
Page 1/12

Disinfection Strategies of Carbapenem-resistant Klebsiella Pneumoniae in
a Healthcare Facility
Lijia Ni 

Sun Yat-Sen University 2nd A�liated Hospital: Sun Yat-Sen Memorial Hospital
Zhixian Zhang 

Sun Yat-Sen University 2nd A�liated Hospital: Sun Yat-Sen Memorial Hospital
Rui Shen 

Sun Yat-Sen University 2nd A�liated Hospital: Sun Yat-Sen Memorial Hospital
Xiaoqiang Liu 

Sun Yat-Sen University 2nd A�liated Hospital: Sun Yat-Sen Memorial Hospital
Xuexue Li 

Sun Yat-Sen University 2nd A�liated Hospital: Sun Yat-Sen Memorial Hospital
Baiji Chen 

Sun Yat-Sen University 2nd A�liated Hospital: Sun Yat-Sen Memorial Hospital
Xiquan Wu 

Sun Yat-Sen University 2nd A�liated Hospital: Sun Yat-Sen Memorial Hospital
Hongyu Li 

Sun Yat-Sen University 2nd A�liated Hospital: Sun Yat-Sen Memorial Hospital
Xiaoying Xie 

Sun Yat-Sen University 2nd A�liated Hospital: Sun Yat-Sen Memorial Hospital
Songyin Huang  (  huangsy@mail.sysu.edu.cn )

Sun Yat-Sen University 2nd A�liated Hospital: Sun Yat-Sen Memorial Hospital

Research Article

Keywords: carbapenem-resistant Klebsiella pneumoniae, disinfectant resistance, e�ux pump

Posted Date: January 27th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1220609/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-1220609/v1
mailto:huangsy@mail.sysu.edu.cn
https://doi.org/10.21203/rs.3.rs-1220609/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/12

Abstract
Background: Carbapenem-resistant Klebsiella pneumoniae (CRKP) infections have become a major global public health challenge. Disinfectants play
an important role in controlling horizontal transmission in healthcare facilities. However, the long and extensive routine use of disinfectants, and far
less regulated, leading to concern about the development of disinfectant resistance. We detected the susceptibility of CRKP strains against seven kinds
of disinfectants commonly used in clinic to guide and assist the infection control work in hospital.

Methods: The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) tests of seven kinds of disinfectants (0.1%
benzalkonium bromide, 4% aqueous chlorhexidine, 75% alcohol, entoiodine II, 2% glutaraldehyde, 2000mg/L chlorine-containing disinfectants and 3%
hydrogen peroxide) were detected by broth dilution method. Three e�ux pump genes (oqxA oqxB and qacE△1-sul1) were detected by PCR.

Results: A total of 162 strains of non-repetitive CRKP strains were isolated in SYS Memorial Hospital from 2015 to 2019. The MBCs expressed by
diluted multiples of 64 CRKP strains against the seven kinds of disinfectants were 1-128, 16-32768, 2-64, 16-4096, 4-64, 2-8 and 64-2048, respectively.
Aqueous chlorhexidine should be ≥ 2.5 g/L when rinsing or gargling mucous membrane and wound, 0.1% benzalkonium bromide should avoided be
diluted, and chlorine-containing disinfectants should be ≥ 1000 mg/L. The mean MIC value of aqueous chlorhexidine from intensive care unit (ICU)
(0.0034%) was signi�cantly higher than that from non-ICU (0.0019%) (p < 0.05). The positive rates of three e�ux pump genes oqxA, oqxB and qacE△1-
sul1 were 68.8% (44/64), 15.6% (10/64) and 89.1% (57/64), respectively.

Conclusion: The CRKP strains isolated showed extensive resistance to clinically used disinfectants, and the concentration of aqueous chlorhexidine
and chlorine-containing disinfectants needs to be increased compared with the current standards of the healthcare industry. It reminds us to strengthen
the monitoring of disinfectant resistance to super drug-resistant bacteria. 

