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Abstract

Carbapenem antibiotics are used as a last resort to treat serious Gram-negative bacteria (GNB) 

infections, however carbapenemase-producing strains of GNB have emerged as a major source of 

resistance. Owing to the highly transmissible nature of plasmid-borne carbapenemases, numerous 

reports have warned about the likely spread into the community from healthcare settings. Since the 

prevalence of carbapenem-resistant Enterobacteriaceae (CRE) in the community is largely 

unknown, we conducted a scoping review of the literature to assess the percentage of CRE isolates 

that could be associated with the community. Initially, 361 studies were assessed and 15 met the 

inclusion criteria. Although 5 studies (33.3%) found no community-associated CRE, the 

remaining 10 studies identified percentages ranging from 0.04% to 29.5% of either community-

associated or community-onset CRE among their samples, with US-based studies alone ranging 

from 5.6–10.8%. The presence of CRE in the community poses an urgent public health threat.
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1. Introduction

Gram-negative bacteria (GNB) are becoming increasingly resistant to most antibiotics [1]. 

The rise of carbapenem-resistant (CR) bacteria is considered one of the most urgent current 

public health concerns [1,2], since carbapenems are often used as a last resort to treat GNB 

infections [3]. A lack of alternative treatment options has led to a mortality rate of up to 50% 

for infections with CR strains [4]. Carbapenem-resistant Enterobacteriaceae (CRE), most 
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notably Escherichia coli and Klebsiella pneumoniae, were relatively uncommon before 2000 

but have doubled in prevalence over the following decade among healthcare-associated 

infections (HAIs) [5]. The US Centers for Disease Control and Prevention (CDC) warn of 

the potential for CRE to spread into the community given that drug-susceptible 

Enterobacteriaceae are a common cause of community-associated infections (CAIs) [6], and 

this progression into the community has already been demonstrated by extended-spectrum 

β-lactamase (ESBL)-producing GNB [1,7–9]. Previous reviews on CRE have focused on 

HAIs, but most have warned of the impending risk for community transmission [4,5,10–14]. 

Transmission of CRE into long-term care facilities (LTCFs) has already been demonstrated 

[10,15,16], but there is a lack of data and consensus on the presence of CRE among 

individuals in the community with no known connection to the healthcare setting.

2. Epidemiology of carbapenem resistance

Much of the rise in carbapenem resistance has been attributed to the rapid spread of plasmid-

borne genetic determinants encoding β-lactamases [6]. Although not all carbapenemase 

enzymes confer carbapenem resistance, many are capable of hydrolysing all β-lactam 

antibiotics. Increasing numbers of Enterobacteriaceae are reported as frequent carriers of 

genes encoding two of the most concerning subclasses of carbapenemases: K. pneumoniae 
carbapenemase (KPC), which has become endemic in parts of the Americas, southern 

Europe, Israel and China; and the New Delhi metallo-β-lactamase (NDM), which has 

become endemic in northern Europe and the Asia Pacific region, most notably the UK and 

India [7,17,18]. Although KPC is the most common carbapenemase worldwide, NDMs have 

been shown to be more promiscuous [19].

OXA-48-type oxacillinase is the third most prevalent carbapenemase globally, found most 

often in North Africa and Europe. Besides NDM, two other forms of metallo-β-lactamase 

carbapenemases, namely Verona integron-encoded metallo-β-lactamase (VIM) and 

imipenemase metallo-β-lactamase (IMP), are less common but are equally concerning due to 

the similar transmission mechanisms. In some regions, the epidemic is overlapping, such as 

the rise of NDM and OXA-48 behind KPC seen across Europe, and poses a real threat to 

infection control. As of April 2016, 48 states in the USA had reported the presence of CRE 

arising from KPC, 25 reporting NDM, 19 reporting OXA-48 and 6 reporting VIM [20]. 

Colistin is one of the few treatment options available for CRE, yet increasing accounts of 

colistin resistance are also being documented [21,22]. The first report of plasmid-borne 

colistin resistance (mcr-1) has been identified among multidrug-resistant E. coli in the USA, 

leading to concerns of pandrug-resistant bacteria [23].

