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Abstract

:

This study evaluated the prevalence of clinical multidrug-resistant organisms (MDROs) and analyzed correlations between MDROs and patient characteristics in a regional teaching hospital of Taiwan. A retrospective comparative case-control study was conducted from January 2016 to August 2018 by collecting data from 486 hospitalized and non-hospitalized patients (M = 286, F = 200), including patient gender and age, microbial species, and antibiotic susceptibility. The results indicated that at least one MDRO was isolated from 5.3–6.3% of patients (p < 0.05), with an average age of 61.08 years. Of the MDROs strains, vancomycin-resistant enterococcus and carbapenem-resistant acinetobacter baumannii increased annually (p < 0.002 and p < 0.012, respectively). Three factors of age (over 60 years), treatment in an intensive care unit (ICU), and specimen category were statistically significant (p < 0.039, p < 0.001 and p < 0.001, respectively) and indicated that elderly patients in an ICU have a higher risk of being infected by MDROs. The outpatients infected by methicillin-resistant staphylococcus aureus (MRSA) were more frequent than inpatients, implying the existence of community-acquired MRSA strains. The results of this study could provide valuable information for the detection and colonization of multidrug-resistant organisms in hospital infection control systems.
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1. Introduction


Multidrug-resistant organisms (MDROs) are pathogenic bacteria resistant to more than one kind of antibiotic [1]. Common MDROs include carbapenem-resistant acinetobacter baumannii (CRAB) [2], carbapenem-resistant pseudomonas aeruginosa (CRPA) [3], methicillin-resistant Staphylococcus aureus (MRSA) [4], and vancomycin-resistant enterococcus faecium (VREfm) [5]. In 1997, the antimicrobial surveillance program SENTRY [6] indicated that the proportion of drug-resistant bacteria in intestinal microbiota had substantially increased so that there were only a limited range of effective antibiotics and in some cases no suitable antibiotics for use in clinical treatments. MDROs will spread widely in hospitals through the selective pressure due to broad use of antibiotics among patients with low immunity or severe illnesses, and through bacterial colonization.



During the past several decades, the prevalence of MDROs in hospitals and medical centers of the world has increased steadily. According to statistics from the National Nosocomial Infection Surveillance (NNIS) system, MRSAs originating in intensive care units (ICUs) accounted for 50% and 59.5% of S. aureus isolates in 1999 and 2003, respectively. VREs from ICUs accounted for almost 25% of Enterococcus isolates in 1999, and 28.5% in 2003. Similarly, from 1999 to 2003, P. aeruginosa resistant to fluoroquinolone antibiotics increased from 23% to 29.5% in ICUs. A survey of 15 Brooklyn hospitals in 1999 found that 53% of A. baumannii strains exhibited resistance to carbapenems [7]. According to the Taiwan nosocomial infections surveillance information system monitoring report from 2008 to 2017, the CRAB, carbapenem-resistant Enterobacteriaceae (CRE), CRPA and VRE distribution of healthcare-associated infections of ICUs in medical centers and regional hospitals have increased year by year, especially VRE, whereas MRSA infections have decreased [8].



In 2013, Xu [9] suggested a close relationship (p < 0.001) between anti-pseudomonal carbapenems usage and the prevalence of imipenem- and meropenem-resistant P. aeruginosa to several classes, rather than to all antimicrobial agents in the hospital. On the other hand, Dermota et. al. [10] highlighted the importance of maintaining surveillance of community-associated MRSA (CA-MRSA) at the national level and considering CA-MRSA as a public health threat. In 2015, Wei [11] indicated that infection could lead to high mortality among neonates in a neonatal intensive care unit (NICU). Since infections are more critical for individuals with neutropenia or thrombocytopenia, in 2018, Macesic et al. [12] adopted the innovative use of active surveillance and whole-genome sequencing to represent the patterns of MDRO colonization dynamics and infection in liver transplant recipients. MDRO infection is a critical obstacle in public health management in both hospitals and the community.



