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Abstract: Infective endocarditis (IE) is a rare but life-threatening cardiac condition. Healthcare-
associated infective endocarditis (HAIE) is an emerging subtype that occurs more than 48 hours after
hospital admission, often following invasive procedures. Its occurrence in patients with end-stage kidney
disease (ESKD) is not uncommon. Prosthetic valve endocarditis may also be healthcare-associated (HA-
PVE) when it develops within one year of valve replacement. Antimicrobial-resistant Staphylococcus
species are increasingly implicated in both forms. Amidst a paucity of data on HAIE in Nigeria, we report
a case series involving both native valve HAIE in ESKD patients and prosthetic valve HAIE (HA-PVE). These
cases were identified over one year in a 150-bed private tertiary healthcare institution in Southwest Ni-
geria. Patients were diagnosed based on the modified Duke criteria. HAIE was attributed to central-line
cannulation in ESKD patients, while HA-PVE occurred within a year of valve surgery. Methicillin-resistant
Staphylococcus species were the causative pathogens. Elevated erythrocyte sedimentation rates and
neutrophilia were consistent findings. This study emphasizes the importance of early and thorough car-
diovascular evaluation in ESKD patients with central-line access to facilitate early IE detection. Hemo-
gram and sepsis biomarkers may serve as adjuncts to blood culture in confirming the diagnosis. Glyco-
peptide antibiotics should be considered as first-line empirical therapy. Healthcare-associated IE involv-
ing native and prosthetic valves can present with diverse symptoms. The aforementioned diagnostic and
management strategies are particularly relevant in resource-limited settings.

Keywords: Infective Endocarditis, Healthcare-Associated Infection, Methicillin-Resistant Staphylococcus
aureus, Prosthetic Cardiac Valve Replacement

1. Introduction

Infective endocarditis (IE) is an infection of the endocardial surface and heart valves
and is potentially life-threatening (Baddour et al., 2015; Cimmino et al., 2023). Itis a
rare condition in the general population, with an incidence of 1.5-11.6 cases per
100,000 people (Holland et al., 2016; Tleyjeh & Abdulhak, 2018). In-hospital mor-
tality attributed to IE is about 20% both in Africa and globally (Cahill & Prender-
gast, 2016; Noubiap et al., 2022).

Historically, IE has been classified based on the progression of the cardiac lesion in-
to acute, subacute, or chronic forms (Geller, 2013). The acute form is usually caused
by organisms such as Staphylococcus aureus, Streptococcus pyogenes, and Strepto-
coccus pneumoniae. This type is associated with mortality within a few days to less
than six weeks and typically affects native valves (Cunha et al., 1996). The subacute
and chronic forms progress more slowly and mostly affect prosthetic valves, with
mortality occurring beyond six weeks (Al-Shura, 2014).

An emerging classification of IE is healthcare-associated (or hospital-acquired) IE
(HAIE), which manifests more than 48 hours after hospital admission or within six
months following hospital-based invasive procedures such as central-line insertion
(Ben-Ami et al., 2004; Lomas et al., 2010). This is a particularly concerning form of
IE due to its atypical and non-specific symptomatology in otherwise healthy individ-
uals receiving healthcare. The incidence of HAIE is approximately 27 cases per
100,000 persons, accounting for about 16% of cases (Ben-Ami et al., 2004; Lomas et
al., 2010).

Healthcare-associated prosthetic valve endocarditis (HA-PVE) occurs within the first
year following valve replacement, with an incidence ranging from 13% to 17%
(Mkoko et al., 2022). Both HAIE and HA-PVE are increasingly associated with
Staphylococcus aureus or other staphylococcal species as causative agents in culture
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positive cases (Benito et al., 2009; Kouijzer et al., 2022). The emergence of methicillin-resistant staphylococcal
species further complicates the management of HAIE and HA-PVE. These conditions are particularly concern-
ing in patients with underlying renal disease, in whom both morbidity and mortality are elevated.

Amidst scattered reports of IE cases in Nigeria (Ige et al., 2017; Uguru et al., 2016) and a general scarcity of data
from Africa (Pecoraro & Doubell, 2020), we report cases of HAIE and HA-PVE among patients presenting be-
tween January and September 2024 at a private tertiary health institution. We also describe approaches for early
detection and effective management.

2. Ethical Considerations

Informed consent: Written informed consent was obtained from the patients or their next of kin (in the case of
demise) after adequate explanation was provided and confidentiality was assured.

Data protection: The patients’ identifying information was stored on a password-protected computer, accessible
only to the authors and the managing team.

