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Purpose: In this study, we analyzed the clinical distribution and drug resistance of carbapenem-resistant Klebsiella pneumoniae
(CRKP) strains, the minimum inhibitory concentrations (MIC), MIC50 and MIC90, and geographical distribution in Hebei Province,
China. We aimed to provide epidemiological research data, formulate appropriate combined treatment schemes, reasonably select
antibiotics, and standardize nosocomial infection control schemes.
Patients and Methods: A total of 6328 strains of CRKP were collected from 2017 to 2019. The MIC was determined for the drug
sensitivity test, and the experimental data were statistically analyzed using WHONET5.6.
Results: The detection rate of CRKP increased annually from 13.4% in 2017 to 14.5% in 2018, and 14.6% in 2019. The ratio of males
to females was approximately 2:1; 53.6% were elderly, 39% were adults, 4.8% were minors, and 2.5% were newborns. The specimens
collected were mainly sputum (70.9%). The resistance rate of CRKP to carbapenems and other β-lactam antibiotics was found to be
increasing, with resistance rates generally greater than 90%. The resistance rate to aminoglycoside antibiotics decreased yearly to
approximately 50%, and the resistance rate to quinolones remained unchanged at approximately 80%. From 2017 to 2019, the
resistance rate of CRKP in Hebei Province to various antibiotics was high, and the resistance rate to β-lactam antibiotics increased
each year.
Conclusion: The situation of CRKP resistance is severe in Hebei Province, China. The resistance rate to most antibiotics is very high
and shows an upward trend. Among them, the resistance rate to polymyxin is low; however, few resistant strains do exist. MIC50 and
MIC90 are higher than their MICs. It mainly causes lung infection in elderly men. This study is helpful to improve the diagnosis,
treatment, and prevention of CRKP infection in our province.
Keywords: carbapenems, clinical distribution, drug resistance, minimum inhibitory concentration, geographic distribution, Klebsiella
pneumoniae
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Introduction
Klebsiella pneumoniae is an important bacterium that is normally found in the flora of the human intestinal tract,1,2 and is
a common microorganism in the environment. It may acquire the carbapenemase-coding, AmpC-producing, or extended-
spectrum β-lactamase (ESBLs) with outer membrane porin deletion genes, which leads to carbapenem resistance.3

Carbapenem-coding genes are mostly located on transferable elements such as plasmids or transposons, resulting in the
spread of drug-resistant strains.4 Bacterial drug resistance has become a major global challenge in the field of public
health and is a serious threat to human health. Since the discovery of carbapenem-resistant K. pneumoniae (CRKP) in the
United States in 1996, carbapenem-resistant Enterobacteriaceae (CRE) has spread rapidly worldwide.5 In 2019, the US
Centers for Disease Control and Prevention listed CRE as an “emergency threat” pathogen threatening human health.

The mortality of patients infected with CRKP is higher than that of carbapenem-sensitive K. pneumoniae.6 According
to the European Antimicrobial Resistance Surveillance Network (EARSN) database, the detection rate of K. pneumoniae
is higher in Italy than in other European countries.7 Globally, the detection rate of CRKP is the highest in Greece
(54.9%), followed by eastern Europe (22.5%), Argentina (14%), and the Philippines (11%).8 Data from the China
Antimicrobial Resistance Surveillance System (CARSS) shows that the national average isolation rate of CRKP
increases annually, from 6.4% in 2014 to 10.9% in 2019. The close communication between people all over the world
has increased the risk of CRKP transmission.9–11

Tigecycline and polymyxin exhibit a high activity against CRKP.12 The emergence of new antibiotics such as
ceftazidime-avibactam and cefiderocol has resulted in additional treatment options for CRKP infection.13–15 Zhang et al14

reported that the resistance rate of CRKP to ceftazidime-avibactam was only 3.7%. The aim of this study was to
determine the distribution of specimens by statistically analyzing regional, sex, and age differences; antimicrobial
resistance; minimum inhibitory concentration (MIC) 50/90; geographical distribution; and other aspects of CRKP. The
study was conducted to provide epidemiological research data, formulate appropriate combined treatment schemes,
reasonably select antibiotics, and standardize nosocomial infection control schemes.

