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ABSTRACT

Background and aims: Enterococci have emerged as successful pathogens in healthcare-associated infections due to their hardiness and survival
ability in environments with high background antimicrobial pressure. Enterococcal bacteremia (EB) present an intriguing link between the host,
environmental and healthcare practices. We present here the detailed clinical epidemiology of EB from an Indian hospital.

Patients and methods: We retrospectively studied adult patients diagnosed with bacteremia by Enterococcal species for 5 years. The details
of clinical characteristics, implicated species, factors contributing to the development of bacteremia and the underlying source were analyzed.
All the clinical and laboratory findings and antimicrobial therapy associated with clinical outcome were assessed.

Results: Enterococcus faecium was the predominant pathogen in 82(42.5%) of the total 193 cases. Prior healthcare exposure was evident in
136(70.46%). Direct admission to intensive care during initial presentation was noted in 107(55.4%) of study cohort. Among 82(42.5%) of EB,
source could be identified and central line infection was the commonest source in 45(23.3%). In-hospital mortality was 47, 23%, while 40(21%)
left the hospital due to poor clinical outcome. Multivariate analysis indicated age >60 years, intra-abdominal disease as initial presentation,
staying in the ICU during bacteremia, presence of central line and invasive mechanical ventilation as independent risk factors for fatality and
poor clinical outcome.

Conclusion: Enterococcal bacteremia can present both as cause and outcome of severe illness. Multiple comorbidities, healthcare acquisition,

and limited therapy options suggest the need for strategies to prevent the invasive infections by enterococci.
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HIGHLIGHTS

Enterococcal bacteremia (EEB) is a non-negligible health event
in patients with increasing clinical complexity. Broad spectrum
antimicrobial use, multiple comorbidities and invasive devices
contribute to its occurrence and adds to poor clinical outcome.

INTRODUCTION

Enterococci have emerged as successful pathogens in healthcare-
associated infections due to their hardiness and survival ability
in environments with high background antimicrobial pressure.’
Despite not being highly virulent bacteria, enterococci harbor
several factors enabling them to colonize medical devices, therefore,
contributing to healthcare-associated blood stream infections
(BSI)."® Emergence of vancomycin-resistant Enterococci (VRE) has
narrowed the therapeutic options leading to unfavorable clinical
outcomes.*"® The World Health Organization has categorized VRE
as a priority pathogen deeming the urgent need of collaborative
efforts of new drug development, infection prevention, and
antimicrobial stewardship.”

Among several species, Enterococcus faecalis (E. faecalis) and
Enterococcus faecium (E. faecium), are frequently encountered in
BSIs.® In the recent years, E. faecium overhauling E. faecalis is has
been reported in several national surveillance registries.>*'° This
is a disturbing trend as E. faecium are more likely to demonstrate
multidrug resistance including to glycopeptides, weakening
effective management strategies. Several factors have influenced
the occurrence of EB and the subsequent healthcare events.
Historically, severe underlyingillness,immunocompromised status,
malignancy, and indwelling devices are considerably associated
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with EB."""13 While the case fatality and attributable mortality
show differing results, EB is consistently associated with prolonged
hospital stay and excessive healthcare costs.*'®

In Indian subcontinent, high burden of multidrug resistant
Gram-negative infections has led to the excess use of carbapenems
and other last resort antimicrobial agents. The high antimicrobial
selection pressure in healthcare settings is a favored ecological
niche for Enterococci, which are intrinsically resistant to several
antimicrobial agents and promote the subsequent development
of healthcare associated infections. We undertook this study to
describe the occurrence, clinical characters, and risk factors for EB
and explore the various factors influencing clinical outcome in a
teaching hospital. We further assessed the differences in the clinical
epidemiology of bacteremia by E. faecium and E. faecalis.