3. Case Presentations

Case 1 — Mr. O.S., a 44-year-old male with end-stage kidney disease (ESKD) secondary to chronic glomerulo-
nephritis diagnosed three years ago, was admitted to the facility due to a fever (38.5°C) of seven days' duration
and generalized body weakness lasting two weeks. He had been receiving haemodialysis via a tunneled right
internal jugular catheter (IJC), which was inserted three weeks prior to admission due to worsening renal param-
eters: creatinine — 1031.8 pmol/L (reference range: 59—112), urea — 29 mmol/L (2.9-7.5), potassium — 4.8
mmol/L (3.5-5.0).

There were no clinical signs suggestive of localized infection, and the malaria rapid test (histidine-rich protein-2)
was negative. He was initially managed for central line-associated bloodstream infection (CLABSI) and uremic
encephalopathy in the context of ESKD.

On admission, his Glasgow Coma Score was 14/15. He had a left-sided cranial nerve VII upper motor neuron
lesion and asymmetrical limb weakness: power was 3/5 in the left upper and lower limbs, while the right upper
and lower limbs had at least 4/5 strength. Cranial magnetic resonance imaging (MRI) revealed hyperintense
lesions in the left parietal area and multiple frontal lesions, indicating acute septic infarcts in the left precentral
gyrus, right periventricular white matter, right subependymal region, and right cuneus.

Laboratory results showed a total white blood cell count of 30,900 cells/uL (4,000—11,000), neutrophil count of
89.2% (50-70%), haemoglobin concentration of 8.0 g/dL (13.5-17.5), and an erythrocyte sedimentation rate
(ESR) of 140 mm/hr (<15 mm/hr). He was empirically started on intravenous (IV) vancomycin 300 mg (renal-
adjusted dose) every 8 hours and IV gentamicin 80 mg every 12 hours for 72 hours while awaiting blood culture
results.

Cardiovascular examination revealed a pulse rate of 96 beats per minute, blood pressure of 139/73 mmHg, and
an apex beat located at the 6th left intercostal space along the anterior axillary line. Heart sounds S1 and S2 were
audible, with a diastolic murmur heard at the left sternal border. Transthoracic echocardiography showed vegeta-
tions on the mitral, aortic, and tricuspid valves, with moderate to severe aortic regurgitation. The patient had a
normal left ventricular (LV) systolic function (Teicholz EF of 58%) and Grade I LV diastolic dysfunction. The
right ventricle (RV) was of normal size with preserved systolic function.

Blood cultures processed using a semi-automated system revealed methicillin-resistant Staphylococcus aureus
(MRSA), sensitive to aminoglycosides, tigecycline, clindamycin, azithromycin, and linezolid. A final diagnosis
of HAIE secondary to CLABSI, intracerebral septic infarcts with a facial nerve upper motor neuron lesion, and
ESKD was made. The antibiotic regimen was extended for three weeks, and the central line was changed. A
repeat blood culture at day 21 showed no bacterial growth. The patient was discharged after six weeks of admis-
sion to continue maintenance dialysis as an outpatient. However, he re-presented acutely to a local hospital less
than two weeks later and subsequently died. Details surrounding his demise could not be fully ascertained.

Case 2 — Mrs. 0.D.O., a 55-year-old woman with ESKD secondary to hypertensive nephropathy and chronic
atrial fibrillation (both diagnosed two months before admission), presented to the facility with a high-grade fever
of one day's duration and left hip pain for one week. There was no history of trauma. She had been on mainte-
nance haemodialysis via IJC for two months, with her last dialysis session occurring six days before presenta-
tion. She was taking bisoprolol 2.5 mg daily for chronic atrial fibrillation.

On examination, she appeared acutely ill, mildly pale, and febrile (39.0°C). Her pulse was 220 beats per minute
(normal: 70-80), irregular, and of small volume. Her blood pressure was 81/44 mmHg (normal: at least 90/60
mmHg). Transthoracic echocardiography revealed impaired LV systolic function (Simpson’s biplane EF of
42.3%), a large vegetation (1.41 % 0.64 cm) on the posterior tricuspid valve leaflet, and mild to moderate tricus-
pid regurgitation. The RV was normal in size but had impaired systolic function.

Malaria rapid testing (histidine-rich protein-2) was negative. Blood culture yielded MRSA, susceptible to tigecy-
cline, clindamycin, azithromycin, and linezolid. Laboratory results included: total white blood cell count — 6,600
cells/pL, neutrophils — 92.3%, haemoglobin — 9 g/dL (11-15), serum potassium — 5.6 mmol/L, urea — 25.3
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mg/dL, creatinine — 1330 pmol/L, calcium — 2.04 mmol/L (2.05-2.55), uric acid — 0.37 mmol/L (0.15-0.35),
phosphorus — 1.88 mmol/L (0.74—1.52), and ESR — 100 mm/hr (<15 mm/hr).

