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Mutations in porin LamB contribute to ceftazidime-avibactam resistance in
KPC-producing Klebsiella pneumoniae
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ABSTRACT
Ceftazidime-avibactam (CAZ-AVI) shows promising activity against carbapenem-resistant Klebsiella pneumoniae (CRKP),
however, CAZ-AVI resistance have emerged recently. Mutations in KPCs, porins OmpK35 and/or OmpK36, and PBPs are
known to contribute to the resistance to CAZ-AVI in CRKP. To identify novel CAZ-AVI resistance mechanism, we
generated 10 CAZ-AVI-resistant strains from 14 CAZ-AVI susceptible KPC-producing K. pneumoniae (KPC-Kp) strains
through in vitro multipassage resistance selection using low concentrations of CAZ-AVI. Comparative genomic
analysis for the original and derived mutants identified CAZ-AVI resistance-associated mutations in KPCs, PBP3
(encoded by ftsI), and LamB, an outer membrane maltoporin. CAZ-AVI susceptible KPC-Kp strains became resistant
when complemented with mutated blaKPC genes. Complementation experiments also showed that a plasmid borne
copy of wild-type lamB or ftsI gene reduced the MIC value of CAZ-AVI in the induced resistant strains. In addition,
blaKPC expression level increased in four of the six CAZ-AVI-resistant strains without KPC mutations, indicating a
probable association between increased blaKPC expression and increased resistance in these strains. In conclusion, we
here identified a novel mechanism of CAZ-AVI resistance associated with mutations in porin LamB in KPC-Kp.
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Introduction

Carbapenem-resistantKlebsiella pneumoniae (CRKP), an
opportunistic pathogen spreading worldwide, is increas-
ingly being isolated clinically and has caused numerous
nosocomial outbreaks [1–4]. In 2020, 22% of
K. pneumoniae strains isolated from patients in China
were reported to be carbapenem-resistant [5]. In Greece,
Italy, and the United States, the proportion of CRKP
among K. pneumoniae is as high as 62%, 33%, and
11%, respectively [6,7]. CRKP is resistant to most of
the commonly used antimicrobial agents, thus limiting
treatment options and posing a serious threat to the glo-
bal public health [8]. Carbapenemases are the main
causes of multidrug resistance in CRKP and are classified
into class A (KPC), class B (NDM, IMP, and VIM), and
class D (OXA-48-like) [9]. In China and elsewhere, KPCs
are major contributors to carbapenem resistance in
K. pneumoniae and more than 70% of carbapenemase-
producing K. pneumoniae produces KPCs [9–11].

Ceftazidime-avibactam (CAZ-AVI) is a cephalos-
porin/β-lactamase inhibitor combination that was
approved by the US Food and Drug Administration

(FDA) and the European Medicines Agency (EMA)
in 2015 for the treatment of complicated urinary tract
infections and complicated intra-abdominal infections
in adults [12]. AVI is a novel non-β-lactam β-lactamase
inhibitor that mainly inhibits class A and class C β-lac-
tamases and has no activity against class B β-lactamases.
Compared with other β-lactamase inhibitors, such as
vaborbactam and relebactam, AVI has some unique
advantages, including a long half-life, low molecular
weight, strong polarity and the ability to interact with
important catalytic residues near the active site of β-lac-
tamase [13]. CAZ has a broad-spectrum antimicrobial
activity and is capable of inhibiting the growth of bac-
teria by binding to the penicillin-binding proteins
(PBP) of gram-negative bacteria and inhibiting cell
wall synthesis [14–16]. Previous studies have shown
that, compared with other β-lactam antibiotics, CAZ
significantly and effectively expands its range of anti-
bacterial activity when combined with AVI, especially
against carbapenemase-producing bacteria, like Entero-
bacteriaceae and P. aeruginosa [17,18]. Previous studies
conducted in multiple regions indicated that more than
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80% of CRKP were sensitive to CAZ-AVI. A survey
conducted in China in 2020 reported that all KPCs or
OXA-48-producing CRKP strains were CAZ-AVI sen-
sitive. Thus, CRKP, especially those producing KPCs or
OXA-48, can be effectively treated by using CAZ-AVI
[5,19–21].

However, resistance to CAZ-AVI in CRKP has
been increasingly reported worldwide since 2016
[20,22–25]. Mutations in the Ω loop, an important
active site of β-lactamases, are major contributors to
CAZ-AVI resistance [20,22,23,26]. CRKP also devel-
ops resistance to CAZ-AVI through mutations in the
porins OmpK35 and/or OmpK36 [23,27,28]. A report
showed that the insertion of four amino acids in PBP3
(encoded by ftsI), the primary target of CAZ, increases
the minimum inhibitory concentration (MIC) of
CAZ-AVI [29]. Apart from these mentioned above,
other unknown resistance mechanisms in clinical iso-
lates need to be investigated. The main purpose of this
study was to uncover the resistance mechanism of
CAZ-AVI by inducing resistance in clinical strains
of KPC-producing K. pneumoniae (KPC-Kp) through
in vitro passaging under low antibiotic concentrations.

Materials and methods

Strains, antibiotics, and antimicrobial
susceptibility testing

All test strains included in this study were isolated
from patients admitted to the tertiary hospitals in
Guangdong province during 2016–2019. All strains
were identified as K. pneumoniae by a VITEK 2 Com-
pact system (BioMérieux, Marcy l’Etoile, France).
Polymerase chain reactions (PCRs) were conducted
to identify the presence of blaKPC [30]. All primers
used in this study are listed in Table S1.

