 + N39
(LS9'80) b (0002) 1 » Swauadeaqued + N3D
aNeA-d (Op = u) aAdadsoud (8p = U) aA13Dadsou1ay 9\gelien

90¢



(%) U ‘UonDajul 210434

0290 o) 1 8¢9) ¢ 000'1 00v) 1 9.v) ¢
" o) (8£9) w (00) OLY) sAep J AI98Ins Juday
4 0C9°0 wvao)1 (829 ¢ 4 VLG0 (000)0 (G€9) v (%) u ‘eluadosnaN
4 000°T (9L°6) v (19°8) v 4 000°T (008) ¢ (¢9'6) 9 (%) U ‘ad0D
4 8¢L°0 (6£92) 01 (99°L2) <1 4 VLL0 (0092) 9 (86'92) L1 (%) U ‘smau se1eqelq
(%)
4 1080 (LOLT) L (G161) 6 4 1950 0oz ¢ (€9°00) £1 suonipuod sukuspun q
u ‘aseasig Asupty dluodyd
S9V°0 (0zen) § (8¢9 ¢ 42890 (007¢1) ¢ (v6'2) S (%) U ‘@sessIp JaA) JIuoiy)
(96) U ‘490Ued siseiseisu
48990 (15°61) 8 (oved) 11 5 62L°0 (00'92) 9 (£9:02) €1
10 BlWSHNI) JO AIOISIH
4 €800 (L1°¢l) 0¢ (€€'99) 9¢ .+ 9960 (00'p9) 91 (6v°¢€9) 0P (%) U ‘e 212D
< ebl1°0 (1€2) 98 (L872) 60 <120 (§2)8Y (0L2)0ch (@S) uesw ‘DD
A A0) (1v°¢9) 9¢ (€€'99) 9¢ » 0120 (99) p1 (€€09) 8¢ (%) U ‘=1 uoljeuioyul
o LVZT0 (L1) 89 (op) €9 « 09820 (L1)89 (€9) 99 (4OI) UBIpaW “(K) o8y dlydessowsg e
Ty =) Ly =u (G2 =Uu) (€9 =)
anjen-d anjen-d
SAIAINS-UON SAIAING SAIAINS-UON SAIMINS
s9)qeleAn
Aneyow Aep-og Aneyow Aep-pi

Ayhepow Aep-0¢ pue Ayjenoul Aep-T JO sjusied SAIAINS-UOU PUB SAIAINS JO SDISHSIDRIRYD SUNaSeg 65 9)ge]

L0¢



SuUoAUI

L V810 (20'6€) 91 (61°€5) 5C , 1980 8v) 21 (€0'9b) 62 oo iU eDSE
, 850°0 (€8'92) 11 (b901) § L GLE0 ¥2) 9 (18'ST) 01 SV
4y 000T (881 T (8€9) € 4y 0007 W1 (5€9) b SILN
4 91€0 4s 2590 (%) U ‘uondaul Jo adAL
4. 2000 (8976) 8E (€8°€9) 0¢ 4, 10°0 (96) T (18'69) Bt (9) U ‘@sn sossaidosep
(%) u
e, 0000 (S6'€9) TP (Lvvl) 5€ ALY (001) 52 (56°08) 15 N ) W P
L2110 (06°¢h) 81 (99'12) €1 , G550 (00:0b) 01 (€gg8) 12 (%) U Sooys didas
L €L0°0 (58'59) /T (18'99) 22 L enT0 (89) LT (6L:05) 7€ (%) U ‘sisdas
88210 (680)9L¢ (SOT) bb'g . 660 (56°0)8C (66'0)5C (QS) uedw ‘syis
(%) u

s, 00000 (99°L6) TD/0V  (81'89) bb/0C 4 000~ (00°007) G2/GC (00°SL) 09/5D
‘9 T 2100S BIWBI1DE] Nid

(@s) uesw
e, 22100 (vCo) 199 (€9¢) Sl e v, 99000 (§81) 99 (CIASRAX

‘21025 elWwRJa10e] 1Id

Ty =u Ly =y (2 = V) (€9 = V)

anmea-d anjeA-d
SAIAING-UON SAINING SAIAINS-UON SAIAING
so)qelen
Aneyow Aep-og Aneyow Aep-pi

80¢



60¢

0)0 (0)0 (0)0 (0)0 143

,, 0007 (92°6) b (15'8) v ,, 0007 8¢ (¢5'6) 9 IWI (%) U “Anigndadsns )
o 0007 Cene (15°8) b ,, 0007 ®c (b6°2) S CE()

(9201) v (L99) ¢ @ne ((8L°9) ¥ BEITD

(b 06) LC (¢9°¢6) v (88) ¢¢ (§9°¢6) 65 dMdD (%) U ‘IYD Jo odA] "o
,, 0020 , 0070
ELZAY (9L°6) v (LLT1) 9 b 1970 (008) ¢ (256) 9 UIDAWODUBA
o 0007 (88'%) Z (859) € 110290 (00'8) (91 € seuojounbolomy (%) U
,, 06L0 (€9v1) 9 (9°01) § ,, 0050 (9¢°9¢) b (19°€9) . sIgg ‘uoIssiupe 210499 sAep
L E610 (e8'90) 1T (68°DT) L1600 (002€) 8 (28°ST) 0T sweusadeqey 06 % SN OHCEAREY P
, 010 (€8'92) 11 (6891) L , 1600 (00°Z€) 8 (18'51) 01 supodsoeyds)
i 99€°0 )1 (15°8) ¥ 4 96€°0 (0)0 (v6'L) S elwIBURIORY Alewild
i 199°0 @l ¢ (92v) C 4+ 000'T )1 (S¢9) v PUNOM/ILSS
L, 29L°0 (15°61) 8 @0L1) 8 L 18L°0 (02) S (9pLT) 11 BlUOWNSU

(v =) Ly =) (62 = u) (€9 =)
anjeA-d oNeA-d

SAIAING-UON SAIAING SAIAINS-UON SAIAING —

Aneyow Aep-og

Ayneyow Aep-p1




BUNDADSN ‘DI ‘UDIWLIUSS ‘NID ‘UIDeYILIe ‘|AY ‘UIISNOD “TOD ‘Wauadeus ‘143 ‘wauadiul ‘|

‘wauadolaw ‘YW 102 bIydLaYDST JuelSIsaI-wauadeqgle) ‘DY) ‘aojuownaud 0))a1sqa)y uelsisal-wauadegled) ‘dyyD SI0lgIyul SSeule}or)|rISg/uieoe|e1ag

0t¢

{S|g7g ‘UOIIDBIUI DNSSIY YOS PUR UG ‘S|1SS ‘SUOIIDDJUI JeUILIOpge-RIIU| ‘S| SUOIIDR4UI 1081 AlBUIN ‘S|LN DUIOIPUAS asuodsal AI0JeuIWIR) Ul DILUSISAS

‘SIS ‘eseasiq Asupny dIuoIYD ‘gD ‘esessip Aleuownd SAIDNASAO DIUOCIYD) ‘AdOD SNIMBW: S818gRI ‘WA “XSpul AUPIGIOWIOD Uos)iey) ‘DD SuoleiAIqay

1521 N ASUIYAA-UURK o 15913 Juspuadapul Suisn anjea-d .
1S3} 30BX® S J2Ysly SuIsn SneAd ,, 1593 21enbs-1yd suisn anjeaq

GO0 S 2N)DA-d J| DDUBDIUSIS

,Ce90  (000p) S1/9  (00'8) 8p/2T o, SOVO - (6291) L/1  (CSTS) €¢/LT (%) N/U 'VZD
, 7090 (50'81) T€ (L'p1) 5¢ ,, L0770 (0048) 12 (€0€L) 9 olL
L7090 (s08L)ze (Lb'pL) 5¢ , 5860 (92) 67 (61°97) 8b N3
0650 (08718) 9¢ (86'28) 6¢ o 7EE0 (c6) €C (b5'28) 2S INY
4 1OL0 (ZZ'19) 12 (2€'S9) 92 ,, 0540 (99) b1 (8€'29) €¢ (21BIPaWIBIU]) 10D
(1r = u) (Ly =) (52 =u) (€9 =)
anjeA-d anjeA-d
SAININSG-UON SAININS SAININS-UON SAINING
so)1gelep

