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Infective  Endocarditis Caused by Methicillin-Resistant Staphylococcus aureus 
Combined with Meningitis
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Infective endocarditis (IE) caused by methicillin-resistant Staphylococcus aureus (MRSA) has become a worldwide concern. We present a case 
of a 12-year-old child with IE of the native mitral valve due to MRSA infection after an invasive dental procedure. Based on the clinical symp
toms and the presence of cerebrospinal fluid pleocytosis, the patient was initially diagnosed with presumed bacterial meningitis and treated 
with empiric antibiotics. On the third day of hospitalization, MRSA was cultured from the initial blood samples and vegetation was observed 
on the mitral valve during an echocardiogram, findings which are compatible with a diagnosis of IE. The revised guidelines for antibiotic 
prophylaxis for the prevention of IE advise that IE prophylaxis for dental procedures is reasonable only for patients with underlying cardiac 
conditions, who are at the highest risk of adverse outcomes from IE. However, in this case, the patient had no high risk factors indicative of 
IE prophylaxis, except for mitral valve prolapse. She had no recurrence of IE over a follow-up period of 12 months.
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and treatment of IE, the in-hospital mortality and 

morbidity remains high
1,2)

. Neurologic complications 

appear in 20% to 40% of patients with left-side IE, 

with ischemic stroke being the most common (50%), 

followed by cerebral hemorrhage (20%), and other 

complications such as transient ischemic attack, men

ingitis, infectious aneurysm, and brain abscess (30%)
3)
. 

The best predictor of these neurologic complications 

is delayed initiation of antibiotic therapy
4)
.

The true incidence of IE among otherwise healthy 

children is unclear. Incidence of IE in children with 

structurally normal hearts and no predisposing factors 

has been reported from 19% to 33%
5-7)

. Previous 

study showed that IE in this population tended to be 

Introduction

Infective endocarditis (IE) is an infection of the heart 

valves, large intrathoracic vessels, and intracardiac 

foreign bodies. Despite improvements in the diagnosis 
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community-acquired left-sided infections caused by 

traditional “community” pathogens, including Staphylo

coccus aureus, Streptococcus pneumoniae, Kingella 

kingae, and Haemophilus species
7)
. 

The incidence of IE caused by S. aureus, especially 

methicillin-resistant Staphylococcus aureus (MRSA) is 

increasing. In fact, S. aureus has become the leading 

cause of IE in Western Europe and North America
8,9)

. 

It is responsible for the highest rates of morbidity and 

mortality
9,10)

. Similarly, in Korea, Choi et al.
11)

 reported 

that the most common causative organism in pediatric 

IE was S. aureus, which was found in 14 of 29 cases 

(48.3%), out of which three cases were MRSA. Here, 

we report a case of 12-year-old girl who initially pre

sented with presumed bacterial meningitis but was 

later diagnosed as IE due to MRSA probably associated 

with previous invasive dental procedure.

Case

A previously healthy 12-year-old girl was admitted 

with a 4-day history of high fever, along with a 2-day 

history of headache and a 1-day history of vomiting. 

She had received treatment of the gingiva, including 

braces in a dental clinic 2 weeks earlier. On the day 

of admission, body temperature was 38.4℃, heart rate 

was 96 beats per minute, and blood pressure was 

110/70 mm Hg. Breathing sounds were clear without 

crackles and there was no cardiac murmur. The chest 

radiograph was unremarkable, with normal appearance 

of the mediastinum and no infiltrates. There was no 

wound of skin or mucous membrane. 

The initial laboratory results were as follows: hemo

globin 12.4 g/dL, white blood cell (WBC) count 7,300/

μL (polymorphonuclear leukocytes 93.0%, lymphocytes 

3.1%, monocytes, 2.7%) platelet count 81×10
3
/μL, C- 

reactive protein (CRP) 10.75 mg/dL (normal range, <0.5 

mg/dL), sodium 136 mEq/L, aspartate aminotransferase 

70 U/L, alanine aminotransferase 54 U/L, and procalci

tonin 2.35 ng/dL (normal range, <0.5 ng/dL). The pa

tient’s prothrombin time was 13.7 seconds (normal 

values, 11.6 to 15.5 seconds), international normalized 

ratio was 1.03, and activated partial thromboplastin 

time was 46.3 seconds (normal values, 28.0 to 45.0 

seconds). Urine analysis revealed microscopic hematuria 

(urine red blood cell >30/high power field). She com

plained of headache with photophobia and lower leg 

weakness. Her motor strengths were decreased to 

grade III in both lower extremities, while her sensory 

response was intact. She showed neck stiffness and 

cerebrospinal fluid (CSF) analysis was performed to 

rule out meningitis. The results revealed the following: 

WBC 160/μL (neutrophils 20%, lymphocytes 80%), 

glucose 73 mg/dL, total protein 40.2 mg/dL. Conse

quently, she received ceftriaxone (75 mg/kg/day) and 

vancomycin (60 mg/kg/day) as empiric therapy for 

presumed bacterial meningitis.