The MICs of CAZ-AVI were determined by using
the broth microdilution method, and results were
interpreted according to the clinical breakpoint (sensi-
tive, ≤8/4 mg/L; resistant, ≥16/4 mg/L) recommended
by Clinical Laboratory and Standards Institute (CLSI)
[31]. The MICs of other antibiotics were also deter-
mined, including meropenem (MEM), ampicillin
(AMP), ampicillin-avibactam (AMP-AVI), aztreonam
(ATM), aztreonam-avibactam (ATM-AVI), poly-
myxin B (PB), gentamicin (GM), levofloxacin (LVX),
ceftriaxone (CRO), CAZ, and tigecycline (TGC). All
antibiotics were purchased from Meilunbio (Dalian,
China). K. pneumoniae ATCC 700603 and Escherichia
coli ATCC 25922 were used for quality control.

In vitro selection of CAZ-AVI-resistant isolates

Multipassage resistance selection was performed at
low CAZ-AVI concentrations (1/2 × the MICs of orig-
inal strains) as previously described with slight

modifications [32]. For each strain, 4 μl of overnight
culture was inoculated into 4 ml of LB broth sup-
plemented with CAZ-AVI at half of the MIC for the
strain. After incubation at 37°C with shaking
(220 rpm) for 16 h (Passage 1), 4 μl of the resulting
culture was used to inoculate 4 ml of fresh LB broth
containing CAZ-AVI at half of the MIC for original
strains and incubated at 37°C with shaking
(220 rpm) for 16 h (Passage 2). This was repeated
daily for a total of 50 passages. MIC changes in the
induced strains were monitored using broth microdi-
lution method every two passages and the ones with
more than a two-fold increase were stored at −80°C
for further experiments. All induced strains after 50
passages were also stored at −80°C. K. pneumoniae
ATCC 700603 was continuously passaged in the
absence of antibiotics and served as a negative control.

CAZ-AVI MIC for the induced strains at Passage
50 was tested again before subsequent experiments
to see if the cold storage affects the susceptibility.
Based on their MIC values, resistant strains after
induction were henceforth named following the for-
mat of “original strain name – induced resistance
(IR)” (e.g. P77-IR). Susceptible strains were named
following the format of “original strain name –
induced susceptibility (IS)” (e.g. P152-IS).

Stability of CAZ-AVI resistance and
cross-resistance

To estimate the stability of CAZ-AVI resistance for the
IR strains and two IS strains (P152-IS and C4-IS),
overnight cultures of these strains were inoculated
1:1000 in 4 ml of fresh LB broth for 20 passages. The
MIC of CAZ-AVI for the passaged strains was deter-
mined every two passages to record any changes.

The MICs of other antibiotics against the induced
strains were also examined (based on CLSI) and com-
pared with that of the original strains [31]. Cross-
resistance among induced strains was confirmed
when the MIC values of antibiotics other than CAZ-
AVI increased four-fold or more.

Whole-genome sequencing (WGS) and
bioinformatic analysis

WGS was performed for the wild-type strains and
derived IR and two IS strains (P152-IS and C4-IS).
Briefly, single colonies from an overnight agar plate
were cultured in 4 ml of LB broth at 37°C for 16 h,
and genomic DNA was extracted using a Bacterial
DNA Kit D3350 (Omega Bio-Tek, USA). WGS was
conducted by Novogene (Beijing, China) using an Illu-
mina Novaseq 6000 platform (Illumina, San Diego,
CA, USA). The raw data were trimmed and assembled
by shovill [33]. Prokka was used to annotate the
assembled contigs [34]. Resistance genes were
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identified by ABRicate using NCBI database [35].
Multi-locus sequence typing (MLST) was performed
by using MLST software [30]. Capsular serotypes (K)
were identified by wzi typing using Bacterial Isolate
Genome Sequence Database (BIGSdb) [36,37]. Single
nucleotide polymorphisms (SNPs) were identified
using Snippy [38]. To identify the passages in which
the mutations occurred in the mutant strains, PCR
were used to amplify target genes and PCR products
were Sanger-sequenced by BGI (Beijing, China).

Complementation experiment

Selected genes with mutations that occurred in mul-
tiple strains or had been previously reported were
cloned into vector pACYC184 as described preciously
[39,40] and transformed into appropriate strains to
verify the role of mutations. For the validation of
blaKPC, variants were amplified by PCR using primers
(Table S1) designed according to the User Manual of
In-Fusion® HD Cloning Kit (Takara, Tokyo, Japan).
PCR products were purified using a gel extraction
kit (Takara, Tokyo, Japan) and then cloned into the
linearized plasmid pACYC184 digested by EcoRI or
BamHI using the In-Fusion® HD Cloning Kit. The
resulting constructs were transformed by electropora-
tion into the wild-type strains, the nucleotide
sequences of the inserts were verified by Sanger
sequencing (BGI, Beijing, China). For the validation
of mutant lamB and ftsI, plasmids carrying the wild-
type lamB or ftsI were constructed as described
above and then transformed into mutant strains by
electroporation. As a control, the empty vector was
also introduced into the wild-type stains or mutant
strains. The MIC assays for the complementary strains
were performed in triplicate by broth microdilution
with Mueller-Hinton (MH) broth.

Determination of transcription levels

For induced strains with at least a four-fold increase in
the MIC values of CAZ-AVI, the transcription levels
of blaKPC of all passages were measured. For each
strain, overnight culture was inoculated 1:1,000 into
4 ml of fresh LB broth with CAZ-AVI at 1/2 of the
MIC for the original strain and cultured at 37°C
with 220 rpm shaking until the growth reached the
logarithmic growth phase. Total RNA was isolated
using a Bacteria RNA Extraction Kit (Vazyme, Nanj-
ing, China) and cDNA was produced using a HiScript
III-RT SuperMix for qPCR kit (Vazyme, Nanjing,
China) according to the manufacturer’s instructions.
RT–PCR was performed using a ChamQ Universal
SYBR qPCR Master Mix (Vazyme, Nanjing, China)
on a LightCycle® 96 (Roche) using blaKPC primers
(Table S1). The relative transcript levels were calcu-
lated using the 2-ΔΔCT method [41] with rpoB as the

reference (Table S1). The average transcript levels
were calculated from at least three independent RNA
samples isolated from three separate microbial broth
cultures for each strain.

