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Background

Enterococci are becoming clinically more important especially among immunocompromised patients. Of concern are vancomycin resistant enterococci (VRE) which have both intrinsic and acquired forms of resistance. This work aimed to determine the antimicrobial resistance patterns of Enterococcus spp. and characterize VRE isolate obtained from HIV-infected patient using whole genome sequencing (WGS).





Methods:

Antimicrobial susceptibility testing was done on 57 enterococci isolates by both the disk diffusion method and Epsilometer test (E-Test). WGS was performed on VRE isolate determined by E-test.





Results

Out of the 57 enterococci isolates; 58% (33/57) were E. faecalis, 39% (22/57) E. faecium and 4% (2/57) were E. gallinarum. The highest antimicrobial resistance was observed in E. faecalis isolates. The most prevalent antimicrobial resistance was observed towards quinupristin-dalfopristin (56%, 32/57), followed by ciprofloxacin (28%), tigecycline (18%), daptomycin (16%), chloramphenicol (14%), ampicillin and teicoplanin (2%). Multidrug resistance (MDR) was detected in 11% (6/57) of the isolates. Vancomycin resistance and high-level gentamycin resistance (HLGR) were observed in one E. faecium and one E. faecalis isolates respectively. The VRE was typed as ST80, carried vanA and other resistance genes for aminoglycosides, tetracyclines, quinolones and ampicillin. Furthermore, the isolate had chromosomal mutations responsible for quinolone (gyrA (p.S83I) and parC (p.S80I) and ampicillin (pbp5) resistance.





Conclusions

The detection of VRE, HLGR and MDR in the study settings underscores the sustained surveillance of VRE in high-risk groups and institution of infection control measures for prompt identification and isolation of carriers to prevent the spread of VRE in the community and hospital settings.
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Introduction

Enterococcus spp. are Gram-positive bacteria found in various natural environments such as human and animal gastrointestinal track, soil and water (1). Although they are primarily regarded as normal flora of human gut, they are responsible for different community and hospital acquired infections such as urinary tract infections, bacteremia, endocarditis, intravenous catheter-related infections, surgical wound infections, and neonatal sepsis (2–4). Most of these infections originate from the gastrointestinal tract of colonized individuals (5).

Infections due to enterococci are often difficult to treat because they are usually resistant to most antibiotics due to either intrinsic resistance mechanisms e.g., towards cephalosporins (6) or acquired resistance mechanisms through mutations or horizontal gene transfer (2). Worldwide, enterococcal infections are reported to be among the four leading causes of nosocomial infections (1). It is reported that enterococci cause almost 15% of the healthcare-associated urinary tract infections in the ICU settings and about 5% to 15% of cases of infectious endocarditis are due to enterococci (7). In Africa the prevalence of enterococcal infections ranges from 2.7% in pediatric patients to 6.2% in a general population (1, 8). In Tanzania a prevalence of 2.1% enterococcal bacteremia was reported among pediatric patients (9).

In recent years, the emerging resistance to glycopeptide antibiotics (vancomycin and teicoplanin) observed in Enterococcus spp. has become one of the most serious issues related to infection control (10). The World Health Organization has listed vancomycin-resistant E. faecium (VREfm) under high priority list of pathogens which new antibiotics are urgently needed (11). Resistance towards vancomycin by Enterococcus spp. is mainly caused by the vanA and vanB genes which are usually acquired via horizontal gene transfer (12). Furthermore, many strains that are resistant to vancomycin also express high-level aminoglycoside resistance (HLAR), which poses a therapeutic challenge due to the ease acquisition and transfer of antimicrobial drug resistance (4). HLAR in enterococci is due to aminoglycoside-modifying enzymes (AMEs) of three classes namely: N-acetyltransferases (AAC), O-adenylyl transferases (ANT), and O-phosphotransferases (APH) (13).

Patients asymptomatically colonized with VRE in the gastrointestinal tract act as both a reservoir and a source for dissemination of VRE into the environment. In addition, many of VRE infections originate from the gastrointestinal tract of colonized individuals (5). HIV-infected individuals who are more likely to receive multiple antibiotic therapy and have frequent contact with the healthcare system, have been associated with an increased risk of infections including vancomycin resistant enterococcal infections (14).

Vancomycin resistance is usually accompanied by resistance to other antimicrobial agents, such as penicillin, ampicillin, erythromycin, ciprofloxacin and gentamicin (15). Several studies in different parts of the world have reported high resistance rates to other antimicrobial agents among VRE isolates (1, 16, 17). Understanding the mechanisms underlying antimicrobial resistance requires molecular epidemiological analysis for clinical management of infections, including active surveillance and rapid recognition of outbreaks (18). Importance of whole-genome sequencing (WGS) in identifying reservoirs of multidrug-resistant organisms and transmission of these pathogens has been documented (19).

