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Abstract

related to epileptic seizures.

according to the antibiotic susceptibility testing.

Background: Even though enterococci can cause serious infections in multiple sites, they are a rare cause of
pneumonia. We reported a uremic patient with vancomycin-resistant E. faecium (VRE-fm) pneumonia, possibly

Case presentation: A 57-year old man with uremia on hemodialysis was admitted to the hospital with complaint
of recurrent epileptic seizures, followed by a two-week history of recurrent fever and cough with purulent sputum.
Chest CT demonstrated multiple exudation of both lungs. He was diagnosed as community acquired pneumonia.
Despite antibiotic combination therapy, abnormal chest shadows aggravated. Sputum and blood cultures were
initially negative, but later blood culture grew VRE-fm. We suspected aspiration of gastrointestinal content induced
by epilepsy as the most likely mechanism. The patient was successfully treated with a four-week course of linezolid

Conclusions: Physicians should consider multi-drug resistant organisms such as VRE in uremic patients with
pneumonia that fails to resolve with broad-spectrum antibiotics, especially in the cases with aspiration induced by
epilepsy, immunocompromised conditions, and repeated or prolonged hospitalizations.
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Background

Enterococci are Gram-positive cocci which normally in-
habit the intestinal tract of humans. E. faecalis and E.
faecium are the most common strains. They started
appearing as common pathogens in nosocomial infec-
tions in the 1970s. At the same time, antibiotic resist-
ance among them started increasing [1]. Vancomycin-
resistant E. faecium (VRE-fm) are multi-drug resistant
micro-organisms, and the treatment options and infec-
tion control measures are limited. Additionally, there is
a low clinical awareness. Therefore, infections caused by
VRE-fm are a unique challenge to the clinician. Even
though the most commonly reported Enterococcus in-
fections are intra-abdominal infections, urinary tract

* Correspondence: xiaoxiawang19@163.com
Department of Nephrology, Shanghai Tongren Hospital, Shanghai Jiao Tong
University School of Medicine, 1111 Xianxia Road, Shanghai 200336, China

K BMC

infections, bacteremia and endocarditis, pneumonia is
rarely described [2]. In this case report, we aimed to
present a uremic patient with VRE-fm pneumonia, pos-
sibly related to epileptic seizures, being treated success-
fully with linezolid.

Case presentation

A 57-year old man with uremia on hemodialysis compli-
cated by severe renal anemia, hypertension and heart
failure, presented with a two-week history of recurrent
fever and cough with purulent sputum. Chest pain, nau-
sea, vomiting, abdominal pain, diarrhea and night sweat
was denied. He had been diagnosed with end-stage renal
disease (ESRD) nearly 2 months ago, and the etiology
was primary glomerulonephritis. Hemodialysis with the
central venous catheter started at that time. Two weeks
before admission, he suffered from recurrent epileptic
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seizures, characterized by convulsions of the whole body,
unconsciousness and fecal incontinence in other hos-
pital. Shortly afterwards, fever and cough with yellow
phlegm gradually appeared. His labs were notable for
white blood cell count (WBC) of 11.6 x 10 ° /L with 87%
neutrophils, hemoglobin (Hb) 61g/L, and C-reactive
protein (CRP) 74.06 mg/L. Blood and sputum cultures
were negative. Computed tomography (CT) scan of the
chest revealed pneumonia. Intravenous vancomycin (0.5
g three times a week) and meropenem (0.5 g Q8H) was
administered empirically for suspected aspiration (given
his lethargy after epileptic seizure). Then the symptoms
improved gradually and indicators of infection dropped
to normal during 1 week. Unexpectedly, the patient had
fever again on the day of admission, with a temperature
of 38.8°C, accompanied by deteriorating general status.
Therefore, he was transferred to our hospital for further
treatment.