Implementing nosocomial infection surveillance is of vital importance [13,14] for controlling MDROs, since it can detect emergent pathogens, monitor long-term epidemiological prevalence and assess the effectiveness of interventions. MDRO monitoring strategies include: (1) understanding the results of regular clinical acquired microbiological experiments; (2) implementing active culturing surveillance of incoming asymptomatic patients; (3) strengthening the management of laboratory-resistant strains. Adopting these strategies in combination can reduce cross-propagation and infection rates in various areas of the hospital. It can also reduce excessive use of medical resources and permit the use of standard antibiotics to achieve patient-centered care [15].



In Taiwan, most research focused on the analysis of specific MDROs but not comprehensive epidemiological studies of MDROs in regional teaching hospitals. Therefore, this study investigates the prevalence of MDROs in a regional teaching hospital and explores the correlation between characteristics of patients and isolates of MDROs to discuss current MDRO epidemiology in Taiwan. These results can be an important indicator of nosocomial infection control, provide relevant data to supplement medical care-related infection data, help flag abnormal warnings for suitable interventions and generally support public health in Taiwan.




2. Materials and Methods


2.1. Bacterial Isolation


This retrospective case-control study was conducted in a regional teaching hospital with 486 patient beds that is an important emergency medical institution in Kaohsiung, Taiwan (R.O.C.). A total of 486 strains were collected from pus (213, 43.8%), urine (92, 18.9%), sputum (76, 15.6%) and other specimens (105, 21.6%) of clinical patients from January 1, 2016 to August 31, 2018. Patients who were identified as having the first infection of an MDROs strain were included and the average age of MDRO-infected patients was 61.08 ± 23.8 years. The positive rates of MDROs-infected patients from different years were analyzed by WHONET.




2.2. Phenotypic Antibiotic Susceptibility Testing


Antibiotic susceptibility testing of all isolates was determined by MICRONAUT susceptibility testing (AST) (Merlin, Bornheim, Germany) according to the manufacturer’s recommendations to determine the minimum inhibitory concentration (MIC) of 14 antimicrobial agents in serial dilutions of antibiotics. An overnight culture of bacteria was suspended in NaCl solution (0.9%) to obtain turbidity corresponding to 0.5 McFarland Standard (Dr. Lange, CADAS photometer 30, Berlin, Germany). The bacterial suspension was diluted to a final concentration of about 106–107 CFU/mL, then the diluted suspension was distributed into each well of the detection plate (100 μL) and incubated at 37 °C for 18 to 24 h. The plate was scanned with an illuminometer (Merlin) at a wavelength of 620 nm. Optical density > 0.1 was interpreted as an indication of growth. The MIC of antibiotic susceptibility was according to the expert system MCN-6 (Merlin) and CLSI (Clinical and Laboratory Standards Institute) specifications. E. coli ATCC 25922, E. coli ATCC 35218 and K. pneumoniae ATCC 700603 were used as positive and negative control groups.




2.3. Antibiotic Susceptibility and Species Identification of Bacterial Isolates


Clinical specimens were inoculated on proper or selective medium to isolate the harboring bacteria. Bacterial isolates needed to be confirmed for antibiotic susceptibility and to identify the species. VITEK® 2 Compact (bioMérieux, Inc, Hazelwood, Mo.) is a commonly used commercial kit that was adopted by clinical standard examination to determine susceptibility to the antibiotics and to identify the species of the bacterial isolates. After the bacteria were pre-treated with the VITEK kit, they were analyzed by the VITEK® 2 Compact (bioMérieux, Inc, Hazelwood, Mo.). All identification stages from reading to the recording of results are automated, thereby optimizing workflow. As the system operates with bar-coded cards, full traceability is ensured and the risk of transcription errors is minimized. VITEK® 2 Compact GN (bioMérieux, VITEK 2 AST-N339 REF419341, Marcy l’Etoile, France) was used for identifying CRE, CRAB and CRPA, and Compact GP (bioMérieux VITEK 2 AST-P627 REF414124, Marcy l’Etoile, France) was used for identifying VREfm and MRSA. Antibiotic susceptibility was based on those defined by the Clinical and Laboratory Standards Institute (CLSI) guidelines 2014 (M100-S21). The MIC of antibiotic susceptibility was determined according to the expert system MCN-6 (Merlin, Diagnostics, Bornheim-Hersel, Germany) and CLSI (Clinical and Laboratory Standards Institute, Wayne, PA, USA) specification.




