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resistances [4–6]. The emergence of extended-spectrum 
β-lactamase (ESBL)-producing K. pneumoniae during the 
past decades has hindered the treatment of these infections 
and further limited available drug choices for antimicrobial 
therapy [7–9]. Adequate treatment of patients infected with 
this problematic pathogen is a major concern to physicians.

Cefoperazone (CPZ) is a third-generation cephalosporin 
that is active against the most commonly encountered gram-
negative bacteria (GNB) [10–12], but not ESBL-producing 
GNB. The inclusion of sulbactam (SUL), a penicillanic 

Introduction

Klebsiella pneumoniae is a common and life-threatening 
community-acquired, healthcare-associated, and hospital-
acquired pathogen. K. pneumoniae can cause pneumonia, 
urinary tract infections, intra-abdominal infections, liver 
abscesses, bacteremia, and other invasive infections [1–3]. 
The mortality rates of patients with K. pneumoniae bacte-
remia differed from 20 to 50%, depending on the infected 
population, and the rates became higher when the severity 
of the infection increased and the presence of carbapenem 

Extended author information available on the last page of the article

Abstract
Background Infections caused by Klebsiella pneumoniae are common and result in high mortality rates. In vitro studies 
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centrations (MICs) of CPZ/SUL against the causative K. pneumoniae isolates.
Methods This multicenter, retrospective study was conducted in Taiwan between July 2017 and April 2021. Patients with K. 
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acid sulfone with activity against Ambler class A enzymes, 
broadened the antimicrobial spectrum of CPZ [13, 14].

Over the past, the emergence of ESBL-producing K. 
pneumoniae has caused a serious clinical burden [7–9]. The 
Taiwan Surveillance of Antimicrobial Resistance program 
conducted from 2002 to 2012 reported that the prevalence 
of ESBL-producing K. pneumoniae increased from 4.8 to 
11.9% in Taiwan [15]. According to the SENTRY antimicro-
bial surveillance program data, the prevalence of multidrug-
resistant (MDR) Enterobacterales-associated bloodstream 
infections increased from 6.2 to 15.8% between 1997 and 
2016 [9].

The CPZ/SUL combination is active against many MDR 
GNBs, including ESBL-producing Enterobacterales, Pseu-
domonas aeruginosa, and Acinetobacter baumannii [16, 
17]. CPZ/SUL is effective against MDR GNBs that cause 
febrile neutropenia, intra-abdominal infections, community-
acquired pneumonia, and hospital-acquired pneumonia [12, 
18–22]. However, there are no available minimal inhibitory 
concentration (MIC) interpretation breakpoints for the CPZ/
SUL combination according to the Clinical and Laboratory 
Standards Institute (CLSI) and European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) guidelines 
[23, 24]. In Taiwan, antimicrobial susceptibility test reports 
for CPZ/SUL are generated by automated testing using a 2:1 
ratio of CPZ to SUL, and the results are interpreted using 
the CLSI breakpoints for cefoperazone against Enterobacte-
rales. Studies have reported that CPZ/SUL administered at a 
1:1 ratio has superior antibacterial activities against ESBL-
producing K. pneumoniae and most MDR GNB compared 
with the 2:1 ratio [25, 26]. A recent study revealed an 82.7% 
clinical success rate in treating bacteremia caused by ESBL-
producing Enterobacterales with 1:1 CPZ/SUL [27].

We conducted a multicenter, retrospective study to cor-
relate the MIC values of a 1:1 ratio of CPZ/SUL against K. 
pneumoniae and the clinical outcomes of patients with K. 
pneumoniae bacteremia.

Materials and methods

Study design and patients

This multicenter study was conducted between July 2017 
and September 2022 at eight medical centers located in dif-
ferent parts of Taiwan, including Southern Taiwan (Chi Mei 
Medical Center [CMMC], Kaohsiung Chang-Guan Memo-
rial Hospital [KCGMH], and Kaohsiung Medical University 
Hospital [KMUH]), Central Taiwan (China Medical Uni-
versity Hospital [CMUH] and Taichung Veterans General 
Hospital [TCVGH]), and Northern Taiwan (Linkou Chang 
Gung Memorial Hospital [LCGMH], Tri-Service General 

Hospital [TSGH], and Taipei Veterans General Hospital 
[TVGH]).