The previous study showed that LamB plays an
important role in OmpK35/OmpK36-defective and
OmpK36-defective strains, thus, the transcription
levels of proins (ompK35, ompK36, and ompK37)
were also detected to explore the role of LamB [42]
using the method described above.

Statistical analysis

Continuous data were reported as means ± standard
deviation (SD) and analyzed using Student’s t-test
with SPSS software package (version 17.0, Chicago,
IL). P values < 0.05 were regarded as statistically
significant.

Accession numbers

All genome sequencing data for this work were
deposited at NCBI under BioProject accession
no. PRJNA740115 (https://www.ncbi.nlm.nih.gov/
bioproject/PRJNA740115) with BioSample SAMN
19820424.

Results

Characteristics of bacterial strains

Fourteen KPC-KP strains isolated in China were
included in this study based on their STs and serotypes
[43,44]. As shown in Table 1, four strains were isolated
from sputum samples, four from blood samples, three
from urine samples, and three from sterile body fluids.
Of the 14 KPC-Kp strains, 13 carried blaKPC-2 and one
carried blaKPC-12. MLST revealed that 10 strains
belonged to ST11, two to ST15, one to ST37 and one
to ST1296. Among the ST11 strains, six had a capsular
serotype of K47 and four of K64. The serotypes of the
ST15, ST37, and ST1296 strains were K19, K12, and

Table 1. Characteristics of the strains used in this study.
Strain Sample source Carbapenemase types Serotype MLST

220 sputum KPC-2 K47 11
1419 sputum KPC-2 K47 11
14192 sputum KPC-2 K47 11
BL94 sputum KPC-2 K47 11
1295 blood KPC-2 K64 11
BL18 blood KPC-2 K64 11
BL152 blood KPC-2 K64 11
84082 blood KPC-2 K64 11
P77 urine KPC-2 K47 11
C4 urine KPC-12 K47 11
Q38 urine KPC-2 K19 15
Q35 aseptic humoral KPC-2 K19 15
P152 aseptic humoral KPC-2 K75 1296
Q30 aseptic humoral KPC-2 K12 37

Note: KPC, Klebsiella pneumoniae carbapenemase; MLST, multi-locus
sequence typing.
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K75, respectively. All β-lactamases identified in the 14
strains are listed in Table S2.

As shown in Table 2, all of the 14 strains were sen-
sitive to CAZ-AVI and TGC but demonstrated high
MICs (≥64 mg/L) to ATM, AMP, CAZ, and CRO.
Almost all strains were resistant to GM (85.7%) and
LVX (92.8%) and most of strains were sensitive to
PB (71.4%).

In vitro selection of CAZ-AVI-resistant strains

After 50 passages, 10 of the 14 KPC-Kp strains became
CAZ-AVI resistance with at least a 4-fold increase in
the MIC value (Table 2). Strain P152 and C4 was con-
sidered susceptible according to the CLSI standard,
despite a 16-fold and 4-fold increase in MIC respect-
ively [31]. The MIC values increased eight-fold for
most strains (50%), followed by 32-fold (16.7%) and
four-fold (16.7%). The maximum increase in MIC of
CAZ-AVI was 128-fold. Two strains (220 and 1295)
had no significant change in MIC values after 50 pas-
sages and still susceptible to CAZ-AVI. As shown in
Table 2, the MIC values for CAZ alone increased
more than four folds in six strains, two folds in four
other strains. In addition, three strain showed no
change in MIC values of CAZ and one showed a
0.5-fold decrease.

As shown in Table 3, nine strains (64.3%) showed a
significant increase in MICs of CAZ-AVI within 14
passages, and five of the 10 IR strains evolved into
CAZ-AVI-resistant strains within 14 passages. During
the induction process, the MIC of CAZ-AVI for most
strains increased gradually, about two- to four-fold
each passage (Table 3).

Stability of induced resistance and occurrence
of cross-resistance

To examine the stability of CAZ-AVI resistance devel-
oped after the in vitro selection, 10 IR strains and 2 IS
strains (P152-IS and C4-IS) were subjected to further
passages in the absence of antibiotics. The results
showed that 9 strains maintained the resistance with-
out any change in the MIC values after 20 passages.
The MIC value for CAZ-AVI decreased by half in
the other three strains, BL18-IR, BL152-IR, and
Q38-IR, but remained resistant (Table S3).

The occurrence of cross-resistance was investigated
by comparing the MIC values of antibiotics for the
wild-type and induced strains. Two strains (BL152-
IR, 14192-IR) showed cross-resistance to ATM-AVI
and AMP-AVI with at least a four-fold increase in
the MIC values. In addition, three strains (1419-IR,
P152-IS, and Q38-IR) showed cross-resistance to
ATM-AVI only (Table 2). Interestingly, the MIC of
MEM for three strains (BL94-IR, Q30-IR, and P77-
IR) decreased by four-fold or more though remained Ta
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resistant, and two strains (P152-IS and 1419-IR)
became susceptible to MEM (Table 2).

Mutations occurred during induction

All mutations found in the ten IR strains and strains
P152-IS and C4-IS are listed in Tables S4 and S5. Nota-
bly, 5 of these 12 induced strains had variousmutations
in porin LamB, 6 strains had diverse mutations in
KPC-2 or KPC-12 and one strain had a mutated
PBP3. Three unreported mutations had also been
identified, an A172V in KPC-2 in strain P77-IR, a
R178S in KPC-12 in strain C4-IS and an L367Q in
PBP3 in strain 84082-IR. The mutations found in
KPCs, PBP3, and porin LamB are listed in Table 4.