PATIENTS AND METHODS

This retrospective study included adult in-patients (>18 years)
diagnosed with EB between January 2014 and December 2018 from
ateaching hospital with 2030 beds in Southern India. After clearance
from the Institutional Ethics Committee (IEC No 326-2019), patients
who developed bacteremia by any enterococcus spp. were identified
from the laboratory database. Only the first episode of bacteremia
was included in the analysis. Due to the retrospective nature of the
study, informed consent from the patients was waived. Details of
patients’ demography, clinical characteristics, laboratory findings,
management and outcome were collected in a pre-designed
proforma from the medical records. The source of bacteremia was
determined if there were microbiological cultures performed from
the clinically apparent sites of infections and yielded same bacteria
as in blood cultures. Whenever, the source site cultures were
inconclusive, the clinical assessment details were used to determine
the source of bacteremia if detailed in the medical records.

Approximately, 18-20 mL of blood from the patients was
collected in two BacT/ALERT FA Plus® bottles from different
venepuncture sites according to the hospital practice. Blood culture
bottles flagging positive were further processed by performing
a Gram stain and subculturing on 5% sheep blood agar and
MacConkey agar. Enterococcus spp. was identified using MALDI-TOF
(Vitek MS, bioMérieux Inc., Durham, NC) and antibiotic sensitivity
testing was done by Vitek® 2 Systems (bioMérieux Inc., Durham, NC).

Median and interquartile range was calculated for the
continuous variables, and frequency along with percentage was
calculated for categorical variables. Mann-Whitney test was used
to compare continuous variables with prognosis and Chi-square test
(or Fisher exact test, wherever necessary) was used for categorical
variables. All variables in the univariate analysis that had a p-value
of <0.1 wereincluded in logistic regression for multivariate analysis.
All analysis was performed on Statistical Package for Social Science
(IBM® SPSS® v.16, Chicago, IL, USA).

REesuLTs

During the study period, we identified 248 cases of EB, of which
193 records were available for final analysis. Rate of enterococcal
isolation over 5 years of study period was 0.35%. The median annual
incidence EB was 3.66 (+0.282)/1000 blood cultures performed.
The rate of EB was comparable to the rate of MRSA bacteremia
during the same period in our center (unpublished data). Prognosis
was poorin 87 (45%) patients, of whom 47 (23%) died in the hospital,
while 40 (21%) left the hospital against medical advice (LAMA) due
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to lack of affordability to treatment and, or poor prognosis. Largely,
patients were admitted to medical specialties (62.6%) while the
remaining in surgical specialties.

Majority of EB was caused by E. faecium (82, 42.5%) and E. faecalis
(69, 35.8%) while E. gallinarum, E. avium and E. raffinosus were less
frequently isolated (3, 1.6%; 1, 0.5%; and 1, 0.5%, respectively).
Polymicrobial bacteremia was detected in 27(14%) of patients.
Penicillin resistance was found in 7.6% of E. faecalis and 100%
E. faecium. Barring E. gallinarum due to intrinsic resistance, there
were 12 vancomycin resistant enterococcal isolates (6.3%), first case
was detected in 2014. The rates were 2(2.9%) and 8(9.8%) among
E. faecalis and E. faecium, respectively. Linezolid resistance was
detected in 2/4 VR E. faecalis. High level gentamicin resistance was
found in 56% E. faecalis and 85% of E. faecium isolates. Admission
diagnosis were predominantly intra-abdominal disease (57,
29.5%) and lower respiratory tract disease/infection (36, 18.7%).
Hypertension and diabetes mellitus were the commonest co
morbidities in 84(43.5%) and 79(40.9%), respectively. More than 2
comorbidities were present in 77(40%) patients. Among 36 patients
that underwent surgery before the bacteremia episodes, 11(30%)
had surgery involving large bowel and urinary tract, 16(44%) other
contaminated surgery and 9(25%) clean surgeries. Bacteremia was
detected before and after 48 h of hospitalization in equal number of
patients, nevertheless in the former group, 40(41%) of patients had
some form of healthcare exposure in the 3 months prior to current
hospitalization. Despite careful search for the source, majority,
111(57.5%) cases did not show demonstrable source and hence
categorized as noncentral line-associated primary bacteremia.

