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Abstract The aetiology of pericardial effusion has been
generally assessed by clinical work-up only, which leaves a
large cohort of patients with “idiopathic” effusions virtually
undiagnosed. In accordance with the ESC guidelines, this
contribution intends to change this attitude. After thera-
peutic or diagnostic pericardiocentesis of 259 patients with
large to moderate pericardial effusions, pericardial fluid,
epicardial and pericardial biopsies, and blood samples were
analysed by PCR for cardiotropic microbial agents. Cytol-
ogy, histology, immunohistology of tissue and fluids and
laboratory tests were performed. Of the 259 patients, 35 %
suffered from an autoreactive aetiology, 28 % suffered from
a malignant and 14 % from an infectious cause. Investi-
gating all samples by PCR, we identified viral genomesin 51
(19.7 %) patients, parvovirus B19 (B19 V) being identified
in 25 and Epstein—Barr virus (EBV) in 19 cases. In patients
with a sole infectious aetiology (n = 36), B19 V was
detected in 21 and EBV in 10 cases. When differentiating
with regard to the material investigated for the presence of
cardiotropic viruses, parvovirus B19 was most often detec-
ted in the epicardium and EBV was most frequently detected
in the pericardial fluid independent from the final diagnostic
categorisation. Bacterial cultures including tests for tuber-
culosis were all negative. Molecular techniques improve
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sensitivity, specificity and diagnostic accuracy for the
underlying aetiology in pericarditis patients with effusion.
The identification of specific viral signatures will help to
understand pathogenetic mechanisms in pericarditis and
allow to tailor an adequate therapy beyond antiphlogistic
treatment.
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Introduction

Pericarditis is defined as a condition, in which the pericar-
dium or the pericardial sac surrounding the heart is inflamed
[1-3]. Pericarditis may affect only the pericardium or may
occur in association with a number of systemic diseases. In
most cases not only the pericardial but also the epicardial
layer is affected, which is referred to by the term myoperi-
carditis or perimyocarditis describing pericarditis associated
with myocardial damage. Major causes for acute or chronic
pericarditis include viral or bacterial infections, myocardial
infarction (postinfarction syndrome), cardiac surgery
(postpericardiotomy syndrome), chest trauma, malignan-
cies, diagnostic or interventional cardiac procedures, drugs
and toxins, metabolic disorders, mediastinal radiation and
systemic inflammatory diseases. The minimum clinical
diagnostic procedures in patients with pericardial diseases
include first the physical evaluation of patients reporting
chest pain and pericardial friction rub, typical ECG findings
such as low QRS voltage, ST-changes or a bundle brunch
block, chest X-ray and the evaluation of markers of
inflammation and myocardial lesion. The detection and
quantification of a pericardial effusion (PE) by echocardi-
ography confirms the suspicion of pericarditis [1, 4]. If a
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specific cause using traditional diagnostic tests to exclude
tuberculosis, neoplastic aetiology or systemic autoimmune
diseases is not identifiable, the disease is often named idio-
pathic pericarditis [1-5] with the consequence of an empiric
anti-inflammatory treatment. This may depend on the
respective patient population investigated and also in part on
demographics, but most often it is the result of the inade-
quate diagnostic procedures and methods used [6-8].

Very often the yield of a standard diagnostic evaluation
to determine the aetiology of pericarditis is relatively low.
For example, it has been shown that in countries with a
high prevalence of both poverty and HIV, a dramatic
increase in tuberculous pericarditis is detectable [7, 8]. On
the other hand, in patients with an acute pericarditis in
Europe, in whom no cause is identified, the aetiology is
frequently just presumed to be viral, but viral aetiology has
never been established correctly [1-6]. Viral infections that
may cause pericarditis include viruses often associated
with inflammatory heart disease, for example, coxsacki-
eviruses A and B, echovirus, adenovirus, herpes viruses,
influenza viruses, parvovirus B19 and HHV6 [5-9]. The
infectious organism in patients with pericarditis may
induce direct damage or cause it by the immune response,
which initially started to resolve the infection but lead to
recurrence of the inflammation by an autoreactive process.

Since the aetiology of pericardial effusions is difficult to
assess on the basis of clinical assessment only, the accurate
evaluation of the pericardial effusion and the tissue sam-
ples from the pericardium and epicardium is of paramount
interest [7-9]. For that reason, we investigated in accor-
dance with the 2004 Guidelines on the Diagnosis and
Management of Pericardial Diseases [9] 259 consecutive
patients with moderate or large pericardial effusion to
diagnose the underlying aetiology by cytology, immuno-
histochemistry and molecular methods to determine whe-
ther a viral or bacterial infection is involved by the
evaluation of the pericardial effusion and/or pericardial/
epicardial tissue, which we used in addition to antimicro-
bial serology in the circulating blood and the effusion.
Once the infectious aetiology of the pericardial disease is
established, this enables the selection of an appropriate
causative treatment in a given patient, which will be
reported in a subsequent publication.