The number of passages needed for the induction of
mutations in KPCs, LamB and PBP3 were determined
by identifying changes in these genes by PCR and San-
ger sequencing. As shown in Table S6, in most pas-
sages, a new mutation would lead to a slightly higher
MIC value. The MIC of passage in which the KPC-2
mutation occurred in Q30 increased the most (an
eight-fold increase), and the MIC values of passages
of other strains in which the mutations of KPC,
PBP3 and LamB occurred were slightly increased
(two- to four-fold).

Roles of mutations in KPCs, PBP3, and LamB
were confirmed by complementation

To explore the contribution of identified mutations to
CAZ-AVI resistance, the wild-type lamB and ftsI
genes were cloned into pACYC184, and the resulting
constructs were transformed by electroporation into
CAZ-AVI-resistant strains. Vectors carrying the
mutant blaKPC were electroporated into the wild-
type CAZ-AVI-sensitive strains (Table S7).

Wild-type lamB was successfully transformed into
4 out of the 5 induced strains with a mutation in
lamB. One of the strains, Q35-IR, was excluded from
the experiment because its multidrug resistant nature
that limited the availability of antibiotics for transfor-
mant screening. The MIC values of CAZ-AVI for
three of the transformants derived from strains
BL94-IR, C4-IS, and Q38-IR decreased two-fold, indi-
cating that lamBmutations partially contributed to the
induced CAZ-AVI resistance (Table 5). These above
three strains also showed decreased MIC values of
CAZ as well (0.5-fold). The recombinant plasmid car-
rying the wild-type ftsI gene reduced the MIC of the
CAZ-AVI from 128 mg/L to 4 mg/L and the MIC of
CAZ from 2048 mg/L to 1024 mg/L in the transfor-
mant derived from strain 84082-IR (Table 5).

As shown in Table 6, cloning of the six blaKPC
mutants into the wild-type strains increased their
CAZ-AVI resistance by at least four-fold as demon-
strated by the MIC values ranging from 8 mg/LTa
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to128 mg/L. Interestingly, these mutations in blaKPC
showed no obvious effect on the MIC of CAZ.

Gene expression analysis

Among strains confirmed with an at least four-fold
increase in CAZ-AVI MIC, the blaKPC expression in
four strains (Q35-IR, Q38-IR, BL152-IR, and BL18-
IR) was significantly increased (P < 0.05) compared
with the pre-induction strains. Strains with an
increased expression level of blaKPC all showed signifi-
cantly increased MIC values of CAZ, which increased
by four-fold. The elevated transcription levels all
appeared within fourteen passages and remained
stable (Figure 1, Table 4).

Among the 10 IR strains and two IS strains (P152-
IS and C4-IS), a significant decrease (P < 0.05) was
found for the expression level of ompK35, ompK36,
and ompK37 in 4, 7 and 3 strains, respectively.
Among the 5 strains with mutations in LamB, 4 strains
(except P77) had a decrease in the expression level of
ompK35 or ompK36 (Fig S1).

Discussion

In this study, the resistance mechanism of KPC-Kp
against CAZ-AVI was investigated by using in vitro

induction of resistance at low antibiotic concen-
trations. Ten of the 14 strains became CAZ-AVI resist-
ant after the in vitro selection. Apart from developing
resistance to CAZ-AVI after induction, some strains
also showed cross-resistance to ATM-AVI, AMP-
AVI and CAZ. It was reported that mutations in
KPC may decrease the inhibition effect of avibactam
[27] and changes in membrane permeability and
efflux pump function may affect multiple antibiotics
[14,45,46]. Importantly, these strains remained resist-
ant to CAZ-AVI after a further 20 passages in the
absence of antibiotics, demonstrating the stability of
the induced resistance. Comparative genomic analysis
revealed different mutations in porin LamB, KPCs and
PBP3 in the IR (induced) strains (Table 4), suggesting
these mutations may be responsible for the developed
CAZ-AVI resistance.

Previous studies demonstrated that the distinctive
outer membrane barrier with outer membrane pro-
teins (OMPs) in gram-negative bacteria can lead to a
high resistance to several antibiotics [45,46]. Yang
et al. reported that the mutations in OmpK35/36,
common porins in K. pneumoniae, invalidated AVI
diffusion across the outer membrane, leading to a sig-
nificant increase in the MIC of CAZ-AVI (4–32 mg/L)
[14]. Maltoporin LamB, involved in the transportation
of maltose and maltodextrins, is an 18-stranded β-

Table 4. Mutations identified in KPCs, LamB and PBP3 and expression level of blaKPC during induction.

Strains

Mutationsa

Relative expression of blaKPC
(P50/P0)b(means ± SD)

Change of MICsc of
CAZ-AVI (mg/L)

KPC d

porin LamB PBP3KPC-2 KPC-12

BL94 E165_L166ins - R374L W 0.86 ± 0.28 2→16
C4 - R178S R33H W 1.33 ± 0.63 2→8
1419 L169P + S181 ins - W W 1.12 ± 0.38 4→128
P77 A172V - R374L W 1.26 ± 0.15 4→16
P152 E166_L167del - W W 1.96 ± 1.19 0.25→4
Q30 E166_L167del - W W 1.38 ± 0.40 2→16
BL152 W - W W 2.45 ± 0.22 4→32
Q35 W - R374S W 3.27 ± 0.04 0.5→16
Q38 W - R134P W 2.05 ± 0.11 1→128
84082 W - W L367Q 0.79 ± 0.21 4→32
BL18 W - W W 5.83 ± 1.48 4→32
14192 W - W W 1.40 ± 0.17 4→32
aW,wild-type.
bP50: strain after 50 passages; P0: strain before passages; the relative expression of blaKPC was calculate by considering the blaKPC expression at P0 as 1 for
each strain; qRT-PCR data (relative expression of blaKPC) are given as means ± standard deviation (SD) of the results from three independent experiments.

cChange in MIC in each strain is presented as ‘MIC of P0 → MIC of P50’.
d-, indicates gene not present in strain.