Materials and Methods
Strain Selection and Characteristics
A total of 6328 Clinical CRKP strains were isolated from sputum, blood, secretions, and other specimens of patients
between 2017 and 2019. These specimens were collected from 43 tertiary Hospitals in Hebei Province, China.
Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were used as quality control strains.
Duplicate strains were removed, and only the first tested sample of the patient was retained. The bacterial drug sensitivity
test recommended by Clinical and Laboratory Standards Institute (CLSI) was used, and drug sensitivity was determined
using the CLSI drug sensitivity break point of the 2019 edition.

Antimicrobial Susceptibility
Identification and determination of antimicrobial susceptibility of K. pneumoniae were performed using the Phoenix 100,
FX-200 automatic blood culture instrument (Becton, Dickinson and Company, New Jersey, USA). Blood culture was
performed using the BacT/ALERT 3D Microbial Identification System (BIO PARTICIPATIONS Co., LTD, Marcy-
l’étoile, France). MacConkey agar plates (Guangzhou Dijing Microorganism Technology Co., Ltd.) were used to culture
and screen the target bacteria.

Susceptibility testing was performed using the minimum inhibitory concentration (MIC) according to Clinical and
Laboratory Standards Institute (CLSI, 2019). Isolates with an MIC ≥ 4 mg/L for meropenem and imipenem were defined
as CRKP.16 The stock solution of drugs was prepared and diluted according to the guidelines formulated by Clinical and
Laboratory Standards Institute (CLSI). The cultured bacteria to be tested were used to prepare a 0.5 McFarland bacterial
suspension. Within 15 min of preparation of the bacterial suspension, 25 μL of the bacterial suspension and 45 μL of a
colorific indicator were added into the broth and thoroughly mixed. The remaining bacterial suspension was poured into
the biochemical well of a BD drug-sensitive plate (Becton, Dickinson and Company, New Jersey, USA), and the solution
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in the broth tube was poured into the drug-sensitive well in the drug-sensitive plate. The plate was covered, placed in the
Phoenix 100 automated system, cultured for 24 h, and then observed.

Statistical Analysis
Antimicrobial susceptibility data were analyzed with the WHONET 5.6 software (WHO, Geneva, Switzerland).
GraphPad prism 8 software (GraphPad Software, LaJolla, CA, USA) was used for drawing, and all counts were
expressed as percentages (%).

Results
Specimen Distribution of CRKP
Among the 6328 CRKP isolates, sputum accounted for 4428 (70.9%) isolates, urine accounted for 669 (10.7%) isolates,
and blood was the third most common (351 isolates; 5.6%). Secretions accounted for 193 (3.1%) isolates. Ascites
accounted for 90 isolates (1.4%), as shown in Table 1.

Geographical Distribution
The geographical distribution remained stable in Hebei Province, from a total of 10 cities counted, and the proportion
varied widely. More than 40% of the isolates were from Shijiazhuang, and less than 2% of the isolates were from
Langfang as shown in Table 2.

Clinical Data
From 2017 to 2019, the proportion of CRKP, carbapenem-resistant P. aeruginosa (CRPae) and carbapenem-resistant E.
coli (CRECO) in all infected patients and the population were 2.577%, 2.662%, 0.586% and 0.028%, 0.029%, and
0.006% respectively (Supplementary Table 1); CRKP accounted for 13.4% (1516/11,323), 14.5% (2335/16,100), and
14.6% (2477/16,737) of all isolates of K. pneumoniae, respectively. The ratio of males to females was almost unchanged
at approximately 2:1, as shown in Figure 1A. The elderly (> 60 years old) accounted for 53.6%, adults (18–60 years old)
accounted for 39%, minors (1–18 years old) accounted for 4.84%, and newborns (< 1 year old) accounted for 2.56%. The
details are shown in Figure 1B. CRKP was mainly detected in the intensive care unit (ICU) (29.0%), respiratory (15.7%),
neurosurgery (14.2%), pediatrics (6.4%), and emergency (3.6%) departments. The details are shown in Figure 1C.