Background
Since the late 1980s, with the widely use of carbapenem antibiotics in clinic, carbapenem-resistant Enterobacteriaceae (CRE) has been discovered and
reported all over the world, and has become more and more prevalent in recent years[1, 2], turning into a new class of "super drug-resistant bacteria",
which limited clinical antibiotic options, leading to a higher mortality rates from infections[3]. In 2013, the Centers for Disease Control and Prevention
(CDC) listed three microbes as an urgent threat to public health, which were CRE, drug resistant Neisseria gonorrhoeae and drug resistant Clostridium
di�cile[4]. However, CRKP the object of this research is the most detected bacteria in CRE, and therefore it is most worthy of study among CRE strains.
The detection rate of CRKP in SYS Memorial Hospital in 2015 and 2016 was lower than that of Guangdong Province, but jumped up far exceeding the
average level of Guangdong Province and leaping to the national level in 2017, and kept slightly lower than the national average in 2018 and 2019, as
shown in Figure S4. Even more, the antibacterial drug resistance rates of CRKP are generally high, as shown in Figure S5. As a matter of fact, CRKP
infections have become the focus of recent researches suggesting that patients infected with CRKP will lead to longer length of hospital stay and
higher medical costs[5, 6], and even higher mortality [7, 8].

In November 2017, the European CDC developed guidelines to prevent CRE from entering healthcare settings during two meetings[9]. In the guideline,
we found that environmental cleaning, equipment reprocessing, hand hygiene and routine surveillance were core infection prevention and control
measures to minimize risk of spread of CRE, and also enhanced cleaning should be performed, especially for areas in close proximity to CRE carriers.
Thus it can be seen that disinfectants play an important role in preventing and controlling the spread of pathogenic bacteria in hospitals[10, 11], which
are often used in the sterilization of medical facilities and environmental surfaces. At present, many studies have suggested that multi-drug resistant
bacteria will develop resistance to disinfectants[12], and bacteria can acquire antibiotic resistance under the induction of disinfectants for a long
time[13]. We wondered whether the super drug-resistant CRKP strains resistant to commonly used disinfectants in clinic. However, to date, there is
neither a uni�ed de�nition of the criteria of disinfectant resistance, nor an establishment of authoritative standard method of disinfectant resistance
test. Therefore, MIC and MBC tests, which are commonly reported in recent years, will be used to evaluate the inhibitory and bactericidal effects of
disinfectants, so as to guide the rational use of disinfectants in clinical practice, cut off the horizontal transmission of CRKP, and help the control of
nosocomial infection.

Studies on the mechanisms of bacterial disinfectant resistance and antimicrobial resistance have found similarities in some aspects, such as
overexpression of e�ux pumps[14–18], changes in bacterial cell wall permeability[19, 20], and changes in bacterial physiological metabolism[21].
These mechanisms can change the structure and composition of the bacterial outer membrane and eventually lead to the increase of nonspeci�c
resistance. However, non-speci�c resistance often has crossover. Some multi-drug e�ux pump families can mediate the e�ux of multiple disinfectants
and antibiotics at the same time, leading to cross resistance of disinfectants and antibiotics[22, 23]. There are currently �ve main types of e�ux pump
families: small multidrug resistance family (SMR), major facilitator superfamily (MFS), ATP-binding cassette (ABC), resistance-nodulation cell division
(RND) and multi-drug and toxic compound extrusion (MATE)[24]. Here, we explored the correlation of e�ux pump genes with the resistance of CRKP
strains to disinfectants.

