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Abstract

BACKGROUND

Non-Aggregatibacter aphrophilus, Aggregatibacter actinomycetemcomitans,
Cardiobacterium hominis, Eikenella corrodens, Kingella spp. (non-AACEK) gram-
negative bacilli (GNBs) are an infrequent and challenging cause of endocarditis
associated previously with mainly intravenous drug use. Currently, this
pathology has increasingly become a healthcare-associated issue. Current
guidelines do not clearly define the management of non-AACEK GNB
endocarditis due to a lack of prospective trials. We review characteristics,
outcomes and treatment of non-AACEK GNB endocarditis, in particular Serratia
marcescens endocarditis.

CASE SUMMARY

We describe the case report of a 46-year-old man who presented to the
emergency department with high-grade fever and a purulent exudate on an
intracardiac device site. Serratia marcescens mitral valve endocarditis as a
consequence of complicated generator pocket infection was diagnosed. The
patient was treated with complete device removal and a long course of broad-
spectrum antibiotics for 6 wk after surgery with intravenous piperacillin-
tazobactam and ciprofloxacin, which was later switched to oral ciprofloxacin and
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sulfamethoxazole-trimethoprim. The patient had complete resolution of
symptoms and inflammatory parameters at the end of the treatment and at
follow-up.

CONCLUSION

Long-term dual-antibiotic therapy containing a beta-lactam is indicated for most
non-AACEK GNB endocarditis, whereas valve surgery may not be necessary in
all patients.

Key words: Non-AACEK gram-negative bacilli endocarditis; Serratia marcescens;
Healthcare-associated; Intravenous drug use; Case report; Dual-antibiotic therapy

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: While gram-negative bacillus (GNB) Non-Aggregatibacter aphrophilus,
Aggregatibacter actinomycetemcomitans, Cardiobacterium hominis, Eikenella
corrodens, Kingella spp. (non-AACEK) endocarditis has been associated with mainly
intravenous drug use, the role of healthcare-associated contact has been highlighted in
two prospective observational studies. Our aim was to review the characteristics and
management of non-AACEK GNB endocarditis, especially in the case of Serratia
marcescens. This bacterium has become a rare cause of endocarditis, but community
acquisition still has an important role in this disease. We discuss treatment options,
supporting long-term dual-antibiotic treatment as the preferred option for most patients
with non-AACEK GNB endocarditis, whereas valve surgery does not seem to be
necessary in all patients.

Citation: Mertes H, Morissens M, Mahadeb B, Maillart E, Moreau A, Clevenbergh P. Serratia
marcescens and other non-AACEK GNB endocarditis: A case report and review of literature.
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INTRODUCTION

Gram-negative bacillus (GNB) non-Aggregatibacter aphrophilus, Aggregatibacter
actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, Kingella spp. (non-
AACEK) bacteria are a rare cause of infectious endocarditis. The International
Collaboration on Endocarditis (ICE) prospective study from Morpeth et all'l. showed
that among 2761 patients with definite endocarditis, only 49 (1.8%) had endocarditis
due to non-AACEK GNB!". The recent Italian Endocarditis Study (SEI) from Falcone et
al reported a slightly higher incidence of 3.3% (58 patients) among 1722 patients
studied. The most prevalent bacteria found in these observational prospective studies
about GNB non-AACEK endocarditis were Escherichia coli (29 and 31%), Pseudomonas
aeruginosa (19 and 22%) and Klebsiella pneumoniae (10%). In contrast, Serratia marcescens
is less common and represents between 3.5% and 8% of endocarditis pathogens!'”.

Historically, in the 1970s and 1980s, GNB non-AACEK endocarditis was associated
with nosocomial exposure and IVDUP). Serratia marcescens was a predominant cause
of community-acquired endocarditis, as highlighted by Mills et al! and Cooper et al“l.
In their reviews, individuals with a history of IVDU accounted for 88 and 89%,
respectively, of patients with Serratia marcescens endocarditis. Currently, GNB non-
AACEK endocarditis has become a healthcare-associated (HCA) issue!"?. Morpeth et
all were first to describe that association in a prospective observational study: 57% of
non-AACEK GNB endocarditis cases were HCA (nosocomial and non-nosocomial),
predominantly in individuals undergoing non-dental invasive procedures and in
patients with intracardiac devices (ICDs). Falcone ef al” reported that 44.7% of GNB
non-AACEK endocarditis cases were HCA (nosocomial and non-nosocomial), but for
most patients, the acquisition was community acquired (55.2%), which was again
associated with the presence of an ICD (OR = 3.6) but also with immunosuppression
(OR = 5.16). In both studies, the most important source of infection was the
genitourinary tract!"?.