On the third day of hospitalization, she had persistent 

high fever and showed painless hemorrhagic cutaneous 

lesions on the soles and palms (Fig. 1). Blood culture 

reports revealed growth of MRSA which is susceptible 

A 

B 
Fig. 1. Non-painful, macular lesions on the (A) palms and (B) 
soles (Janeway lesions) caused by septic emboli were ob
served on the third day of hospitalization.
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to clindamycin, gentamicin, and vancomycin but is 

resistant to oxacillin. CSF culture revealed no growth 

on the same day. The cardiac murmur became audible 

on examination and the level of N-terminal fragment 

of B-type natriuretic peptide was elevated to 280.5 

pg/mL. On day 4 of hospitalization, echocardiography 

showed mitral valve prolapse with a large oval-shaped 

oscillating mass (16.5×6.9 mm) attached to the anterior 

leaflet of the mitral valve (Fig. 2). The diagnosis of IE 

was made at this point, and treatment with vancomycin 

was continued along with the addition of amikacin (20 

mg/kg/day). Left ventricular systolic contracti lity was 

preserved, but diastolic dysfunction was observed on 

Doppler echocardiogram. Tissue Doppler image re

vealed increased left ventricular filling pressure, which 

is compatible to the grade 2 diastolic dysfunction 

(pseudonormalized pattern). Abdominal computed 

tomography was performed to rule out peripheral em

bolism; no embolic lesion was revealed.

On day 5 of hospitalization, after removing her 

braces, brain magnetic resonance imaging (MRI) was 

performed to rule out cerebral embolic lesions. It 

revealed multifocal disseminated cerebritis and a few 

scattered small infarcts in the right frontal and the left 

parietal cortical areas (Fig. 3). However, there were 

no findings of seizures or focal neurologic signs in this 

patient. 

On day 8 of hospitalization, follow-up echocardio

graphy showed decreased vegetation size (7.1×

4.1 mm) with normal left ventricular systolic function 

(fractional shortening 36.3%, ejection fraction 66.4%). 

However, the fever persisted and repeated blood cul

ture showed isolation of MRSA until day 9 of hospitali

zation. The trough level of vancomycin was 10.4 μg/mL 

(normal range, 10 to 15 μg/mL). Persistent fever and 

demonstration of bacteremia for more than 8 days 

despite adequate antimicrobial therapy are considered 

indications for valve surgery. Therefore, we consulted 

a cardiothoracic surgeon about the necessity for ope

ration. However, the next day, the CRP level was de

creased to 5.5 mg/dL and the size of the vegetation 
Fig. 2. Echocardiography image showing bulky vegetation on 
the mitral valve. 

Fig. 3. Brain magnetic resonance imaging showing multifocal disseminated cerebritis 
and a few scattered small infarcts (arrows).
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had shrunk to less than half its original size. Hence, we 

continued the antibiotic treatment with close monitoring 

of the vital signs. Finally, repeated blood culture showed 

no growth on day 11 of admission and her fever gra

dually subsided thereafter.

The follow-up laboratory results on day 16 of hospi

talization were as follows: WBC count 4,340/μL (poly

morphonuclear leukocytes 65.9%, lymphocytes 17.7%, 

monocytes 9.8%), hemoglobin 10.1 g/dL, the platelets 

402×10
3
/μL, and CRP 2.71 mg/dL. The follow-up serum 

trough level of vancomycin was elevated to 20.2 μg/mL 

on hospital day 19, and the dosage was reduced to 10 

mg/kg/dose every 6 hours. The 20 mg/kg/day amikacin 

dosage was maintained until hospital day 21. On hospital 

day 21, echocardiography revealed disappearance of 

the vegetation with residual mitral insufficiency and 

mitral valve prolapse. 

On hospital day 26, the CRP level was decreased to 

0.48 mg/dL and serial blood cultures did not identify 

any recurrence of MRSA. According to the dose adjust

ment, vancomycin trough level was 10.3 μg/mL on hos

pital day 36. Intravenous treatment of vancomycin was 

continued until hospital day 46. There was no evidence 

of nephrotoxicity in the laboratory results.