Aneyow Aep-og

Ayneyow Aep-p1




(4OI) Uelpaul
o« TPET0 Q) L (8) 6 s+, 800070 (v 9 (8) 6 (sAep) uoljeinp Juswiieal] >
‘(sAep) uoneinp juaueas|

o)1 (82'9) ¢ (00'D) T 9LD) € Adesayy sydu
(89°C6) 8¢ (T1°68) Ob (00°88) ¢ (68'88) 99 Adeiayy 1eng
(88'1) ¢ (15'8) v (00'8) ¢ (529 v Adessyjouopy (%) U ‘suswiIsal DRoIqIUY g
Adesayy 2\du) s Adessyy
w PLD0 4 000'T
1enQ sA Adelayiouopy
(%) U ‘Adesayy
4 CLS0 (L£'68) 6¢ (9¢°68) ¢b » 00570 (¥8) 1¢ (68'88) 99
pa3usuwinoop ayeudoiddy
Adelayy a1eudoiddy e
(%) u ‘Adesayy
481670 Ov'1Y) LT (G9°2h) 02 4 9180 (00'pH) TT (L2 1) 9T
yeouidwis oreudoiddy
Ty =) Ly =u) (62 = V) (€9 =y
anen-d anjea-d
SAIAING-UON SAIAING SAIAINS-UON SAIAING
so)geuepn
Ahepow Aep-o¢ Ayneypow Aep-p1

Ayepow Aep-0¢ pue Ayjepowl Aep-1 JO sjusljed SAIAINS-UOU PUB SAIAINS JO SDISHIDRIRYD JUSWieal| 09 3\g.L

11¢



cle

. 998°0 SA SUSWIISSI UOol3eUIqUIOD swausdeqie)
(Gv'6l) ¢ (bv°L9) 62 (19°¢8) 61 (6v°69) v SUSWISRI UORUIGWIOD 12YI0
(15°02) 8 (997C¢) b1 (6£°LT) b (15°0¢) 81 SUSWIBRJ UORUIGUIOD UIDILIRIUDD
SUSWIISDI UOI}eUIqUIOD I1BY}0
4 6120 4 8LC0
SA SUSWIS3I UOIIBUIQUIOD UIDJUWIBIUL)
(L9°99) 9¢ (61°29) ¢ (€2°99) 61 (T9'99) 8¢ SUSWISR1 UONRUIGWIOD 12YI0
(egee) et (12°L€) 91 (8Lv¢)8 (65°G9).1¢ SUDWIBI UORRUIGUIOD UIDBNILY
SUSWIISDJ UOI}eUIqUIOD IBY30
V1.0 4 9V6°0
SA SUSWISDI UOI}R_UIqUUIOD UIDBYIWY
(1°68) ¢ (11°97) ¢¢ (0€°16).1C (99°6L) L SUSWIS21 UONRUIGWIOD 12YI0
(92°01) v (9¢'¢2) 01 (8L9%) 8 (65'5¢) 21 SOPISODA30UIWE + SUNDADSSI |
SUSWIISDJ UOI}RUIqUIOD IBY}O0
4 SPT°0 4 6220
SA S9pISOdABoujwe + SUldAd981 |
(61°11) 8¢ (L0'61) be (L5°69) 91 (€0C2) ¢T SUSWIBaI UORRUIqUIOD JaYI0
(12820) 11 (£6°02) 6 (ev0¢) L (L6L1)9Y swauadequed + usnod
SUSWISJ UOI}RUIqUIOD 1330
4 IPU0 4 9CV0
sA swauadeqied + UlIsnoD)
(6€ = u) (ev =y (g =) (69 = )
anjeA-d anmea-d suswlSaJ paseg-d30Igiuy
SAIAING-UON SAIAING SAIAINS-UON SAIAING

Ayepow Aep-0¢ pue Ajjepow Aep-pT JO syualjed SAIAINS-UOU PUB SAIAINS JO SUSWISSI paseq-di3oigiue jo uosiedwo) 19 9)qel



elc

UDAWOJSOS ‘S04 2UNDAI9811 ‘D)L ‘UIDIWRIUDS NID ‘UDBIWE ‘A ‘UlSHod “10D ‘wiauadeps ‘143 fwsuadiwl || ‘wauadolsul ‘YW :SUoieIAIgaY
1591 N ASUHYA-UUBY SUISN SNjeA-d 4 3591 10eX0 5 Jaysl Suisn amea-d ,, 159} 24enbs-1yd suisn amea-d ,

GO0 S aN)DA-J JI IURDYUSS

(Tv99) ¢¢ (91°19) ¢ (L1z9) et (bZv9)ce SUSWIBaI UONRUIGUIOD J12Y0
(65°¢h) LT (b8'8Y) 12 (€8°LY) 11 (9L6b) Le SUSWIBJ UORRUIqUIOD swauadeqie)
SUSWIISaJ UOI3eUIqUIOD JBY30
(6 = u) (ev =u) (cc =U) (65 = U)
aneA-d anjea-d suswiSal paseq-d1301gi3uy
SAIAING-UON SAIAING SAIAINS-UON SAIAING




214

4.3.2 Treatment outcomes
Table 62 showed overall treatment outcomes of the study. They are
divided into mortality, clinical outcomes, microbiological outcome, and process

outcome.

4.3.2.1 Mortality

4.3.2.1.1 Mortality rates
At 14 days, patients in the retrospective groups died 18,
whereas Patients in the prospective groups died 7. There was statistically difference
in the 1d4-day mortality rate (p-value = 0.038). At 30 days, patients in the
retrospective groups died 26, whereas patients in the prospective groups died 15.
There was no difference in the 30-day mortality rate (p-value = 0.119). Figure 30
showed flowchart of patients in the study and the frequency of mortality at 14 and

30 days.
2. Adult BSI patients (2 18 years) with a positive CRE hemoculture from 1/1/2018 to 31/7/2022 (N = 121)
K]
Bg s
of |£25 Exclusion criteria (N = 19)
£5 . = Pregnancy or breast-feeding (N = 0)
25 5 = Insufficient or incomplete data (N = 5)
gl | 5% » Duplicated patients (N = 1)
@ é % » Patients did not receive documentedtherapy (N = 13)
w

Eligible patients (N = 102)
‘ Prospective phase (1/10/2020 to 31/7/2022)

% Retrospective phase
o . u _
iTEJI (11112018 to 31/8/2020) | Prospective patients (N = 54) ‘
= Refused (N =5)
* Lost follow up to sign informed consent (N = 9)
| Retrospective patients (N = 48) ‘ | Accepted to participate (N = 40) |
2
A = s °
S | %f | Death(N=18) || Sunive (N=30) | Death (N=7) Sunive (N=33)
[*]
£ 2
P I} s s
8¢ | Death(N=26) | | Suvive (N=22) | Death (N = 15) Sunvive (N =25)

Figure 30 Flowchart of patients in the study and
the frequency of mortality at 14 and 30 days
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4.3.2.1.2 Kaplan-Meier curves and log-rank test
Figure 31 and Figure 32 showed Kaplan-Meier curves of
survival to 14-day and 30-day divided by retrospective and prospective groups,
respectively.
At 1ld-day mortality, the retrospective group were
significantly different in the prospective group when using log-rank test analysis
(p-value = 0.0368), whereas there was no difference in 30-day mortality (p-value =

0.0778).

4.3.2.1.3 Factors associated with mortality

The risk factors were associated with 14-day mortality in
univariate analysis, including receiving PK/PD dose optimization with pharmacists
(intervention) (OR = 0.35; 95%Cl = 0.13-0.96; p-value = 0.042) and using vasopressors
(OR = 10.36; 95%Cl = 1.31-82.25; p-value = 0.027). When using multivariate analysis,
both receiving intervention (OR = 0.35; 95%C| = 0.12-0.98; p-value = 0.046) and using
vasopressors were significantly associated with 14-day mortality (OR = 10.54; 95%Cl| =
1.31-85.00; p-value = 0.027).

The risk factors were associated with 30-day mortality in
univariate analysis, including receiving intervention (OR = 0.51; 95%C| = 0.21-1.19; p-
value = 0.120), age (OR = 1.02; 95%Cl = 1.00-1.05; p-value = 0.040), using
vasopressors (OR = 7.18; 95%Cl = 1.92-26.80; p-value = 0.003), CCl score > 3 (OR =

2.21; 95%Cl = 0.90-5.41; p-value = 0.085), Sepsis (OR = 2.19; 95%Cl = 0.93-5.19; p-

value = 0.075) and Intra-abdominal infections (OR = 3.53; 95%C| = 1.01-12.38; p-value =
0.048). When using multivariate analysis, only using vasopressors were significantly

associated with 30-day mortality (OR = 6.05; 95%CI = 1.48-24.70; p-value = 0.012).

4.3.2.2 Clinical outcomes
Clinical failure was 54.17% (n = 26 of 48) in retrospective group and
32.50% (n = 13 of 40) in prospective group. Clinical outcomes between retrospective
and prospective groups were statistically significance (p-value = 0.042). At 14-day
clinical failure (Figure 33), the retrospective group were significantly different in the

prospective group when using log-rank test analysis (p-value = 0.0463).
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4.3.2.3 Microbiological outcome
Microbiological eradication was 90.63% (n = 29 of 32) in
retrospective patients and 83.78% (n = 31 of 37) in prospective patients. No
significant differences between retrospective and prospective groups were found (p-

value = 0.489).

