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Abstract
Purpose Immunological phenomena are a minor criteria in the modified Duke Criteria for endocarditis. Given the changes 
in epidemiology and diagnostics, the added value of determining these phenomena in today’s patients with suspected endo-
carditis is unknown.
Methods In a retrospective cohort study of all patients with suspected endocarditis admitted to our hospital and discussed in 
our endocarditis team, we determined the proportion of patients classified as definite endocarditis because of either positive 
IgM rheumatoid factor (IgM RF), haematuria, or Roth’s spots on ophthalmology consultation. We also determined diagnostic 
accuracy of each of these immunological phenomena separately and combined.
Results Of 285 patients included, 138 (48%) had definite endocarditis and at least one immunological test was performed 
in 222 patients (78%). Elevated IgM RF was found in 22 of 126 patients tested (17%), haematuria in 78 of 196 tested (40%) 
and Roth’s spots in six of 120 tested (5%). Eighteen of 138 patients with definite IE (13%) were classified as such because 
of a positive IgM RF, haematuria or Roth’s spots. Haematuria had the highest sensitivity: 50.5% (95% CI 40.4–60.6) and 
Roth’s spots the highest specificity: 98.3% (95% CI 90.8–99.9). The diagnostic accuracy results were robust in a sensitivity 
analysis aimed at avoiding incorporation bias.
Conclusion Among patients with a clinical suspicion of endocarditis, recommended systematic testing for immunological 
phenomena helped classify more patients as definite IE and is useful to confirm the diagnosis of endocarditis.

Keywords Endocarditis · Diagnosis · Duke Criteria · Roth’s spots · Immunological phenomena · Rheumatoid factor

Introduction

Infective endocarditis (IE) is a relatively rare but poten-
tially fatal disease which can present with a myriad of 
signs and symptoms [1]. Because of its varying manifes-
tations, the diagnosis of endocarditis can be challenging. 
Case definitions help to standardize clinical diagnosis and 
scientific reporting. Currently, the modified Duke Criteria 
are the reference standard for diagnosis [2–4]. Blood cul-
tures and cardiac imaging are the cornerstones of the modi-
fied Duke Criteria, but not all patients with endocarditis 
meet these so-called major criteria. In these patients less 
specific signs and symptoms, minor criteria, may help to 
make the diagnosis. Among these are the immunological 
phenomena: Osler nodes, Roth’s spots, an elevated serum 
level of rheumatoid factor (IgM RF) and signs of glomeru-
lonephritis. These immunological phenomena were common 
in earlier cohorts of patients with endocarditis and provide 
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circumstantial evidence for the diagnosis of IE. Since the 
development of the Duke Criteria, the epidemiology of IE 
has changed, with higher prevalence of prosthetic cardiac 
material and electronic devices, an ageing patient population 
and increasing predominance of staphylococcal endocarditis 
[5, 6]. Also, diagnostic imaging for endocarditis has evolved, 
with 18-FDG PET/CT and cardiac CT added to the diag-
nostic workflow [7, 8]. With these changes in epidemiology 
and diagnostics, the question arises whether determining 
presence of immunological phenomena is still relevant for 
diagnosing IE.

In the Amsterdam University Medical Center (Amster-
dam UMC), measuring IgM RF, urine sediment examination 
and ophthalmology consultation are recommended for all 
patients with suspected IE. The urine sediment is used to 
detect haematuria as a marker for glomerulonephritis [5], 
ophthalmology consultation to detect Roth’s spots. These 
investigations require additional laboratory testing and 
an ophthalmology consultation and thus incur additional 
healthcare costs. With improved echocardiography and 
imaging and more advanced microbiological methods, the 
added value of determining the presence of these immu-
nological phenomena may have decreased. In this study, 
we determined their diagnostic value in a recent cohort of 
patients suspected of endocarditis.