Follow-up brain MRI at 6 months showed disappea

rance of the previously seen multifocal small high signal 

intensity nodular lesions at the left basal ganglia and 

bilateral frontoparietal white matter area. Currently, the 

patient has been treated by enalapril and out-patient 

follow-up care for 12 months with no recurrence of 

vegetation on echocardiograms. 

Discussion

IE is a life threatening bacterial infection. Neurologic 

complications such as meningitis, stroke, cerebral he

morrhage, and cerebral abscess are frequent and in

crease the risk of morbidity and mortality. Despite major 

developments in the field of medicine, the diagnosis, 

management, and prediction of IE remain challenging. 

The average diagnostic delay of IE is reported to be 

approximately 30 days
12)

. Most vegetations occur in 

areas where there is a pressure gradient with resulting 

turbulence of blood flow. In the past, patients with con

genital heart lesions in which blood is ejected at a high 

velocity through a hole or stenotic orifice were the 

most susceptible to endocarditis
13)

.

Although early reports described IE exclusively in 

children with structurally abnormal hearts due to either 

congenital heart disease of acquired rheumatic heart 

disease, this infection has more recently been reported 

in diverse groups of patients
7)
. The complexities of 

patient management in neonatal and pediatric intensive 

care units have increased the risk of IE in children with 

structurally normal hearts and with any other readily 

identifiable risk factors. In these situations, the infection 

usually involves the aortic or mitral valve secondary to S. 

aureus bacteremia
13,14)

. Recently, body piercing consti

tutes a high risk procedure due to the possible acqui

sition of IE
6)
. In the present case, the patient had no 

ear piercing and no tampon use before. Interestingly, 

the source of infection, braces and an invasive dental 

procedure causing mucosal bleeding could be traced, 

and the patient had no high risk factors of IE prophy

laxis except mitral valve prolapse. Mitral valve prolapse 

with mitral regurgitation was still observed on follow-

up echocardiogram in this patient.

Mitral valve prolapse was a controversial issue in the 

past. One report suggested that mitral valve prolapse 

is an important underlying defect in pediatric patients 

with endocarditis
15)

. However, the revised guidelines 

for antibiotic prophylaxis for the prevention of IE were 

released in 2007 by the American Heart Association 

and the American College of Cardiology
16)

; the primary 

reason for the revision of the IE prophylaxis guidelines 

was that the risk of antibiotic-associated adverse events 

was considered to exceed the benefits, if any, from 

prophylactic antibiotic therapy. In addition, good oral, 

dental, and skin hygiene are recommended to reduce 

the risk. Especially, dental hygiene is of major impor

tance for the prevention of IE. The committee con

cluded that only an extremely small number of cases 

of IE might be prevented by antibiotic prophylaxis for 

dental procedures even if such prophylactic therapy 

was 100% effective. Therefore, mitral valve prolapse 
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no longer warrants antibiotic prophylaxis for any dental 

conditions according to the revised guideline. 

Dental procedures are a frequent source of bacte

remia, particularly from viridans group Streptococci. 

Besides viridians group Streptococci, other bacterial 

species such as S. aureus and coagulase negative 

staphylococci were also isolated from blood cultures 

following dental operative procedures in children
17)

. 

In contrast, S. aureus that was identified in this case 

tended to prevail, identifying the skin flora as a major 

infection source. S. aureus colonizes the skin and mu

cous membranes of 30% to 50% of healthy adults and 

children. Nasal, skin, vaginal, and rectal carriage are the 

primary reservoirs for S. aureus. Rates of carriage of 

more than 50% occur in children with desquamating 

skin disorders or burns and in people with frequent 

needle use
18)

. Nasal swab culture was not performed 

in the present case because the patient had no previous 

history of recurrent skin infection. However, it will be 

necessary to rule out the carriage state in this patient 

if any recurrence of infection due to S. aureus is 

happening.

MRSA has been endemic in most United States hos

pitals since the 1980s, recently accounting for more 

than 60% of health care-associated S. aureus infec

tions in intensive care units reported to the Centers for 

Disease Control and Prevention
18)

. Health care-associ

ated IE was defined as either nosocomial infection or 

non-nosocomial health care-associated infection. In 

this case, the patient had no past history of admission 

or recent antibiotic treatment. Presumed place of ac

quisition of MRSA in this patient is not clear. After the 

dental procedure, she touched the gingiva with her 

hands several times due to discomfort of her braces at 

home. The most frequent manifestation of community-

associated MRSA infections is skin and soft tissue in

fection, but invasive disease also occurs. 