4.3.2.4 Process outcomes
The physician acceptance following protocols was acceptance with
minimum requirement of protocol (77.50%; n = 31 of 40) and fully acceptance
(22.50; n = 9 of 40). The most acceptance with minimum requirement of protocol
were antibiotic combination options, whereas antibiotic dosing regimens occasionally

followed the protocol, especially tigecycline dosing regimens at a MIC of 0.5 pg/mL.
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Figure 31 Kaplan-Meier and log-rank test analysis of survival at 14-day
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Figure 32 Kaplan-Meier and log-rank test analysis of survival at 30-day
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Figure 33 Kaplan-Meier and log-rank test analysis of 1d-day clinical failure
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CHAPTER V
DISCUSSION AND CONCLUSION

Nowadays, limited available antibiotic options for treating infections caused
by CRE are a critical problem for antibiotic resistance gram-negative bacteria
worldwide. Mostly, second-line antibiotics have been used in clinical settings. In
Thailand, the carbapenem-resistant rates of gram-negative bacteria have continually
increased over time. Nonetheless, there is a lack of linkage between an in vitro study
involving antibiotic susceptibility with molecular epidemiology and a clinical study in
multicenter. This is the first study to report the optimal antibiotic options and
appropriate antibiotic dosing regimens through clinical study towards CRE across
multiple hospitals in Thaitand.

In this study, carbapenem resistance among a total of CRE isolates was mainly
found among K. pneumoniae (n =163 of 199; 81.91%), followed by E. coli (n = 33 of
199; 16.58%) and E. Cloacae (n = 3 of 199; 1.51%). Our findings are consistent with
those of Thongkoom et al., who found that the most common CRE isolates from a
tertiary care hospital in Thailand, were K pneumoniae (n = 290 of 411, 71%),
followed by E. Coli(n = 47 of 411;11.4%) and E. Cloacae (n = 31 of 411; 7.5%) [118].
In contrast, a systematic review and meta-analysis found that the majority of CRE
were K. pneumoniae (63.6%), followed by £. Cloacae and E. Coli., respectively [119].

The prevalence rates of susceptible to studied antibiotics among CRE isolates
were determined as follows: amikacin (n = 175 of 199; 87.84%), gentamicin (n = 141
of 199; 70.85%), colistin (n = 112 of 199; 56.28%), tigecycline (n = 95 of 199; 47.74%),
CZA (n = 59 of 194; 30.41%), imipenem (n = 20 of 199; 10.05%), fosfomycin (n = 4 of
49; 8.16%), meropenem (n = 15 of 199; 7.54%) and aztreonam (n = 7 of 199; 3.52%).
Our susceptibility results of studied antibiotics were reported as low compared with
Thongkoom P et al in 2017. The previous study showed the susceptibility testing in
CRE isolates from a tertiary hospital in Thailand; the susceptibility rates of CRKP,
CREC and CrCLo isolates to meropenem, imipenem, amikacin, gentamicin and

tigecycline were 40-80%, 1-7%, 0%, 0-7%, 12-53%, respectively [118].
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In Thailand, there was the diversity of carbapenemase genes found over time.
The presence of carbapenemase types in our study was not inconsistent with
previous studies. Most isolates harbored one of carbapenemase genes, including
OXA-48 (n = 91 of 199; 45.73%), NDM (n =72 of 199; 36.18%) NDM plus OXA-48 (n =
31 of 199; 15.58%). In 2012, Rimrang et al collected CRE clinical isolates from
Srinagarind Hospital, Khon Kaen University from 2010 to 2011. CRKP isolates found
two of the blayp 14, and two of blaypy, whereas CREC found two of blaypy. NDM-
producing isolates had higher carbapenem MICs than IMP-14a-producing isolates.
NDM-producing isolates were highly susceptible to amikacin (100%) and gentamicin
(50%), whereas IMP-14a producers were susceptible to amikacin and gentamicin
(50%) [5]. In 2015, Netikul and Kiratisin conducted a surveillance study of CRE clinical
isolates at Siriraj hospital, Bangkok during 2009-2011. They found that 12.1% of CRKP
isolates (n = 4 of 36) only carried blay,e, whereas 5.9% of CREC (n = 1 and 0.8% of
CREclo carried blakee, respectively. None of the CRE isolates found blaypy or blapya.gs
[120].

OXA-48 and co-existence of OXA-48 also reported since 2016. In 2016,
Weewan A collected 53 CRE isolates at Prapokklao Hospital, Chanthaburi. She found
the carbapenemase enzyme, including NDM (43,4%), IMP (35.8 %),and NDM plus OXA
(5.7%) [6]. In 2018, Laolerd W et al reported 223 non-duplicated clinical strains of
CRE isolates from Ramathibodi Hospital between March 2012 and September 2016.
Of the 168 CRKP isolates, 27.80% (n = 62) were blayp, followed by blayyy, plus
blapxags.iike (24.66%; N = 55) and blapxagsg.ike (21.97%; n = 49). Of 27 CREC isolates,
9.87% (n = 22) were blayg,, followed by blapyass.iie (1.79%; n = 4) and blaypy, plus
blapxaas.iike (0.85%; n = 1). Of 17 CREclo, 4.04% (n = 9) were blayy, followed by
blaye (2.24%; n = 5) and blapxass.ike (1.35%; n = 3) [121]. In 2019, Prawang A et al
reported 30 coRKP isolates collected from patients admitted at Pharmongkutklao
hospital; of 93.33% (n = 28) carried blapysss. None of the other carbapenamase
found [122]. In 2021, Paveenkittiporn W et al obtained 3,946 CRE clinical isolates
from multicenter hospitals in health region V using data from a national antimicrobial
resistance surveillance system developed by the Thailand National Institute of Health

(NIH) from 2016 to 2018. The most common carbapenemase types in CRKP (n =
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2,659) were blapxaasiie (59%), followed by blayyy, (55%) and blaye (2%). The most
common carbapenemase types in CREC (n = 799) were blaypy (94%), followed by
blapxsasike (18%) and blay,e (<1%), whereas the most common carbapenemase
types in CREClo (n = 113) were blaypy (59%), followed by blaye (25%), and blapya.ss.
ke (22%). The results also concordance with this study which 16% (n = 634) of the
CRE isolates showed coexistence of blaypy plus blapxass.ixe [123].

As mentioned above, although the most common identified carbapenemase
are NDM and OXA-48, NDM and OXA-48-producing strains have continually reported
over the last 5 years. It seems to be that the carbapenemase genes will continue to
evolve. The features related to the evolution of carbapenmase genes are as follows:
1) geographical conditions, such as infectious control (hygiene), high selective
pressure reflected to antibiotic use (overuse or misuse) 2) genetic structures of the
carbapenemase genes 3) human exchange e.g. foreign travel, tourism or medical
tourism [124]. Indeed, carbapenemase genes can be carried the mobile genetic
elements (such as plasmid, transposons and integrons). The conjugation of NDM and
OXA-48 may occur even the same or different bacterial species, especially
Acinetobacter spp, which found the co-producing of NDM and OXA-48. In China, Yin
C et al found the co-producing of KPC-2 and NDM or 5 in CRE isolates because the
carbapenemase genes could be transferable plasmids [125]. Thus, Horizontal gene
transfer (HGT) may occur and can transfer the mobile genetic elements between
bacteria with same bacterial species or different bacterial species [126, 127].

Different carbapenemase types in each hospital may affect carbapenem-
resistant levels. The higher virulence of CRE clinical isolates may also be associated
with carbapenemase genes which were investigated by Tamma P.D. et al in 2017
[128]. Our CRE clinical isolates seem to be more virulent due to containing at least
one of the carbapenemase-producing CRE isolates. At meropenem MICs < 4 pg/mL,
our majority of the carbapenemase positive isolates were OXA-48 producing isolates
(16 of 65; 24.6%), followed by NDM (2 of 71; 2.82%) and NDM plus OXA-48 (2 of 10;
20%). In 2016, Fattouh R et al showed types of carbapenemase having meropenem
MICs < 4 pg/mL as follows: 66.6% of OXA-48 positive (n = 20 of 30), 50.1% of KPC
positive (n = 32 of 63), and 8.8% of NDM-positive (n = 20 of 90). Furthermore, NDM-
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positive isolates had meropenem MICs > 2 pg/mL, whereas OXA-48 and KPC-positive
isolates were relatively distributed across the meropenem MIC, ranging from < 0.12
to = 16 pg/mL [23]. It seems to be containing NDM-producing isolates are likely to
have stronger resistance levels than OXA-48 and KPC-producing isolates, respectively.
The molecular resistance mechanisms should also be considered for designing
antibiotic dosing regimens.