Table 1 Distribution Characteristics of CRKP Specimens from 2017 to 2019

Specimen Type 2017 (n = 1516) 2018 (n = 2249) 2019 (n = 2477) Total

N P (%) N P (%) N P (%) N P (%)

Sputum 1044 68.87 1701 75.63 1738 70.17 4483 70.84

Urine 172 11.35 196 8.71 232 9.37 600 9.48
Blood 93 6.13 124 5.51 138 5.57 355 5.61

Secretion 38 2.51 60 2.67 90 3.63 188 2.97

Ascites 19 1.25 25 1.11 28 1.13 72 1.14
Balf 11 0.73 12 0.53 29 1.17 52 0.82

Bile 12 0.79 16 0.71 20 0.81 48 0.76

Fine needle aspiration 2 0.13 17 0.76 23 0.93 42 0.66
Pus 20 1.32 6 0.27 14 0.57 40 0.63

Drainage 3 0.20 14 0.62 14 0.57 31 0.49

Excreta 10 0.66 21 0.93 11 0.44 42 0.66
Hydrothorax 8 0.53 15 0.67 11 0.44 34 0.54

Other 84 5.54 128 5.48 129 5.21 341 5.39

Total 1516 100 2335 100 2477 100 6328 100.00

Abbreviations: N, number; P, proportion.
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Drug Susceptibility Analysis
Resistance trend of CRKP to common antibiotics: the resistance of CRKP to cephalosporin antibiotics showed an upward
trend, except cefepime, for which the resistance first increased and then decreased. The resistance to penicillin antibiotics
(piperacillin) showed an upward trend; the resistance to carbapenem antibiotics, including meropenem and imipenem,
showed an upward trend; the resistance to single ring β-lactam antibiotics (aztreonam) increased initially and then
decreased; the resistance to β-lactams/β-lactam inhibitors, including amoxicillin/clavulanate acis and piperacillin/

Table 2 Regional Distribution of CRKP in Hebei Province from 2017 to 2019

Territory Name Year Total Proportion (%)

2017(N) 2018(N) 2019(N)

Shijiazhuang 891 991 893 2775 43.85

Tangshan 189 525 554 1268 20.04
Cangzhou 76 287 280 643 10.16

Qinhuangdao 89 167 180 436 6.89

Xingtai 94 82 128 304 4.80
Handan 46 66 120 232 3.67

Zhangjiakou 25 110 88 223 3.52

Baoding 63 49 87 199 3.14
Chengteh 22 41 99 162 2.56

Langfang 21 17 48 86 1.36

Total 1516 2335 2477 6328 100.00

Abbreviation: N, number.
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Figure 1 Overall distribution characteristics of carbapenem-resistant Klebsiella pneumoniae (CRKP). (A) Gender distribution characteristics of CRKP. (B) Age distribution
characteristics of CRKP. (C) Distribution characteristics of CRKP departments.
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tazobactam, showed an upward trend. The resistance to aminoglycoside antibiotics including tobramycin, amikacin, and
gentamicin showed a downward trend, with the highest decrease observed in the case of tobramycin. The resistance to
quinolones, including levofloxacin and ciprofloxacin, showed an upward trend. The resistance to sulfonamides showed a
downward trend, with a large decline. In studies from 2017 to 2019, the observed polymyxin resistance rates were 0%,
1.5%, and 0%, respectively, showing a trend of increase at first and then a decrease.