Among 107(55.4%) of patients that received any antimicrobial
agents prior to the detection of bacteremia, 58, 54% received > 2
agents and the most frequent therapy were beta lactam-inhibitor
combinations, 31.8%, cephalosporins, 14.9%, fluoroquinolones,
12.8% and carbapenems, 10.3% among other agents. Antimicrobial
therapy potentially active against enterococci was initiated after
a median 3 days of blood culture collection in 120(62.2%), of
whom only 101(52.3%) received therapy deemed appropriate
for bacteremia based on susceptibility tests. More details of the
clinical characters, management, and factors contributing to poor
outcomes are provided in Tables 1 and 2.

Comparison between the two major bacterial species,
E. faecalis and E. faecium indicated that E. faecalis was associated
with community acquired bacteremia occurring <48 h [p 0.003, OR
2.27 (1.41-5.27)] while E. faecium was more likely to be detected in
patients already receiving broad spectrum antimicrobial therapy
although the results were not statistically significant. E. faecalis
contributed to all the six cases of infective endocarditis which
were community acquired. E. faecium bacteremia was more likely
to be found in patients presenting with intra-abdominal diseases
when compared to E. faecalis (30, 36.6% and 12, 17.4%, respectively;
p:0.009). Of the patients who developed bacteremia by E. faecium
and E. faecalis, the former were more likely to be sicker and hence
were directly admitted to ICUs, (63 vs 45%, p = 0.023). In addition,
they were more likely to be in the ICUs during the detection of
bacteremia (73 vs 51%, p = 0.004) and on Foley’s catheter (84
vs 70%, p = 0.033). Due to the low number, we could not assess
the influence of vancomycin resistance on clinical outcome.
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Table 3: Comparison of salient features of bacteremia by two common species, E. faecium and E. faecalis

Overall E. faecium E. faecalis Odds ratio
Variables (N =151) (N =82) (N=69) p-value (Confidence interval)
Age <60 years 81(53.6) 41 (50) 40 (58) - -
Age =60 years 70 (46.4) 41 (50) 9 (42) 0.328 -
Female 63 (41.7) 39 (47.6) 4 (34.8) - -
Male (5 3) 43 (52.4) 45 (65.2) 0.113 1.70(0.88, 3.28)
Healthcare acquired EB 7(51) 51(62.2) 6(37.7) - -
Community acquired EB 4 (49) 31(37.8) 43 (62.3) 0.003 2.72(1.41,5.27)
Intra-abdominal disease at initial presentation (2 8) 30(36.6) 2(17.4) 0.009 2.74(1.27,5.90)
Direct admission to ICU 83 (55) 52(63.4) 1(44.9) 0.023 2.13(1.10, 4.08)
Staying in ICU at the time of EB 95 (62.9) 60 (73.2) 5(50.7) 0.004 2.65(1.34,5.22)
Mechanical ventilation 60 (39.7) 35 (42.7) 5(36.2) 0.42
Foleys catheter 117 (77.5) 69 (84.1) 48 (69.6) 0.033 2.32(1.06, 5.08)
Central line 2(344) 28 (34.1) 4 (34.8) 0.935 -
Other vascular devices 43 (28.5) 27 (32.9) 6(23.2) 0.187 1.63(0.78,3.35)
Hemodialysis access line 5(23.2) 22 (26.8) 3(18.8) 0.247 -
Tracheostomy 9(12.6) 7 (8.5) 2(17.4) 0.102 0.44 (0.16, 1.19)
Central line as source of EB 41 (27.2) 23(28) 8(26.1) 0.787 -
Urinary source EB 4(9.3) 8(9.8) 6(8.7) 0.823 -
Infective endocarditis 6 (4) 0(0) 6(8.7) 0.008 2.30(1.91,2.77)

EB, enterococcal bacteremia; ICU, intensive care unit; Statistically significant p-values, odds ratio and adjusted odds ratios are shown in boldface values

Out of the 12 EB by VRE, 3 patients had died (20%). Majority, 84%,
of bacteremia by VRE were healthcare associated and central line
was the predominant source of infection. Comparison of clinical
characteristics and outcomes of EB by E. faecalis and E. faecium are
shown in Table 3.