The three e�ux pump genes detected in our study were all proton pumps. The e�ux pumps of oqxA and oqxB belong to RND, and �rst detected by Kim
et al.[25] from clinical isolates of Enterobacteriaceae such as Klebsiella pneumoniae. OqxAB is encoded by plasmid and can �ux quinolones,
chloramphenicol, tigacycline, nitrofurantoin and other antibacterial drugs, as well as quaternary ammonium compound (QAC) and biguanides
disinfectants[26, 27]. QacE△1-sul1 belongs to SMR, and is a part of class  integrons, mediated by integrons, and widely obtained by both gram-
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positive and gram-negative bacteria. The antibiotic resistance gene qacE△1 can encode the e�ux proteins to discharge QAC and biguanides
disinfectants, and the sul1 gene often causes bacterial resistance to sulfonamides[28]. The proteins encoded by these three e�ux pump genes can �ux
both antibiotics and disinfectants, moreover the multidrug e�ux pumps transmitted by plasmid and integron can promote the development of
multidrug resistance and spread resistance through horizontal transfer[27]. Therefore, it has certain signi�cance for researching these three e�ux
pump genes.

Methods
1.1 Isolation and identi�cation of bacterial strains

A total of 162 CRKP strains were collected in Sun Yat-sen Memorial Hospital (SYS Memorial Hospital) from January 2015 to December 2019. The
strains were identi�ed to species by the VITEK-2 automatic microorganism identifying and drug sensitivity system (bioMérieux, Marcy l’ Etoile, France)
according to the manufacturer’s instructions. Susceptibility testing results were interpreted under the criteria recommended by the Clinical and
Laboratory Standards Institute (CLSI, 2020). A strain of Klebsiella pneumoniae (Kpn) which resistant to either of the carbapenem antibiotics
(imipenem/ertapenem/meropenem) is considered to be CRKP strain. The quality control QC strains were E. coli ATCC 25922 and Kpn ATCC 700603
which were preserved in our laboratory.

1.2 Disinfectants and neutralizers

In the study, seven disinfectants were used, and they were low-level disinfectant: 0.1% benzalkonium bromide (SYS Memorial Hospital, Guangzhou,
CHN) and 4% aqueous chlorhexidine (SYS Memorial Hospital, Guangzhou, CHN), intermediate-level disinfectants: 75% ethyl alcohol (SYS Memorial
Hospital, Guangzhou, CHN) and entoiodine II (Li Kang Disinfection Technology Co., Ltd, Shanghai, CHN), and high-level disinfectant: 2.0% (w/v)
glutaraldehyde (Li Kang Disinfection Technology Co., Ltd, Shanghai, CHN), Hagrid Suli type II chlorine containing disinfectant (An Duo Fu Disinfection
Technology Co., Ltd, Shenzhen, CHN) and 3% hydrogen peroxide (Nan Guo Pharmaceutical Co., Ltd, Guangzhou, CHN). Selection of neutralizers
according to the regulation of disinfection technique in healthcare settings (WS/T 367-2012), 75% alcohol is neutralized with common nutrient broth,
chlorine-containing disinfectants, entoiodine II and hydrogen peroxide are neutralized with 0.1% sodium thiosulfate, benzalkonium bromide and
chlorhexidine are neutralized with 0.3% twain 80 and 0.3% lecithin, glutaraldehyde is neutralized with 0.3% glycine.

1.3 Testing the MICs and MBCs of each disinfectant

1.3.1 The minimum inhibitory concentration test

MICs of the seven disinfectants against 64 strains of CRKP preserved in our laboratory were detected by broth dilution method according to the
guidelines of the CLSI. Firstly, the standard bacterial concentration of 0.5 McFarland was applied as bacterial suspension, and the bacterial content
was about 108 CFU/ml. Secondly, double dilute each of the disinfectants to different concentrations of test solution with sterilized deionized water. And
then add 2.5 ml of double concentration nutrient broth to each 2.5 ml test solution. Thirdly, 0.1 ml of bacterial suspension was inoculated in a nutrient
broth tube containing different concentrations of disinfectants and mixed as samples of the test group. Nutrient broth without disinfectant was
inoculated with the bacteria and used as the positive control, while nutrient broth inoculated with the same volume deionized water was used as the
negative control. All the tubes were incubated at 35 °C for 48 h before reading results. The MICs of the disinfectants to CRKP strains is the highest
dilution for aseptic growth. Experiments were performed in triplicate, with consistent results.