The average resistance rate of CRKP to common antibiotics: the resistance rate to penicillin and β-lactamase/β-
lactamase inhibitors was high: the resistance rate to piperacillin, amoxicillin/clavulanate acid, and piperacillin/tazobac-
tam was 98.3%, 90.8%, and 92.5%, respectively. The resistance rate to cephalosporins was generally high. The resistance
rate to First to fourth generation cephalosporins represented by cefazolin, cefuroxime, cefotaxime, ceftriaxone, ceftazi-
dime, and cefepime was 95.8%, 97.2%, 94%, 97.6%, 94.1%, and 91.8%, respectively. The resistance rate to the fourth
generation cephalosporins was lower than that to the second and third generation cephalosporins. The resistance rate to
carbapenems was relatively high: 92.3% for imipenem and 93.2% for meropenem. The resistance rate to aztreonam was
95.7%; the resistance rate to quinolones was relatively low: 81.9% for ciprofloxacin and 79.3% for levofloxacin. The
resistance rate to aminoglycoside antibiotics was relatively low: 59.6% to tobramycin, 47.7% to amikacin, and 64.3% to
gentamicin. The resistance rate to cefoxitin was relatively low at 84.6%. The resistance rate to compound sulfamethox-
azole antibiotics was low at 53.3%. The average resistance rate to polymyxin was very low, at 0.5% (Table 3).

MIC50 and MIC90
In addition to amikacin, the MIC50 and MIC90 of CRKP was considerably higher than the MICs, and the MIC50 of
meropenem, imipenem, and ertapenem was as high as 4 times the drug resistance break point. The MIC50 of
cephalosporin antibiotics was 2–16 times the drug resistance break point, and the MIC50 of penicillin and its enzyme
inhibitor was equal to its drug resistance break point, as shown in Table 4

Table 3 Drug Sensitivity Data of CRKP to Various Antibacterial Drugs from 2017 to 2019

Antibiotic Name 2017 2018 2019 Average Value

N R(%) S(%) N R(%) S(%) N R(%) S(%) N R (%) S (%)

Amoxicillin/clavulanic acid 322 80.1 16.8 474 94.9 4.2 593 97.5 1.7 1389 90.8 7.6

Cefotaxime 551 90.4 9.1 809 96.2 3.8 561 95.5 4.1 1921 94.0 5.7
Cefoxitin 647 81.6 15.3 1033 85 10.4 1028 87.2 10.0 2708 84.6 11.9

Piperacillin 1063 97.7 0.9 1308 98.4 0.7 1317 98.8 0.5 3688 98.3 0.7

Tobramycin 833 71.2 22.1 1385 51.3 41.7 1405 56.2 33 3623 59.6 32.3
Aztreonam 1018 93.4 6.4 1513 97.4 2.4 1570 96.4 3.2 4101 95.7 4.0

Cefuroxime 1344 95.8 4.0 1823 97.9 1.8 1733 97.8 2.0 4900 97.2 2.6

Ceftriaxone 1262 95.2 4.7 1840 98.9 0.9 1972 98.7 1.1 5074 97.6 2.2
Compound

sulfamethoxazole

1381 68.4 31.4 1875 47.8 52.1 2025 43.8 56.2 5281 53.3 46.6

Cefazolin 1427 91.5 8.5 2213 98.1 1.9 1960 97.8 2.2 5600 95.8 4.2
Amikacin 1507 56.6 42.1 2142 42.7 56.4 2452 43.9 55.5 6101 47.7 51.3

Ciprofloxacin 1439 81.2 13.6 2152 80.3 16.1 2183 84.2 13.7 5774 81.9 14.5

Piperacillin/tazobactam 1504 90.5 6.7 2169 92.9 4.6 2387 94.0 3.9 6060 92.5 5.1
Meropenem 1501 90.7 6.9 2260 94.5 4.4 2219 94.4 4.1 5980 93.2 5.1