Despite the emerging importance of Enterococcus spp. as multidrug-resistant pathogens around the world including Africa, and the high burden of HIV infection in Tanzania, there is a paucity of data on the colonization and antimicrobial resistance pattern of Enterococcus spp. in Tanzania. Furthermore, there is little information (20) on the molecular characterization of VRE using whole genome sequencing in the African continent as whole. This study, therefore, was conducted to report the colonization and antimicrobial susceptibility patterns of the Enterococcus spp. and further characterize VREfm isolate by whole genome sequencing.





Materials and methods




Study design and study population

This was a laboratory- based retrospective study using archived isolates obtained between April 2017 to May 2018 from newly diagnosed HIV infected adults in Dar es Salaam, Tanzania who were part of the randomized clinical trial CoTrimResist (ClinicalTrials.gov identifier: NCT03087890, registered on 23rd March, 2017). Sample size for the present study was determined by using the Kish Lisle (Kish,1967) formula below:

	

Considering P to be 7.7%, the reported magnitude of VRE colonization among HIV infected people in Sudan (82), and assuming at Z=1.96 and ϵ= margin of error at 7%, a minimum of 56 samples were required for the study.





Specimen and data collection

From each participant, a rectal swab was collected and transported in liquid Cary-Blair medium (Fecal Transwab, MWE Co Bath Ltd., Corsham, United Kingdom) in a cool box and maintained at -80°C until the time of processing. REDCap system (Research Electronic Data Capture, Vanderbilt University, Nashville, TN) was used by healthcare workers to collect demographics and clinical information including age, sex, height, weight, current and previous hospitalizations and HIV clinical staging.





Microbiological procedures




Bacterial culture and identification

Rectal swabs were inoculated into brain heart infusion (BHI) broth and incubated for 24 hours at 37°C. Two drops (0.1 mL) from BHI broth were sub-cultured on ChromID VRE media (BioMérieux, Marcy l’Etoile, France) to detect vancomycin resistant enterococci isolates. The plates were incubated at 37°C for 24 hours and positive growth was interpreted as a possible VRE isolate.

Bacterial isolates were identified to species level by Matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) mass spectrometry (MS) using the Microflex LT instrument and MALDI Biotyper 3.1 software (Bruker Daltonics, Bremen, Germany).





Antimicrobial susceptibility testing

Antimicrobial susceptibility was determined by the disk diffusion method, following Clinical and Laboratory Standards Institute (CLSI) (USA) guidelines (21). Muller Hinton agar plates were incubated aerobically at 35°C for 16-18 hours. The antibiotic disks used were; chloramphenicol (30mcg), tigecycline (15mcg), ciprofloxacin (5mcg), quinupristin-dalfopristin (15mcg), teicoplanin (30mcg) and ampicillin (10mcg). All antibiotics were from Oxoid, Basingstoke UK. Also, Minimum Inhibitory Concentration (MIC) was determined by Epsilometer test (E-test) for vancomycin, linezolid, daptomycin antibiotic strips and gentamycin (MIC 500 µg/ml) for detection of high-level resistance (Biomerieux, Marcy-I’Etoile, France). Interpretation of results was done based on CLSI guidelines (21). Intermediate susceptible isolates were regarded as resistant. E. faecalis ATCC 29212 was used a quality control.





Whole genome sequencing and analysis

WGS was performed for one VRE isolate as determined by E-test, using HiSeq (2 × 250 bp paired-end reads protocol) platform by MicrobesNG (MicrobesNG, Birmingham, UK) (22).

Determination of antimicrobial resistance genes and Multi locus sequence type (MLST) were done using ResFinder and MLST tools respectively using the Centre for Genomic Epidemiology database (http://www.genomicepidemiology.org/).





Quality control

All procedures were performed according to manufactures instructions. E. faecalis ATCC 29212 was used a quality control.







Results




Distribution of Enterococcus spp.

A total of 57 Enterococcus spp. were isolated and identified by MALDI-TOF MS. The majority of the isolates (57.9%, 33/57) were E. faecalis followed by E. faecium (38.6%, 22/57) and E. gallinarum were 3.5% (2/57).





Antimicrobial resistant pattern of different Enterococcus species

Antimicrobial resistance rates were more prominent among E. faecalis isolates, up to 87.5% to some antimicrobials, while less resistance was seen among E. gallinarum isolates. As shown in Table 1, out of 57 isolates which grew on CHROMagar™ VRE media, only one was VRE which was E. faecium with MIC value of > 256 µg/ml. The VRE isolate was also resistant to ampicillin and teicoplanin which was not the case for the non-VRE isolates. High-level gentamycin resistance with MIC > 500 µg/ml was observed in one non-vancomycin resistant E. faecalis isolate.