Table 5. Complementation experiment for LamB and PBP3.

Transformed
plasmid Strain

MIC value of CAZ-AVI (mg/L) MIC value of CAZ (mg/L)

Mutant
strain

Mutant
stain +
empty
vector

Mutant stain
complemented with

wild-type gene
MIC Fold
change

Mutant
strain

Mutant
stain +
empty
vector

Mutant stain
complemented with

wild-type gene
MIC Fold
change

pAClamB P77-IR 16 16 16 1 1024 1024 1024 1
C4-IS 16 16 8 0.5 512 512 256 0.5
BL94-
IR

16 16 8 0.5 512 512 256 0.5

Q38-IR 64 64 32 0.5 512 512 256 0.5
pAC ftsI 84082-

IR
128 128 4 0.03 2048 2048 1024 0.5

Note: The CAZ-AVI resistant strains after induction were named following the format of ‘original strain name -IR’ (e.g. P77-IR). The induced strains that were
still susceptible to CZA-AVI are named as ‘original strain name -IS’ (e.g. P152-IS).
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barrels trimer located in the outer membrane of E. coli
and K. pneumoniae [47–49]. Previous studies demon-
strated that overexpression of LamB compensates the
loss of the major OmpK36 and contributes to high
levels of resistance to various classes of antibiotics in
K. pneumoniae [42,49]. To our best knowledge, here
we report for the first time that different mutations
in porin LamB were involved in CAZ-AVI resistance
in the KPC-Kp strains and may mainly affect the
MICs of CAZ. In mutant strains, complementary
expression of wild-type LamB reduced the MIC
value of CAZ-AVI, and the expression levels of
ompK35 or ompK36 were all significantly decreased
in our study. The findings agree with previous reports
that LamB has a more important role in OmpK35/
OmpK36-defective and OmpK36-defective strains
[42]. Three mechanisms may explain the change of
CAZ-AVI resistance caused by LamB mutations
according to previous studies: (1) lamB encodes a
specific influx channel of antibiotics; (2) the lack of
porin LamB influences the expression of some major
porins in CRKP, such as OmpK35 and OmpK36;
and (3) maltose may play an important role in anti-
biotic resistance by blocking the ability of bacteria to
ingest maltose increases survival, and LamB affects
the presence of maltose [49,50]. However, further
studies are needed to confirm the underlying
mechanism.

Interestingly, although expression of the wild-type
LamB in the mutant strains reduced the MIC values
of CAZ-AVI and CAZ, the changes were not signifi-
cant (Table 5). This may be explained by that anti-
biotic resistance caused by porin mutations is
usually synergistic with other mechanisms. Nelson
et al. have reported that OmpK35/36 deficiency, com-
bined with a significant increase in the expression level
of blaKPC and increased efflux activity resulted in an
eight-fold increase in MIC in the KPC-Kp strain
[14]. To evaluate whether mutation (T333N) in
OmpK36 contributes to ceftazidime-avibactam resist-
ance, Nelson et al. have transformed the wild-type
OmpK36 into the mutant strain, and the MIC value
was subsequently reduced by two-fold, which is simi-
lar to our results in this study [14]. Considering that
only porin LamB was complemented in mutant

strains, it is expected that the change in MIC values
would not be significant. Alternatively, LamB is
associated with a variety of antibiotics and has a
non-specific effect on CAZ-AVI [42]. García-Sureda
et al. reported that LamB knockout strains increased
the MICs of antibiotics by about two-fold which is
also in consistent with the results from our study.

Two KPC mutations in the Ω loop prompting
resistance to CAZ-AVI in our study are previously
unknown mutations [51]. These mutations in our
study resulted in increased MICs to varying degrees
[23,24]. We believe that mutations in KPC are diverse
and frequent, posing a great threat to CAZ-AVI’s
effectiveness [23,24,28]. In addition, our complemen-
tation experiment results showed that different
mutations in KPC may have no significant effect on
the MIC values of CAZ (Table 6), indicating that
mutations in KPC may mainly affected the activity
of AVI. We also identified increased blaKPC expression
level in most strains without KPCmutations, revealing
a probable mechanism leading to CAZ-AVI resistance
in these strains. The increase of MIC caused by the
enhanced expression level of blaKPC was not as signifi-
cant as that caused by KPC mutations. Notably, our
results showed that the sensitivity to meropenem in
strains with a mutant KPC was restored as previously
reported [52,53] while that of strains with an increased
expression level of blaKPC was not, posing further
obstacles for selection of appropriate clinical treat-
ments. Studies investigating the mechanism of
increased blaKPC expression in CAZ-AVI resistance
strains are currently limited. Two studies identified
that an increase in blaKPC copy number is responsible
for the elevated blaKPC expression level [14,54]. How-
ever, we had not identified the change of copy number
of blaKPC in our resistant strains and the specific
mechanism explaining the elevated expression level
in our study remains to be elucidated.

Additionally, a novel amino acid replacement
(L367Q) in PBP3 was found to have caused a signifi-
cant increase in MIC of CAZ-AVI in strain 84082-
IR. PBP3 is the primary target of CAZ. It was reported
that a four-amino-acid insertion (T-I-P-Y) caused an
increase in CAZ-AVI resistance because the mutation
decreased the affinity between PBP3 and the β-lactam

Table 6. Complementation experiment of KPCs.