Levofloxacin 1491 79.3 17.9 2290 76.8 20.1 2447 81.9 15.4 6228 79.3 17.8

Ceftazidime 1455 92.4 6.7 1981 95.8 3.0 2422 94.1 4.5 5858 94.1 4.7
Gentamicin 1452 71.4 27.1 2303 57.0 40.6 2169 64.5 33.2 5924 64.3 33.6

Imipenem 1510 90.4 7.0 2322 92.0 5.0 2456 94.5 2.9 6288 92.3 5.0

Cefepime 1507 91.8 5.6 2335 92.5 4.9 2462 91.1 4.9 6304 91.8 5.1
Polymyxin 132 0 100 69 1.5 98.5 99 0 100 99 0.5 99.5

Abbreviations: N, number of strains; R, drug resistance rate; S, sensitivity rate.
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Discussion
CRE often causes infection in immunocompromised patients, resulting in prolonged hospital stays and increased
mortality.17 Although there are new antibiotics on the market for CRE infection, it is difficult to overcome antibiotic
resistance. This is because there are only a few effective antibiotics and a lack of clinical data, especially data from large
randomized controlled clinical research. Therefore, diagnosing, treating, and preventing CRE infection are challenging. It
is worth noting that CRKP is listed as a critical-priority bacteria among CREs.18 The most important resistance
mechanism of CRKP involves carbapenemases, and the common ones include K. pneumoniae carbapenemases (KPC),
New Delhi metallo-β-lactamase (NDM), imipenemase metallo-β-lactamase (IMP), Verona integron-encoded metallo-β-
lactamase (VIM), and oxacillinase-48-type carbapenemases (OXA-48).19 KPC-2 and KPC-3 are the most popular serine
carbapenemases. KPC-2 is mainly detected in K. pneumoniae. In addition, gram-negative Enterobacteriaceae members
carrying KPC-2 are resistant to all β-lactamase/β-lactamase inhibitors, except ceftazidime-avibactam.20 It further
increases the limitations of antimicrobial selection and improves mortality. The metalloenzyme does not hydrolyze
aztreonam, and the drug sensitivity results are sensitive to aztreonam, but cannot be inactivated or inhibited by
avibactam, vaborbactam and relebactam. The strains producing metalloenzyme can be effectively screened using
EDTA collaborative experiment. Metalloenzymes encoded by plasmid are a clinical threat because they are located in
a mobile genetic structure and can spread and hide resistance genes to other antibiotics.21 OXA-48 enzymes are common
in Klebsiella pneumoniae. They only hydrolyze penicillins and carbapenems, but do not hydrolyze extended spectrum
cephalosporins. They often show low-level resistance to carbapenem antibiotics, whereas they are sensitive to the third
and fourth generations cephalosporins. Their enzyme activity can be inhibited by avibactam, but cannot be inhibited by
vaborbactam and relebactam.20 Therefore, the synergistic effects of different carbapenems may lead to a higher level of
resistance to carbapenems and other antibiotics. A study of the characteristics of CRKP is particularly important for
controlling pathogens, diagnosing and treating patients.

In recent years, there has been an increasing number of CRKP strains worldwide, but there are some differences in
their distributions in different regions.8,22 This study showed that CRKP in Hebei Province mainly caused pneumonia,
followed by urinary tract infection, bloodstream infection, wound infection, and abdominal infection (Table 1). A study
in the United States showed that CRKP strains were mainly derived from urine.23 However, in Poland, CRKP strains
were mainly derived from urine and feces.24 An Italian study showed that CRKP mainly caused urinary tract infections.7

A meta-analysis showed that CRKP mainly caused bloodstream infections,6 and a study in South Africa showed that 75%
of CRKP strains in 2010–2012 were from bloodstream infections.25 CARSS showed that from 2017 to 2019, CRKP
accounted for 13.4%, 14.5%, and 14.6%, respectively, showing an upward trend. In addition, data from the China
Antimicrobial Surveillance Network (CHINET) indicate that the detection rate of CRKP in China increased from 0.7% in
2007 to 19.9% in 2018.26 However, a New York study showed that the CRKP infection rate in New York City showed a
downward trend from 2006 to 2014, especially urinary tract infection.27