2.4. Statistical Analysis


The variation of each MDRO strain within different years was evaluated by the chi-square test to obtain trends. Multivariate analysis was performed to evaluate the epidemiological association between MDRO strains and characteristics of infected patients. All tests were two-tailed with a significance level of p < 0.05. SPSS software statistical version 24 (IBM, New York, NY, USA) was used for statistical analysis.





3. Results


3.1. Case Analysis of MDRO-Infected Patients


Figure 1 shows that case numbers of MDRO-infected patients decreased from 2016 to 2018. In 2016, there was a total of 246 MDRO-infected patients with 136 MRSA infections and 43 CRAB infections. In 2017, there was a total of 125 MDRO-infected patients with 79 MRSA infections and 17 CRPA infections. From January to August 2018, there was a total of 114 MDRO-infected patients with 74 MRSA infections and 16 CRAB infections. These data show that MRSA was the major MDRO with the highest infection rate.



Figure 2 shows infection rates of MDRO-infected patients from January 2016 to August 2018. Within this period, there was a total of 486 MDRO-infected patients with 92 cases (18.9%) found in urine, 213 cases (43.8%) in pus, 76 cases (15.6%) in sputum and 105 cases (21.6%) in others. The species of isolates in 2016, 2017 and 2018 were 14.2%, 8.0% and 14.7% of VRE, 42.1%, 33.0% and 49.0% of CRAB, 41.8%, 43.9% and 50.7% of MRSA, 1.1%, 1.4% and 1.9% of CRE, 9.0%, 13.4% and 11.2% of CRPA. The chi-square test showed that VRE (p < 0.001) and CRAB (p < 0.012) were significantly increased, but there was no significant difference in MRSA (p = 0.821), CRE (p = 0.210) and CRPA (p = 0.830).




3.2. Clinical and Epidemiological Characteristics of Patients


Using multivariate analysis, the MDRO-infection risk based on gender, age, sample and ward category and station is shown on Table 1. Among the 486 MDRO-infected patients, patients infected by VER, MRSA, CRE, CRAB and CRE amounted to 18, 289, 44, 71 and 63 persons. Infection risk with significant difference (p < 0.05) in gender was only seen in total MDRO, but there was no significant difference in the separate analysis of each drug-resistant bacterial species. On the factor of age, MRSA infection was significantly different in the age group of 40–59 but not in the group over 60 years of age. All MDRO, VER, CRE, CRAB and CRE infections showed a significant difference over the age of 60 years. In the analysis of the sample and ward categories, MDRO and MRSA infections showed significant differences in samples of pus and sputum; CRAB and CRPA were also significantly different in pus samples. Ward and station also influenced bacterial infection. Total MDRO, VER, MRSA, CRE, CRAB and CRE infections were significantly different among the stations of ICU, RCW and CNU; MRSA, CRE, and CRPA infections were also significant different in the general ward.




3.3. MDRO Distribution in ICU, CNU, RCW


In the ICU, NICU and respiratory care wards, a total of 60 patients were analyzed. There were 36 males (60.0%) and 24 females (40.0%) in the gender group, eight patients (13.3%) in the age group >40 years old, 21 patients in the 40–59 age group (20.0%) and 40 patients (66.7%) >60 years old; 31 (51.7%) with sputum, 10 (16.6%) with urine and 19 others (31.7%). Of the MDROs, there were three strains (5.0%) of VRE, 27 strains (45.0%) of MRSA, five strains (8.3%) of CRE, 16 strains (26.7%) of CRAB, and nine strains (15.0%) of CRPA. MDROs had the largest number of MRSA infections in the same place in ICUs, general wards and emergency department; 16 cases of CRAB (22.53% of all CRAB) and three strains of VRE (16.67% of all VRE) were found in different ICUs. Using the Stepwise method of multivariate analysis, there were significant differences in samples of the ICU and sputum (p < 0.05).