The molecular epidemiology of CRE from healthcare settings has been well described in the 

USA and elsewhere [5,10,14]. Both clonal expansion within healthcare settings and 

independent carbapenem resistance-conferring plasmid acquisition within patients have been 

reported. In studies where molecular methods have been employed, multilocus sequence 

typing (MLST) sequence type 258 (ST258) was found to be most prevalent overall, with 

ST11 predominating in Asia [24]. Various molecular methods to characterise CRE, 

including identifying the resistance gene on mobile elements and whole-genome sequencing, 

have enabled both strain and resistance-harbouring plasmid tracking. Of note, 
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carbapenemase-producing Enterobacteriaceae are not synonymous with CRE, as there are 

other methods of conferring carbapenem resistance, but carbapenemases are the most 

common route and the most concerning.

In the USA, the CDC initiated surveillance of CRE in 2013 [25], and hospital-based data 

revealed 11 % of K. pneumoniae and 2% of E. coli to be CR [1]. Initially, CRE had been 

primarily reported from high-income countries [26,27], but regional patterns of resistance 

vary, with the highest proportion of carbapenem resistance found in India at 57% among K. 
pneumoniae isolates [3]. Similar increases were found in southern Europe, with Greece 

reporting an incidence of carbapenem resistance upwards of 60% in K. pneumoniae isolates 

for 2014 [28]. Recent studies have identified a high prevalence (16–19%) of ESBL-

producing GNB in community settings [29]. With carbapenemases following similar 

plasmid-mediated genetic exchange as ESBLs, there has been a call for further research on 

the spread of CRE into community settings owing to the highly transmissible nature of 

carbapenemase-producing genetic elements [25].

3. The role of asymptomatic carriage in community-associated infections

Much of the dissemination of resistant clones is through carriage in commensal microflora, 

which often goes undetected unless carriage (or colonisation) leads to infection [30]. 

Colonisation with CRE is most often defined by gastrointestinal tract carriage identified 

through the use of a rectal swab or faecal sampling [31]. Gut microbiota carriage can be 

identified through clinical culture even when the patient remains asymptomatic. Although 

colonisation is generally a prerequisite for infection, it is largely unknown what percentage 

of colonised patients will progress to active infection. A recent systematic review pooled 

1806 hospital-based patients identified as colonised with CRE at the time of admission and 

found that 299 (16.5%) progressed to clinical infection [31]. Isolation of hospital patients 

with known CRE colonisation at the time of admission, whether symptomatic or not, has led 

to a significant reduction of nosocomial transmission of CRE infection [18]. Since much of 

the focus on CRE has been in acute and chronic care settings, we conducted a scoping 

review of the literature to assess the proportion of CRE isolates that could be associated with 

the community.

4. Methods

4.1. Search strategy

We chose to conduct a scoping review of the literature because our goal was to provide an 

overview of the breadth of information available regarding the presence of CAI or 

community-onset (CO) CRE. Scoping reviews are often selected over systematic reviews 

when the topic of interest is heterogeneous in nature and has not been well reviewed [32]. 

Nevertheless, this review followed the guidelines developed by the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) group [33]. Since the first 

published case of CRE was in 1996 [34], we conducted a literature search through PubMed 

and Embase electronic databases for articles published from 1996 through March 2016. 

Keywords searched included: (carbapenem-resistant OR carbapenemase OR carbapenem-

resistant enterobacteriaceae) AND (community OR outpatient OR community-associated 

Kelly et al. Page 3

Int J Antimicrob Agents. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



OR community-acquired OR community-onset). MeSH and Emtree subject headings were 

used to expand CRE and community-acquired infection. See the Appendix for detailed 

search strategies for the two databases. Results were filtered by English language. Reference 

lists of review articles were also examined. A health sciences librarian assisted with the 

search strategy, and two independent reviewers (AMK and ELL) selected the final articles 

for inclusion, with a third author reviewing the final selections (BM).