1.3.2 The minimum bactericidal concentration test

MBC test is a continuation of the MIC test. Take 10 ml test tubes, inoculate 0.5 ml of aseptically grown reaction solution in each test tube, and then add
4.5 ml of neutralizers to each tube, fully mixed and interreact for 10 min. Take another 10 ml test tube and add 2.5 ml of the �nal reaction solution and
2.5 ml of the double concentration broth in the ratio of 1:1. The positive and negative control groups were prepared as described above in the MIC
experiment, and 2.5 ml of neutralizer and 2.5 ml of double concentration of broth were added into 10 ml test tube as neutralizer control group. All the
tubes were incubated at 35 °C for 24 h before reading results. The MBCs of the disinfectants to CRKP strains is the highest dilution for aseptic growth.
Experiments were performed in triplicate, with consistent results.

1.4 PCR detection of e�ux pump genes

Bacterial DNA was extracted from 64 randomly selected strains of CRKP preserved in our laboratory by boiling. We searched published literatures for
primer sequences, product fragment sizes, and PCR conditions that had previously done the same genes of PCR. After pre-experimental screening, the
ampli�ed bands with speci�c and high e�ciency were reserved for research. All the primers were synthesized by Guangzhou Aiji Biotechnology Co.,
Ltd. The primer sequences are shown in Table S1. Each 15 μl PCR tube included 1 μl DNA template, 5 μl sterile water, 0.75 μl forward primer, 0.75 μl
reverse primer and 7.5 μl 2´Taq Master Mix (Takara Bio Inc., Otsu, Japan). The PCR conditions was set as follows, oqxA gene: 94 °C for 3 min, followed
by 34 cycles of 94 °C for 45 s for denaturation, 57 °C for 45 s for annealing and 68 °C for 60 s for extension, oqxB gene: 94 °C for 3 min, followed by 32 
cycles of 94 °C for 45 s for denaturation, 64°C for 45 s for annealing and 72 °C for 60 s for extension, qacE△1-sul1 gene: 93 °C for 2 min, followed by 35 
cycles of 93 °C for 30 s for denaturation, 55 °C for 30 s for annealing and 72 °C for 60 s for extension. Finally, the PCR products were incubated at 72 °C
for 10 min. Ampli�ed PCR products were analyzed on 2% agarose gel (Biowest, Spain).
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Results
2.1 Clinical information of CRKP strains

A total of 162 non-repetitive strains of CRKP were isolated from clinical specimens in SYS Memorial Hospital from 2015 to 2019. The average age of
patients was 56.3 ± 20.7 years old, among which 115 were male patients.

2.1.1 The annual detection amount of CRKP strains

From 2015 to 2019, the detection amount of CRKP showed an overall increasing trend year by year, and there was a rapid rising peak in 2017, as
shown in Figure 1A.

2.1.2 Distribution of CRKP strains in different specimen types

The top four specimen types of the 162 strains of CRKP were sputum, urine, ascites/abdominal drainage �uid and blood, accounting for 45.7%
(74/162), 13.0% (21/162), 11.1% (18/162) and 9.9% (16/162), respectively, as shown in Figure 1B. The number of the �rst sputum was more than three
times higher than the number of the second urine.

2.1.3 Distribution of CRKP strains in different departments

In terms of inpatient ward distribution of CRKP strains, the top three departments were, the ICU, neurology/neurosurgery and rehabilitation departments,
accounting for 41.4% (67/162), 10.5% (17/162) and 8.0% (13/162), respectively, as shown in Figure 1C. The number of CRKP strains in ICU was much
higher than in other departments, and was about four times higher than that in neurology/neurosurgery, the secondary department.

2.1.4 Composition of departments that detected CRKP annually

From 2015 to 2019, with the increase in the detection amount of CRKP strains, the detection departments also increased year by year, among which,
the ICU, hepatopancreatobiliary surgery and hematology department detected CRKP every year, and the detection amount of CRKP in the ICU
department was the largest every year. The sudden increase in the detection amount in 2017 mainly occurred in the ICU department, as shown in Table
S2.