Methods

Study objectives

In this study, we determined the proportion of patients with 
suspected endocarditis that were classified as ‘definite’ 
because of testing positive for IgM RF, haematuria, or Roth’s 
spots. Second, we determined the diagnostic accuracy of 
these immunological phenomena.

Study design & setting

This study is an analysis of a prospective registry of patients 
suspected of endocarditis and discussed in the endocardi-
tis team of the Amsterdam University Medical Centres, 
location AMC (AMC). The registry contains a cohort of 
patients directly admitted to the AMC, transferred patients 
and patients never admitted to the AMC but discussed in 
the endocarditis team for academic expertise. This project 
was exempt from Institutional Review Board (IRB) approval 
as it involved a retrospective analysis of routinely collected 
information (local IRB approval code: W21.157). This study 
is reported using the STROBE guidelines for reporting of 
observational studies [9].

Participants

We included all consecutive adult patients discussed in the 
team who were directly admitted to the AMC between Octo-
ber 2016 and March 2021. Patients who were transferred 
from other hospitals or never admitted to the AMC were 
excluded because information on presence or absence of 
immunological phenomena was often missing in referral let-
ters. Follow-up for this study was up to 90 days after admis-
sion and was conducted through chart review. Because the 
primary objective was to estimate the proportion of patients 
classified as definite endocarditis according to the ESC ver-
sion of the modified Duke Criteria, we included all patients 
with suspected endocarditis, regardless of whether they were 
tested for immunological phenomena or not.

Variables

For patients admitted to the AMC, the endocarditis team 
routinely recommends a diagnostic work-up with echo-
cardiography (preferably transoesophageal echocardiog-
raphy), blood cultures, serum IgM RF, urine sediment 
and an ophthalmology consultation, for all patients with 
suspected endocarditis. The treating physician decides 
whether immunological tests are performed.

The immunological phenomena were defined as a positive 
IgM RF as measured in serum (upper limit of normal range: 
5 kIU/L), haematuria (> 17 erythrocytes/µL) or Roth’s spots 
seen by ophthalmology consultation. Dysmorphic erythro-
cytes or red blood cell casts were not required to meet the 
minor criterion of haematuria. Throughout this manuscript 
we will refer to these tests as immunological tests and the 
results as IgM RF, haematuria and Roth’s spots.

Osler nodes were not included in our research ques-
tion, as Osler nodes, while also an immunological phe-
nomenon, do not require further consultation or laboratory 
testing. We worked on this sentence before submission 
because indeed it can be hard to follow, especially if not 
familiar with the subject matter. In the end, this was the 
least confusing way of describing this process.

The primary outcome of the study was the proportion of 
patients that met the criteria of definite endocarditis only 
because one or more of the immunological phenomena 
was positive.

We also determined the diagnostic accuracy (sensitiv-
ity, specificity, positive and negative predictive values) of 
the immunological phenomena separate and combined for 
definite endocarditis as defined by the ESC-modified Duke 
Criteria [3].

A predisposing cardiac condition was defined as native 
valve disease with medium or high risk of endocarditis as 
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defined previously [10], or presence of a prosthetic valve 
or cardiac implantable electronic device.

All data were collected from the electronic health record 
by the research physician or trained medical students super-
vised by the research physician.

Statistical methods

Continuous data were reported as mean + standard devia-
tion (sd) or median + interquartile range, based on visual 
examination for skewness. We examined differences between 
categorical variables using the Fisher-exact test. We per-
formed a complete case analysis for each immunological 
test. Missing data were not imputed. The proportion of 
patients categorised as definite IE based on one or more 
positive immunological phenomena was reported with 95% 
binomial confidence intervals. The diagnostic accuracy 
(sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV)), was calculated for all 
three index tests separately and combined, again with 95% 
binomial confidence intervals.