4.2. Inclusion and exclusion criteria

Observational studies that (i) tested for CRE among a larger sample or (ii) only included 

CRE in their sample were included. All studies either had to be conducted in a community 

setting or had to delineate between HAI and CAI or CO. Both studies that provided data on 

previous healthcare exposure (community-associated) and those that did not explicitly test 

for these risk factors (community-onset) were included. Both CRE cases with active 

infection and asymptomatic colonisation were included. Exclusion criteria included studies 

only documenting HAI, Gram-positive bacteria, case studies and review articles. Studies that 

only tested for ESBL were not included, nor were studies evaluating animal models of 

infection. Studies that made no mention of community or outpatients in the abstract were 

also excluded. In the final iteration, the two studies that only included Pseudomonas 
aeruginosa were removed to focus solely on CRE.

5. Results

The initial database searches yielded 361 unique papers, and 4 additional studies were found 

in reference lists of review articles (Fig. 1). After refining the search based on the exclusion 

criteria, 43 studies were reviewed in full. Fifteen studies conducted across all continents, 

with the majority in Asia (5; 33.3%), North America (4; 26.7%) and Europe (3; 20.0%), met 

inclusion criteria (Fig. 2).

5.1. Heterogeneity of study design

The proportion of CAI- or CO-CRE in the 15 studies ranged from 0% to 29.5%, with sample 

sizes ranging from 11 to 2802 (Table 1). The 15 studies fell into two broad categories by 

study design: (i) 5 studies only included cases of CRE and provided the proportion of CAI 

within the sample [16,25,35–37]; and (ii) the other 10 studies searched for CRE among a 

larger sample from either a hospital or community setting. Those conducted in a hospital 

setting provided the proportion of CAI- or CO-CRE.

Five studies (33.3%) found no CAI/CO-CRE. Of these, two studies identified a small 

number of CRE among inpatients presenting with abdominal infections, but none were 

CAI/CO [38,39]. In the other three studies, no CRE was found among urinary samples of 

healthy individuals [40], faecal samples of outpatients presenting with gastrointestinal 

symptoms [41] or inpatients with bloodstream infections [42]. Of note, these five studies 

also tested for ESBL and all found cases of ESBL-CAI. For the five studies only including 

cases of CRE, 5.6–29.5% of the samples were defined as likely CAI because all five studies 

collected data on previous exposure to the healthcare system [16,25,35–37]. For the final 

five studies that tested for the presence of CRE in the hospital or community, the percentage 
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of CAI/CO-CRE ranged from 0.04% to 21.3%. The 0.04% arose from Australian 

surveillance for CRE among outpatient urinary tract infections (UTIs) [43] and the 21.3% 

arose from 197 cases of CRE identified in intra-abdominal infections in the Asia-Pacific 

region in which 42 were isolated <48 h from admission [44].

5.2. Defining community-associated or community-onset infections

Overall there was no standard definition of CAI among the included studies. Although six 

studies (40.0%) provided no formal definition for CAI versus HAI, four of these considered 

their entire sample ‘community’ because all isolates were obtained from outpatients 

[40,41,43,45]. Two separate definitions of CAI were used in the remaining nine studies. 

Four studies defined CAI as the presence of infection <48–72 h following admission 

[36,39,42,44]. The other five studies defined CAI as cases where there was no known prior 

exposure to the healthcare system, but this varied substantially. The definition of exposure to 

a healthcare setting varied and included one or a combination of the following: previous 

antibiotic use with varying time frames; presence of invasive medical devices; exposure to 

LTCFs; and previous hospitalisation with varying time frames ranging from the past 90 days 

to the past year. Only one study combined all elements in their definition, which matches 

with the formal definition for CAI provided by the CDC [16]. Owing to this inconsistency 

among the definition of community, the results are provided as CAI- or CO-CRE. 

Community-onset infections may or may not have been acquired from previous healthcare 

exposure.

5.3. Bacterial isolate source and species

Most studies did not distinguish between CAI or HAI isolates in terms of body site. Urine 

was the primary source of isolates [16,25,35,37,40,43], followed by faeces [29,41,45,46], 

intra-abdominal fluid [38,39,44], blood [42] and respiratory culture [36]. For the five studies 

only including CRE, K. pneumoniae was the most common organism [16,25,36,37], except 

a US-based study that had a slightly higher percentage of Enterobacter spp. [35]. For the 

other 10 studies testing for the presence of CRE among hospital and community samples, E. 
coli was the most common organism overall, followed by K. pneumoniae or Enterobacter 
cloacae. The most common mechanism of antibiotic resistance among these studies was the 

presence of ESBLs [29,38–44].