2.1.5 Distribution of specimen types in the �rst six departments that detected CRKP

By analyzing the distribution of specimen types in the �rst six departments which detected CRKP, it was found that CRKP could be detected from all
parts of the patient in ICU, even vaginal secretions, of which sputum, ascites/abdominal drainage �uid, blood and catheter were the most commonly
detected specimen types. Neurology/neurosurgery patients most commonly detected CRKP from sputum specimens. Rehabilitation patients most
commonly detected CRKP in sputum and urine specimens. Urology/nephrology patients most commonly detected CRKP in urine specimens.
Hematologic patients often detected CRKP in blood, catheters, and feces. Hepatopancreatobiliary surgery patients often detected CRKP from
ascites/abdominal drainage �uid and bile, as shown in Table S3.

2.2 Antimicrobial sensitivity pro�le

In 162 strains of CRKP, no strains were detected to be resistant to colistin or polymyxin B, while the resistance rate of tigecycline was 10% and the
resistance rate of other commonly used antibiotics were all higher than 50%, as shown in Figure 1D.

2.3 The MIC and MBC results of CRKP strains 

2.3.1 Analysis of resistance of CRKP strains to seven chemical disinfectants commonly used in clinic

The MIC and MBC results of seven clinically used chemical disinfectants against CRKP strains were expressed by diluted multiples. The higher the
diluted multiple is, the lower the MIC and MBC values are. MIC50 and MIC90 of the CRKP strains were compared with the MIC values of the standard
strains ATCC 29522 and ATCC 700603. If the diluted multiple was reduced, it indicated that the CRKP strains showed resistance to the disinfectant.
Analyze the MBC data in the same way. The results are shown in Table 1.

Table 1. The MIC and MBC results of CRKP strains against seven kinds of disinfectants (dilution multiples)
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Disinfectants MICs MIC50 MIC90 QC strains MBCs MBC50 MBC90 QC strains 

ATCC
700603

 MIC

ATCC
25922

MIC

ATCC
700603

MBC

ATCC
25922

 MBC

0.1% Benzalkonium bromide 16-256 64 32 32 128 1-128 16 2 4 32

4% Aqueous chlorhexidine 256-
32768

2048 512 1024 16384 16-
32768

512 32 256 512

75% Alcohol 4-64 8 8 8 8 2-64 4 4 4 4

Entoiodine II 64-8192 512 256 256 16384 16-
4096

128 32 128 8192

2% Glutaraldehyde 8-128 32 16 64 64 4-64 16 8 32 64

2000 mg/L Chlorine-containing
disinfectants

2-16 8 4 8 8 2-8 8 4 8 8

3% Hydrogen peroxide 256-
2048

1024 512 1024 2048 64-
2048

512 256 512 1024

Note: MIC50 represents the MIC value required to inhibit the growth of 50% of the tested bacteria, and MIC90 represents the MIC value required to inhibit
the growth of 90% of the tested bacteria. MBC50 represents the MBC value required to kill 50% of the tested bacteria, and MBC90 represents the MBC
value required to kill 90% of the tested bacteria. MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration; QC, quality control;
ATCC, American type culture collection.

2.3.2 Recommended concentration for CRKP disinfection

We referred to China's nosocomial infection control industry standards and combined with the maximum MBC values of seven disinfectants in our
study, in order to giving recommended concentrations for CRKP disinfection. Detailed results are shown in Table 2.

Table 2. Recommended concentration for CRKP disinfection according to health industry standards of the People's Republic of China

Note: a. Presents maximum MBC values of seven disinfectants in our study. b. Referring to regulation of disinfection technique in healthcare settings.
c. Referring to regulation for cleaning and disinfection management of environmental surface in healthcare. d. Referring to regulation for cleaning and
disinfection technique of �exible endoscope. e. If MBCMAX is less than or equal to healthcare industry standard requirements, it is marked green,
otherwise, it is marked red and listed in accordance with recommended concentrations provided by MBCMAX. MBC, minimum bactericidal
concentration.