Table 1 | Antimicrobial resistance pattern of Enterococcus isolates obtained from newly diagnosed HIV infected adult patients.



Overall, the rate of resistance towards quinupristin-dalfopristin was high (56.1%; 32/57) among Enterococcus species. The resistance towards this antibiotic was higher among E. faecalis (87.5%; 28/33) in comparison to E. faecium (18.2%; 4/22).

Resistance towards daptomycin was only observed in E. faecium isolates (36.4%; 8/22) and none of the Enterococcus spp. were resistant to linezolid.

Six out of 57 of Enterococcus spp. (11%) were also resistant to three or more classes of antibiotics, qualifying them as multidrug resistant bacteria (MDR). The majority of the MDR isolates were resistant to fluroquinolones, tetracycline and streptogramin classes of antibiotics (50%;3/6) as shown in Table 2.


Table 2 | Multidrug resistance patterns of Enterococcus spp. isolates obtained from newly diagnosed HIV infected adult patients (n=6).







Molecular characteristics of the VRE isolate

Using Centre for Genomic Epidemiology database (http://www.genomicepidemiology.org/), we found the one VRE isolate harbors vanA gene responsible for vancomycin and teicoplanin resistance. The VRE isolate also carried resistance genes towards aminoglycosides; aph (3’)-III, ant(6)-Ia and aac(6’)-aph(2’’); Streptogramin b msr I and tetracycline; tet (L) and tet (S). In addition to acquired resistance genes, we also found chromosomal mutations responsible for quinolone resistance (dual mutations i.e., gyrA (p.S83I) and parC (p.S80I) as well as ampicillin resistance single mutation pbp5. All tested antibiotics which were resistant by phenotypic method revealed resistance genes by molecular method with exception of quinupristin which was sensitive by phenotypic method, but resistant gene for the antibiotic (msr I) was detected by WGS (Table 3). Furthermore, the VRE isolate also had the virulence factor acm (adhesin of collagen from E. faecium) which mediates E. faecium adherence to collagen. The isolate carried three plasmids; Inc18, Rep3 and RepA-N.


Table 3 | Phenotypic and genotypic comparison results for VRE isolate ID 2006.



Based on MLST tool from the Centre for Genomic Epidemiology database (http://www.genomicepidemiology.org/), the VRE isolate belong to sequence type ST80.






Discussion

To date, there is no study in Tanzania which has provided data on Enterococcus spp. among HIV infected people who are among the high-risk group of being colonized as well as getting infections caused by Enterococcus spp. In this study we report the detection of multidrug resistant enterococci and VREfm among the newly diagnosed HIV infected patients in Dar es Salaam, Tanzania.

Different Enterococcus spp. are known to cause infections in human, with literature demonstrating high prevalence of E. faecalis among other species (23). This was also the case for the present study, E. faecalis was the most prevalent species among others (57.9%). This finding is in agreement with studies from West Africa, South America and Asia (16, 24, 25). However, dominance of E. faecium has been reported among Enterococcus spp. isolated from the intestinal tract of hospitalized patients in Ethiopia (26) and healthy individuals in Nigeria (5) suggesting diversity in the distribution of Enterococcus spp. across countries. Rarely, enterococci other than E. faecalis and E. faecium are isolated from clinical specimens, unless in immunocompromised or chronically ill patients (27). In the present study we report E. gallinarum carriage (3.5%) in HIV infected patients.

Out of the 57 isolates, 28.1%, 17.5% and 14% were resistant to ciprofloxacin, tigecycline and chloramphenicol respectively which are comparable resistance levels reported among enterococci isolated from HIV patients on anti-retroviral therapy in Ethiopia by Belayneh et al. (28). Comparable resistance rates of enterococci against ciprofloxacin (31.3%) have also been reported in the northern part of Tanzania among patients with infected wounds (29). Contrary to our findings, higher resistance rates of enterococci against ampicillin (47% vs 1.8%) and chloramphenicol (67% vs 14%) were reported in similar settings between 2001-2002 (9, 30), however at that time resistance towards ciprofloxacin was not observed in the isolates, as opposed to the 28.1% resistance against ciprofloxacin reported in the present study. Recent literature from Tanzania (31) indicates ciprofloxacin among the top-ranking antibiotic consumed in the country between 2010-2016 which might not have been the case between 2001-2001 accounting for the differences in ciprofloxacin resistance between the two studies.