Carbapenems have a role in the treatment of infections caused by CRE based
on MIC levels. The prolonged infusion with shorten interval regimens (loading dose 2
g followed by 1 g infusion 3 hours every 6 hours) reached the > 90% PTA target of
100%/T >MIC at carbapenem MICs < 2 pg/mL. The results are in concordance with a
systematic review and meta-analysis conducted by Yu Z et al in 2018. The results
favored the prolonged infusion because it significantly had a higher clinical
improvement rate (OR = 2.10, 95% (| = 1.31-3.38) and a lower mortality (RR = 0.66,
95% CI = 0.50-0.88) compared with intermittent bolus [129]. In 2019,
Thunyapituk N et al also performed the dosing regimens of 3 hours of prolonged
infusion every 6 hours could reach the PTA target of 100%fT >MIC at meropenem
MICs < 2 pg/mL [65]. Nonetheless, Del Bono V et al in 2017 assessed the
achievement of 40% T>MIC measured by meropenem-levels in 19 critically ill
patients with BSI caused by KPC-KP were 95% (n = 18 of 19), 68% (n = 13 of 19) and
32% (n = 6 of 19) at MICs of 8 pg/mL, 16 pg/ml and 32 pg/mL, respectively. The
difference in PK/PD target of meropenem in each study may affect the achievement
of the target at each MIC.

Based on the current evidence, administration of high dose prolonged
infusion carbapenem-based regimen (e.g. double carbapenem regimens) for the
treatment of infections caused by KPC-producing isolates could be recommended if
carbapenem MICs < 8 pg/mL [41, 130]. Our findings showed that more than 80% of
CRE isolates being non-susceptible to meropenem and imipenem (14.57% (n = 29 of
199) for meropenem MICs < 8 pg/mL and 29.15% (n = 58 of 199) for imipenem MICs
< 8 pg/mL). None of the KPC-producing isolates were found in the study. Thus,
carbapenem-based regimens may not be considered the first antibiotic regimen for

treating CRE in Thailand.
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For colistin, our findings showed 56.28% of all isolates (n = 112 of 199) were
intermediate to colistin (colistin MICs < 2 pg/mL). Based on hospital levels, university

hospital (n = 9 of 49; 18.37%) had lower-intermediate to colistin than non-university

hospital (n = 103 of 150; 68.67%). In 2019, Jitaree K et al showed intermediate rates

to colistin for 116 CRE isolates (n = 96 for CRKP and n = 20 for CREC) in a tertiary
hospital were 78.44% (n = 91 of 116 isolates) [77]. Our CRE isolates may be higher
resistance to colistin than the previous study because of carrying OXA-48 in most CRE
clinical isolates (n = 132 of 199; 66.33%). The resistant genes associated with colistin-
resistance isolates were OXA-48 “and mcr-1 Interestingly, we observed the
coexistence of mcr-1 with OXA-48 .in carbapenem-resistant K. pneumoniae. Among
these coexistence resistance gene, 80% (4 of 5) had colistin MICs > 8 pg/mL. Previous
studies have demonstrated the co-occurrence of mcr-1 and OXA-48 is common in
colistin-resistance isolates; these isolates had colistin MICs ranged of 32-64 ug/mL
[131]. The reason may be most pathogens containing the carbapenemase and mcr-1
positive genes on their plasmids or integrons cancarry, transfer, and move the
genetic elements to another pathogen, leading to a high level of resistance in colistin
and carbapenem [132]. Moreover, increasing the use of colistin for the treatment of
infections caused by Gram-negative bacteria as well as horizontal gene transfer
between drug-resistant Gram-negative bacteria might be principal factors that led to
the emergence of CoRKP worldwide [133]. The molecular mechanism of these
clinical isolates should be warranted for further investigation.

Colistin is recommended-as.a backbone of treatment for patients infected by
CRE when the CRE clinical isolates were susceptible to at least 2 antibiotic agents,
including colistin [83]. Selecting suitable colistin dosage regimens for the treatment
has led to maximizing the clinical efficacy. Based on colistin MICs, a higher MIC could
lead to treatment failure and the development of antibiotic resistance. Our results
found that 35.17% (n = 70 of 199) of CRE isolates had high MICs of colistin (MICs > 16
ug/mL). Colistin revealed an extremely high rate of resistance (81.63%) in our studied
CRE isolates compared with other studies in which the resistance rate did not exceed
15% [134, 135]. Resulted of PK/PD study recommended colistin MICs to achieve PTA

in all patients with various creatinine clearances ranging from 0.5 to 16 pg/mL [77].
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For CFR, some dosing regimens in patients with CrCL below 25 mL/min met > 90%
CFR targets in hospital-level S and M1; the colistin dosing regimens in all patients
with creatinine clearance below 50 and 90 mL/min reached > 90% CFR targets in
CREC and CREclo isolates, respectively. None of any regimens achieved > 90% CFR
targets in hospital-level U and A or CRKP isolates. The results were consistence with
Jitaree K et al study in 2019, which determined the CFR using CRE isolates from a
tertiary hospital. Their results reported CFR of overall colistin regimens is
approximately 70-86% [77]. Although high rates of colistin resistance were reported,
colistin remains the activity against the CRE isolates depending on antibiotic
resistance rate or types of pathogens. Selecting colistin-containing regimens for the
therapy of CRE may be used with caution.

When colistin resistance occurs, tigecycline may be an interesting option for
the treatment of infections. Our finding showed 47.74% (n = 95 of 199) of CRE
isolates were susceptible to tigecycline at tigecycline MICs < 0.5 pyg/mL. Nonetheless,
previous studies reported wide tigecycline susceptibility rates ranging from 12 to
100% [87, 118, 136, 1371 in Thailand, as well as 58.0-86.1% in other countries [40,
138]. There may be differences in the cutoff tigecycline breakpoints (in a range of
between 0.5 and 2 pg/mL). The fact that type of carbapenemase genes may affect
wide disparities of tigecycline MICs among CRE isolates. Compared to MICs, and MICg,
the CRE isolates harboring OXA-48 and OXA-48 plus NDM had higher tigecycline MICs
than the CRE isolates harboring NDM. Similar to colistin, there was resistance to
tigecycline in OXA-48 positive isolates (susceptibility rate ranging from 64.84% for
OXA-48 and 32.26% for OXA-48 plus NDM), whereas NDM-positive isolates were
susceptible (90.28%). Thus, tigecycline may be an interesting option for NDM-positive
isolates if knowing carbapenemase genes.

To date, a high-dose tigecycline-based combination may be considered in
critically ill patients for the treatment options for CRE infections. The potential
benefit of the tigecycline regimens is non-nephrotoxicity compared to colistin or
aminoglycosides [41]. According to the tigecycline PK/PD study, all high dose
ticecycline regimens reached the PTA target for isolates with a MIC of 0.5 pg/mL. At
MIC = 1 pg/mL, a loading dose of 200 mg of tigecycline followed by a maintenance
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dose of 100 mg every 12 h (400 mg/day) was able to reach the PTA target; these
results were consistent with those of previous studies [75, 139]. At MIC = 2 pg/mL,
our results showed that double high-dose tigecycline regimens (a loading dose of 400
mg tigecycline followed by a maintenance dose of 200 mg every 12 h: 400 mg/day)
also achieved the PTA targets. Once-daily high doses of tigecycline (loading dose of
400 mg followed by maintenance doses of 200 mg every 24 h) also met the PTA
target with a MIC of 1 pg/mL, owning to it have a concentration-dependent killing
property and long half-life (~27-42 hours) [140]. For CFR, double high-dose
tigecycline regimens achieved the > 90% CFR in all hospital levels. Besides, the
double-dosing regimens remained activity against CRKP, CREC, and CREclo. Using a
CFR > 90% for fAUCq,/MIC > 0.9, only high-dose tigecycline regcimens achieved the
target: a loading dose of 400 mg with .a maintenance dose of 200 mg every 12 hours,
whereas the usual regimen (a loading dose of 200 mg with a maintenance dose of
100 mg every 12 hours) met almost 90% CFR. The results were consistent with the
previous study, a high dose (tigecycline 200 mg initially, followed by 100 mg every 12
hours) achieved in a favorable CFR target leads to reduce 30-day and ICU mortality
when compared with the standard dose (tigecycline 100 mg initially, followed by 50
mg every 12 hours) (OR (95%Cl) = 225 (0.55-9.24) and 12.48 (2.06-75.43),
respectively), respectively [47, 75]. Although differences in the cutoff tigecycline
breakpoints (ranging from 0.5 to 2 pg/mL), hospital levels, and types of CRE
pathogens, using high-dose tigecycline dosing regimens could be a potential activity
for the treatment of CRE infections, especially the higher colistin MICs or renal failure
occurs [41]. The efficacy and safety of various high-dose tigecycline against CRE
should be investigated in large-scale clinical studies.