3.4. MDRO Distribution in Non-Hospitalized and Hospitalized Patients


This investigation ran from January 2016 to August 2018. In 2016, there were 242 MDRO-infected patients (5.3%) and 4343 patients without MDRO infections (94.7%), and in 2017, there were 122 MDRO-infected patients (5.6%) and 2059 patients without MDRO infections (94.4%). From January to August in 2018, there were 122 MDRO-infected patients (6.3%) and 1813 patients without MDRO infections (93.7%). The increase in the proportion of MDRO-infected patients between 2017 and 2018 was due to the decline in the total number of people. Analyzed by GPC (Gram-positive cocci), there were 617 inpatients and 382 outpatients with 179 (29%) and 128 (33.5%) cases of VRE and MRSA, respectively. Analyzed by GNB (Gram-negative bacteria), there were 1845 inpatients and 2135 outpatients, with 38 (2.1%) and seven (0.3%) CRE-infected cases, respectively. Analyzed by GNF (glucose-nonfermenter bacteria), there were 395 inpatients and 123 outpatients, with 111 (28.1%) and 23 (18.7%) CRAB-infected and CRPA-infected cases, respectively. These results indicated that inpatients are more infected with MDROs than MRSA.



Table 2 shows that in GPC-infected patients, the MRSA infection rate (33%) of non-hospitalized patients was higher than the rate of hospitalized patients (26.4%). This could suggest that the increased MRSA infection was community-acquired, so that MRSA prevalence is higher in the ER and OPD (without hospitalization). With other MDRO species, the hospitalized proportion was much higher than the non-hospitalized group.





4. Discussion


4.1. Resistance of MDROs Isolated from Patients with HAIs Over Time


In Southeast Asia, the cumulative incidence of healthcare-associated infections caused by A. baumannii is substantially higher than that reported in other regions, especially carbapenem-resistant A. baumannii (CRAB) (64.91%) and multidrug-resistant A. baumannii (MDR-AB) (58.51%). This review found a dose-response relationship between different degrees of resistant mechanisms of A. baumannii and the infection-caused mortality rate [16]. The isolation rates of MDROs in this hospital have increased substantially, from 5.6% in 2016 to 6.3% in 2018. Our results show that isolation rates for CRAB (p < 0.012) and VRE (p < 0.001) are increasing; however, those for CRE and CRPA are not increasing (Figure 1 and Figure 2) compared with Taiwan’s nosocomial infection surveillance information system. This difference might be due to different hospital properties, resulting in different isolation rates of MDROs.



The results indicate that inappropriate antibiotic utilization accelerates the evolution, gene mutation or antibiotic gene transfer of microorganisms to generate drug-resistant mechanisms. This multiplies the difficulties in antibiotic selection and increases the isolation rates and epidemiology of MDROs. Now, the drug-resistance of MDROs evolves so quickly that the development of new antibiotics and the revitalization of old antibiotics cannot keep up with the mutation of drug-resistant bacteria [17].



In the United States, invasive MRSA infections decreased from 6.5 to 4.2 per 100 hemodialysis patients from 2005 to 2011 [18]. Among cases identified from 2009 to 2011, 70% were hospitalized in the year prior to infection, suggesting that efforts to control MRSA in hospitals might have contributed to the decline [18]. In the United Kingdom, isolation rates of MRSA have also been reduced due to enhanced hand hygiene [19]. Infection data from the US National Health Safety Network from 2006 to 2015 showed that the proportion of Enterobacteriaceae infections of CRE remained low and decreased with time, and the percentage of CRE decreased by 15% per year [19]. This suggests that early positive responses to CRE-specific infection prevention recommendations from 2009 could have slowed the emergence and even reduced the incidence of resistant pathogen infections. In 2017, our hospital began adherence to recommendations of the Joint Commission on Accreditation of Healthcare Organizations [20] to establish annual goals of patient safety that were actively coordinated with the Department of Health and Welfare by implementing hand hygiene and the concept of care bundles [21] to improve clinical care, reduce care-related infections and increase patient prognosis. These interventions might be associated with the significant decrease in MDRO incidence (Figure 1).




4.2. Association of Clinical and Epidemiologic Characteristics of Patients with MDRO


This study shows a higher risk of MDRO infection for patients in ICUs, the elderly or immunocompromised patients (Table 1). These data are consistent with other research results, indicating that risk assessment for infection and the selection of antibiotic treatment for patients are essential to control the propagation of MDROs [22]. Health authorities and hospital administrators should emphasize the development of infection control programs, consider regional epidemiology and integrate all aspects. There should also be greater domestic and international cooperation providing feedback of epidemiological data to improve the understanding of MDROs and control MDRO propagation.