Bias and sensitivity analyses

Since the modified Duke Criteria partially rely on the immu-
nological phenomena to complete the diagnosis, incorpora-
tion bias may affect the evaluation of the contribution of 
immunological phenomena. To mitigate this, we performed 
a sensitivity analysis using only patients with pathology or 
surgery proven definite IE or definite IE based on having two 
major criteria, and patients with rejected IE. This removes 
all possible IE patients and all patients with a definite IE 
based on one major and three or more minor criteria or five 
minor criteria. In this sensitivity analysis only the diagnostic 
accuracy of the immunological tests are described, as the 
primary outcome (proportion of definite IE classified with 
use of the immunological phenomena) is not applicable to 
this subset.

All data were analysed using R version 4.1.2 (R: A lan-
guage and environment for statistical computing. R Foun-
dation for Statistical Computing, Vienna, Austria. https:// 
www.R- proje ct. org/).

Results

Patient characteristics and demographics

The database contained 597 patients discussed in the endo-
carditis team between 1 October 2016 and 1 March 2021. Of 
these, 226 were excluded because the primary admitting hos-
pital was not the AMC and 86 were excluded because they 
were never transferred but discussed for academic expertise 

only. This resulted in 285 patients who were directly admit-
ted and had suspected endocarditis. Of these 285, 138 (48%) 
had definite IE, 115 (40%) were classified as possible IE 
and IE was rejected in 32 (11%). Native valve endocardi-
tis was present in 72/138 patients (52%), prosthetic valve 
endocarditis in 51 (37%) and cardiac implantable electronic 
device endocarditis in 15 (11%). Important demographic and 
clinical information is presented in Table 1. Five patients 
with rejected endocarditis underwent cardiac surgery, four 
of whom underwent surgery for valvular regurgitation which 
proved not to be endocarditis on macroscopic and patho-
logical examination and one who had purulent pericarditis 
requiring surgery but no evidence of endocarditis.

Results of immunological tests

In 222 patients (78%) at least one immunological test was 
performed. An elevated IgM RF was found in 22 of 126 
tested patients (17%), while haematuria was present in 78 
of196 tested patients (40%). Two patients had dysmorphic 
erythrocytes or red cell casts, one of whom had definite 
endocarditis. Roth’s spots were seen in 6 of 120 patients 
(5%) who had an ophthalmology consultation. A detailed 
breakdown of performed tests and missing data is provided 
in Table 1. Immunological tests were performed in 112/138 
patients with definite IE (81%), in 94/115 patients with pos-
sible IE (82%) and in 16/32 patients with rejected IE (50%).

A positive immunological test was common in Staphylo-
coccus aureus, enterococcal, and HACEK infection: 38/77 
(49%), 8/17 (47%) and 4/5 (80%) of tested patients, respec-
tively. Streptococcal, coagulase negative staphylococcal and 
culture-negative IE were less likely to cause immunological 
phenomena: 14/47 (30%), 7/22 (32%) and 11/33 (33%) of 
tested patients. The differences between these groups were 
not statistically significant (p = 0.14 for the Fisher-exact test 
across all groups).

Effect of immunological tests on Duke classification

Of 138 patients with definite IE according to the ESC-mod-
ified Duke Criteria, 18 (13.0%; 95% CI 7.9–19.8%) met 
this definition by testing positive on urine sediment or IgM 
RF or having Roth’s spots on ophthalmology consultation. 
The majority of these patients (n = 15) had haematuria, five 
patients had a positive IgM RF and two patients had Roth’s 
spots. Four patients had more than one immunological phe-
nomenon: three patients had both haematuria and a positive 
IgM RF and one patient had haematuria and Roth’s spots. No 
patient had all three immunological phenomena.