Transformed
plasmid Strain

MIC value of CAZ-AVI (mg/L) MIC value of CAZ (mg/L)

WT
strain

WT strain +
empty
vector

WT strain
complemented with
gene of interest

MIC Fold
change

WT
strain

WT strain +
empty
vector

WT strain
complemented with
gene of interest

MIC Fold
change

pACBL94KPC BL94 2 2 16 8 1024 1024 1024 1
pACC4KPC C4 2 2 8 4 512 512 512 1
pAC1419KPC 1419 4 4 128 32 1024 1024 1024 1
pACP77KPC P77 2 2 8 4 512 512 1024 2
pACP152KPC P152 0.25 0.25 32 128 64 64 128 2
pACQ30KPC Q30 2 2 32 16 128 128 256 2

Note: The recombinant plasmid’s target fragments containing blaKPC were obtained from each CAZ-AVI resistant strain. WT strains, wild type strains.
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CAZ [29,55]. Our results showed that this novel
mutation contributed to the significant increase in
CAZ-AVI resistance, indicating the need for a greater
focus on PBP3 mutations which are not considered a
priority [26].

In conclusion, we have identified and investigated
multiple mechanisms that may be responsible for the
developed CAZ-AVI resistance in KPC-Kp strains.
Mutations in porin LamB may co-occur with other
resistance mechanisms, such as mutations in KPCs
and increased expression of blaKPC. In contrast, no
KPC mutations were detected in any of the strains
with elevated blaKPC expression, suggesting that the
two mechanisms may not always coexist.

Summary

This was the first time that mutations in porin LamB
were found to be associated with CAZ-AVI resistance.

We show that mutations in the KPCs and PBP3 are
diverse and can cause increases in CAZ-AVI MICs to
different degrees. In strains without KPC mutations,
the increase of blaKPC expression may be an important
mechanism contributing to CAZ-AVI resistance.

Acknowledgements

We thank Jingjie Song from Shenzhen People’s Hospital for
helping us to analyze the WGS data.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the National Natural Science
Foundation of China [grant number 81861138056] and

Figure 1. The blaKPC expression levels in strains without mutations in KPC. The horizontal axis is the number of passages of induc-
tion. The vertical axis is the relative expression level compared to the strain before induction (expression = 1.0). The housekeeping
gene rpoB was used as the endogenous reference gene. All RT-qPCR were carried out in triplicate. *P < 0.05 (Student’s t-tests).

Emerging Microbes & Infections 2049



the Guangzhou Municipal Science and Technology Bureau
[grant number 201607020044].

References

[1] Farmer JJ, Davis BR, Hickman-Brenner FW, et al.
Biochemical identification of new species and
biogroups of Enterobacteriaceae isolated from clinical
specimens. J Clin Microbiol. 1985;21(1):46–76.

[2] Xu L, Sun X, Ma X. Systematic review and meta-analy-
sis of mortality of patients infected with carbapenem-
resistant Klebsiella pneumoniae. Ann Clin Microbiol
Antimicrob. 2017;16(1):18.

[3] Su S, Li C, Zhao Y, et al. Outbreak of KPC-2-produ-
cing Klebsiella pneumoniae ST76 isolates in an inten-
sive care Unit and neurosurgery Unit. Microb Drug
Resist. 2020;26(9):1009–1018.

[4] Guducuoglu H, Gursoy NC, Yakupogullari Y, et al.
Hospital Outbreak of a colistin-resistant, NDM-1-
and OXA-48-producing Klebsiella pneumoniae: high
mortality from pandrug resistance. Microb Drug
Resist. 2018;24(7):966–972.

[5] CHINETS [Internet]. Chinet 2020 bacterial drug
resistance monitoring results (full year) [cited 2021
Feb 22]. Available from: http://www.chinets.com/
Document.

[6] European Centre for Disease Prevention and Control
[Internet]. Antimicrobial resistance surveillance in
Europe[updated 2015; cited 2014]. Available from:
http://ecdc.europa.eu/en/publications/Publications/
antimicrobial-resistance-europe-2014.pdf.

[7] Paterson DL, Ko WC, Von Gottberg A, et al.
Antibiotic therapy for Klebsiella pneumoniae bactere-
mia: implications of production of extended-spectrum
beta-lactamases. Clin Infect Dis. 2004;39(1):31–37.

[8] Nordmann P, Dortet L. Poirel L. carbapenem resist-
ance in Enterobacteriaceae: here is the storm!.
Trends Mol Med. 2012;18(5):263–272.

[9] Yan WJ, Jing N, Wang SM, et al. Molecular character-
ization of carbapenem-resistant Enterobacteriaceae
and emergence of tigecycline non-susceptible strains
in the Henan province in China: a multicentrer
study. J Med Microbiol. 2021;70(3):001325.

[10] Giani T, Pini B, Arena F, et al. Epidemic diffusion of
KPC carbapenemase-producing Klebsiella pneumo-
niae in Italy: results of the first countrywide survey,
15 May to 30 June 2011. Euro Surveill 2013;18
(22):20489.

[11] Pollett S, Miller S, Hindler J, et al. Phenotypic and
molecular characteristics of carbapenem-resistant
Enterobacteriaceae in a health care system in Los
Angeles, California, from 2011 to 2013. J Clin
Microbiol. 2014;52(11):4003–4009.

[12] Bassetti M, Peghin M, Vena A, et al. Treatment of
infections due to MDR gram-negative bacteria. Front
Med (Lausanne). 2019;6:74.

[13] Wang Y, Wang J, Wang R, et al. Resistance to ceftazi-
dime–avibactam and underlying mechanisms. J Glob
Antimicrob Resist. 2020;22:18–27.

[14] Nelson K, Hemarajata P, Sun D, et al. Resistance to
ceftazidime-avibactam is due to transposition of
KPC in a porin-deficient strain of Klebsiella pneumo-
niae with increased efflux activity. Antimicrob
Agents Chemother. 2017;61(10):e00989–17.