The enrolled patients were > 20 years of age had mono-
microbial bacteremia caused by K. pneumoniae and were 
initially treated using antimicrobial monotherapy with a 1:1 
ratio of CPZ/SUL within 24 h of bacteremia onset with treat-
ment lasting for more than 72 h. The onset of bacteremia 
was defined as the date of index blood culture collected [25, 
28]. CPZ/SUL was given intravenously every 12 h at a stan-
dard dosage of 2/2 g, with dosage modification as the manu-
facturer’s guidelines, according to the estimated creatinine 
clearance using the Cockroft–Gault equation [29]. Patients 
receiving additional antimicrobial therapies exceeding 48 h 
were excluded, except those treatments were targeting 
GPCs, virus or fungi. This study was approved by the Insti-
tutional Review Board (IRB) of the TSGH (No. 1-106-05-
116) and the IRBs of all other participating hospitals.

Antimicrobial susceptibility test

The antimicrobial MICs (µg/ml) were determined using the 
agar dilution method in accordance with CLSI recommen-
dations [23]. The 1:1 combination ratio was used [25]. CPZ/
SUL powder was purchased from TTY Biopharm (Taipei, 
Taiwan).

Variable definition and assessment of the treatment 
efficacy

The Charlson Comorbidity Index [30] was used to assess 
comorbidities. Immunosuppressant therapy indicated those 
patient receiving prednisolone for at least10mg per day (or 
equivalent potency agents) from 2 days before bacteremia 
onset till 30 days post the event. The Acute Physiology and 
Chronic Health Evaluation II (APACHE II) [31] was used to 
assess disease severity. The source of bacteremia was clas-
sified as respiratory tract infection/pneumonia, urinary tract 
infection, soft-tissue infections, intraabdominal infection, or 
primary bloodstream infection, according to the definitions 
of the Centers for Disease Control and Prevention [32]. 
Clinical outcomes were assessed at 30 days. The clinical 
outcomes were recorded and divided into four categories: 
cure, improvement, lack of efficacy, and death. A cure was 
defined as the absence of symptoms and signs of infection 
without the requirement for additional antibiotic therapy 
and a negative result in the subsequent blood culture within 
a week of the onset of bacteremia. Improvement indicated 
that the symptoms and signs subsided with or without labo-
ratory improvement, based on clinical judgment, and fur-
ther antibiotic treatment was required. Lack of efficacy was 
defined as clinical progression or persistent bacteremia at the 
end of CPZ/SUL treatment [33]. Regarding the correlation 
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between treatment efficacy and the MICs of CPZ/SUL, cure 
and improvement were defined as favorable outcomes. In 
contrast, a lack of efficacy and death were defined as unfa-
vorable outcomes.

Statistical analyses

Descriptive statistics were used to present the demographic 
characteristics of enrolled patients. The demographic char-
acteristics of the two groups (MIC ≤ 16 and MIC > 16) 
were compared using the Fisher’s exact test for categori-
cal variables. Continuous variables are presented as the 
mean ± standard deviation and compared using Student’s 
t-test. Statistical significance was set at p < 0.05. A multi-
variate analysis was performed for all variables that were 
statistically significant in the univariate analysis. Odds 
ratios (ORs) with 95% confidence intervals (CIs) and p-val-
ues were calculated. All statistical analyses were performed 
using SPSS version 20 (IBM Corp., Armonk, NY, USA).

Results

During the study period, 201 patients with K. pneumoniae 
bacteremia were enrolled based on the patient selection 
criteria (Fig. 1). The patient demographic data were pre-
sented in Table 1. The majority of patients were male. The 
most prevalent comorbidities included diabetes mellitus, 
impaired liver function, and impaired renal function. The 

primary cause of bacteremia was intra-abdominal infection, 
followed by primary bacteremia, respiratory tract infection, 
and urinary tract infections. Antimicrobial susceptibility 
results for K. pneumoniae are detailed in Table 2.