She was initially commenced on IV vancomycin 300 mg every 8 hours and IV gentamicin 80 mg every 12 hours
for 72 hours. However, IV gentamicin was discontinued due to antibiotic resistance, and IV vancomycin was
continued for four weeks. She remained on haemodialysis and was managed for septic shock secondary to HAIE
from CLABSI on the background of ESKD. Following serial dialysis sessions and antibiotic therapy, blood
parameters normalized, and systemic inflammatory signs resolved within one week of treatment initiation. Blood
cultures were negative after two weeks.

Despite initial clinical improvement, her renal function deteriorated significantly over time. Her condition re-
gressed clinically, and she eventually died on the 43rd day of admission.

Case 3- Mr. O.D., a 44-year-old man being managed for ESKD secondary to chronic glomerulonephritis, was
admitted with a one-day history of fever. He had a right internal jugular catheter (IJC) inserted five months earli-
er for maintenance dialysis at another tertiary hospital.

On presentation to the facility, he was in respiratory distress (respiratory rate: 40 cycles per minute), febrile
(38.3°C), pale, and mildly dehydrated. He had a bounding, rapid pulse of 119 beats per minute and a blood pres-
sure of 186/93 mmHg (which was subsequently corrected). An initial clinical assessment of CLABSI and ESKD
was made after ruling out other organic causes of infection and malaria.

He was commenced on IV vancomycin 300 mg every 8 hours and IV amikacin 200 mg every 12 hours for 72
hours. Blood culture isolated methicillin-resistant coagulase-negative Staphylococcus (MRCoNS), susceptible to
tigecycline, clindamycin, and linezolid. Amikacin was subsequently discontinued based on the antibiotic re-
sistance profile.

Laboratory findings included: total white cell count — 15,700 cells/uL, neutrophil count — 86.3%, haemoglobin
concentration — 7.6 g/dL, potassium — 4.6 mmol/L, urea — 21.2 mmol/L, creatinine — 608 pmol/L, ESR — 33
mm/hr.

Nine days into admission, the patient developed a murmur heard over the aortic region (upper left parasternal
area), along with a third heart sound (S3). Transthoracic echocardiography revealed a dilated left ventricle (LV)
with normal systolic function (Simpson’s biplane EF of 58.4%), concentric LV hypertrophy, bi-atrial dilatation,
grade III LV diastolic dysfunction, and multiple vegetations on the aortic valve cusps with severe aortic regurgi-
tation.

An electrocardiogram (ECG) showed sinus tachycardia with ventricular premature complexes, left axis devia-
tion, left atrial abnormalities, a short PR interval, left ventricular hypertrophy, and anteroseptal T-wave inver-
sion. Auscultation revealed bibasal fine crepitations in the lungs. Ascites and bilateral pedal oedema were also
present.

The final diagnosis was ESKD with HAIE secondary to CLABSI, complicated by severe aortic regurgitation. [V
vancomycin 300 mg every 8 hours was continued for two weeks, initially leading to clinical improvement. How-
ever, in the third week, the patient's condition deteriorated despite supportive interventions. Repeat echocardiog-
raphy revealed worsening cardiac function, concentric LV hypertrophy, bi-atrial dilatation, grade III LV diastolic
dysfunction, and perforation of the aortic right coronary cusp with worsening aortic regurgitation. Multiple vege-
tations were again noted on the aortic valve cusps.

A repeat blood culture in the third week showed no bacterial growth. The patient died on the 29th day of admis-
sion.

Case 4 — Mr. O.A., a 22-year-old male university graduand with a prosthetic mitral valve (mechanical) replace-
ment and left atrial appendage ligation following primary mitral valve regurgitation due to rheumatic valvular
disease (performed one year prior at a private health facility), presented with intermittent fever, chills, and rigors
of over two weeks’ duration.

He had been self-medicating with tablets ciprofloxacin 500 mg twice daily and amoxicillin 500 mg three times
daily (obtained over the counter), without clinical improvement. He had been on oral warfarin (5 mg/2.5 mg on
alternate days) since valve replacement. On admission, he was intermittently febrile (37.8-38.2°C). Malaria
rapid test (histidine-rich protein-2) was negative.

Transthoracic echocardiography revealed normal LV systolic function (Simpson’s biplane EF of 58.8%), a func-
tioning On-X bileaflet mitral mechanical valve in situ, with no vegetations or significant paravalvular leaks.