Generally, E. faecium are less susceptible to β-lactam agents than E. faecalis because their penicillin-binding proteins (PBPs) have lower affinities for these antibiotics. In this study, resistance to ampicillin was observed among E. faecium isolates only (4.5%). On the other hand, E. faecalis is known to have intrinsic resistance towards quinupristin/dalfopristin (32); this was evident in the present study where we have reported high rate of resistance (87.5%) for quinupristin/dalfopristin among E. faecalis isolates. Multidrug resistant enterococcal infections are usually treated with linezolid and daptomycin. Of concern, we report 36.4% resistance rate towards daptomycin observed among E. faecium isolates including the VREfm. Resistance towards daptomycin has also been reported elsewhere (33). Whilst daptomycin resistance has often been associated with prior daptomycin usage, resistance in the absence of previous exposure has been documented (34). Fortunately, similar to what was reported more than a decade ago in the study setting (30), all isolates were susceptible to linezolid suggesting that linezolid is potentially effective for infections caused by VRE in our settings.

The current study showed that 11% of the isolates were MDR, which higher than the prevalence reported in a neighboring country, Uganda among enterococci isolates obtained from patients attending a national hospital (35). Nonetheless, this finding is much lower compared to reports from Northwest Ethiopia, where the reported prevalence of MDR among HIV infected patients is 92.8% (14). Usually, resistance to vancomycin in Enterococcus spp. is accompanied with resistance to multiple classes of antimicrobials qualifying them as MDR. A study conducted in Northwest Ethiopia had higher prevalence of VRE (7.8%) among HIV infected patients compared to the present study (1.8%), therefore the difference in percentage of VRE isolates may account for the differences of the reported MDR rate between the two studies. Furthermore, the Ethiopian study determined VRE isolates by disk diffusion method which is associated with false positive results due to lower sensitivity in VRE detection compared to molecular methods (36) used in the present study, possibly accounting for the difference in percentage between the two studies.

Combination therapy of an aminoglycoside with β-lactams drugs such as penicillin/ampicillin is usually used for treatment of serious enterococcal infections. For strains that exhibit high-level aminoglycoside resistance (HLAR), this combination therapy can no longer be used for treatment (37). We report expression of HLGR in 3% of E. faecalis isolates which was also reported in similar settings in a different population (9, 30) Detection of HLGR isolate is worrisome since this resistance determinant is transferable among bacteria via plasmids (38).

We also report presence of VRE in one E. faecium isolate, mediated by vanA gene, the most common mediator of vancomycin resistance in Enterococcus species. Detection of vanA gene in VREfm has also been reported in Europe, Asia and Africa (39–41). The proportion of VREfm reported here (4.5%) is lower than what was reported in Nigeria (42.9%) and Ethiopia (22.7%) (16, 42), but comparable to what has been reported in European countries such as Netherlands (2%) and Belgium (3.5%) (43). Differences in geographical location, the study population and type of specimen analyzed and different detection methods may account for the differences observed. Most of the African studies report VRE based on disk diffusion methods which are associated with false positive results leading to overestimated prevalence. Albeit different study populations, VRE was not detected in the same settings between 2001-2002 (9) more than a decade before the present study. This finding signifies the importance of strengthening surveillance for MDR bacteria including VRE in order to combat the ongoing antimicrobial resistance pandemic.

In the present study, VRE was typed as ST80, this concurs with the studies in other parts of the world (44) where predominance of ST80 among vanA isolates has been reported. The VREfm isolated in this study exhibited dual chromosomal mutations (gyrA, and parC) responsible for quinolone resistance, and it also possessed single mutation (pbp5) for ampicillin resistance. Detection of these mutations aligns with the phenotypic antibiotic susceptibility patterns of the isolate which was resistant to both ciprofloxacin and ampicillin.

The detected virulence factor (adhesin of collagen from E. faecium, (acm)) reported here has been connected with high-risk Enterococcus strains, with a major role of binding to the collagen types I and IV reported in endocarditis infection (45). Although the isolate was from a colonized patient, the detected virulence factor might play a role in pathogenicity should infection occur preceding colonization.

In conclusion the high prevalence of various antimicrobial resistance and the detection of VRE and HLGR isolates in a high-risk group of patients in our setting should be a reason for concern, since infections are usually preceded by colonization and the control of infections resulting from these resistant bacteria is difficult. Therefore, screening of at-risk individuals for VRE colonization should be taken into consideration as one of the infection controlling measures for prompt identification and isolation of carriers to avoid spread of such pathogens within the healthcare settings.





Strength and limitations

The study utilizes a comprehensive approach to investigate the prevalence of Enterococcus spp, antimicrobial resistance patterns, and the molecular characterization of VRE in Tanzania where there is a significant number of people who are regarded as a high-risk population (HIV-infected individuals). The use of WGS in the present study provides insights into the genetic basis of antimicrobial resistance and the characteristics of VRE isolate necessary for infection prevention control measures. However, the small sample size used in the present study might hinder the generalizability of the results and underestimate the prevalence of VRE. Furthermore, WGS testing on one isolate might not provide enough information for the studied population.
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