A variety of automated systems were used to identify CRE among the isolates, with all but 

one study [38] documenting the use of the Clinical and Laboratory Standards Institute 

(CLSI) breakpoints for the minimum inhibitory concentration (MIC) for carbapenem 

susceptibility testing. In addition, eight studies used the modified Hodge test to detect the 

presence of carbapenemase activity among Enterobacteriaceae [16,25,29,37,39–41,46]. 

Further genotypic analyses were uncommon. Only four studies identifying CRE conducted 

PCR to test for the genes encoding the various carbapenemases [25,43,44,46]. Of these four, 

the US-based study identified KPC as the most common carbapenemase [25], the study 

conducted primarily in India found the greatest frequency of NDM [44], VIM was most 

common in the study conducted in Spain [46] and a single case of IMP was identified in an 

Australian cohort [43].
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5.4. Colonisation

For the two studies that identified the presence of asymptomatic colonisation or carriage as a 

proportion of their CRE sample, frequency ranged from 11.5% to 41 % of the total sample 

[16,36]. One study excluded asymptomatic colonisation [35], whilst most of the studies did 

not mention colonisation or carriage as their entire sample had some type of active infection. 

Five studies tested specifically for colonisation, with three finding faecal carriage of CRE 

[29,45,46] ranging from 1.1% to 9.9% of the sample, and two not finding any CRE carriage 

[40,41]. One study reported a prevalence of 29% CRE colonisation or previous CRE 

infection prior to admission as a risk factor for subsequent CRE infection [37].

5.5. Co-morbidities

Six studies documented the most common co-morbidities in their samples. These included 

cancer [36], diabetes [25,35], human immunodeficiency virus (HIV) [42] and cardiovascular 

disease [37,38]. For the single study that did test for differences in CRE by co-morbidity 

between HAI and CAI, no statistically significant difference was found [36].

6. Discussion

Although CRE is still uncommon in community settings, a high degree of variability was 

found among studies. Among those studies that detected CAI/CO-CRE, the numbers were 

concerning, with the majority reporting a proportion ranging from 7.7–29.5% globally and 

from 5.6–10.8% in the USA. The reported percentage of CAI/CO-CRE was generally higher 

in Asia, most notably Taiwan and India. Kumarasamy et al., for example, tested for the 

presence of CRE conferred by NDM among Enterobacteriaceae and found that the majority 

of samples in India arose from the community [30]. Although only four studies in this 

review included a genomic analysis of carbapenemases, their findings support previous 

findings of geographic distribution, namely KPC most common in a US sample, NDM in an 

Asian sample and VIM in southern European samples [10,11,14]. Of note, we did not find 

any studies that met our selection criteria that were conducted in Africa.

These results demonstrate the difficulty of separating HAI and CAI, even with the use of 

standardised definitions. The CDC defines CAI as any infection that is not associated with 

the hospital [47], but there is an important distinction between CAIs and community-onset 

infections. In both cases, infections develop in the community, but community-onset 

infections may be either healthcare-associated or not. To be defined as a CAI, the patient 

must lack specific risk factors for healthcare exposure included in the CDC definition, which 

was originally used to define community-acquired methicillin-resistant Staphylococcus 
aureus (MRSA) infection [48]. To be considered a CAI, patients should have none of the 

following healthcare risk factors: (i) recent hospitalisation, surgery, dialysis or residence in a 

LTCF <1 year before the onset of illness; and (ii) no permanent indwelling catheter or 

percutaneous medical device. The CDC defines community-onset infections as having a 

positive culture from a sample collected ≤3 days following admission to a facility [49]. 

Owing to the number of studies in this review that provided no or partial testing for previous 

healthcare exposure, we had to expand our description of community cases to CAI/CO-CRE.
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The findings demonstrate that CRE among CAIs appears to mirror HAIs. Both for CAIs and 

HAIs, the majority of CRE are isolated from urine, with higher rates of faecal carriage as 

well [4]. This follows the same pattern demonstrated by ESBL, in which community-

associated UTIs began to develop increased resistance [9] and resistant strains were found in 

healthy faecal samples [8]. Just as with ESBLs, there are likely community accelerators for 

spread. Hence, risk factors for colonisation and/or infection are the same as other drug-

resistant organisms [12,13,35]. Long-term care settings, for example, are important 

reservoirs for community-onset, healthcare-associated transmission [37,50,51]. In the 

population-based surveillance of Guh et al., 55.9% of patients positive for CRE were sent to 

LTCFs following hospital discharge, demonstrating the potential for interfacility spread [25].