Physical examination was significant for appearance of
severe anemia, a temperature of 38.8°C, decreased
breath sounds at the lung bases bilaterally, a diffuse
moist rale on respiratory exam and a slight exudation
around the right jugular hemodialysis catheter. Initial la-
boratory investigations revealed WBC of 7.0x 10 ° /L
with 74.2% neutrophils, Hb 55g/L, CRP 25.29 mg/L,
procalcitonin (PCT) 3.02 ng/ml, Scr 557.1umol/L and B-
type natriuretic peptide (BNP) greater than 5000 pg/ml.
Chest CT demonstrated multiple exudation of both
lungs, bilateral pleural effusion and atelectasis of both
lower lobes (Fig. 1a). No valvular vegetation was found
in echocardiography, and left ventricular ejection frac-
tion (LVEF) was 43%. Initial diagnosis of admission was
ESRD with hemodialysis, sever renal anemia, community
acquired pneumonia, heart failure and suspected
catheter-related infection. Treatment with intravenous
piperacillin / tazobactam (2.25g Q12H) for pneumonia
and correction of heart failure and anemia were com-
menced. The dialysis catheter and urinary catheter were
removed and peripheral blood cultures were collected.
But his fever with a maximum temperature of 40 °C still
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persisted. Three consecutive blood, sputum culture and
catheter cultures were negative. Additionally, thoracent-
esis and drainage were performed and hydrothorax cul-
ture was also negative. Laboratory detection of
tuberculosis and fungi was all negative. Antibiotics were
switched successively to cefoperazone sodium / sulbac-
tam sodium (1.5g QI12H) + moxifloxacin (0.4 g/day) +
fluconazole (0.2 g/day), and vancomycin (0.5g three
times a week) + meropenem (0.5g Q8H), according to
consultation results of respiratory department. However,
no apparent improvement was noted, and his general
condition deteriorated progressively. Response of
temperature and indicators of infection to antibiotic
therapy was shown in Fig. 2 and Fig. 3. A repeated chest
CT showed increased multiple exudation of both lungs
(Fig. 1b). Finally, fourth blood culture became positive
for E. faecium at>10° CFU/ml (vanA genotype) on hos-
pital day 13. At that point, antibiotic therapy was
switched to intravenous linezolid (600 mg Q12H) based
on the sensitivity pattern of isolates that were vanco-
mycin, moxifloxacin, gentamicin, penicillin, rythromycin
and ampicillin resistant, and linezolid, teicoplaninand
and tegafycline sensitive. In the following days, the fever
subsided gradually (Fig. 2). And the CRP and PCT levels
decreased steadily (Fig. 3). The patient completed a
four-week course of linezolid with complete resolution
of chest CT abnormalities (Fig. 1c).

Discussion and conclusion

E. faecalis is more pathogenic than E. faecium, but the
latter exhibits more resistance, taking up the majority of
VRE infections [3]. VRE is an important nosocomial
pathogen spreading in hospitals worldwide. It was re-
ported by the National Healthcare Safety Network
(NHSN) that 35.5% of enterococcal hospital-associated
infections were resistant to vancomycin from 2009 to
2010, which ranked as the second most common cause
of nosocomial infections in the US [3]. Additionally,
Markwart et al. reported the proportion of VRE-fm was
increasing from 11.2% in 2014 to 26.1% in 2017 in

-

Fig. 1 Characteristics of Chest CT during treatment. Chest CT showed infiltrates on both lungs on admission (a) and the infiltrates increased on
day 7 after adjusting antibiotics treatment (b). Four weeks after starting linezolid therapy, the infiltrates disappeared (c)
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Fig. 2 Response of the body temperature to antibiotic therapy. Despite of antibiotic therapy, piperacillin / tazobactam, cefoperazone /
sulbactam+ moxifloxacin + fluconazole, and vancomycin + meropenem being used successively, the fever still persisted. Finally, the body
temperature dropped to normal after linezolid therapy, according to the fourth blood culture and drug sensitivity result

German hospitals, particularly in southern regions in
Germany [4]. In china, there was a rapid increase in
vancomycin resistance from 12.4% in 2007 to 42.0% in
2016 among nosocomial enterococcal isolates in ICU,
according to the Taiwan Nosocomial Infection Surveil-
lance System [5]. However, pulmonary infections due to
enterococcus are distinctly unusual. A prospective and
observational study of 110 patients with serious infec-
tions due to Enterococcus across six hospitals found that
there was 4% of those infections located in the respira-
tory tract over the course of 1 year [6]. The best

evidence that enterococcal pneumonia is rare has been
reported by Richards et al. They found only two cases of
enterococcal pneumonia among 181,993 patients evalu-
ated for a total of 715,930 patient-days in American
medical intensive care units [7]. Recently, according to
the National Healthcare Safety Network, only 1% of
ventilator-associated pneumonias were caused by En-
terococcus spp. [8].