The MIC of CPZ alone and the 1:1 combination of CPZ/
SUL against K. pneumoniae are shown in Table 3. The 
MIC ranges and MIC50 values for CPZ and CPZ/SUL were 
similar. However, the MIC90 values were lower for CPZ/
SUL (MIC90: 32 ug/ml) than for CPZ (MIC90: >64 ug/ml) 
alone. Among the 201 isolates, 180 (89.55%) were suscep-
tible, six (2.99%) were intermediate, and 15 (7.46%) were 
resistant to CPZ/SUL. For isolates that were not susceptible 
to CPZ, the addition of SUL restored the susceptibility rate 
from 0 to 53.33% and reduced the resistance rate from 82.22 
to 33.33% (Table 3). Distribution of the cefoperazone/sul-
bactam MIC values among those K. pneumoniae isolates 
were showed in Fig. 2. Most of those K. pneumoniae iso-
lates in this study exhibited MIC values of less than 8 µg/ml 
(< 8 µg/ml, n = 157, 78.11%) (Fig. 2).

Outcome evaluations revealed that 77.61% exhibited 
favorable outcomes (cure and improvement) and 22.39% 
showed unfavorable outcomes (death and lack of treatment 
efficacy). (Table 1). The clinical outcomes correlated with 
CPZ/SUL MIC values were showed in Fig. 2. As the MIC 
value increased, the rate of favorable outcomes decreased, 
and the 30-days mortality rate increased.

Comparing the patient characteristics and outcomes 
in causative K. pneumoniae isolates with CPZ/SUL 
MIC ≤ 16 µg/ml and > 16 µg/ml in Table 1, we observed 

Fig. 1 Methodology for applica-
tion of exclusion criteria. CPZ/
SUL, cefoperazone/sulbactam; 
CGMH-LK, Chang Gung Memo-
rial Hospital; CMMH, Chi Mei 
Medical Hospital; CMUH, China 
Medical University Hospital; 
KCGMH, Kaohsiung Chang 
Gung Memorial Hospital; 
KMUH, Kaohsiung Medical 
University Hospital; TSGH Tri-
Service General Hospital; TVGH 
Taipei Veterans General Hospital; 
TCTVGH, Taichung Veterans 
General Hospital
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Logistic regression analysis of the prognostic factors 
for unfavorable outcomes was shown in Table 4. Compar-
ing the two groups, patients with higher APACHE II score 
(mean ± standard deviation, 12.74 ± 6.35 vs. 18.27 ± 7.18 
points; p < 0.001), metastatic tumors (n = 19, 12.18% vs. 
n = 16, 35.56%; p < 0.001), and infection by K. pneumoniae 
isolates with CPZ/SUL MIC > 16 µg/ml (n = 10, 6.41% vs. 
n = 11, 24.44%; p = 0.001) were associated with a higher 
risk of unfavorable outcomes in univariate analysis. In 
multivariate analysis, patients with a higher APACHE II 
score (OR, 1.14; 95% CI, 1.07–1.21; p < 0.001), metastatic 
tumors (OR, 5.76; CI, 2.31–14.40; p < 0.001), and infection 
by K. pneumoniae isolates with CPZ/SUL MIC > 16 µg/ml 
(OR, 4.30; CI, 1.50–12.27; p = 0.006) were independently 
associated with unfavorable outcomes.

Discussion

This is the first multicenter study to investigate the effects 
of CPZ/SUL therapy in patients with K. pneumoniae bac-
teremia and to provide reference clinical breakpoints and 
prognostic factors for outcomes. The correlation analysis of 

that unfavorable outcomes were more frequent in those with 
MIC > 16 µg/ml than those with MIC ≤ 16 µg/ml. Those 
infected by isolates with MIC > 16 µg/ml had a higher 
APACHE II scores and higher prevalence of impaired renal 
function. There were no significant differences in sex, age, 
or source of infection between the two groups.