The geographical distribution of CRKP is different in Hebei, and its distribution in other cities in China is uneven
(Table 2). The latest CARSS data showed that Henan, Shanghai, and Beijing were the top three cities in the national
CRKP separation rate in 2019, and Qinghai and Tibet were the least. Hu et al28 calculated the separation rate of CRKP in
various regions of China, and the separation rates in Inner Mongolia, Guangxi, Shanxi, Heilongjiang, Hainan, Gansu,
Jilin, Ningxia, Qinghai, and Tibet were less than 5%, those in Jiangsu, Anhui, Jiangxi, Liaoning, Hebei, Hubei, Zhejiang,
Yunnan, and Hunan were 10% to 20%, those in Beijing, Shanghai, and Henan were more than 20%. It was observed that
CRKP distribution is related to the population distribution in China. The distribution of CRKP is greater in areas with
larger populations and more developed economies, and less in areas with smaller populations and less developed
economies. However, in contrast to the conclusion of this study, the detection rate of CRKP in underdeveloped countries
such as Greece, Argentina, and the Philippines is much higher than that in developed countries all over the world.8 In this
study, there were twice as many males as females with CRKP infection. A study in Taiwan29 compared the mortality rate
of patients with urinary tract infections caused by CRKP, with a higher level of infection among males than females.
Analysis from the age of the patient, we found that elderly patients in Hebei Province werethe most important CRKP
group, which is common across China and the world.22,30 Patients with CRKP infection in our province are mainly in
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ICU, which agrees with previously reported findings in HeBei Province.16 In Ireland, CRKP infection is mainly
concentrated in ICU and surgical ward.24 A study from Egypt showed that CRKP was mainly separated from the
surgical ICU.31