Fosfomycin is a therapeutic alternative for the treatment of infections caused
by CRE. The appropriate intravenous fosfomycin dosing regimens should be used to
increase clinical outcomes, especially in critically ill patients. In this study, all dosing
regsimens yielded > 90% PTA target at a MIC of 128 pg/mL. Furthermore, every
fosfomycin dosing regimen consisted of a loading dose of 8 ¢ followed by a
maintenance dose based on CrCL, including 4-6 g every 6 hours (16-24 g/day) in
patients with CrCL 51-90 mL/min, 4 g every 8 hours (12 g/day) in patients with CrCL
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10-50 mL/min and 4 ¢ every 12 hours (8 g/day) in patients with CrCL < 10 mL/min,
can reach > 90% PTA target for AUCq,/MIC of > 21.5 at a MIC of 256 pg/mL.
Considering the highest dosing regimens (24/day), our findings showed the
Fosfomycin dosing regimens achieved the desired target at different fosfomycin MICs
compared with previous studies. Of 24 ¢/day achieved > 90% PTA for 70%fT>MIC,
Albiero J et al in 2016 showed the target at a MIC of < 16 pg/mL [80], whereas
Rodriguez-Gascon A et al in 2019 met the target at a MIC of < 64 pg/mL [81]. In
Thailand, a study conducted by Leelawattanachai P et al in 2020 also showed 24
g/day (8 g every 8 hours infusion 1 hour) in patients with CrCL > 50 mL/min yield to
optimal PK/PD target (> 90% PTA for AUCy.,4/MIC of > 21.5) at MICs of < 128 pg/mL
[82]. Differences in PK/PD index and target may affect reaching the PTA target in each
MIC.

According to CFR, any fosfomycin dosing regimens in our study could not
reach > 90% CFR whether be it settings, hospital levels, or types of carbapenemase.
These results were consistent with previous studies, performing none of any
fosfomycin dosing regimens in any studies met > 90% CFR [80, 82]. Interesting, our
findings harboring OXA-48 (n = 26 of 49; 53%) and NDM + OXA-48 (n = 21 of 49; 43%)
showed the fosfomycin MIC range, MICs, and MICy, against CRE were 12 to >1,024
pe/mL, > 1,024 pg/mL. Leelawattanachai P et al study using PK/PD target for NDM
producing isolates performed fosfomycin MIC range, MICs, and MICyq were 0.38 to
> 1,024 pg/mL, 48 pg/mL, and >1,024 pg/mL in 129 non-duplicated CRE clinical
isolates in a university hospital. For Albiero J et al study harboring KPC-2 (n = 18)
showed the fosfomycin MIC range, MIC5, and MICy, were 16 to 1,024 pg/mL, 64
pe/mL and 8-fold higher [80]. It is noteworthy that KPC-producing isolates had lower
fosfomycin  MICs than NDM or OXA-48 producing isolates. Thus, intravenous
fosfomycin should be considered when determining the fosfomycin susceptibility
that differently depends on carbapenemases-producing CRE.

Amikacin and gentamicin were the top two antibiotics being susceptible to
aminoglycosides. The susceptible rates of amikacin were 87.94% (n = 175 of 199),
whereas 70.85% (n = 141 of 199) of a total of CRE isolates were susceptible to

gentamicin. Data from NARST 2020 showed the susceptibility rates to amikacin and
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gentamicin ranged from 93.0 - 96.8% for amikacin and 74.1-87.6% for gentamicin
[141]. Although the susceptibility rates of amikacin and gentamicin in the study had
lower than the susceptibility rates from NARST, there was more susceptible than
other antibiotics.

Noteworthy is CRE clinical isolates were resistant to one of the two
aminoglycosides tested (e.g. resistant to gentamicin, but susceptible to amikacin),
especially among NDM-producing isolates (n = 25 of 48; 52.08%). In 2011,
Bercot B et al evaluated the prevalence of 16S rRNA methylase genes in 16 NDM
producing isolates; they found that 75% of those enterobacterial isolates performed
16S rRNA methylase genes [142]. In 2017, Nordmann P et al used a total of 48
enterobacterial isolates, including 28 isolates resistant to aminoglycosides and 10
isolates susceptible to aminosglycosides to develop and evaluate a rapid colorimetric
test for identifying aminoglycoside (amikacin and gentamicin) resistance. The results
showed that 10 aminosglycosides-susceptible enterobacterial isolates were
susceptible to both amikacin and gentamicin. For aminoglycosides-resistant
enterobacterial isolates, all clinical isolates that produced methylases (n = 18) were
resistant to both amikacin and gentamicin at high MIC levels (amikacin and
gentamicin MICs > 256 pg/mL), whereas most aminoglycoside-resistant isolates
produced aminoglycoside-modifying enzymes (AMEs) performed non-susceptible to
one of the two aminosglycosides tested [143]. In 2019, Upadhyaya P and colleagues
found the loss of rmtF methylase genes may be associated with loss of amikacin
resistance [144]. The mobile genetic elements related to carbapenemase gene
transmission on chromosomes or plasmids may be involved in the presence of highly
spreading antibiotic resistance [145]. As described above, our CRE clinical isolates
being not cross-resistant to aminoglycosides may be mainly associated with
aminoglycoside-modifying enzymes (AMEs).

The antibiotic susceptibility pattern may be associated with types of
carbapenemase genes. Our study showed the susceptibility to aminoglycosides,
colistin and tigecycline were different among the carbapenemase genes. The NDM-
producing isolates were more susceptible to colistin and tigecycline than OXA-48 and

NDM plus OXA-48 producing isolates. Additionally, the antibiotic-resistant pattern in
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the OXA-48 producing isolates was similar to NDM plus OXA-48-producing isolates,
which be highly resistant to all antibiotics, except amikacin. Nonetheless, the number
of carbapenemase genes may not be proportional to the percentage of
susceptibility. A similar finding was similar to previous studies. Most NDM-positive
isolates remained susceptible to colistin and tigecycline [144, 146] but resistant to
aminoglycosides owning to carrying 16S rRNA methylase genes (rmtF) [147]. Thus,
recognizing the types of carbapenemase genes may predict the characteristic of the
aminoglycoside susceptibility pattern and aminoglycoside-resistance mechanism.

High-dose regimens of aminoglycosides were simulated for critically ill
patients in order to increase the probability of achieving target peak concentrations.
Our findings showed the regimens of amikacin and gentamicin met the PTA targets
(at CrayMIC > 8) with MICs of no more than 2 and 1 pg/mL, respectively. In 2017,
Kato et al recommended the initial total daily dose of amikacin required to achieve a
Crnax/MIC = 8 pg/mL was 15 mg/ke daily, and also recommended 15 mg/kg/day as the
maintenance dosage for amikacin MICs < 4 ug/mL [69]. Additionally, Rea RS et al in
2008 showed aminoglycoside dosage regimens (ranging from 5 to 30 mg/kg) achieved
the PTA target at MICs of 0.5 pg/mL with the corresponding target of C,,/MIC > 10
[148]. Although our study used the minimum PK/PD target of aminoglycosides when
compared with the previous study, the dosage regimens did not achieve the targets
within  the non-susceptibility breakpoints. Considering our aminoglycoside
susceptibility, MIC50 of amikacin and gentamicin were 8 and 1 pg/mL. Using high-
dose regimens of aminoglycosides as the adjuncts in the antibiotic combination-
based regimens may be beneficial when synergism occurs because the
aminoglycoside MICs were reduced to 1-2-fold contributing to achieving the PTA
target.

Aztreonam is new hope antibiotic for combating antibiotic resistance to gram-
negative bacteria. Aztreonam was not hydrolyzed by NDM, whereas ceftazidime-
avibactam was not hydrolyzed by OXA-48 [149]. According to carbapenemase types,
NDM and OXA-48 were the majority in Thailand, respectively [5, 121]. We
hypothesized both antibiotics may have good activity against CRE. Our findings were

not consistence with the hypothesis, 96% of total CRE isolates were resistant to
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aztreonam because of the background of resistance, particularly ESBLs which have
activity to hydrolyze most penicillin, cephalosporins and monobactam (aztreonam).

For a new BLBI, the ceftazidime-avibactam susceptibility rates of ceftazidime-
avibactam were 30.41% (n = 59 of 194), ranging from 11.11% to 55.10% (55.10% for
hospital-level U , 36.11% for Hospital-level A, 11.11% for hospital-level S and
20.83% for Hospital-level M1). In a university hospital, most CRE clinical isolates
harbored OXA-48 (n = 24 of 44; 89.55%). Only 2 of 24 isolates had ceftazidime-
avibactam MICs > 256 pg/mL, whereas 22 of 24 isolates had ceftazidime-avibactam
MICs, ranging from 0.125 to 2 pg/mL. According to non-university hospitals, the main
carbapenemase genes were NDM (n = 71 of 150; 47.7%), whereas the CRE isolates
which contained OXA-48 (n = 65 of 150; 43%) which the 37 of 65 (56.92%) CRE
isolates had ceftazidime-avibactam MICs > 8/4 ug/mlL. It is noteworthy that
ceftazidime-avibactam MICs in the non-university hospitals were higher resistant than
in the university hospital. Compared with ‘other studies the susceptible rate of
ceftazidime-avibactam in CRE was diverse across the region, ranging from 53.3 to
96.6%  [150-153]. In the  region with ~a  highly = susceptible rate of
ceftazidime/avibactam, KPCs were the major epidemic genotype [150, 152, 153]. In
Arabian Peninsula, the susceptible rate of ceftazidime-avibactam was 53.3%; OXA-48
was the most common CRE genotype that resembles our result [151]. Hence, the
genotype of epidemic CRE strain in each hospital region was the key contributor to
the ceftazidime-avibactam susceptible rate.