Table 2 The antimicrobial susceptibilities of 201 Klebsiella pneu-
moniae isolates
Antimicrobial agents Susceptibility (n/N) %

S I R
Amikacin 95.02 1.49 3.48
Gentamicin 76.12 5.97 17.91
Ampicillin 0.00 0.00 100.00
Piperacillin/Tazobactam 74.63 7.46 17.91
Cefazolin 34.33 27.36 38.31
Ceftriaxone 68.66 0.99 30.35
Ceftazidime 65.67 4.48 29.85
Cefepime 83.08 1.00 15.92
Ciprofloxacin 67.66 6.47 25.87
Levofloxacin 73.13 3.48 23.38
Imipenem 90.05 1.99 7.96
Ertapenem 90.05 2.99 6.96
Tigecycline 89.55 5.97 4.48
Trimethoprim/sulfamethoxazole 58.71 0.00 41.29

All Agar dilution (1:1) MIC p value
MIC ≤ 16 MIC > 16

Number 201 180 21
Sex  Male 124 (61.69) 111 (61.67) 13 (61.90) 0.99

 Female 77 (38.31) 69 (38.33) 8 (38.10)
Age (Mean ± SD) 68.78 ± 14.86 68.39 ± 15.49 72.14 ± 6.57 0.06
APACHE II score (Mean ± SD) 13.98 ± 6.94 13.42 ± 6.88 18.76 ± 5.80 0.001
Charlson Comorbidity score > 3 156 (77.61) 137 (76.11) 19 (90.48) 0.17
Comorbidities
 Liver function impairment 61 (30.35) 56 (31.11) 5 (23.81) 0.62
 Renal function impairment 41 (20.40) 31 (17.22) 10 (47.62) 0.003
 Heart failure 15 (7.46) 15 (8.33) 0 (0.00) 0.38
 Diabetes mellitus 77 (38.31) 65 (36.11) 12 (57.14) 0.10
 Neutropenia 8 (3.98) 8 (4.44) 0 (0.00) 0.99
 Immunosuppressant therapy** 14 (6.97) 10 (5.56) 4 (19.05) 0.04
 Metastatic tumor 35 (17.41) 33 (18.33) 2 (9.52) 0.54
Infection sources 0.48
 Respiratory tract 33 (16.42) 27 (15.00) 6 (28.57)
 Urinary tract 28 (13.93) 25 (13.89) 3 (14.29)
Intra-abdomen 65 (32.34) 60 (33.33) 5 (23.81)
 Primary bacteremia 64 (31.84) 57 (31.67) 7 (33.33)
 Others*** 11 (5.47) 11 (6.11) 0 (0.00)
Outcomes 0.001
 Favorable 156 (77.61) 146 (81.11) 10 (47.62)
   Cure 62 (30.84) 59 (32.78) 3 (14.29)
   Improvement 94 (46.77) 87 (48.33) 7 (33.33)
 Unfavorable 45 (22.39) 34 (18.89) 11 (52.38)
   Lack of efficacy**** 21 (10.45) 16 (8.89) 5 (23.81)
   Death 24 (11.94) 18 (10.00) 6 (28.57)

Table 1 Demographic and clini-
cal characteristics of patients with 
Klebsiella pneumoniae bacte-
remia receiving cefoperazone/
sulbactam treatment.*

MIC, mimimal inhibitory con-
centration
* Data are n (%) unless other-
wise stated
** Immunosuppressant therapy: 
patients receiving prednisolone 
for at least10mg per day (or 
equivalent potency agents) from 
2 days before bacteremia onset 
till 30 days post the event
*** Others, other infection 
sources, six cases of catheter-
related blood stream infection 
(CRBSI) and five cases of soft 
tissue or wound infection
**** Lack of efficacy was 
defined as clinical progression or 
persistent bacteremia at the end 
of CPZ/SUL treatment
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producers, which is important in antimicrobial stewardship 
[27]. However, in areas where the prevalence of carbape-
nem resistance is significant, the empirical use of CPZ/SUL 
should be approached with caution [38, 39].