[15] Livermore DM, Warner M, Jamrozy D, et al. In vitro
selection of ceftazidime-avibactam resistance in

Enterobacteriaceae with KPC-3 carbapenemase.
Antimicrob Agents Chemother. 2015;59(9):5324–
5330.

[16] Clarke AM, Zemcov SJ. Ro 13-9904 and GR 20263,
two new cephalosporins with broad-spectrum activity:
an in vitro comparison with other beta-lactam anti-
biotics. J Antimicrob Chemother. 1981;7(5):515–520.

[17] Endimiani A, Choudhary Y, Bonomo RA. In vitro
activity of NXL104 in combination with beta-lactams
against Klebsiella pneumoniae isolates producing
KPC carbapenemases. Antimicrob Agents
Chemother. 2009;53(8):3599–3601.

[18] Lagacé-Wiens PR, Tailor F, Simner P, et al. Activity of
NXL104 in combination with beta-lactams against
genetically characterized Escherichia coli and
Klebsiella pneumoniae isolates producing class A
extended-spectrum beta-lactamases and class C beta-
lactamases. Antimicrob Agents Chemother. 2011;55
(5):2434–2437.

[19] Flamm RK, Nichols WW, Sader HS, et al. In vitro
activity of ceftazidime/avibactam against gram-nega-
tive pathogens isolated from pneumonia in hospital-
ised patients, including ventilated patients. Int J
Antimicrob Agents. 2016;47(3):235–242.

[20] Wilson WR, Kline EG, Jones CE, et al. Effects of KPC
variant and porin genotype on the in vitro activity of
meropenem-vaborbactam against carbapenem-resist-
ant Enterobacteriaceae. Antimicrob Agents
Chemother. 2019;63(3):e02048–18.

[21] Yin D, Wu S, Yang Y, et al. Results from the China
antimicrobial surveillance network (CHINET) in
2017 of the in vitro activities of ceftazidime-avibactam
and ceftolozane-tazobactam against clinical isolates of
Enterobacteriaceae and pseudomonas aeruginosa.
Antimicrob Agents Chemother. 2019;63(4):e02431–
18.

[22] Haidar G, Clancy CJ, Shields RK, et al. Mutations in
blaKPC-3 that confer ceftazidime-avibactam resistance
encode novel KPC-3 variants that function as
extended-spectrum β-lactamases. Antimicrob Agents
Chemother. 2017;61(5):e02534–16.

[23] Giddins MJ, Macesic N, Annavajhala MK, et al.
Successive emergence of ceftazidime-avibactam resist-
ance through distinct genomic adaptations in blaKPC-
2-harboring Klebsiella pneumoniae sequence type 307
isolates. Antimicrob Agents Chemother. 2018;62(3):
e02101–17.

[24] Shields RK, Nguyen MH, Chen L, et al. Pneumonia
and renal replacement therapy are risk factors for cef-
tazidime-avibactam treatment failures and resistance
among patients with carbapenem-resistant
Enterobacteriaceae infections. Antimicrob Agents
Chemother. 2018;62(5):e02497–17.

[25] Flamm RK, Nichols WW, Sader HS, et al. In vitro
activity of ceftazidime/avibactam against gram-nega-
tive pathogens isolated from pneumonia in hospital-
ised patients, including ventilated patients. Int J
Antimicrob Agents. 2016;47(3):235–242.

[26] Wang Y, Wang J, Wang R, et al. Resistance to ceftazi-
dime–avibactam and underlying mechanisms. J Glob
Antimicrob Resist. 2020;22:18–27.

[27] Winkler ML, Papp-Wallace KM, Bonomo RA.
Activity of ceftazidime/avibactam against isogenic
strains of Escherichia coli containing KPC and SHV
β-lactamases with single amino acid substitutions in
the Ω-loop. J Antimicrob Chemother. 2015;70
(8):2279–2286.

2050 Y. Guo et al.

http://www.chinets.com/Document
http://www.chinets.com/Document
http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2014.pdf
http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2014.pdf


[28] Galani I, Antoniadou A, Karaiskos I, et al. Genomic
characterization of a KPC-23-producing Klebsiella
pneumoniae ST258 clinical isolate resistant to ceftazi-
dime-avibactam. Clin Microbiol Infec. 2019;25(6):763,
e5-763.e8.

[29] Zhang Y, Kashikar A, Brown CA, et al. Unusual
Escherichia coli PBP 3 insertion sequence identified
from a collection of carbapenem-resistant
Enterobacteriaceae tested in vitro with a combination
of ceftazidime-, ceftaroline-, or aztreonam-avibactam.
Antimicrob Agents Chemother. 2017;61(8):e00389–17.

[30] Seeimann T[Internet]. Mlst Github[cited 2021 Feb 22].
Available from: https://github.com/tseemann/mlst.

[31] Clinical and Laboratory Standards Institute.
Performance standards for antimicrobial susceptibility
testing [S]. Thirty-one informational supplement,
2021, M100S, 31th ed.

[32] Gullberg E, Cao S, Berg OG, et al. Selection of resistant
bacteria at very low antibiotic concentrations. PLoS
Pathog. 2011;7(7):e1002158.

[33] Trinetta V, Magossi G, Allard MW, et al.
Characterization of Salmonella enterica isolates from
selected U.S. swine feed mills by whole-genome
sequencing. Foodborne Pathog Dis. 2020;17(2):126–
136.

[34] Seemann T. Prokka: rapid prokaryotic genome anno-
tation. Bioinformatics. 2014;30(14):2068–2069.

[35] FeldgardenM, Brover V, Haft DH, et al. Validating the
AMR finder tool and resistance gene database by using
antimicrobial resistance genotype-phenotype corre-
lations in a collection of isolates. Antimicrob Agents
Chemother. 2019;63(11):e00483–19.