Although, it is highly active against class D of carbapenemase, 41.57% (n = 37
of 89) of all OXA-48 positive isolates had high levels of ceftazidime-avibactam (>
16/4 pg/mL). These isolates developed ceftazidime-avibactam resistance led to an
increase in the MIC values. The resistance mechanisms may be associated with the
amino acid mutation. Typically, naive OXA-48 contained Proline (Pro) at position 68
and tyrosine (Tyr) at position 211. Substitution of Proline (Pro) by alanine (Ala) (Ala68
Pro) at position 68 and Tyr by serine (Ser) (Ser211Tyr) at position 211 may occur in
the ceftazidime-avibactam resistance isolates [154].

PK/PD profile of ceftazidime-avibactam provided a rationale for optimization

regimens. For optimal ceftazidime-avibactam dosage regimens for fTime>MIC 100%,
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the current recommended dose was effective against isolates with ceftazidime-
avibactam MICs of < 4 pg/mL despite ceftazidime-avibactam MIC susceptible
breakpoint specified at < 8 pg/mL. Additionally, this dosage was not only enough for
all range of susceptible strains, particularly the nearest MIC susceptible breakpoint
but it also did not reach > 90% PTA of AVI at 100%fT > 0.5 pg/mL. The critical
threshold of AVI at 0.5 pg/mL was considered appropriate to completely inhibit the
various types of beta-lactamases in Enterobacterales [155]. Besides, the
recommended dosing regimens cannot meet the CFR targets because of harboring
the NDM-positive isolates (n = 91 of 194; 46.91%). The ceftazidime-avibactam dosing
regsimens recommended from IDSA in 2020 were 2.5 g every 8 hours infusion 2 hours
if OXA-48 positive CRE isolates were detected and are susceptible to ceftazidime-
avibactam [156]. Additionally, ceftazidime-avibactam was recommended as the first-
line antimicrobial agent against CRE in the KPC epidemic region in some guidelines
[157]. Thus, as our finding simulated ceftazidime-avibactam dosing regimens
supported by a previous study [158], the current recommended ceftazidime-
avibactam dose of 2.5 ¢ every 8 hours has to be infused longer time as 2-3 h in order
to optimally cover CRE with an ceftazidime-avibactam MIC of < 8 pg/mL and also
achieved optimal PK/PD.index of AVL.

Based on hospital levels, the university hospital was mostly higher resistance
rates to antibiotics than the other hospital levels. Furthermore, the antibiotic-
resistant rates had higher in the regional hospital than in the others. The resistant
rates of colistin, tigecycline, ceftazidime-avibactam, and aztreonam were higher in
hospital-level A than in other levels, whereas aminoglycoside seldom changed in the
resistant rates. The diverse resistance rates may be caused by the antibiotic use for
the treatment of patients with the difference in complicated infections at each
hospital level. Further study should be investigated the relationship between defined
daily dose (DDD) and antibiotic resistance rates.

As mentioned above, the combination of antibiotics with MIC-based dose
optimization is a recommended strategy in clinical practice due to reduce mortality
[9, 47, 159]. When selecting antibiotics for combination, one of the active antibiotics

should be susceptible to producing synergistic or additive effects when antibiotics are
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combined. When synergistic or additive effects occur, MICs of one of the active
antibiotics in a combination antibiotic regimen are decreased by at least 1-fold
compared to single antibiotic regimens. Consequently, the MICs moved from resistant
to susceptible, leading to the achievement of PTA and CFR targets with usual dosing
regimens [160].

Notably, the CRKP isolates producing OXA-48-like showed more antibiotic
synergy than the CRKP isolates producing NDM. Coproduction of blayy, and
aminoglycoside resistance genes (e.g., 16S Ribosomal RNA Methyltransferases F:
RmtF) may be associated with mobile genetic elements in CRKP isolates and lead to
a high level of resistance to aminoglycosides [161]. Based on epidemic spreading
characteristics, aminoglycoside-based regimens may be used as the first option for
the treatment of infections caused by OXA-48-like-producing isolates.

Aminoglycoside-based regimens may be selected as the appropriate antibiotic
regsimens owning to being susceptible to amikacin and gentamicin in our clinical
setting. Overall, the combination of amikacin and fosfomycin also demonstrated the
highest synergism. Synergy rates of the CRE clinical isolates for aminoglycoside-based
regimens included amikacin-fosfomycin (n = 8 of 18; 44.44%), gentamicin-fosfomycin
(n = 3 of 18; 16.67%), amikacin-tigecycline (n = 4 of 49; 8.16%) and gentamicin-
tigecycline (n = 4 of 49; 8.16%). In 2019, Prawang A et al evaluated the synergistic
effects in the same setting for the 30 CoRKP clinical isolates that showed 100% (n =
30 of 30) of susceptibility-rates for gentamicin and amikacin and 26.27% (n = 8 of 30)
for fosfomycin. Their findings showed the greater synergistic effects of CoRKP
included gentamicin-fosfomycin (n = 3 of 10; 30.00%) and gentamicin-tigecycline (n =
4 of 30; 13.33%) [137]. Although both studies had different antibiotic susceptibility
rates, the results are concordant. The synergy mechanism was aminoglycosides
interfere with protein synthesis at 30S ribosomal subunit and affect to decrease
expression of the protein (i.e. carbapenemase - KPC or NDM); besides, they can
increase permeabilizing of the outer membrane and affect to penetrate of a second
antibiotic to the inner membrane [43]. For PK/PD study, none of any aminoglycoside
regsimens met both > 90% PTA at their resistant breakpoints and reached the > 90%

CFR targets. However, aminoglycosides are mostly used as an adjunct to mainstay
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antibiotics [83]. When combined with antibiotics, the aminoglycoside MIC values are
shifted from high to low levels (approximately a 2-fold reduction in the MICs
compared with MICs of single agents) [160]. Therefore, amikacin or gentamicin should
be considered as an option in the combination antibiotic regimens in our clinical
settings for the CRE treatment both documented and empirical therapy;
nephrotoxicity and ototoxicity need to be closely monitored.

Colistin-based regimens may be a treatment option for the CRE clinical
isolates. Our results demonstrated that the CRE isolates exhibited synergistic effect
ranged of 8.70-22.22%, including colistin-fosfomycin (n = 2 of 9; 22.22%), colistin-
gentamicin (n = 4 of 23; 17.39%), colistin-tigecycline (n = 4 of 23; 17.39%) and
colistin-amikacin (n = 2 of 23; 8.70%). Furthermore, none of any antibiotic regimens
showed antagonism. In 2013, Ewren E et al assessed in vitro activity of colistin in
combination with fosfomycin against 12 OXA-48 producing CRKP isolates. The MICs of
colistin and fosfomycin ranged from 1-32 pyg/mL and 64-512 ug/mL, respectively. The
results revealed fully antagonistic against all isolated tested [40]. Furthermore,
Gaibani P et al in 2014 revealed the synergistic effects of colistin with tigecycline (n =
2 of 17; 11.76%) in KPC-producing K. pneumoniae isolates [29]. In 2018, Brennan-
Krohn T et al investicated in vitro -antibiotic synergy of colistin-containing
combinations in 20 colistin-resistant Enterobacteriaceae isolates, which mostly being
KPC-producing isolates (n = 6). Synergy rates by using the checkboard technique for
the combination of colistin. with tigecycline, and amikacin were 25.0% and 15%,
respectively. Overall, the synergy rates revealed in the range of 0-25% even
carbapenemase resistance genes. may not be similar to previous studies in both
synergy rates and synergistic testing patterns. Zusman O et al in 2017 reviewed the
proposed synergistic mechanism of colistin-based regimens [162]. Colistin showed a
detergent-like effect. Colistin containing positively charged binds to the negatively
charged phosphate groups of lipid A on the lipopolysaccharide (LPS) at the outer
membrane of gram-negative bacteria, leading to displacing the calcium and
magnesium cations into LPS as well as disrupting the LPS structure. Consequently, a
change in permeability of the outer membrane allows colistin to penetrate the inner
membrane [163]. Furthermore, other antibiotics also get through of outer membrane

[162]. In my viewpoint, colistin may be beneficial as the last resort for salvage use in
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combination; nephrotoxicity should be concerned, especially combined with
aminoglycosides.