The treatment of CRKP infection remains an intractable problem in clinics.7,32 The resistance rate of CRKP to penicillin
and penicillin with β-lactamase inhibitors, especially to amoxicillin/clavulanic acid, is increasing yearly (Table 3).
Amoxicillin/clavulanic acid is a commonly used antibiotic in pediatrics, and piperacillin/tazobactam is commonly used
for the empirical treatment of nosocomial infection.33,34 Clavulanic acid and tazobactam mainly inhibit the activity of
serine-β-lactamases, including CTX-M β-lactamases and the ESBL derivatives TEM-1, TEM-2, and SHV-1.20 The wide
clinical use and limited drug action of these drugs lead to a high drug resistance rate. In our province, the resistance rate of
CRKP to carbapenems is high and increasing yearly. CRKP is resistant to a variety of antibiotics, leading to a limited choice
of therapeutic drugs. Treatment options for CRKP infection include the classic polymyxin, tigecycline, aminoglycosides,
fosfomycin, a few quinolones or sulfonamides, and new drugs β-lactamase/β-lactamase inhibitors. Tigecycline and colistin
are optional drugs for the treatment of CRKP; however, unfortunately, there are strains resistant to them.32 In 2004, a CRKP
strain resistant to polymyxin was first reported in Greece.23 Since then, additional reports show that CRKP strains resistant
to polymyxin have been isolated in a Hospital environment.35 From 2009 to 2018, the rate of resistance of CRKP to
fosfomycin in China decreased from 81.8% to 50.8%, while that to tigecycline increased from 3.8% to 21.7%, and that to
polymyxin B increased from 1.6% in 2013 to 18.3% in 2017.26 Fosfomycin inhibits the synthesis of bacterial cell walls and
shows synergistic effects when combined with a variety of antibiotics. The drug is mainly excreted from the kidney in its
original form and is highly concentrated in the urine. Oral administration of fosfomycin is mainly used to treat urinary tract
infections. In Hebei Province, the resistance rate to polymyxin was 0.5%, and only a few drug-resistant strains emerged in
2018. The use of polymyxin is associated with several challenges, including high-dose nephrotoxicity and drug resistance.
In the study of synergism between polymyxin and carbapenems, polymyxin exerted a synergistic effect on 50% of
carbapenems.36 A meta-analysis showed37 that the mortality of patients on polymyxin/tigecycline and polymyxin/carbape-
nem combination therapy was lower than that of patients on polymyxin alone; polymyxin alone is not recommended in
routine clinical practice. The polymyxin-resistant CRKP strain was less sensitive to amikacin and tigecycline, but more
sensitive to gentamicin.23 Therefore, polymyxin can be combined with gentamicin and carbapenem for the treatment of
CRKP infection. Polymyxin E methanesulfonate (CMS) is recommended for the treatment of CRE urinary tract infection
because of its high colistin concentration in the urine. Tigecycline is a time-dependent drug with a long post-antibiotic
effect. The drug level after intake is relatively low in the blood and cerebrospinal fluid,38 and therefore, it is not routinely
recommended for CRKP-induced bloodstream infections and central nervous system infections. A systematic retrospective
study found that increasing the dose of tigecycline can improve the clinical efficiency and microbial clearance in the
treatment of hospital-acquired pneumonia (HAP). In addition, the mortality of tigecycline alone was higher than that of
combined use.39 It is recommended to combine tigecycline with two or three drugs. The resistance rate of CRKP to
cephalosporins in Hebei Province showed an increasing trend (Table 3). The resistance rates to ceftriaxone and cefuroxime
were close to 100%. The resistance rate to cefepime was slightly lower than that of the second and third generation
cephalosporins. El Badawy et al31 showed that clinically isolated CRKP was 100% resistant to cefazolin, cefradine,
cefoperazone, and cefotaxime. In this study, it was also found that among the quinolones, levofloxacin was better than
ciprofloxacin. Notably, the rate of resistance of CRKP to sulfamethoxazole in our province decreased (similar to the
CHINET data26); similarly, the rate of resistance to amikacin also reduced. An et al40 showed that CRKP had the lowest rate
of resistance to amikacin. The resistance rate to tobramycin and gentamicin was maintained at approximately 60%, which
was lower than that of β-lactam antibiotics. A multivariate study showed that the treatment of CRKP infection with
gentamicin (MIC ≤ 2 mg/L) was associated with a lower mortality of patients.41 Van Duin et al reported that amikacin was
effective against 83% of CRKP42 cases. Aminoglycoside antibiotics exhibit more efficient microbial clearance in urinary
tract infections caused by CRKP.43 In our province, aminoglycoside antibiotics is empirically applied to treat CRKP
infection. In Hebei Province, the resistance rate of CRKP to sulfamethoxazole is low, which is consistent with the results of
He et al and Lombardi.44,45 A recent study found that in vitro, compound sulfamethoxazole combined with polymyxin can
quickly kill clinically isolated CRKP within 2–24 h, but this result needs further evidence-based medicine and clinical
research certification.46 From 2017 to 2019, the MIC50/MIC90 of CRKP to imipenem and meropenem in Hebei Province
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was 16/32 µg/mL (Table 4). Studies have found that when the MIC of meropenem is ≤8 mg/L, adding a large dose of
meropenem (2 g once every 8 h) to another active drug can reduce the mortality of patients with CRE infection.36 If the
MIC of the strain to carbapenems is > 8 mg/L, the combination regimen containing carbapenems is no longer recom-
mended. In China, from 2007 to 2018, the MIC90 of CRKP to imipenem fluctuated between 32 and 256, and the MIC90 for
meropenem increased from 64 in 2009 to 256 in 2018.26 Studies have shown that the use of carbapenem is an independent
risk factor for CRKP infection,47,48 and therefore, clinicians should use carbapenem antibiotics cautiously to reduce the risk
of CRKP infection. Recent reports from Europe, Canada, the United States, Asia, and Africa show that CRKP is spreading
worldwide.49 Based on the increasing trend of the CRKP detection rate worldwide, the prevalence of CRKP needs to be
studied in a global context to understand its transmission rules and to provide data support for the development of
prevention and control measures.