[36] Brisse S, Passet V, Haugaard AB, et al.. wzi gene
sequencing, a rapid method for determination of cap-
sular type for Klebsiella strains. J Clin Microbiol.
2013;51(12):4073–4078.

[37] Jolley KA, Maiden MC. BIGSdb: scalable analysis of
bacterial genome variation at the population level.
BMC Bioinformatics. 2010;11(595). doi:10.1186/
1471-2105-11-595.

[38] Olawoye IB, Frost SDW, Happi CT. The bacteria gen-
ome pipeline (BAGEP): an automated, scalable
workflow for bacteria genomes with snakemake.
Peerj. 2020;8:e10121.

[39] Costa-Hurtado M, Garcia-Rodriguez L, Lopez-
Serrano S, et al. Haemophilus parasuis VtaA2 is
involved in adhesion to extracellular proteins. Vet
Res. 2019;50(1):69.

[40] Liu T, Zhou Z, Tian X, et al. A recombinant trivalent
vaccine candidate against human adenovirus types 3,
7, and 55. Vaccine. 2018;36(16):2199–2206.

[41] Yuan JS, Reed A, Chen F, et al. Statistical analysis of
real-time PCR data. BMC Bioinformatics. 2006;7
(85). doi:10.1186/1471-2105-7-85.

[42] García-Sureda L, Juan C, Doménech-Sánchez A, et al.
Role of Klebsiella pneumoniae LamB porin in

antimicrobial resistance. Antimicrob Agents
Chemother. 2011;55(4):1803–1805.

[43] Tian D, Pan F, Wang C, et al. Resistance phenotype
and clinical molecular epidemiology of carbapenem-
resistant Klebsiella pneumoniae among pediatric
patients in Shanghai. Infect Drug Resist.
2018;11:1935–1943.

[44] Hu Y, Liu C, Shen Z, et al. Prevalence, risk factors and
molecular epidemiology of carbapenem-resistant
Klebsiella pneumoniae in patients from Zhejiang,
China, 2008–2018. Emerg Microbes Infect. 2020;9
(1):1771–1779.

[45] Epand RM, Epand RF. Lipid domains in bacterial
membranes and the action of antimicrobial agents.
Biochim Biophys Acta. 2009;1788(1):289–294.

[46] Lin X, Wang C, Guo C, et al. Differential regulation of
OmpC and OmpF by AtpB in Escherichia coli exposed
to nalidixic acid and chlortetracycline. J Proteomics.
2012;75(18):5898–5910.

[47] Klebba PE, Hofnung M, Charbit A. A model of malto-
dextrin transport through the sugar-specific porin,
LamB, based on deletion analysis. EMBO J. 1994;13
(19):4670–4675.

[48] Stenberg F, Chovanec P, Maslen SL, et al. Protein
complexes of the Escherichia coli cell envelope. J Biol
Chem. 2005;280(41):34409–34419.

[49] Lin X, Yang M, Li H, et al. Decreased expression of
LamB and Odp1 complex is crucial for antibiotic
resistance in Escherichia coli. J Proteomics.
2014;98:244–253.

[50] Li W, Wang G, Zhang S, et al. An integrated quantitat-
ive proteomic and metabolomics approach to reveal
the negative regulation mechanism of LamB in anti-
biotics resistance. J Proteomics. 2019;194:148–159.

[51] Ting X, Yu G, Yang J, et al. Epidemiology and mech-
anisms of ceftazidime–avibactam resistance in gram-
negative bacteria. Engineering. 2021 Feb. doi:10.
1016/j.eng.2020.11.004.

[52] Livermore DM, Warner M, Jamrozy D, et al. In vitro
selection of ceftazidime-avibactam resistance in
Enterobacteriaceae with KPC-3 carbapenemase.
Antimicrob Agents Chemother. 2015;59(9):5324–5330.

[53] Asli A, Brouillette E, Krause KM, et al. Distinctive
binding of avibactam to penicillin-binding proteins
of gram-negative and gram-positive bacteria.
Antimicrob Agents Chemother. 2015;60(2):752–756.

[54] Humphries RM, Hemarajata P. Resistance to ceftazi-
dime-avibactam in Klebsiella pneumoniae due to
porin mutations and the increased expression of
KPC-3. Antimicrob Agents Chemother. 2017;61(6):
e00537–17.

[55] Alm RA, Johnstone MR, Lahiri SD. Characterization
of Escherichia coli NDM isolates with decreased sus-
ceptibility to aztreonam/avibactam: role of a novel
insertion in PBP3. J Antimicrob Chemother. 2015;70
(5):1420–1428.

Emerging Microbes & Infections 2051

https://github.com/tseemann/mlst
https://doi.org/10.1186/1471-2105-11-595
https://doi.org/10.1186/1471-2105-11-595
https://doi.org/10.1186/1471-2105-7-85
https://doi.org/10.1016/j.eng.2020.11.004
https://doi.org/10.1016/j.eng.2020.11.004

	Abstract
	Introduction
	Materials and methods
	Strains, antibiotics, and antimicrobial susceptibility testing
	In vitro selection of CAZ-AVI-resistant isolates
	Stability of CAZ-AVI resistance and �cross-resistance
	Whole-genome sequencing (WGS) and bioinformatic analysis
	Complementation experiment
	Determination of transcription levels

	Statistical analysis
	Accession numbers
	Results
	Characteristics of bacterial strains
	In vitro selection of CAZ-AVI-resistant strains
	Stability of induced resistance and occurrence of cross-resistance
	Mutations occurred during induction
	Roles of mutations in KPCs, PBP3, and LamB were confirmed by complementation
	Gene expression analysis

	Discussion
	Summary
	Acknowledgements
	Disclosure statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