The combination of fosfomycin with tigecycline showed the synergy rates
against 7 CRE isolates (n = 7 of 21; 33.33%) which most CRE isolates had fosfomycin
MICs ranging from 16 - 256 pg/mL. In 2013, Evren E et al also evaluated in vitro
activity of fosfomycin in combination with tigecycline against 12 OXA-48-producing
CRKP isolates. The MICs of fosfomycin and tigecycline ranged from 64-512 ug/mL and
0.25-16 pg/mL, respectively. The results revealed 25% of synergistic effects (n = 4 of
12) [40]. In 2019, Prawang A et al demonstrated the synergistic effects against 30
OXA-48 -producing CoRKP clinical isolates. The fosfomycin and tigecycline MICs
ranged of <16 - >2,024 pg/mlL and 0.5-1 pg/mL, respectively. The synergy rates
of fosfomycin-tigecycline were 30% (n = 3 of 10) [137]. Overall, the synergy rate was
similar to previous studies due to harboring the same carbapenemase genes. In my
opinion, fosfomycin-based regimens may be beneficial use for OXA-48 producing
isolates if one of these antibiotics had less than or equal to 1-2- fold MICs above
resistance breakpoints.

Notably, high synergy rates occur when any antibiotics are combined
through different targets. For all antibiotics tested, antibiotics tested could be
classified into three groups based on drug targets of bacteria. Group 1 includes the
antibiotics targeting the cell wall, including fosfomycin. Group 2 includes the
antibiotics targeting the outer membrane, including colistin. Group 3 includes the
antibiotics targeting the 30S ribosomal subunit, including amikacin, gentamicin, and
tigecycline. Indeed, we hypothesize that colistin-based regimens had a greater
synergy rate than other combination-based regimens owning to in vitro and clinical
data from the systematic review and meta-analysis studies support synergy use for
colistin-based regimens [159, 162]. However, the results were not similar to the
hypothesis. High colistin resistance occurs in the CRE clinical isolates, affecting lower
synergy rates than expected results.

According to combination regimens, aminoglycoside combined with
fosfomycin may be higher synergy rates than other combination regimens. The
proposed mechanism for synergy is that fosfomycin disrupted the cell wall by
interfering with the formation of the peptidoglycan precursor UDP N-acetylmuramic

acid (UDPMurNAc), which will allow penetration of aminoglycosides to increase
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permeability at the cell membrane and will inhibit protein synthesis at 30S ribosomal
subunit. On the other hand, aminoglycoside combined with tigecycline had the
lowest synergy rates. The proposed mechanism for synergy by Zavascki AP et al in
2017 is that aminoglycosides may increase the permeability of cell membrane and
will penetrate tigecycline to the ribosome [43]. In a comparison of two
aminoglycosides, amikacin can increase the permeability of the cell membrane more
than gentamicin [164]. Then both aminoglycosides and tigecycline bind to 30S
ribosomal subunits. Aminoglycosides inhibit protein synthesis which targets the
mechanisms of translation elongation of amino acid, whereas tigecycline inhibits
protein synthesis which targets the mechanisms of blocking the interaction of
aminoacyl-tRNA with the A site of the ribosome. The error of protein synthesis will
lead to a reduction in B—Lactamase expression [43].

Different drug targets may be a factor to increase the success of synergy.
Additionally, amikacin combined with fosfomycin had a potential activity against
OXA-48, NDM, and NDM plus OXA-48 producing isolates. The high synergy rates for
NDM plus OXA-48 producing isolates included 75% (n = 3 of 4) for colistin-tigecycline,
57.15 % (n = 4 of 7) for amikacin-fosfomycin and 42.86% (n = 3 of 7) for gentamicin-
fosfomycin. Of OXA-48 producing isolates, the high synergy rates were performed
33.34% (n = 3 of 9) for amikacin-fosfomycin, 33.34% (n = 3 of 9) fosfomycin-
tigecycline and 23.53% (n = 4 of 17), whereas amikacin-fosfomycin also had
synergistic effects against. NDM-producing isolates. Nonetheless, the synergy rate is
likely to be low when aminoslycosides are combined with tigecycline or triple
combination regimens. That may emphasize that an antibiotic combined with the
difference in drug targets may increase the synergistic effect, affecting to maximize
their therapeutic effects.

As mentioned above, several studies showed effective antibiotic
combination regimens from in vitro studies and PK/PD studies, however, the most
effective combination antibiotic regimens for treating CRE patients in the clinical
study remain to be further studied. The differences in antimicrobial susceptibility
testing and resistance mechanism in each region affect the selection of antibiotic
agents. In Thailand, the most effective antibiotics for these patients included colistin,

amikacin, gentamicin, and tigecycline. Generally, evidence-based clinical decision
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making based on either in vitro antimicrobial susceptibility testing or physician
experience affects selecting one or more of these antibiotics to treat these patients.
In 2020, IDSA recommended the new treatment options if detected
carbapenemase enzymes. Ceftazidime-avibactam is preferred for OXA-48-like-
producing isolates, whereas ceftazidime-avibactam plus aztreonam, or cefiderocol
are preferred for MBL-producing isolates. In cases of carbapenemase enzymens
cannot be identified, colistin-based regimens may be recommended as a last resort
for the CRE isolates [157]. In Thailand, a patients infected with a CRE strain is
unknown types of carbapenamase enzymes in the routine practice. Furthermore, the
new antibiotic options may not be selected as the first option in the antibiotic lists.
Thus, antibiotic combination regimens might be considered in the routine practice.
Based on the clinical outcome results, colistin-based regimens might not be
considered as the first option following to IDSA recommendation. Although, using
each antibiotic-based regimen in the study was not statistically different, the
mortality rates revealed that aminoglycoside-based regsimens had lower mortality
rates at 14-days and 30-days than other based regimens. The lowest mortality rates
of aminoglycoside-based resimens at 14-day were 17.39% in gentamicin combination
resimens and 10.26% of aminoglycosides plus tigecycline. The results were
concordance with previous studies. In-2015, Gonzalez-Padill M et al conducted a
retrospective cohort study. They found that colistin plus tigecycline or colistin plus
meropenem had higher -mortality. rates than gentamicin plus tigecycline (colistin-
based regimens vs aminoglycoside-based regimens = 66.67%; n = 6 vs 23.80%; n =
25) [166]. In 2021, Effah, C.Y,, et al conducted a systematic review and meta-analysis
included 21 studies (n = 2,841) between 2015 and 2020 to evaluate the clinical
impact of various antibiotic regimens among patients infected with CRKP. The
antibiotic susceptibility rates included 47.6% for colistin, 63.1% for gentamicin and
25.7% for tigecycline. The results showed mortality rates on polymyxin-containing
regimens and polymyxin-sparing regimens (n = 576 from 3 studies) were not different
(OR = 0.99; 95%Cl, 0.26-3.01; I* = 87%: p < 0.001), whereas aminoglycoside-containing
regimens and aminoglycoside-sparing regimens (n = 913 from 5 studies) were

significantly different (OR = 0.86; 95%Cl, 0.35-1.13; I* = 45%; p = 0.71) [167]. Thus,
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aminoglycoside-based regimens should be considered as an option for the CRE
treatment in our setting.

Although amikacin or gentamicin combined with other antibiotics had lower
synergistic effects than other combined regimens, aminoglycoside-based regimens
revealed the good treatment outcomes in a patient received aminoglycoside-based
regsimens, especially aminoglycoside combined with tigecycline. The reasons
consisted of 1) the isolates remained susceptible to amikacin and gentamicin 2) the
association of non—B—Lactams and carbapenemase 3) the antibiotic dosing regimens.
Firstly, more than 80% of the CRE clinical isolates remained susceptible to amikacin
and gentamicin, contributing to decrease from high MICS to lower MICs. Secondly,
the CRE clinical isolates produced carbapenemase enzymes for destroying B—lactams
antibiotics, whereas non—B—Lactams being not associated with carbapenemase
enzymes (such as aminoglycosides and tigecycline) play a role to combat all
carbapenemases of CRE strains. Lastly, high-dose antibiotic regimen adjustments
based on the PK/PD principle for high-MIC pathogens are often used in clinical study.
The benefits of these regimens can be achieved with - more PK/PD targets of 90% at
each MIC, contributing to-increasing penetration to organ targets and improving
treatment success. Thus, high-dose aminoglycoside-based combination therapy may
be an optimal regimen for the treatment of CRE infections.