Conclusion
In summary, from 2017 to 2019, in Hebei Province, CRKP primarily caused lung infection; males accounted for about
two-thirds, and older patients represented the majority of the patient population. Regional distribution varied greatly and
was mainly concentrated in the economically developed and populous cities such as Shijiazhuang and Tangshan. The
resistance rate of CRKP to β-lactam antibiotics was higher than 90%, and it is increasing annually. The resistance rate to
sulfamethoxazole and aminoglycoside antibiotics was lower than 70%, showing a downward trend annually, and MIC50/
MIC90 was higher for all kinds of antibacterial drugs. Antibiotics should be selected according to the results of drug
sensitivity tests for the clinical treatment of CRKP infection, and positive and effective isolation measures should be
taken to reduce the risk of nosocomial infection. This retrospective study was performed to analyze the clinical
characteristics and the results of susceptibility testing of CRKP in Hebei Province, China, which has the advantage of
broad coverage and large sample sizes. Hence, it can accurately reflect the current situation of CRKP infection in Hebei
Province, provide epidemiological data for future clinical prevention and treatment, reduce the infection rate, and
improve the success rate of the treatment of CRKP infection. The current study was performed using data of small

Table 4 CRKP MIC50 and MIC90 of CRKP

Projects Quantity Break Point MIC50 MIC90 MIC Range

Tigecycline 962 S≤0.03 R≥0.25 0.5 2 0.02–64
Compound sulfamethoxazole 4978 S≤2 R≥4 4 16 0.25–128

Ciprofloxacin 5430 S≤1 R≥4a 4 8 0.01–64

Etapenan 724 S≤0.5 R≥2 8 16 0.25–64
Levofloxacin 5646 S≤2 R≥8 8 16 0.06–64

Tobramycin 3546 S≤4 R≥16 16 16 0.5–32

Meropenem 5359 S≤1 R≥4 16 32 0.06–128
Gentamicin 5370 S≤4 R≥16 16 16 0.5–32

Amikacin 5479 S≤16 R≥64 16 64 1–128
Imipenem 5658 S≤1 R≥4 16 32 0.12–64

Amoxicillin/clavulanic acid 1027 S≤8 R≥32 32 32 0.5–64

Cefoxitin 2218 S≤8 R≥32 32 64 1–128
Cefepime 5694 S≤2 R≥16 32 64 0.12–128

Cefotaxime 1327 S≤1 R≥4 64 64 0.12–128

Aztreonam 3738 S≤4 R≥16 64 128 0.25–128
Cefuroxime 4528 S≤8 R≥32 64 128 1–128

Ceftriaxone 4624 S≤1 R≥4 64 128 0.12–128

Cefazolin 5074 S≤16 R≥32 64 128 1–128
Ceftazidime 5364 S≤4 R≥16 64 64 0.06–128

Piperacillin 3414 S≤16 R≥128 128 256 2–256

Piperacillin/tazobactam 5643 S≤16 R≥128 128 256 0.5–256

Note: MIC50/MIC90, MIC50 and MIC90 can inhibit 50% or 90% of the tested bacteria.
Abbreviation: MIC, minimum inhibitory concentration.
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number of samples, and the representativeness may be biased. In order to solve the above problem, we collected 6328
CRKP samples. A limitation of this study is that there is no genotyping of CRKP, and the link between the strains cannot
be constructed. Therefore, advanced monitoring of the changes in CRKP resistance mechanism is required in the future.
Considering that CRKP is highly resistant to commonly used antibiotics, attention should be paid to the training and
assessment of clinicians on the rational use of antibiotics to reduce the infection rate of multidrug-resistant bacteria in the
future.
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