The addition of SUL effectively restored the efficacy of 
CPZ from 77.6 to 89.6%. Even in isolates that were not sus-
ceptible to CPZ, the addition of SUL to CPZ restored anti-
microbial susceptibility from 0 to 53% in the current study 
(Table 3). In most previous studies, the ratio of CPZ to SUL 
was 2:1 [40–43]. Recent studies have established that CPZ/
SUL ratio of 2:1 and 1:1 significantly increased the efficacy 
against ESBL strains and MDR GNB compared with CPZ 
alone [25]. Moreover, CPZ/SUL at a 1:1 ratio produced bet-
ter activity against MDR GNB than that at a 2:1 ratio [26].

the MIC values of CPZ/SUL against K. pneumoniae with 
the clinical outcomes revealed that most patients (81.1%) 
infected by isolates with MIC ≤ 16 µg/ml had favorable 
outcomes. MIC values > 16 µg/ml were independently 
associated with unfavorable outcomes. In addition, higher 
APACHE II scores and metastatic tumors were associated 
with unfavorable outcomes in patients with K. pneumoniae 
bacteremia.

The major mechanism underlying third-generation 
cephalosporin resistance in K. pneumoniae in Taiwan and 
worldwide is the presence of ESBL genes [34, 35]. The 
consumption of carbapenems has increased, which has pro-
moted the spread of carbapenem-resistant K. pneumoniae 
[36, 37]. Therefore, CPZ/SUL may offer a valuable car-
bapenem-sparing alternative for effectively covering ESBL 

Table 3 The minimal inhibitory concentrations and the susceptibilities of cefoperazone alone and in combination with sulbactam (1:1) against 
Klebsiella pneumoniae isolates
K. pneumoniae (n = 201) MIC (ug/ml) Susceptibility [%(n)]a

MIC50 MIC90 MIC range S I R
CPZ 0.25 > 64 0.0625 ~ > 64 77.61% (156) 3.98% (8) 18.41% (37)
CPZ/SUL 0.25 32 0.0625 ~ > 64 89.55% (180) 2.99% (6) 7.46% (15)
CPZnS K. pneumoniae
(n = 45)

MIC (ug/ml) Susceptibility [%(n)]a

MIC50 MIC90 MIC range S I R
CPZ > 64 > 64 32 ~ > 64 0.00% (0) 17.78% (8) 82.22% (37)
CPZ/SUL 16 > 64 2 ~ > 64 53.33% (24) 13.33% (6) 33.33% (15)
aThe susceptibility breakpoints were adapted from Clinical and Laboratory Standards Institute 2019 for cefoperzaone against Enterobacterales: 
S, MIC ≤ 16 mg/L; I, MIC = 32 mg/L; R, MIC ≥ 64 mg
CPZnS, cefoperazone-non-susceptible; CPZ, cefoperazone; SUL, sulbactam; CPZ/SUL, cefoperazone/sulbactam; MIC, minimal inhibitory 
concentration

Fig. 2 Distribution of the cefoperazone/sulbactam minimum inhibitory concentration (MIC) values and clinical outcomes correlated with cefo-
perazone/sulbactam minimum MIC values among the 201 Klebsiella pneumoniae isolates
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bacteremia [45, 46]. Therefore, judicious antimicrobial 
treatment is crucial for patients with such risk factors. When 
the MICs ≤ 16 µg/ml, CPZ/SUL could be confidently used 
to treat K. pneumoniae bacteremia. It is also important to 
follow the results of antimicrobial susceptibilities and fol-
lowing antimicrobial stewardship principles.

This study had some limitations. The major limitations 
are its retrospective design with potential intrinsic selec-
tion bias, and the fact that the detailed treatment course 
cannot be controlled. Further randomized controlled stud-
ies are required to confirm these findings. The strengths of 
this study include the inclusion of a relatively large number 
of patients from multiple medical centers located in repre-
sentative regions of Taiwan using stringent inclusion crite-
ria. Our findings provide clinicians with useful information 
regarding the outcomes and risk factors of patients with K. 
pneumoniae bacteremia treated with CPZ/SUL.