Currently, mortality related to GNB non-AACEK endocarditis has decreased from
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between 30% and 68% in the 1980s"7 to between 13% and 24%!". Cardiac valve
surgery is not associated with better outcomes except for in those individuals
presenting with complications (heart failure, cardiac abscess, fistula, dehiscence and
valve perforation). The multidrug resistance patterns of the bacteria seem to play an
important role in the in-hospital mortality rate (HR = 21.89)F.

European!®, American!” and British!'”? guidelines do not specifically define
treatment of GNB non-AACEK endocarditis due to a lack of prospective studies. They
recommend long-term (6 wk) combined bactericidal antibiotic treatment associated
with surgery?®'’l: Beta-lactams should be the cornerstone of the antibiotic regimen and
combined with aminoglycosides (AGs). Sulfamethoxazole-trimethoprim or
fluoroquinolones (FQs) could also be added to beta-lactams or reinforce the combined
regimen with a BL and an AG*’). In the ICE study!!, most patients (57%) were treated
equally with a combination of a BL and either an AG or FQ. Eight percent of the
patients were treated with a triple antibiotic therapy, whereas 14% received a
monotherapy regimen consisting of a BLI'. In the more recent Italian Endocarditis
Study (SEI)™, 30% of the patients were treated with BL monotherapy, while 61%
received combination therapy consisting of a BL and an AG in 34% and BL with FQ in
18%. Triple therapy and regimens containing sulfamethoxazole-trimethoprim were
administered in only 4% of casesl”. In both studies, there was no comparison of
mortality with regard to each antibiotic regimen chosen, but combination therapy did
not show superiority compared to monotherapy®.

Serratia marcescens is a gram-negative rod belonging to the family Enterobacteriaceae.
This ubiquitous bacterium is a human opportunistic pathogen and has been
implicated in septicaemia, ventilator-associated pneumonia, meningitis, endocarditis,
and urinary tract and HCA wound infections!"*"-"’l. This bacterium has the ability to
proliferate in moist environments (such as disinfectants, intravenous solutions and
different medical materials) and has therefore been responsible for nosocomial
outbreaks!'’l. Serratia marcescens has multiple pathogenicity and virulence factors:
adhesins, lipopolysaccharides, fimbriae and siderophores, which facilitate host
penetration, adherence to solid surfaces and resistance to serum killing!"*'*l. Serratia
marcescens carries a chromosomally encoded AmpC-type beta-lactamase that confers
inducible resistance to beta-lactams when exposed to them!"”l. It then readily
hydrolyses penicillins and cephalosporins, including those of the third generation,
and is responsible for the reduced activity of other beta-lactams!'?. This pathogen is
also capable of acquiring mobile genetic elements encoding resistance determinants,
such as extended-spectrum beta-lactamases or metallo beta-lactamases!'*l.

Since the 1990s, the English literature has only reported 15 cases of Serratia
marcescens endocarditis in adults: In addition to 6 cases reported in the prospective
studies discussed earlierl'”, 9 case reports, including our case, have been published
(Table 1). The mean age of the patients in the case reports is 53 years. In 4 of the 9
patients (44.4%), endocarditis was HCAI'*"/l. It was community-acquired in the
remaining 5 patients (55.6%), mainly due to IVD usel'>'5?!l. Other risk factors
identified were immunosuppression (44.4%), venous catheter presence (33.3%), recent
cardiac surgery in one case and ICD presence in 2 patients. All patients were treated
with combination beta-lactam-containing antibiotic regimens except for 3 patients
treated with monotherapy: One patient received ceftriaxone, another meropenem, and
the last was treated with ciprofloxacin. Only 2 patients benefited from valve
replacement surgery. The patient with ICD-related endocarditis and our patient
underwent percutaneous pacemaker extraction. Mortality in this series of case reports
was 22%, with death attributed to massive heart failure with surgery contraindicated
due to the presence of cerebral abscesses in one case and the second due to cerebral
haemorrhage.

CASE PRESENTATION

A 46-year-old man was admitted to the cardiology unit for suspicion of an
intracardiac device (ICD) infection 4 mo after implantation. He suffered from
congenitally corrected transposition of the great arteries with complete
atrioventricular bloc, for which a bicavitary pacemaker had been placed in 1994. The
patient developed cardiac insufficiency a few months before admission with non-
sustained ventricular tachycardia. For these reasons, the pacemaker was upgraded
into a defibrillator with resynchronisation. One month after that surgery, an incision
site infection was diagnosed. Microbiological culture of the sample was positive for
Serratia marcescens, and he was treated with local wound care.