Haematological investigations showed: total white cell count — 8,100 cells/uL, neutrophils — 63.8%, haemoglo-
bin — 11.2 g/dL, ESR — 150 mm/hr, C-reactive protein (CRP) — 89.7 mg/L (reference: 1-10 mg/L). Blood cul-
tures (three sets) yielded MRSA, susceptible to aminoglycosides, tigecycline, clindamycin, azithromycin, ciprof-
loxacin, rifampicin, and linezolid.

He was commenced on oral rifampicin 600 mg daily for six weeks, IV vancomycin 500 mg every 8 hours, and
IV amikacin 250 mg every 12 hours for 72 hours. However, he developed an idiopathic skin reaction to vanco-
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mycin and was switched to oral linezolid 600 mg twice daily for six weeks. IV amikacin was discontinued after
one week, as the patient was clinically stable for outpatient care.

A follow-up sepsis biomarker evaluation after two weeks showed improvement (CRP: 76.5 mg/L), and repeat
blood cultures were negative.

4. Methods

HAIE patients were defined as those with bloodstream infections following central line cannulation for haemo-
dialysis in the setting of ESKD, and who developed a cardiac murmur upon cardiovascular evaluation. The as-
sessment of infective endocarditis was based on the modified Duke criteria (Fowler et al., 2023; Li et al., 2000),
requiring echocardiographic evidence of vegetation and positive blood cultures.

HA-PVE was diagnosed based on the time frame of presentation (within one year of valve replacement for early-
onset cases), along with symptoms and signs consistent with infective endocarditis. This assessment was also
guided by the modified Duke criteria (Fowler et al., 2023; Katch et al., 2017; Li et al., 2000).

Treatment was tailored based on the antibiogram of the isolated organism from blood cultures, in accordance
with established infective endocarditis treatment guidelines (Baddour et al., 2015).

5. Discussion

Healthcare-associated infective endocarditis (HAIE) is an emerging form of IE that arises from healthcare-
related procedures. It often follows a complicated clinical course due to its non-specific presentation. Patients
with end-stage kidney disease (ESKD) are particularly prone to IE due to the increased incidence of degenerative
heart valve disease, immune system impairment, malnutrition, and associated comorbidities (Tarng & Huang,
1998). Similarly, cardiac valve replacement—especially mechanical prostheses—predisposes patients to IE,
primarily through direct microbial contamination of the prosthetic valve (Calderwood et al., 1985).

In the cases reported here, Staphylococcus species—namely Staphylococcus aureus and coagulase-negative
Staphylococcus—were the causative pathogens. All were methicillin-resistant, which significantly complicated
treatment. The isolation of these organisms was not unexpected, as they are globally predominant in HAIE
(Cunha et al., 1996; Holland et al., 2016; Miguel-Lopez-Dupla & Sebastian Hernandez, 2006; Tleyjeh & Ab-
dulhak, 2018), particularly in culture-positive cases. This contrasts with culture-negative IE, which presents a
therapeutic dilemma (McHugh & Saleh, 2023). In Africa, Staphylococcus and Streptococcus species are the most
common pathogens in culture-positive IE (Djibril Marie et al., 2017; Noubiap et al., 2022), though recent trends
show increasing detection of MRSA and coagulase-negative staphylococci (Santos et al., 2024). Notably, the
incidence of MRSA remains relatively low in temperate regions (Halavaara et al., 2023). Its higher occurrence in
tropical settings may be due to inadequate infection prevention and control (IPC) measures, which facilitate the
emergence of antimicrobial-resistant organisms such as MRSA in hospital environments (O’Neill, 2016; Varma
et al., 2018).

Although genetic typing was not performed, the phenotypic similarities of the methicillin-resistant Staphylococ-
cus species suggest possible relatedness, especially given the clustering of cases within a short time frame. Serial
blood cultures taken from both peripheral veins and central lines confirmed the presence of these pathogens as
the causative agents in CLABSI-associated IE. The mortality observed occurred within 68 weeks of diagnosing
HAIE, likely due to the virulence and resistance profile of the pathogens, as well as the presence of significant
comorbidities.

Central line-associated bloodstream infection was the identified source of HAIE, as none of the patients had a
prior history of cardiovascular infection on previous cardiac evaluations. Central line insertions are a major
source of HAIE globally, among other healthcare procedures (Ruduan et al., 2024; Tarng & Huang, 1998). In
our series, the time between internal jugular catheter (IJC) placement and IE onset ranged from 3 to 24 weeks.
Apart from the direct anatomical proximity of the IJC to the heart, leading to bacteraemia and subsequent vege-
tation, the possibility of pre-existing non-bacterial thrombotic endocarditis (NBTE) due to uraemia in ESKD
may have predisposed these patients to vegetation (Asopa et al., 2007).