We conducted a literature search based on PubMed in
an attempt to identify all published cases of pleuropul-
monary infection due to enterococcus, without time
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Fig. 3 Response of infection indicators to antibiotic therapy. Despite of empirical antibiotic therapy, piperacillin / tazobactam, cefoperazone /
sulbactam+ moxifloxacin + fluconazole, and vancomycin + meropenem being used successively, the levels of infectious indicators including CRP
and PCT remained high. Finally, they decreased steadily after linezolid therapy, according to the fourth blood culture and drug sensitivity result
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limits. Twenty-four cases of Enterococcus-associated
pleuropulmonary infection previously published in the lit-
erature were eventually summarized in Table 1 [6, 9-26].
The enterococcal pneumonia cases previously described
in the literature mainly occurred in elderly patients with
immunosuppression, organ transplantation, hematological
malignancies, solid cancer, renal failure, cardio-
cerebrovascular disease and chronic obstructive pulmon-
ary disease. Ten of the 24 cases of Enterococcus pneumo-
nia were complicated by lung abscess and empyema
requiring drainage. There were 8 cases of pneumonia due
to E. faecium of which 3 were vancomycin-resistant. To
our knowledge, ours is the first VRE-fm pneumonia after
epileptic seizure in a patient with ESRD on hemodialysis.
Interestingly, the patient had recurrent epilepsy before he
developed pneumonia, which raised the likelihood that as-
piration of gastrointestinal content induced by epilepsy
(given his altered mental status and lethargy) occurred at
some point. And his pulmonary infiltrates involved the
middle and lower parts of two lungs, which were typical
for aspiration mechanism. According to previous reports,
Enterococcal-associated aspiration pneumonia also oc-
curred in patients fed by Dobb-Hofftube and experiencing
near drowning [23, 26]. Since our patient was admitted
with a hemodialysis catheter accompanied by purulent ex-
udation at the outlet of the catheter, recurrent fever, heart
failure and positive blood culture, another possible mech-
anism that pneumonia secondary to a septic embolus orig-
inated from the dialysis catheter or the heart was
suggested. However, imaging of vessels at the catheter and
an echocardiography showed no embolism and the cath-
eter culture was negative in the current case. From the
cases summarized in Table 1, it is notable that only 2 cases
of Enterococcal pneumonia were associated with endocar-
ditis [11, 13]. Furthermore, previous literature data re-
ported 3 cases of VRE-fm pneumonia were treated with
linezolid, of which 2 survived and 1 died. In contrast, the
isolate recovered from our patient was sensitive to linezo-
lid according to the drug sensitivity test, and his infection
indicators and body temperature showed good response
to the treatment of linezolid, and the chest CT abnormal-
ities completely resolved after a four-week course of
linezolid.

Previous case reports of enterococcal pneumonia were
based on clinical findings and infiltrate on chest X ray or
CT in combination with the isolation of enterococci in
cultures from a transtracheal aspirate, protected brush
(PS), bronchoalveolar lavage (BAL), sputum or lung tissue.
Since isolation of Enterococcus from respiratory secre-
tions usually represents colonization, lung tissue, PS or
BAL culture may identify true infection of the lower re-
spiratory tract more accurately than the sputum or endo-
tracheal aspirate cultures. However, in our case,
bronchoscopy and lung needle biopsy was not performed
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to obtain lung tissue, PS or BAL specimens, because the
patient was seriously ill at that time. Evidence supporting
a diagnosis of VRE-fm pneumonia in our patient included
persistent respiratory symptoms, multiple infiltration on
chest CT, bacteremia with VRE-fm and good response to
linezolid based on susceptibility testing.

Currently, nine phenotypes of vancomycin resistance
described are van A, van B, van C, van D, van E, van G,
van L, van M and van N [27]. Van A contributes to most
of the human cases of VRE around the world, and is
mostly carried by E. faecium. Moreover, a study by
Bocanegra-Ibarias et al., which involved phenotypic and
genotypic characterization of VRE-fm clinical isolates
from two hospitals in Mexico, first detected VanB
phenotype-vanA genotype [28]. Hypermutability, in-
creased mobile genetic elements, metabolic alterations
and hypermutability confer drug resistance to E. fae-
cium. Our patient was found to be infected by E. fae-
cium with Van A gene, so he was clinically unresponsive
to vancomycin. The main causes for emergence of VRE-
fm in our patient may be his immunocompromised con-
ditions due to ESRD, repeated hospitalizations, mechan-
ical instrumentation (invasive hemodialysis catheter) and
exposure to multiple antibiotics (specifically vanco-
mycin). Therefore, clinicians should minimize unneces-
sary invasive procedures and vancomycin abuse. De-
escalation from initial broad-spectrum antibiotics to nar-
row spectrum antibiotics immediately after receiving the
antibiotic sensitivity report is necessary. Additionally,
strict adherence to infection control practices can pre-
vent further emergence and spread of drug resistance.

In conclusion, VRE pneumonia is rarely reported. Physi-
cians should consider multi-drug resistant organisms such
as VRE in uremic patients with pneumonia that fails to re-
solve with broad-spectrum antibiotics, especially in the
cases with aspiration induced by epilepsy, immunocom-
promised conditions, and repeated or prolonged hospitali-
zations. Better clinical outcomes can be expected if the
empirical antibiotic treatment covers VRE and early adjust-
ment of sensitive antibiotics based on susceptibility testing.
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