4.3. Association of Community-Associated MRSA (CA-MRSA) and Hospital-Acquired MRSA (HA-MRSA)


Our data show that the proportion of MRSA-infected cases in GPC (33.0%) is higher in outpatients than inpatients (26.4%) (Table 2), which is consistent with Taiwan’s nosocomial infections surveillance information system monitoring reports from 2008 to 2017. This implies an association of community-associated MRSA (CA-MRSA) and hospital-acquired MRSA (HA-MRSA), which might be a problem for both inpatients and outpatients. Previous research showed that children in the community are increasingly influenced by CA-MRSA [19]. The higher severity of CA-MRSA is due to its ability to produce toxic Panton–Valentine leukocidin (PVL), which is associated with the staphylococcal cassette chromosome mec (SCCmec) IV gene. Due to rapid genetic adaptation, CA-MRSA is emerging as a global public health threat. In sharp contrast to HA-MRSA, the propagation control of CA-MRSA is complex, forcing clinicians to use advanced antibiotic management skills [23,24]. Other research shows that community-related S. aureus strains from bloodstream infection (BSI) have considerable genetic diversity in children, identifying major genotypes of CA-MRSA and CA-MSSA (community-acquired methicillin-sensitive S. aureus), and finding a high prevalence of CA-MRSA [25]. Moreover, major genotypes are often associated with specific antibiotic resistance and toxin gene profiles. Understanding the molecular characteristics of these strains might give further insight into the transmission of BSI S. aureus in children in Chinese communities [25]. Therefore, MRSA colonization and the prevalence of MRSA infection in the surrounding community might affect strategies for the clinical management of MRSA in healthcare settings [13].





5. Conclusions


In summary, first, the results of this study showed that isolation rates of CRAB and VRE are on the rise. Second, the risk of MDROs infection in patients who are admitted to ICUs, elderly or immunocompromised is higher. Thirdly, the proportion of MRSA-infected cases in GPC is higher in outpatients than inpatients. Infection control continues to be involved, and strategies to actively monitor laboratory resistant strains need to be strengthened. This study describes the epidemiological distribution of MDROs in a regional teaching hospital in Taiwan, indicating the importance of monitoring the long-term prevalence of MDROs. Further experimental study design is also needed, such as the analysis of MDRO homology by pulse-field gel electrophoresis (PFGE) [26] or the evolution of MDROs by multilocus sequence typing (MLST) [27] to understand the pathogenicity mechanisms of drug-resistant genotypes. A previous study showed that different carbapenem-resistant genes of CRAB had been horizontally transferred to clonal CRAB and reduced the susceptibility of A. baumannii to carbapenem [28]. Therefore, clinical MRSA strains should be actively monitored and the major antibiotic-resistant genes carried by HA-MRSA and CA-MRSA should be analyzed as a reference for clinical antibiotic selection. The relationship of CA-MRSA and control strategies of MRSA in medical settings should also be further explored [29]. The results of this study could provide valuable information for the detection and colonization of multidrug-resistant organisms in hospital infection control systems.
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Figure 1. Case analysis of MDRO-infected patients from 2016 to 2018. MDRO = multidrug-resistant microorganism, VRE = vancomycin-resistant Enterococci spp. MRSA = methicillin-resistant Staphylococcus aureus, CRE = carbapenem-resistant Enterobacteriaceae, CRAB = carbapenem-resistant acinetobacter baumannii, CRPA = carbapenem-resistant pseudomonas aeruginosa. 
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Figure 2. Infection rates of MDROs in Kaohsiung Municipal Siaogang Hospital from 2016 to 2018. 
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Table 1. Clinical and epidemiologic characteristics of patients whose samples were colonized with association between MDRO and covariates.
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Epidemiologic Variable

	
Total MDRO

	
VRE

	