In February 2016, active surveillance using perirectal swabs in a US hospital revealed six 

asymptomatic patients who were colonised with VIM-producing CRE [52]. This is an 

example of resistant strains spreading silently through asymptomatic colonisation and 

posing a threat to timely identification and containment of these organisms.

Other studies are also identifying the presence of CRE outside of human sources. A study in 

India demonstrated the importance of environmental sampling after discovering 

carbapenemases in drinking water [53]. The study also noted the importance of seasonality, 

with increased risk for contamination of water sources during the rainy season. Animals 

present another source of community transmission. Researchers in China discovered colistin 

resistance encoded on a plasmid among livestock [54]. With plasmid-borne colistin 

resistance recently found in humans [23], there is increased concern that these additional 

reservoirs for CRE may drive the community-based epidemic as resistant organisms 

continue to move beyond healthcare settings.

As with all reviews, this study had limitations. First, we did not assess the quality of the 

studies reviewed, as our aim in this scoping review was to assess the breadth of studies that 

have been conducted to date. We only included studies published in English in which 

evidence of community-associated versus healthcare-associated determination was reflected 

in the abstract, and it is likely that some studies were missed. Further, we present the 

proportion of CAI/CO-CRE in order to provide a comparable percentage among the various 

studies, but study design and sample size variation may have impacted the precision of the 

true proportion. This heterogeneity in study design and sample size is a major limitation of 

this review as it is difficult to state and compare percentages from small collection samples 

with potential sampling bias.

CRE are already present in the community. The high degree of variability in terms of 

geographical prevalence, isolate type and source, patterns of resistance and methods of study 

indicate a need for increased epidemiological surveillance. Many countries still lack 

nationwide surveillance [12]. Persons asymptomatically colonised with CRE present a 

potential reservoir for CAI and since the goal is to stop transmission, screening to identify 

high-risk individuals is important. To enhance our understanding of transmission dynamics, 

molecular epidemiology should be used to examine HAI-CRE genotypes and connect them 

to CAI-CRE genotypes. These methods can greatly enhance our understanding of CRE 

transmission within populations and boost surveillance associated with interspecies and 

Kelly et al. Page 7

Int J Antimicrob Agents. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



intraspecies lateral gene transfer [55]. With carbapenemases following a similar genetic 

mode of transmission as ESBLs, it behoves us to look at the endemicity of ESBLs across 

many countries as an early warning sign for the likely increased spread of CRE into the 

community.
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Appendix

Search strategy for PubMed

((carbapenem-resistant OR carbapenemase OR ‘carbapenem-resistant 

enterobacteriaceae’) AND ((community-acquired infection[MeSH Major Topic]) OR 

community-associated OR community-acquired OR community-onset OR 

communit* OR outpatient))

Search strategy for Embase

‘carbapenem resistant enterobacteriaceae’/exp OR ‘carbapenem resistant 

enterobacteriaceae’ OR ‘carbapenem-resistant’ OR ‘carbapenemase’

AND

‘community acquired infection’/exp OR ‘community acquired infection’ OR 

‘community associated’ OR ‘community onset’ OR ‘communit*’ OR ‘outpatient’
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Highlights

• Reviewed 15 studies to assess proportion of carbapenem-resistant 

Enterobacteriaceae (CRE) in community settings.

• Percentage of community-associated or community-onset CRE ranged from 

0–29.5%.

• Percentage of community-based CRE was highest in parts of Asia.

• Risk for increased spread of CRE in community due to resistance 

transmission on plasmids.
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Fig. 1. 
Study selection process. HAI, healthcare-associated infection; CAI, community-associated 

infection; CRE, carbapenem-resistant Enterobacteriaceae.
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Fig. 2. 
Geographical distribution of studies included in the review (percentage of community-

associated or community-onset carbapenem-resistant Enterobacteriaceae). Dates represent 

the study period.
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