The 1JC was inserted on the right side, which drains into the right heart. Therefore, right-sided vegetations were
expected (Kale & Raghavan, 2013). However, in these cases, vegetations were found across multiple valves,
particularly on the aortic valve, with accompanying regurgitation. This may be attributed to the virulence of the
implicated Staphylococcus species (Petti & Fowler, 2002), differing from findings in Senegal, where IE predom-
inantly resulted in mitral regurgitation (Djibril Marie et al., 2017)—a pattern consistent with native valve IE
without central line use.

The most common presenting symptom among HAIE patients was fever. Fever, cardiac murmurs, and neurolog-
ical septic emboli are hallmark features of IE (Djibril Marie et al., 2017; Mkoko et al., 2022). Musculoskeletal
symptoms, such as hip pain, were also observed in one patient. While bone pain is an unspecific symptom, it is
not uncommon in IE (Churchill et al., 1977). In this case, renal osteodystrophy was considered a differential
diagnosis, given the underlying chronic kidney disease, but imaging and electrolyte assessments excluded it.
Relative neutrophilia and elevated ESR were found in all HAIE patients—ESR being a non-specific marker of
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inflammation (Gouriet et al., 2006; Hogevik et al., 1997). C-reactive protein (CRP), which is more specific, was
only available for the patient with HA-PVE and was used to monitor treatment response.

The HA-PVE case in this series followed mitral valve replacement for rheumatic heart disease (RHD), which
remains the leading cause of valve replacement in adults (Levin et al., 2014) and the most frequent cause of IE in
African adults (Noubiap et al., 2022). HA-PVE is often caused by Staphylococcus aureus or coagulase-negative
staphylococci, as seen in our patient (Kouijzer et al., 2022). Although no vegetations were detected on transtho-
racic echocardiography, serial blood cultures confirmed bloodstream infection—a known precursor to prosthetic
valve vegetation. While vegetation-negative IE is rare, the modified Duke criteria allow for a “possible IE” diag-
nosis in the presence of positive blood cultures (Katch et al., 2017). A transoesophageal echocardiogram (TOE),
which offers better sensitivity, was unavailable and could have revealed vegetations missed by transthoracic
echocardiography (Daniel et al., 1993).

The use of glycopeptides such as vancomycin was appropriate, given the isolation of methicillin-resistant Staph-
ylococcus species. Despite appropriate treatment, the HAIE patients in this series died. The recorded mortality
rate was higher than the global average for IE (Cahill & Prendergast, 2016; Noubiap et al., 2022). Contributing
factors likely included co-existing comorbidities, healthcare-associated infections, and the antimicrobial re-
sistance profile of the pathogens (O’Neill, 2016; Varma et al., 2018). In contrast, the patient with HA-PVE im-
proved significantly, likely due to early presentation and timely initiation of therapy. Early diagnosis is crucial in
reducing morbidity and mortality from IE (Noubiap et al., 2022).

Preventive strategies in our setting should include implementation of a CLABSI prevention bundle (Gupta et al.,
2021; Maharaj & Parrish, 2012) as part of a broader IPC framework (O’Neill, 2016), especially in patients with
ESKD. Maintaining good oral hygiene and using prophylactic antimicrobials judiciously during procedures such
as dental extractions can also reduce the risk of IE (Maharaj & Parrish, 2012). Since RHD is the most common
cause of valve replacement in adults (Maharaj & Parrish, 2012; Mkoko et al., 2022), its prevention through early
diagnosis and treatment of rheumatic fever is essential in reducing the risk of prosthetic valve endocarditis
(PVE). Lastly, robust IPC practices are essential in preventing HA-PVE, particularly in early-onset cases.

6. Limitations

The interventions described in this case series cannot be generalized to the broader population, as individualiza-
tion of treatment is essential. Furthermore, the mortality reported may not be solely attributable to cardiac com-
plications, as the patients presented with significant comorbidities.

7. Conclusions

This case series highlights the potential for infective endocarditis to develop following central line insertion in
our setting. Patients with central lines should undergo regular cardiovascular evaluation and screening with com-
plete blood counts, ESR, and sepsis biomarkers to identify early warning signs. This report aims to raise aware-
ness, encourage preventive measures, and promote early management of IE, especially in patients undergoing
central line cannulation.

Additionally, in ESKD patients, prompt management of uraemia is vital to prevent NBTE, which predisposes to
cardiac vegetation. Fever in patients with prosthetic heart valves should be investigated thoroughly, and any
bloodstream infection should be promptly treated to prevent the progression to overt infective endocarditis.
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