	
MRSA

	
CRE

	
CRAB

	
CRPA




	
Adjusted OR

	
95% CI

	
Adjusted OR

	
95% CI

	
Adjusted OR

	
95% CI

	
Adjusted OR

	
95% CI

	
Adjusted OR

	
95% CI

	
Adjusted OR

	
95% CI






	
Gender

	
female

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	




	

	
male

	
1.23

	
1.01–1.5 *

	
1.31

	
0.48–3.55

	
1.10

	
0.85–1.42

	
1.84

	
0.98–3.47

	
1.62

	
0.95–2.75

	
1.00

	
0.58–1.70




	
Age (years)

	
<40

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	




	
40–59

	
0.85

	
0.63–1.16

	
NA

	

	
0.60

	
0.42–0.84 *

	
1.88

	
0.61–5.75

	
3.13

	
0.59–16.4

	
1.49

	
0.39–5.69




	
≥60

	
1.75

	
1.37–2.23 *

	
NA

	

	
0.85

	
0.64–1.14

	
4.08

	
1.67–9.96 *

	
15.8

	
3.78–66.00 *

	
7.67

	
2.98–19.70 *




	
Sample

	
Urine

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	




	
Pus

	
9.83

	
7.52–12.8 *

	
0.34

	
0.07–1.57

	
51.90

	
31.3–86.00 *

	
1.29

	
0.57–2.88

	
2.39

	
1.01–5.64*

	
0.70

	
0.26–1.88




	
Sputum

	
4.33

	
3.08–6.10 *

	
NA

	

	
8.51

	
4.29–16.80 *

	
0.65

	
0.23–1.83

	
6.77

	
3.33–13.70*

	
2.29

	
1.17–4.46 *




	
Others

	
2.73

	
2.04–3.65 *

	
0.11

	
0.01–0.97 *

	
10.10

	
5.95–17.10 *

	
1.14

	
0.51–2.51

	
2.02

	
0.91–4.44

	
1.13

	
0.56–2.27




	
Station

	
OPD, ER

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	

	
ref.

	




	
ICU, RCW, CNU

	
2.3

	
1.65–3.20 *

	
6.66

	
1.49–29.70 *

	
1.62

	
1.01–2.59 *

	
3.80

	
1.08–13.30 *

	
5.41

	
2.36–12.40 *

	
6.28

	
2.74–14.30 *




	
General Ward

	
1.05

	
0.84–1.31

	
1.1

	
0.85–1.42

	
0.64

	
0.49–0.83 *

	
4.35

	
1.89–10.00 *

	
2.01

	
0.98–4.13

	
2.40

	
1.21–4.77 *








MDRO = multidrug-resistant microorganism. VRE = vancomycin-resistant enterococci spp. MRSA = methicillin-resistant staphylococcus aureus. CRE = carbapenem-resistant enterobacteriaceae. CRAB = carbapenem-resistant a. baumannii. CRPA = carbapenem-resistant pseudomonas aeruginosa. Ref. = reference.95% CI = 95% confidence interval. Adjusted OR = adjusted odds ratio. * = p < 0.05.
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Table 2. MDRO distribution in non-hospitalized and hospitalized patients.
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Isolates

	
Non-Hospitalization

	
Hospitalization




	
N

	
(%)

	
N

	
(%)






	
GP

	
(N = 382)

	
(N = 617)




	
Entero. spp.

	
93

	
(24.3)

	
242

	
(39.2)




	
VRE

	
2

	
(0.5)

	
16

	
(2.6)




	
SA

	
161

	
(42.1)

	
196

	
(31.8)




	
MRSA

	
126

	
(33.0)

	
163

	
(26.4)




	
GNB

	
(N = 2135)

	
(N = 1845)




	
E. coli

	
1801

	
(84.4)

	
1333

	
(72.2)




	
KP

	
282

	
(13.2)

	
364

	
(19.7)




	
E. cloace

	
45

	
(2.1)

	
110

	
(6.0)




	
CRE

	
7

	
(0.3)

	
38

	
(2.1)




	
GNF

	
(N = 123)

	
(N = 395)




	
AB

	
15

	
(12.2)

	
51

	
(12.9)




	
CRAB

	
11

	
(8.9)

	
60

	
(15.2)




	
PA

	
85

	
(69.1)

	
233

	
(59.0)




	
CRPA

	
12

	
(9.8)

	
51

	
(12.9)
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