In fact, in accordance with the updated guidelines, 

antibiotic prophylaxis is now being restricted to only a 

small number of cardiac conditions with very high risk 

of adverse outcomes from IE. However, a recent study 

showed that the IE incidence has increased in the 

United States over the past decade
19)

. With regard to 

the microbiology of IE, there has been a significant rise 

in the incidence of Streptococcus IE cases since the 

2007 guideline revisions. In addition, the proportion of 

IE due to Staphylococcus increased from 33% in 2000 

to 40% in 2011, a relative increase of 18.9%. In Korea, 

there are no data on the IE trends since this major 

practice guideline change. 

In the present case, the total duration of vancomycin 

and amikacin administration were 46 and 21 days, re

spectively. There are no randomized controlled trials 

comparing vancomycin with a combination of vanco

mycin and an aminoglycoside. The addition of genta

micin for the first 3 to 5 days is optional but can be 

hypothesized to accelerate the killing of Staphylococci; 

this concept is based on extrapolation from an experi

mental model
14)

. On the other hand, gentamicin is no 

longer recommended for staphylococcal IE involving a 

native valve, because there is no documented clinical 

benefit, as well a risk of nephrotoxicity
20)

. However, the 

patients in the above-mentioned study were exclu

sively adults with underlying diseases who were taking 

concomitant nephrotoxic drugs such as angiotensin-

converting enzyme inhibitors, angiotensin receptor bloc

kers, or nonsteroidal anti-inflammatory drugs. There

fore, the results from studies of medical management 

in adults with IE could not be directly extrapolated to 

children with IE. Up to now, intravenous vancomycin 

added gentamicin is recommended for treatment of 

bacteremia due to MRSA for life-threatening infections 

in pediatric patients
18)

.

Cerebral complications are the most frequent and 

severe extracardiac complications of IE. Systematic MRI 

of the brain shows cerebral abnormalities in up to 80% 

of patients, with asymptomatic embolic events being 

the most common (50%)
21)

. The patient in this case 

showed evidence of native mitral valve IE complicated 

by silent cerebral embolism and meningitis. Vegetation 

that are large, mobile, or in the mitral position, as well 

as IE due to S. aureus are associated with an increased 

risk of symptomatic embolism. Nevertheless, the role of 

the vegetation size as the only indication for surgery is 

far from clear. In this case, the patient showed a bulky 

vegetation over 10 mm in size on the mitral valve. 
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However, she recovered completely with antibiotic 

treatment without valve surgery. We speculate that this 

outcome was probably due to the early initiation of 

antimicrobial therapy before the confirmatory diagnosis 

of IE. The risk of central nervous system embolic 

events in IE decreases dramatically after the initiation of 

effective antimicrobial therapy, to less than 1.71/1,000 

patient days in the second week
4)
. 

S. aureus meningitis is a challenging disease and little 

is known about its epidemiology. There are no establi

shed management guidelines. The most commonly 

used antimicrobial regimens for S. aureus meningitis 

have been nafcillin for methicillin-susceptible S. aureus 

strains and vancomycin with or without rifampin or tri

methoprim/sulfamethoxazole for MRSA. The incidence 

of MRSA meningitis increased over the last 5 years of 

the previous study
22)

. 

In summary, in this case, the patient initially showed 

signs of meningeal irritation and CSF pleocytosis. How

ever, it is unclear whether the meningitis was just a 

coincidental finding, because the presence of pathogen 

in the CSF is very transient in most cases of S. aureus 

meningitis
23)

. Primary health care providers must con

sider the possibility of IE while evaluating children who 

present with features of meningitis combined with 

septicemia.
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요약

최근 전 세계적으로 메티실린내성 황색포도알균(methicillin-resistant Staphylococcus aureus 

[MRSA])에 의한 감염성 심내막염의 빈도가 증가하는 추세이다. 저자들은 12세 여아가 침습적 치과 치

료 이후에 발생한 MRSA에 의한 감염성 심내막염 1예를 경험하였기에 보고하는 바이다. 환아가 경부 

강직을 나타내어 시행한 뇌척수액 검사상 세포 증가증 소견이 보였고 세균성 수막염을 의심하여 항생

제 치료를 시작하였으며, 입원 3병일째 혈액 배양검사에서 MRSA가 검출되었다. 심장 초음파상 승모판막

의 전엽에 붙어있는 증식조직이 증명되어 항생제 치료 후 호전되어 퇴원하였다. 개정된 심내막염 예방

을 위한 가이드라인에서는 오직 고위험군에서만 치과 처치 전에 예방적 항생제 요법을 권장하고 있다. 

본 증례는 승모판 탈출증 이외에 고위험군이 없었던 환아에서 잇몸의 출혈을 유발하는 치과 치료를 받

은 이후에 발병한 감염성 심내막염의 경우로서, 이후 12개월간 감염성 심내막염의 재발은 없었다. 