2.3.3 Comparisons of the MICs and MBCs of CRKP strains isolated from different wards and different specimens for each disinfectant

The results of MIC and MBC of CRKP strains against seven commonly used clinical disinfectants were divided into two groups according to ICU ward
and non-ICU wards, and statistically analyzed by Mann-Whitney U test of two independent samples (Figure 2). Only the MIC results of aqueous
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chlorhexidine were found to be statistically different between the ICU ward and non-ICU wards (p <0.05) (Figure 2B), the MIC and MBC results of other
disinfectants showed no statistical difference between ICU ward and non-ICU wards. On the other hand, the results of MIC and MBC were divided into
four groups as invasive specimen (bile, catheter, ascites/abdominal drainage �uid, blood), skin and soft tissue, urine and sputum, and statistically
analyzed by Kruskal-Wallis test. But no statistical difference between different specimen groups was found (Figure 3).

2.4 Analysis of e�ux pump genes

2.4.1 Detection of e�ux pump genes

The detection rates of the three e�ux pump genes (oqxA , oqxB and qacE△1-sul1 ) were 68.8% (44/64), 15.6% (10/64) and 89.1% (57/64), respectively.
Partial results as shown in Figure S1-S3. There were 5 positive detection patterns among the 3 e�ux pump genes of the 64 strains of CRKP, among
which the qacE△1-sul1+oqxA positive pattern was the dominant one, accounting for 48.4%, followed by the single gene qacE△1-sul1 positive one,
accounting for 28.1%, as shown in Table 3.

Table 3. Positive detection patterns of e�ux pump genes

Positive detection patterns Positive numbers (n) Percentage (%)

qacE△1-sul1+oqxA 31 48.4

qacE△1-sul1 18 28.1

qacE△1-sul1+oqxA+oqxB 8 12.5

oqxA 3 4.7

oqxA+oqxB 2 3.1

2.4.2 Correlation between e�ux pump genes and disinfectant resistance

The results of MIC and MBC of the disinfectants were divided into two groups according to the negative and positive genes of e�ux pump, and the t
test of two independent samples was used for statistical analysis. There was a statistical difference in the MIC values of 0.1% benzalkonium bromide
between the negative and positive oqxA gene groups (p < 0.05), while the MIC values of entoiodine II was signi�cantly different between negative and
positive qacE△1-sul1 gene groups (p < 0.05), and there was no statistical difference between the negative and positive e�ux pump gene groups
among the other disinfectants (detailed in Table 4).

Table 4. Comparison of MIC and MBC values of disinfectants in negative and positive groups of e�ux pump genes (p value)

Genes Numbers 0.1%
Benzalkonium
bromide

4% Aqueous
chlorhexidine

75% Alcohol Entoiodine II 2%
Glutaraldehyde

2000 mg/L
Chlorine-
containing
disinfectants

3% Hydrogen
peroxide

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

oqxA +:44 0.046* 0.22  0.89  0.78  0.24  0.43  0.93  0.95  0.15  0.61  0.16  0.37  0.63  0.82 

-:20

oqxB +:10 0.72  0.88  0.55  0.65  0.98  0.96  0.31  0.30  0.74  0.75  0.23  0.35  0.16  0.13 

-:54

qacE△1-
sul1

+:57 0.59  0.62  0.13  0.61  0.76  0.92  0.037* 0.22  0.76  0.69  0.87  0.71  0.60  0.58 

-:7

Note: * p<0.05. MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration.