Of the 18 patients classified as definite IE because of 
immunological tests, 12 (67%) had native valve endocar-
ditis (NVE), five (28%) had prosthetic valve endocarditis 
(PVE) and one (6%) had device endocarditis. In eight (44%) 

https://www.R-project.org/
https://www.R-project.org/
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Table 1  Demographic and 
clinical characteristics

Numbers are % (n/N) unless otherwise indicated
ICD implantable cardioverter defibrillator, CRT-D cardiac resynchronization therapy defibrillator, HACEK: 
Haemophilus, Aggregatibacter, Cardiobacterium, Kingella, Eikenella
a As defined by the modified Duke criteria: septic embolism, Janeway lesions, septic pulmonary infarction, 
mycotic aneurysm, conjunctival haemorrhages
b Not performed in 159 patients
c Not performed in 89 patients
d Not performed in 165 patients
e Data missing in 15 patients
f Data missing in 49 patients

All patients Definite IE Possible IE Rejected IE

n 285 138 115 32
Demographics
 Age (median [IQR]) 63 [49–74] 64 [48–75] 63 [52–74] 63 [52–71]
 Male 69 (198/285) 75 (104/138) 65 (75/115) 59 (19/32)
 Ischaemic heart disease 16 (47/285) 17 (24/138) 15 (17/115) 19 (6/32)
 Heart failure 52 (149/285) 59 (82/138) 43 (50/115) 53 (17/32)
 Cyanotic heart disease 7 (20/285) 9 (12/138) 4 (5/115) 9 (3/32)
 Previous endocarditis 8 (23/285) 7 (10/138) 7 (8/115) 16 (5/32)
 Diabetes 23 (66/285) 18 (25/138) 26 (30/115) 34 (11/32)
 Charlson score (median [IQR]) 2 [1–4] 2 [1–4] 3 [1–5] 3 [2–4]
 Prosthetic valve 34 (96/285) 41 (57/138) 24 (28/115) 34 (11/32)
 Cardiac electonic device
  CRT-D 2 (7/285) 1 (2/138) 4 (5/115) 0 (0/32)
  ICD 5 (13/285) 7 (9/138) 3 (3/115) 3 (1/32)
  Pacemaker 11 (31/285) 14 (19/138) 5 (6/115) 19 (6/32)

Clinical features
 Fever 66 (188/285) 78 (107/138) 62 (71/115) 31 (10/32)
 Vascular  phenomenaa 35 (100/285) 41 (56/138) 35 (40/115) 13 (4/32)
 Immunological phenomena 33 (93/285) 43 (60/138) 24 (28/115) 16 (5/32)
  Osler nodes 1 (4/285) 3 (4/138) 0 (0/115) 0 (0/32)
  IgM  RFb 17 (22/126) 19 (13/67) 16 (8/51) 13 (1/8)
   Haematuriac 40 (78/196) 50 (51/101) 28 (23/81) 29 (4/14)
  Roth’s  spotsd 5 (6/120) 8 (5/62) 2 (1/50) 0 (0/8)

 Imaging major criterion 49 (140/285) 85 (117/138) 17 (20/115) 9 (3/32)
 Microbiology major criterion 65 (184/285) 83 (115/138) 60 (69/115) 0 (0/32)
 Causative microorganism
  Streptococci 19 (54/285) 24 (33/138) 17 (20/115) 3 (1/32)
  S. aureus 34 (97/285) 33 (46/138) 38 (44/115) 22 (7/32)
  Coagulase negative staphylococci 10 (28/285) 13 (18/138) 7 (8/115) 6 (2/32)
  Enterococci 7 (20/285) 10 (14/138) 5 (6/115) 0 (0/32)
  HACEK group 2 (6/285) 4 (5/138) 1 (1/115) 0 (0/32)
  Culture negative 16 (46/285) 4 (6/138) 18 (21/115) 59 (19/32)
  Other 12 (34/285) 12 (16/138) 13 (15/115) 9 (3/32)

Clinical outcomes
 Underwent cardiac surgery 14 (40/285) 22 (31/138) 3 (4/115) 16 (5/32)
 90-day  mortalitye 19 (52/270) 18 (23/131) 21 (23/107) 19 (6/32)
 90-day relapse  ratef 4 (9/236) 3 (4/131) 6 (5/90) 0 (0/15)
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of these patients, endocarditis was caused by S. aureus. 
Three patients (17%) met the major imaging criterion of the 
ESC-modified Duke Criteria, while 15 (83%) met the major 
microbiological criterion for IE. More detail on the reclas-
sified patients is provided in Table 2. None of the patients 
reclassified due to haematuria had a positive urine culture at 
the time of collection of the urine sediment.