Overall, the 1d4-day and 30-day mortality" rates, clinical outcomes, and
microbiological outcomes in prospective groups had lower than in retrospective
groups due to differences in antibiotic options in combination therapy. Overall, the
selected antibiotic regimen for the CRE treatment was such combination therapy
than monotherapy, with 93.06% (n = 67 of 72) receiving combination antibiotic
regsimens. Colistin-based regimens and aminoglycoside-based regimens were the
most frequent combination antibiotic regimens in retrospective and prospective
groups, respectively. Our protocol based on in vitro study showed low susceptibility
to colistin (18.37%) and highly susceptible to aminoglycoside (91.84%),
recommended aminoglycoside-based regimens if resistant to colistin. Our

recommendation was similar to the previous study. Bano RJ. et al in 2018 also
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recommended aminoglycoside-based regimens for the treatment of patients with
septic shock, bloodstream infections severe sepsis, or shock (high-risk) if resistant to
all carbapenem and colistin but susceptible to colistin [83].

CRE infection was a high risk associated with mortality in the clinical study.
CRE patients in Prawang A et al study died 40%-60.71%, aged 66 years, median Pitt
score of 3.5-5, 78.57% of patients with shock and 17.86% of patients receiving
appropriate empirical antibiotics, whereas CRE patients in our study aged 66-68 years,
median Pitt score 5.36-5.72, 35% with shock and 60% of patients receiving
appropriate empirical antibiotics [49]. In 2019, Li C et al found the 30-day mortality
rate in BSI patients infected with CRE in China was 53.1% (n = 52 of 98) and only
26.5% of all patients (n = 26 of 98) received appropriate empirical therapy within 48
hours after the onset of bacteremia [168]. In 2017, Gradel KO et al showed patients
received appropriate empirical therapy had lower mortality rate than patients
received inappropriate empirical therapy either short-term mortality (day 2-30)
(15.1% vs 17.4%; aORs 0.85, 95%Cl 0.70-1.02) or long-term mortality (day 31-365)
(22.3% vs 30.7%; aORs 1.35, 95%Cl 1.13-1.60) [169]. Although receiving appropriate
empirical therapy is not a difference in short-term mortality, receiving appropriate
empirical antibiotics-may- be involved in the mortality rates in clinical practice.
Nonetheless, it would also be difficult to compare because of differences in study
design and resistance mechanism. Our study used a quasi-experimental study that
could manipulate independent variables - before independent variables are
measured, whereas the previous study used an observational study that cannot
manipulate. Additionally, the most CRE in the previous study was KPC (74%),
followed by OXA-48 (17%) and VIM (9%), whereas our study included OXA-48
(53.06%) and OXA-48 plus NDM (42.86%). The differences in results should be
interpreted with caution.

The reported mortality among the patients with CRE infections is high, ranging
from 17.50% to 54.17% (37.50% to 54.17% in retrospective groups and 17.50% to
37.50% in prospective groups). Focusing on 14-day mortality, the mortality rate was
17.50% to 37.50% (37.50% in retrospective groups and 17.50% in prospective
groups). Nonetheless, the overall mortality and 14-day mortality in this present study
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seems to have a lower rate than the previous study in the same setting, ranging from
40% to 60.71% (40% in CRKP and 60.71% in CoRKP for 14-day mortality) [49].

| hypothesized that intervention may be associated with the improved
treatment outcomes. The study also demonstrated that patients received PK/PD
dosing regimen protocol (intervention) in prospective groups had significant
difference in lower 14-day mortality rate (P-value = 0.038), overall clinical failure (P-
value = 0.042) and 14-day clinical failure (P-value = 0.0463) than patients not
received intervention However, there was no difference in 30-day mortality rate and
microbiologic outcomes.

Receiving intervention is also a statistically significant predictor of the 14-day
mortality in multivariate analysis (OR = 0.35; 95%C| 0.12-0.98; p-value = 0.046) and
14-day clinical failure (OR = 0.38; 95%Cl 0.15-1.00; p-value = 0.049). Furthermore,
physicians accepted to the minimum requirement of protocol in all prospective
patients may result to decrease 14-day mortality. The most regimen that are likely to
not comply with the PK/PD dosing protocol was tigecycline dosing regimens at MIC <
0.5 pg/mL. The recommended tigecycline dosing regimens are loading dose 200 mg,
followed by maintenance dose 100 mg every 24 hours; however, general tigecycline
dosing regimen in routine practice is high-dose regimens (loading dose 200 mg,
followed by maintenance dose 100 mg every 12 hours).

The intervention in the present study is designed by integrating the concept
of “individualized optimal antibiotic dosing regimens based on PK/PD properties”.
The optimal dosing regimens-should be selected on: 1) optimal antibiotic options
from in vitro results, including mono antibiotic activities and combined antibiotic
activities, should be sufficient for covering the CRE strains; 2) optimal antibiotic
dosing from PK/PD analysis affects more achievement PK/PD target and index and
achieve adequate drug levels at the infection site. The concept can be applied to
individual-level and hospital-level. In individual-level, all patients may not use the
same pattern of antibiotic dosing regimen, they should be received their optimal
antibiotic dosing regimen based on MIC-adjust following the PK/PD dosing protocol.
In hospital-level, accumulating the optimal antibiotic dosing regimens in individuals

can reasonably select the more precise pattern for empiric or documented therapy.
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Vasopressor use is associated with increased risk of 14-day mortality, 30-day
mortality and 14-day clinical failure in all patients. Using vasopressor were different
between survivors and non-survivors (63.83% to 69.84% in survivors and 92.68 to
96% in non-survivors). Similar to previous studies, vasopressor use are important
predictors of survival (OR = 4.31; 95%C| 0.83-22.53; p-value = 0.08) in multivariate
logistic regression [170]. The most frequent of vasopressor agents in the study were
norepinephrine. In 2016, Surviving Sepsis Campaign (SSC) Bundle recommends the
sepsis management within the first hour, including administering broad-spectrum
antibiotics, administering crystalloid (30 ml/kg) for hypotension or lactate > 4
mmol/L, and administering vasopressors to maintain MAP > 65 mmHg if the patient
occurs  hypotension during or after fluid resuscitation [94]. In 2020, Li Y et al
conducted a systematic review and -meta-analysis to evaluate the clinical outcomes
of early and late initiation of norepinephrine in patients with septic shock. The results
showed that early start of norepinephrine (definition based on each reference study)
was associated with reduced short-term mortality (OR = 0.45; 95% Cl, 0.34 to 0.61; P
< 0.00001; x°= 3.74; > = 0%). Early start of norepinephrine can increase cardiac
output and improve microcirculation and tissue oxygenation, whereas high dose and
prolonged exposure to vasopressors may potentially add to the increased mortality
rate [171]. However, the study did not focus on timing of start vasopressor. Future
research could investigate.

Our study has several limitations. Firstly, in vitro study was only investigated
at Pramongkutkloa hospital .and hospitals in the western region of Thailand; it cannot
generalize to others. Secondly, our colleague can control any system becoming a
static laboratory of in vitro study, whereas there are complex dynamics in humans
due to the immune response. Thirdly, we focused on the antibiotic resistance
mechanisms from carbapenemase production; non-carbapenemase production, e.g.
efflux pump or porin loss, do not investigate. Lastly, results from the clinical study
were obtained from a single center with relatively small sample size. Therefore, the
power was not enough to detect a different effect (power = 74.75%), and the
outcome may not apply in different hospitals in Thailand.

Further studies on CRE infections will be performed as follows: 1) investigating

a synergistic activity of other combination antibiotic regimens (e.g. ceftazidime-
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avibactam plus aztreonam) against NDM plus OXA-48 positive isolates 2) investigating
whole-genome sequencing in the CRE clinical isolates with negative detecting
carbapenemase enzymes to obtain further information on the genetic variants
associated with antibiotic resistance genes of other resistance mechanisms 3)
simulating PTA and CFR if covariates of tigecycline are identified 4) developing
population pharmacokinetic model to characterize the pharmacokinetic parameters
in Thai patients 5) using the methodology in a large multicenter to confirm the
results from the clinical study 6) antibiotic levels to confirm the achievement of
PK/PD of 90%, especially aminoglycosides and 7) selecting appropriate antibiotic
regsimens to be more accurate and precise for individual patients based on PK/PD

principle with MICs and genetic polymorphism.

In conclusion, CRE, including CRKP, CREC, and CREclo isolates were resistant
to aztreonam, ceftazidime-avibactam, tigecycline, and colistin, whereas they
remained susceptible to amikacin and gentamicin. University hospitals had higher
resistance rates than non-university hospitals. NDM and OXA-48 enzymes were the
most common carbapenemase among the CRE clinical isolates. All CRE clinical
isolates carrying the mcr-1 gene also co-existed  with blapysqg High-dose
aminoglycosides-based regimens should be considered the optimal antibiotic
regimens for the treatment of infections caused by CRE in critically ill patients. The
benefit of the aminoglycosides combined with other antibiotics might improve the
PTA and CFR achievement and reduce the mortality rates when compared with other
combination regimens. Nonetheless, a large sample of CRE clinical isolates should be
assessed to confirm the combination activity of these antibiotics against CRKP, CREC,

and CREclo isolates.
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