Discussion
Klebsiella pneumoniae is one of the most common opportunistic pathogens and can cause a variety of human infections, including lung, urinary tract,
bloodstream, and surgical site infections[29, 30]. By the emergence of carbapenems resistance, the management of infections to Klebsiella
pneumoniae has been intractable and complicated[31]. We found that CRKP was most commonly detected in ICU department and could be detected in
all parts of ICU patients, mainly in sputum specimens and invasive infection specimens (ascites/abdominal drainage �uid, blood and catheter). Hu et
al.[32] reported that CRP was signi�cantly more frequent among ICU patients in their retrospective observational study from 2008 to 2018, Zhejiang,
China. That is consistent with what we observed, but in a tertiary care hospital in northern Italy[33], CRKP infections were concentrated in medical ward
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(37.41%), geriatric ward (36.06%) and surgical ward (20.41%). Site of infection was commonly found in urinary tract infection, whereas ours is
respiratory tract infection. This indicates that CRKP infections varies greatly between different countries. According to the monitoring data of the
CHINET Bacterial Drug Resistance Monitoring Network on tertiary care hospitals, the isolation rate of Kpn in respiratory specimens has surpassed
Acinetobacter baumannii and risen to the �rst place since 2017. In addition, domestic clinicians prefer to inspect sputum specimens. In China, the
principle of antibacterial drug treatment in ICU ward is “heavy blow, comprehensive coverage”, which means eliminating all bacteria in the shortest time
with the most powerful antibacterial drugs, and then descending the ladder of treatment after controlling the corresponding symptoms. Such treatment
principle can easily lead to the screening of "super drug-resistant bacteria ", including CRKP. In our study, we also found that the sharp increase in the
number of CRKP strains detection in 2017 was mainly concentrated in the ICU, which should be closely related to the increase of ICU from the original
two wards to three wards at the beginning of 2017. Therefore, ICU department should be the key of CRKP infection control work in our country.

Nowadays, medical institutions use a variety of disinfectants to cut off horizontal transmission routes at different links, including caregiver hands,
medical devices, desktop and other materials. With the wide use of disinfectants, various bacteria can potentially become resistant to commonly used
disinfectants over time. In the present study, we observed a phenomenon of extensive resistance through the MICs and MBCs results which calls for our
great concern. Among the seven disinfectants in our experiment, six disinfectants (0.1% benzalkonium bromide, 4% aqueous chlorhexidine, entoiodine
II, 2% glutaraldehyde, 2000 mg/L Chlorine-containing disinfectants and 3% hydrogen peroxide) were less sensitive to CRKP strains than quality control
strain. Chen et al.[34] observed higher MICs and MBCs of 0.1% chlorhexidine and 0.1% Povidone iodine (PVP-I) (2/3 disinfectants) compared with the
reference strains. Another research reported that many of the CRKP strains exhibited resistance to many of the tested disinfectants[35]. Interestingly,
3/27 strains showed resistance to all of the tested disinfectants[35]. Bhatia et al.[36] also discovered CRKP isolation showed reduced susceptibility to
sodium hypochlorite (4% available chlorine) in comparison to Kpn ATCC 700603. But there has been criticised voice for evaluating MIC and MBC levels
that use lower effective concentrations of disinfectants than that which is used in practice, couldn’t accurately re�ect the eliminating ability of
disinfectants in real-word settings. Therefore, we compared the maximum MBC values of seven disinfectants in our study with China's nosocomial
infection control industry standards. Because MBC makes more sense in preventing horizontal transmission of bacteria. We found that aqueous
chlorhexidine should be ≥2.5 g/L when rinsing or gargling mucous membrane and wound, 0.1% benzalkonium bromide should avoided be diluted, and
chlorine-containing disinfectants should be ≥1000 mg/L to eliminating known CRKP strains. We thought these three tips should be great help in
preventing CRKP nosocomial transmission.