We further sought to explore the risk factors for mortality/poor
prognosis leading to LAMA among the study patients. In univariate
analysis, direct ICU admission, prior antimicrobial therapy, acute
kidney injury, E. faecium as an implicating agent, CLABSI, presence of
devices such as mechanical ventilation, central venous catheter and
Foley’s catheter, not receiving appropriate anti-enterococcal therapy,
presence of polymicrobial bacteremia, acute kidney injury and Pitt’s
bacteremia score >2 were associated with poor outcome combining
fatality and LAMA in our cohort. Multivariate analysis indicated age
>60 years, intra-abdominal disease as initial presentation, staying in
the ICU during bacteremia detection, presence of central line and
invasive mechanical ventilation as independent risk factors for poor
clinical outcome. Direct comparison between clinical improvement
and fatality, excluding LAMA, could recognize only disease severity
and inability to identify the source of bacteremia as a contributing
factor in univariate analysis. However, none of the previous risk
factors scored significance in multivariate model.

Discussion

Our observational study from a large Indian teaching hospital
analyzed the clinico-microbiological details of EB and assessed
the risk factors for poor outcomes. Positioned in the list of top six
causes of bacteremia, the overall frequency was comparable to
MRSA bacteremia. Our results showed a shift toward E. faecium
predominance over E. faecalis and its association with prior
healthcare exposure. Advanced age, higher severity scores along
with presence of several invasive devices, and intra-abdominal
disease as initial presentation were independently contributed to
poor outcomes.
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Enterococcus has emerged as a major nosocomial pathogen
across the continents including Indian subcontinent and implicated
in nosocomial bacteremia especially central line associated.?>1°
Several of our findings are similar to the reported characteristics
of EB such as increased occurrence in patients with several
comorbidities, healthcare acquisition, and severe underlying
illnesses during bacteremia among others.'®!” Initial presentations
were predominantly related to the abdominal, lower respiratory,
neurological diseases, and trauma. Surgical procedures involving
abdominal and genitourinary tract which are the usual colonization
sites of enterococci, did not present an increased risk of bacteremia
over other surgeries or without surgeries in our cohort. Studies have
presented an increased occurrence of EB in patients undergoing
surgery for biliary tract disease and biliary carcinoma.’®'® In our
study, bacteremia occurred before and after 48 h of hospitalization
in similar number of cases, however, 41% of assumed community-
acquired cases had healthcare exposure in recent past, thus
accounting for healthcare acquisition of bacteremia in 70% of
cases. E. faecium was increasingly detected in this category. Prior
antimicrobial therapy is another important risk for EB, especially by
E.faecium and its reported that carbapenem and antipseudomonal
penicillin therapy were strongly implicated in its occurrence.” In
our cohort, 55% cases received any antimicrobial therapy before EB
and an overall 30% received >2 antimicrobial agents. We could not
identify any specific antimicrobial group as a contributing factor,
however, the major classes received by these cases were beta
lactam-inhibitor combinations, cephalosporins, fluoroquinolones
and carbapenems. Bacteremia was diagnosed at a median of 2
days (IQR 0, 10) after hospitalization. In all the cases, blood culture
was performed while investigating increased blood leucocytes,
pyrexia or worsening primary clinical condition and detection
of enterococci was an inconspicuous finding. Commensalism
in gastrointestinal tract, resistance to biocides, selection due to
multiple prior antimicrobial therapy along with several virulence
factors favoring adhesion, biofilm formation, and invasion have led
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to the endogenous infections by enterococci particularly urinary
tract infection, intra-abdominal infections, infective endocarditis,
and vascular device-associated bacteremia."?° It's also a successful
healthcare-associated pathogen due to several combinatorial
factors of virulence and multiple antimicrobial resistance.! A recent
report provides evidence through longitudinal genome studies
for the endogenous acquisition of E. faecium in bacteremia and
additionally supports nosocomial transmission among patients.?'