Diagnostic accuracy

The diagnostic accuracy of each immunological phenom-
enon for the diagnosis definite IE is listed in Table 3, with 
two-by-two tables provided as supplemental tables S1–S3. 
Only patients who underwent the test were used in this anal-
ysis; patients with missing tests results were not analysed. 
Presence of Roth’s spots had the highest specificity: 98.3% 
(95% CI 90.8–99.9), while sensitivity was highest for hae-
maturia: 50.5% (95% CI 40.4–60.6) None of the immunolog-
ical phenomena had a sensitivity above 51%, and the com-
bination of the three tests improved sensitivity only slightly.

Sensitivity analysis

To mitigate incorporation bias we performed a sensitivity 
analysis. In this analysis patients who had definite endocar-
ditis based on two major criteria or meeting the pathologi-
cal definition of IE (n = 87) were compared to patients with 
rejected IE (n = 32). The point estimates for sensitivity and 
specificity were comparable to those in the main analysis, 
but the predictive values skewed towards more extreme as 
is to be expected in this more selected population with a 
different disease prevalence (Table 4).

Discussion

In this retrospective cohort study, we found that 18 (13%) 
of 138 patients with definite IE were classified as definite 
because of haematuria, a positive IgM RF or presence of 
Roth’s spots. We found that haematuria was the most sensi-
tive of the immunological phenomena, while IgM RF and 
Roth’s spots were less sensitive but more specific. All these 
findings were robust in the sensitivity analysis.

Study in context

Among patients tested the prevalence of haematuria (40%), 
IgM RF (17%) and Roth’s spots (5%) was about twice as 
high in previous cohort studies [5, 8, 11–13]. These studies 
however often did not report how patients not tested were 
evaluated [5, 8, 13] or did not report how the immunological 
phenomena impacted the diagnostic classification [11, 12]. 
The prevalence of an elevated IgM RF as found in our study Ta
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is in line with the prevalence of 24% for rheumatoid factor 
reported in the older IE cohort by Von Reyn from 1981, 
who was the first to suggest immunological phenomena as a 
marker for IE, though Von Reyn classified them as vascular 
phenomena [14]. The same applies for our prevalence of 
40% for haematuria, which is in line with prevalences of 
around 50% found in studies from this earlier time period 
[15, 16]. We hypothesize that the lower rates found in other 
recent studies reflect a lower proportion of patients with 
endocarditis tested, or that only the patients with a lower 
probability of endocarditis and resulting immunological phe-
nomena were tested. It is also conceivable that other studies 
assumed that patients not tested had a negative test result, 
which would also result in a falsely low prevalence.

The diagnostic accuracy of the immunological phenom-
ena appears limited, with most phenomena having NPVs 
of around 50% and PPVs of around 60%. The minor crite-
ria of the Duke Criteria, however, are by definition clinical 
signs and symptoms with limited diagnostic value on their 
own. The Duke Criteria work because they combine these 
imperfect tests to form a final conclusion that has acceptable 
sensitivity and very good specificity. As such, systematic 
testing will lead to more patients with IE being able to be 
classified as definite IE.