In clinical practice, chlorhexidine has been used as a partial preservative for over 50 years and has become the mainstay biocide in the prevention of
health care-associated infections[37]. Jackson et al.[38] concluded that chlorhexidine contributes to contracting ventilator-associated pneumonia
(VAP), and recommended to implement the use of intra-oral chlorhexidine for mechanically-ventilated patients within critical care can be made.
Chlorhexidine mouthrinse is mainly available in concentrations of 0.1%, 0.12%, or 0.2% as well as in low concentration (≤0.06%) rinse[39]. As a result,
the current concentrations of chlorhexidine mouthrinse probably can’t kill all the CRKP strains colonized the mouth, since the MBCMAX of aqueous
chlorhexidine against CRKP strains in our study is 2.5 g/L (0.25%), which makes us great concerned. Skin disinfection often utilizes 4% aqueous
chlorhexidine baths[40], especially in ICU patients[41]. Multiple use of a standardized procedure of 4% chlorhexidine baths is su�cient to inhibit or kill
the colonized bacteria on the skin, reducing the risk of postoperative surgical site infections[40] and reducing microbial adherence to surfaces of
implantable biomedical devices[42]. According to the data in our study, the mean MIC values of aqueous chlorhexidine in ICU ward and non-ICU ward
were 0.0034% and 0.0019%, respectively, and there was a statistical difference between them (p <0.05), but much lower than the current clinical routine
use concentration (4%). Therefore, the current resistance of CRKP strains to chlorhexidine only affects mucous membrane disinfection, not skin
disinfection.

We further explored the correlation between e�ux pump gene and disinfectant resistance. The three e�ux pump genes detected in our study can both
e�ux QAC and biguanides disinfectants. Benzalkonium bromide belongs to the QAC, and chlorhexidine belongs to the biguanides disinfectants. Our
study demonstrated that over 60% of the CRKP srains carried oqxA and qacE△1-sul1 genes. Speci�cally, the qacE△1-sul1 gene reached nearly 90%.
Only the MIC results of 0.1% benzalkonium bromide showed statistical difference between the negative and positive oqxA gene groups, and the MIC
results of entoiodine II showed statistical difference between the negative and positive qacE△1-sul1 gene groups. Chen et al.[34] also discovered that
the CRKP strains carrying qacE△1 gene were signi�cantly less susceptible to 0.1% povidone-iodine (PVP-I) than those without qacE△1 gene, which
was consistent with our result, suggesting that qacE△1 gene might play a certain role on the mechanism of resistance to iodophor. This may be worth
further investigation. In this study, there was no statistical difference between the negative and positive groups of chlorhexidine, and only two groups
found statistical differences. This may be because the mechanism leading to bacterial resistance to disinfectants is very complex, and the only
analysis of e�ux pump gene cannot fully explain the phenomenon of bacterial resistance to disinfectants increased with the increase of antibiotic
resistance. Analysis of the positive detection patterns of e�ux pump genes showed that some strains carried two or even three kinds of e�ux pump
genes at the same time, suggesting that the resistance of bacteria to disinfectant may be a combination of multiple non-speci�c mechanisms to
protect the bacteria to survive in the harsh environment, which needs further investigation.

Conclusion
The CRKP strains isolated in SYS Memorial Hospital showed extensive resistance to clinically used disinfectants. Meanwhile, the carrying rate of e�ux
pump genes was quite high and different e�ux pump genes were carried at the same time. CRKP strains are resistant to six of the seven experimental
disinfectants, and the concentration of aqueous chlorhexidine and chlorine-containing disinfectants needs to be increased compared with the current
standards of the healthcare industry. It reminds us to strengthen the monitoring of disinfectant resistance to super drug-resistant bacteria.
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Figure 1

Clinical information and antimicrobial sensitivity pro�le of CRKP isolates. A. The detection amount of CRKP strains in SYS Memorial Hospital from
2015 to 2019. B. The distribution of the 162 CRKP strains in different specimen types. C. The distribution of the 162 CRKP strains in different
departments; ICU: intensive care unit. D. Antibiotic resistance rates of CRKP strains.

Figure 2

Comparisons of the MICs and MBCs of CRKP strains isolated from ICU ward and non-ICU wards for each disinfectant. * p < 0.05. MIC: minimum
inhibitory concentration; MBC: minimum bactericidal concentration; ICU: intensive care unit.
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Figure 3

Comparisons of the MICs and MBCs of CRKP strains isolated from different specimens for each disinfectant. MIC: minimum inhibitory concentration;
MBC: minimum bactericidal concentration.
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