Enterococci are relatively less virulent in comparison to
other Gram-positive bacteria such as Staphylococcus aureus
and pneumococcus. In the absence of identifiable source, it
is challenging to plan appropriate management protocols in
EB. In our analysis, a significant, 57.5% of cases did not show a
befitting source of bacteremia. In another 14%, blood culture
showed additional bacteria, therefore, raising suspicion on the
clinical significance of isolated bacteria. These factors would
influence the administration of appropriate antimicrobial therapy
and source control, both of which are particularly important for
favorable outcome. Published reports give a conflicting overview
of the significance of enterococci in blood cultures. One study
assesses the association of bacterial clearance as determined
by isolation of enterococci in one or more time points and the
clinical outcomes. They did not find any difference, and therefore,
suggested a possible contamination of blood culture by this
bacteria.?> Another study indicated a possible epiphenomenon
after comparing the outcomes of enterococcal vs S. aureus and
Escherichia coli bacteremia, where the latter had higher fatality
while the former contributed to increased clinical severity."® Their
findings were suggestive of mucosal translocation augmented
due to invasive device use. Amidst the complexities involved
in understanding the clinical significance of positive blood
cultures, the undeniable importance of detection of source is
highlighted in our analysis. Enterococcus in blood cultures is
likely to be viewed with doubt when the source is not detected
or not sought for. In 42% of our cases, culture result had a poor
correlation to the clinical condition as the blood culture prompts
had several other overarching reasons in critically ill patients
rather than implicating enterococcal causality. Moreover, 14% of
cases had other concomitant bacterial isolation in blood cultures,
further weakening the enterococcal diagnosis. Incidentally, this
might have led to the overlooking of EB and delayed appropriate
therapy. We noticed that a significant number of patients that
did not receive appropriate therapy experienced unfavorable
outcome including fatality (p = 0.014; OR = 2.059, Cl = 1.157-
3.664) although it was not an independent contributory factor.
Vancomycin resistance is another factor influencing the clinical
outcome, possibly due to delayed therapy and a threefold
increase in 30-day mortality is reported if therapy is delayed >
48 h.>?* We could not ascertain this due to a small number of
VRE in our study.

We report a few limitations in this study. Our case-mix did not
have sufficient number in subgroups showing similar risk factors
or comorbidities, and hence we could not associate the underlying
diseases leading to the development of EB. Clinical endpoints could
not be stated clearly considering that a reasonably high number
of patients left the hospital due to non-affordability and/poor
prognosis. Moreover, the source of EB remained inconclusive in
many cases due to the retrospective nature of the study. Despite
these limitations, we could highlight the importance of this hardy
bacteria harboring several resistance traits in the bacteremia
episodes. Resource constrained healthcare facilities in low- and
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middle-income countries will increasingly encounter this infection
amid the outrageously high Gram-negative infections.?*

CONCLUSION

Our results indicate an overt problem growing parallelly alongside
the growing threat of other Gram-negative infections further
triggering the overuse of broad spectrum antimicrobial agents.
Despite being a relatively low virulent bacteria, E. faecium is a
dominating pathogen in the healthcare-associated infections in
severely ill patients. Lack of availability and affordability will further
limit the therapeutic options in these patients. [dentifying patients
at risk of developing EB should be prioritized along with infection
prevention and antimicrobial stewardship to reduce the additional
damage caused by EB.

Clinical Significance

Bacteremia by Enterococcus spp. particularly occurs in patients with
severeillness leading to poor prognosis. Low index of suspicion and
inability to identify the source of infection might further delay the
appropriate intervention in these patients.
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