Strengths and limitations

We present a large, recent and well-documented cohort of 
patients with both proven and suspected IE where the immu-
nological phenomena were frequently tested according to a 
standard protocol. Adherence to protocol was reasonable, 

as 78% of patients received at least one immunological test. 
However, despite the fact that a large proportion of patients 
was tested for immunological phenomena, the testing was 
not performed in all patients and this may have been influ-
enced by confounding by indication: it is conceivable that 
the performance of immunological tests was related to the 
estimated likelihood of endocarditis. Conversely, immu-
nological tests may have been withheld in patients with 
imaging-proven endocarditis and may be more likely per-
formed in patients with (initially) negative or inconclusive 
imaging. Evaluation of the diagnostic accuracy of immu-
nological phenomena using the modified Duke Criteria as 
a reference standard results by definition in incorporation 
bias, as the immunological phenomena are part of the cri-
teria. In the sensitivity analysis, which avoids incorpora-
tion bias, the point estimates for sensitivity and specificity 
were comparable to those in the main analysis. Haematuria 
alone is only a marker of possible glomerulonephritis, and 
though this has been used before as a marker for glomerulo-
nephritis, it is possible that this non-specific marker could 
have led to a number of patients wrongly classified as having 
glomerulonephritis, which could theoretically result in to 
decreased specificity of the Duke Criteria [5]. Last, we did 
not evaluate whether the reclassification due to the immu-
nological phenomena led to changes in patient management. 
It is, however, important to realize that the Duke Criteria 
were mainly developed as a method for selecting patients for 
clinical research and should not replace clinical judgement 
[2–4, 17]. As such, it is important to realize that presence 
of one or more immunological phenomena may be helpful 
for clinicians to create greater certainty in the diagnosis of 

Table 3  Diagnostic accuracy of immunological tests

a Test performed and test result known

Phenomena Sensitivity (%; 95% CI) # Specificity (%; 95% CI) Negative predictive 
value (%; 95% CI)

Positive predictive 
value (%; 95% CI)

Haematuria (n = 196)a 50.5 (40.4–60.6) 71.6 (61.4–80.4) 57.6 (48.2–66.7) 65.4 (53.8–75.8)
Positive IgM RF (n = 126)a 19.4 (10.8–30.9) 84.7 (73.0–92.8) 48.1 (38.2–58.1) 59.1 (36.4–79.3)
Roth’s spots (n = 120)a 8.1 (2.7–17.8) 98.3 (90.8–99.9) 50.0 (40.5–59.5) 83.3 (35.9–99.6)
Any of the above three (n = 222)a 51.8 (42.1–62.1) 70.0 (60.5–78.4) 58.8 (49.8–67.3) 63.4 (53.0–73.6)

Table 4  Diagnostic accuracy of immunological tests (sensitivity analysis)

a Test performed and test result known

Test Sensitivity (%; 95% CI) # Specificity (%; 95% CI) Negative predictive 
value (%; 95% CI)

Positive predictive 
value (%; 95% CI)

Haematuria (n = 71)a 49.1 (35.6–62.7) 71.4 (41.9–91.6) 25.6 (13.0–42.1) 87.5 (71.0–96.5)
Positive IgM RF (n = 46)a 15.8 (6.0–31.3) 87.5 (47.3–99.7) 17.9 (7.5–33.5) 85.7 (42.1–99.6)
Roth’s spots (n = 47)a 5.1 (0.6–17.3) 100 (63.1–100) 17.8 (8.0–32.1) 100 (15.8–100)
Any of the above three (n = 81)a 46.2 (33.7–59.0) 68.8 (41.3–89.0) 23.9 (12.6–38.8) 85.7 (69.7–95.2)
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IE, but that absence of immunological phenomena should 
not be used to rule out endocarditis, and patiens with a high 
index of suspicion for IE should be treated at the clinicians 
discretion. 

Conclusion

Recommended systematic testing for immunological phe-
nomena in patients with suspected endocarditis leads to a 
small but relevant increase in patients classified as definite 
IE. Especially in patients with a high index of suspicion but 
lacking positive imaging or positive microbiology results, 
testing for immunological phenomena is useful to confirm 
the diagnosis of endocarditis.
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