To date, no CLSI clinical breakpoints have been reported 
for CPZ/SUL in K. pneumoniae. The CLSI CPZ break-
points for Enterobacterales (MIC ≤ 16 µg/ml, susceptible; 
MIC = 32 µg/ml, intermediate; MIC ≥ 64 µg/ml, resistant) 
[23] are often used to interpret susceptibility results for 
CPZ/SUL. Despite the emergence of resistance, CPZ/SUL 
maintains good antimicrobial efficacy. A large-scale study in 
China from 2010 to 2018 reported susceptibility rates of K. 
pneumoniae to CPZ/SUL (2:1) ranging from 72.1 to 76.9% 
[44]. In the current study, the susceptibility was even higher 
(89.6%) when using the 1:1 CPZ: SUL combination. CPZ/
SUL MIC > 16 µg/ml was associated with unfavorable out-
comes, indicating that patients with bacteremia who were 
infected with K. pneumoniae isolates with MIC > 16 µg/
ml should not be treated with CPZ/SUL. In contrast, most 
patients with CPZ/SUL MIC ≤ 16 µg/ml exhibited favorable 
outcomes (81.1%), indicating the efficacy of treatment with 
1:1 CPZ/SUL.

In the current study, we observed that the APACHE 
score and the presence of metastatic tumors were signifi-
cant risk factors for unfavorable outcomes. These findings 
were consistent with prior investigations on K. pneumoniae 

Table 4 Univariate and multivariate logistic analyses of factors associated with unfavorable outcomes in patients with Klebsiella pneumoniae 
bacteremia.*

Univariant analysis Multivariant analysis
Favorable outcomes unfavorable outcomes OR (95%CI) p value OR (95%CI) p value

Number 156 45
Sex Male (n, %) 96 (61.54) 28 (62.22) 1.03 (0.52–2.04) 0.93 0.81 (0.35–1.90) 0.63

Female (n, %) 60 (38.46) 17 (37.78)
Age (Mean ± SD) 68.52 ± 15.48 69.69 ± 15.00 1.01 (0.98–1.03) 0.64 0.99 (0.95–1.02) 0.45
APACHE II score (Mean ± SD) 12.74 ± 6.35 18.27 ± 7.18 1.12 (1.07–1.18) < 0.001 1.14 (1.07–1.21) 0.002
Charlson Co-morbidities score > 3 (n, 
%)

117 (75.00) 39 (86.67) 2.17 (0.85–5.51) 0.10 1.02 (0.83–1.02) 0.83

Co-morbidities (n, %)
 Liver function impairment 45 (28.85) 16 (35.56) 1.36 (0.68–2.75) 0.39
 Renal function impairment 33 (21.15) 8 (17.78) 0.81 (0.34–1.90) 0.62
 Heart failure 12 (7.69) 3 (6.67) 0.86 (0.23–3.18) 0.82
 Diabetes mellitus 55 (35.26) 22 (48.89) 1.76 (0.90–3.43) 0.10
 Neutropenia 7 (4.49) 1 (2.22) 0.49 (0.06–4.04) 0.50
 Immunosuppressant therapy** 12 (7.69) 2 (4.44) 0.56 (0.12–2.59) 0.46
 Metastatic tumor 19 (12.18) 16 (35.56) 3.98 (1.83–8.65) < 0.001 5.15 (1.10-24.06) 0.03
Infection sources (n, %)
 Respiratory tract 18 (11.54) 15 (33.33) 2.98 (1.20–7.36) 0.02 1.67 (0.58–4.81) 0.34
 Urinary tract 23 (14.74) 5 (11.11) 0.78 (0.25–2.41) 0.78 0.61 (0.17–2.18) 0.45
 Intra-abdomen 58 (37.18) 7 (15.56) 0.43 (0.16–1.15) 0.09 0.40 (0.13–1.23) 0.11
 Primary bacteremia (Ref.) 50 (32.05) 14 (31.11) 1 - 1 -
 Others*** 7 (4.49) 4 (8.89) 2.04 (0.52–7.98) 0.31 2.63 (0.54–12.83) 0.23
MIC > 16 ug/ml 10 (6.41) 11 (24.44) 4.72 (1.86–12.02) 0.001 4.37 (1.49–12.83) 0.007
MIC, minimal inhibitory concentration
* Data are n (%) unless otherwise stated
** Immunosuppressant therapy: patients receiving prednisolone for at least10mg per day (or equivalent potency agents) from 2 days before 
bacteremia onset till 30 days post the event
*** Others, other sources, included six cases of catheter-related blood stream infection (CRBSI) and five cases of soft tissue or wound infection
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adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.
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