Four days prior to his admission in our hospital, the patient presented to the
emergency department of another hospital with high-grade fever (39°C), chills and a
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Table 1Serratia marcescens endocarditis in adults since 1990

- _— Treatment and Outcome (follow-
Ref. Age (yr) Risk factors Acquisition . Valve surgery (
duration (wk) up)
Enaetall™,1991 29 IVDU CA Ciprofloxacin (4 TV + Y Survived (13 mo)
1 po)
Korner et all'®l, 1994 50 Lymphoma, HCA Azlocillin/ gentamyc N Survived (5 mo)
chemotherapy, CVC in
61V)
Baggish et all™, 43 Splenectomy CA Cefepime (6IV) and Y Survived (1 yr)
2007 gentamycin (2 IV)
De Silva et al®"!, 67 ICD CA Meropenem and N (ICD extraction)  Survived (6 mo)
2009 gentamycin (NM),
then ciprofloxacin (2
po)
Hadano et all'", 85 Diabetes, HCA Ceftazidime (6IV) N Died
2012 corticosteroids and gentamycin (5
d)
Lyall et al 172013 65 Post-Bentall + HCA Meropenem and N Survived
coronary bypass ciprofloxacin and
surgery gentamycin (NM)
Phadke et al[lzl, 46 IVDU, HIV CA Meropenem (NM) N Died
2016
Meyer et all*!], 2018 42 IVDU CA Ceftriaxone (6 IV) Y Survived
Current case, 2018 46 ICD HCA Piperacillin- N (ICD extraction)  Survived (6 mo)

tazobactam IV and
ciprofloxacin po (5),
then ciprofloxacin
and
trimethoprim/sulfa
methoxazole (3 po)

IVDU: Intravenous drug use; CA: Community acquired; IV: Intravenous; Y: Yes; CVC: Central venous catheter; HCA: Healthcare associated; N: No; NS:
Not specified; ICD: Intracardiac device; NM: Not mentioned; po: Per os.

purulent exudate on the ICD site. Further clinical examination was without
peculiarity. Chest X-ray and electrocardiogram evaluation revealed no abnormalities.
Remarkable laboratory findings included a white blood cell count of 11900/ ug
(normal between 4000 and 10000/11g), a C-reactive protein level of 203 mg/L (normal
<10 mg/L), and normal renal and hepatic function. Empiric antimicrobial therapy
was started with vancomycin and ceftazidime. On the second day of hospitalization,
two pairs of blood cultures performed in the emergency department both yielded
Serratia marcescens, as did a culture of the purulent exudate swab. Antimicrobial
susceptibility testing showed the following results: Resistance to amoxicillin-
clavulanate, cefuroxime and colistin and sensitivity to temocillin [minimal inhibitory
concentration (MIC) < 8 pg/mlL], piperacillin-tazobactam (MIC < 4 pg/mL),
ceftazidime (MIC < 0.012 pg/mL), cefotaxime (MIC < 0.25 pg/mL), meropenem (MIC
< 0.25 pg/mL), gentamycin (MIC < 1 pg/mL), amikacin (MIC < 2 pg/mL),
ciprofloxacin (MIC < 0.25 pg/mL), and sulfamethoxazole-trimethoprim (MIC < 20
pg/mL). According to these results, the antibiotic treatment was changed to
piperacillin-tazobactam (4 g every 6 h) on day 3 of hospitalization.

On admission in our hospital, on day 4, the physical examination revealed a
temperature of 38.5°C, blood pressure of 112/75 mmHg, pulse of 95 beats/min,
surgical site infection with pain, purulent exudate at the ICD site and no abnormal
heart murmur. While blood culture performed at that time of admission revealed no
more bacterial growth, a transoesophageal echocardiography (TEE) exam showed a
vegetation of 16 mm x 8 mm on the defibrillator lead (Figure 1). Although the cardiac
valves seemed undamaged, oral ciprofloxacin (500 mg every 12 h) was added to
piperacillin-tazobactam on day 6. Furthermore, on day 7, wound debridement was
performed, and the defibrillator lead was removed. Because TEE showed persistent
images of vegetation on the old pacemaker leads on day 12, a decision was made to
finally remove all material (ICD and pacemaker leads), with the exception of the
epicardial lead, which was carefully cleaned and connected to a new provisional
single chamber pacemaker. All perioperative samples and leads cultured were
positive for Serratia marcescens. Despite the removal of all intracardiac material, a TEE
carried out on day 20 revealed the presence of vegetation appended to the mitral
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valve, albeit without valve dysfunction. Finally, the diagnosis of ICD-related mitral
valve endocarditis was made.

The dual antibiotic treatment was continued intravenously until 23 d after whole
ICD removal. Blood analysis showed normalization of the CRP level and white blood
count, and the patient was discharged with oral ciprofloxacin (750 mg every 12 h) and
sulfamethoxazole-trimethoprim (800/160 mg every 12 h). Antibiotics were stopped on
day 42 after ICD extraction, while TEE showed disappearance of the valvular
vegetation (Figure 2). The patient is asymptomatic 10 mo after the completion of
treatment and repeated TEE has not shown recurrence of endocarditis.

FINAL DIAGNOSIS

Serratia marcescens ICD-related mitral valve endocarditis.

TREATMENT

Complete device removal associated with dual broad-spectrum antibiotic treatment
with piperacillin-tazobactam and ciprofloxacin switched to oral sulfamethoxazole-
trimethoprim and ciprofloxacin for 6 wk after complete device removal.

OUTCOME AND FOLLOW-UP

Cure, no recurrence at 1, 3 and 10 mo.

DISCUSSION

Although it has been shown that GNB non-AACEK endocarditis has increasingly
become a concern of healthcare contact, community acquisition of Serratia marcescens
endocarditis still remains an important issue with regard to previous and recent
datal'?*??. IVD use and immunosuppression seem to be the most important risk
factors for Serratia marcescens endocarditis. It is noteworthy that our case is the second
case report of ICD-related endocarditis due to Serratia marcescens, but the prospective
ICE and SEI studies do not detail risk factors for each bacterium! . In accordance with
actual guidelines®™'"], we support a long-term dual-antibiotic treatment regimen
containing a broad-spectrum beta-lactam in Serratia marcescens endocarditis,
considering the presence of inducible AmpC-type beta-lactamase in these bacteria. As
there is a risk of clinical failure, cephalosporins, including third-generation
cephalosporins, must be avoided. Piperacillin-tazobactam given in our patient was
shown to be as effective as meropenem or cefepime in AmpC-type beta-lactamase-
producing Enterobacteriaceae!™. Monotherapy with a beta-lactam should not be the
first choice in GNB non-AACEK endocarditis; even if Morpeth et all'! showed no
difference in comparison to a combined antibiotic regimen with regard to mortality,
the long-term outcome was not reported in this study. In a series of case reports,
monotherapy was effective in two of three patients, but the long-term outcome of one
patient who received ceftriaxone is unknown!'>'*?'l. Even if most guidelines suggest
combining a beta-lactam with aminoglycosides, its use must be outweighed because
of potential nephro- and audiotoxicity, and the duration should be limited to 2 wk!'"l.
We chose to combine piperacillin-tazobactam with ciprofloxacin, a drug with good
tissue penetration. Our patient was discharged with oral ciprofloxacin and
sulfamethoxazole-trimethoprim after a total duration of 5 wk of IV combination
antibiotic treatment (3 wk after ICD removal). This aspect of management could be
debated. However, a recent study from Iversen et all*! showed non-inferiority in
patients suffering from endocarditis with a stable condition in which IV antibiotics
were switched to oral treatment after 2 wk. As GNB endocarditis patients tend to have
more cardiac complications (abscesses, larger vegetation size) than patients with
endocarditis due to other pathogens!'”, guidelines suggest that surgical management
be considered early in the course of the diseasel™'"l. While complete and early removal
of an ICD is highly recommended in ICD-associated endocarditis/®*!, valve repair or
replacement surgery in non-AACEK GNB endocarditis did not show better outcomes
than medical treatment alone, except for in those patients who presented with cardiac
complications!"l. The case series also showed good clinical outcomes even in the
absence of valve surgery in 71% of cases. We therefore propose that valve surgery be
discussed on an individual basis.
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Figure 1 Transoesophageal echocardiography showing a defibrillator lead vegetation of 16 mm x 8 mm.

CONCLUSION

Globally, healthcare contact, immunosuppression and ICD presence are the major risk
factors for GNB non-AACEK endocarditis!*. This condition is of growing concern
since people survive longer (at home) with more comorbidity than previously. Serratia
marcescens, even if it has become an infrequent cause of GNB non-AACEK
endocarditis, still should be suspected in the case of community-acquired
endocarditis, especially in cases of IVDU. GNB non-AACEK endocarditis represents a
challenging issue for clinicians since there are no clear guidelines!*'’l. The increase in
multidrug resistant bacteria will certainly complicate treatment as well as outcomes
even more. Awaiting further studies and in accordance with actual guidelines, we
support treatment with a dual-antibiotic regimen containing broad spectrum beta-
lactams in Serratia marcescens endocarditis, while valve surgery should be discussed
early in the course of the disease on a case-by-case basis within a multidisciplinary
team. Additional insights through prospective randomized trials about treatment in
GNB non-AACEK endocarditis are urgently needed.
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