Methods

A total of 259 consecutive patients with moderate to large
pericardial effusions undergoing pericardiocentesis with
pericardioscopy-guided pericardial and epicardial biopsy
for therapeutic and/or diagnostic reasons were included in
this evaluation after written informed consent. Age, sex,
type of effusion according to the Horowitz classification
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[10] and NYHA class of the patients are given in Table 1.
Pericardial fluid and tissue samples retrieved from the
pericardial and epicardial layers by targeted epi- and
pericardial biopsy under pericardioscopical control [11, 12]
were collected at the time of therapeutic or diagnostic
pericardiocentesis as described elsewhere [9, 11-14].
Pericardial fluid samples were divided for laboratory
analyses including biochemical parameters, cytology,
bacterial cultures and polymerase chain reaction (PCR) for
identification of cardiotropic viruses (influenza A, parvo-
virus B19, cytomegalovirus, enterovirus, adenovirus,
human herpes virus 6, Epstein—Barr virus), as well as
Borrelia burgdorferi, Chlamydia pneumoniae and Myco-
bacterium tuberculosis. To exclude systemic viral or
bacterial infection, peripheral blood was investigated in
parallel by PCR for all patients. Samples of pericardial
fluid and of the serum of each patient were also ana-
lysed for tuberculosis by a routine Ziehl Neelsen stain and
for antibodies against the above-mentioned cardiotropic
viruses and bacteria including HIV and Hepatitis C. The
analyses of epicardial biopsies included the histopatholo-
gical examination by two independent pathologists.
Immunohistochemistry and PCR for the identification of

Table 1 Demographic and clinical characteristics of the patients
investigated

Number of patients (n) 259
Mean age 57 £ 14.8
Sex m/f 152/107
Horowitz type of effusion (%)
A 0
B 0
C 125 (48.2)
D 132 (51)
E 2 (0.8)

Volume of effusion in ml (% of patients)

<100 (small effusion) 26 (10)
100-250 (moderate effusion) 65 (25)
>250-500 (large effusion) 73 (28)
>500 95 (37)
NYHA class (%)

I 16 (6)
1T 81 (29)
I 128 (48)
v 46 (17)

Horowitz classification: Type A: no effusion, Type B: systolic sepa-
ration of epicardium and pericardium, Type C: systolic and diastolic
separation (<16 ml) with attenuated pericardial motion, Type D:
pronounced separation of epicardium and pericardium with echo-free
space, Type E: pericardial thickening (>4 mm). Modified according
Horowitz et al. [5, 10]
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cardiotropic viruses and bacteria were carried out as pre-
viously described [9, 11-14].

In brief, immunohistochemistry was performed with the
epicardial or pericardial biopsies. For demonstration of
infiltrating cells antibodies specific for activated T and B
cells, macrophages, major histocompatibility class 1 and
class 2 antigens, adhesion molecules and endothelial cells
were used. Specific binding of the antibodies indicating an
inflammatory reaction was demonstrated by peroxidase
double-staining procedure. For the demonstration of car-
diotropic viruses in the epicardial and pericardial biopsies
or the pericardial effusion, the QIAamp Blood Mini Kit and
the QIAamp Tissue Kit (Qiagen, Hilden, Germany) were
used to extract total DNA and RNA from the samples.
Conditions for PCR and primers have been described
elsewhere [9, 11-14]. Ten microlitres of extracted DNA/
RNA was incubated with 25 pmol of the appropriate pri-
mer, 5 pl 10x PCR buffer (1.5 mmol MgCl,), 10 mmol
dNTP’s and 2.5 U Taq polymerase gold (Applied Biosys-
tems, USA) and deionised H,O in a 50 pl final reaction
volume [5, 15, 16]. After an initial incubation at 94 °C for
12 min, 40 rounds of amplification were performed under
the following conditions: 94 °C (denaturation) for 45 s,
appropriate temperature for each primer pair between 45
and 60 °C for 45 s, 72 °C (extension) for 1 min. A final
cycle of 72 °C for 5 min for complete polymerisation
followed. For the detection of the RNA viruses, influenza
virus A and coxsackievirus B, an initial reverse transcrip-
tion using the RT-One-step-PCR-KIT (Qiagen, Hilden,
Germany) was performed. Ten microlitres of each reaction
were analysed on a 1.5 % agarose gel (Sigma, Deisenho-
fen, Germany) containing 0.5 pg/ml ethidium bromide (o).
All samples were run together with an appropriate positive
control and two negative controls (Fig. 1). In addition to
conventional PCR, real-time PCR for the quantification of
parvovirus B19 and EBV in the pericardial fluid and the
tissue samples was used. A TagMan probe labelled with
6-carboxyfluorescein-phosphoramidite (FAM) enables the
real-time detection of the target amplicons. All samples
prepared using the above-mentioned conditions were run
simultaneously with a dilution series of parvovirus B19/
EBV-positive controls ranging from 10® to 10* genome
equivalents (GE) per microgram of isolated nucleic acids

Gel electrophoresis for the detection of EBV in PE

Fig. 1 Detection of EBV in the pericardial fluid of a patient with
infectious pericarditis using agarose gel electrophoresis (left side) and
Southern blot hybridisation (right side) for confirmation of the result.

and were amplified together with the FAM 490 labelled
TagMan probe. The quantification of the viral DNA con-
centrations of unknown samples is based on the calibration
curve with the external viral standards (Fig. 2a, b).

The causes for the respective pericardial effusions were
diagnosed according to the results of epicardial and peri-
cardial tissue and the pericardial fluid analysis. The
nomenclature followed the criteria defined by the Task
Force on Pericardial Diseases of the European Society of
Cardiology published in 2004 [9]. In brief, the diagnosis of
malignant pericardial effusion was based on either the
presence of malignant cells in pericardial fluid or the pres-
ence of an invasive tumour in pericardioscopy-guided
pericardial biopsy specimens [5, 9, 17-20]. In case of an
autoreactive pericarditis, the patients met the following
criteria (1) pericardial fluid revealing >5,000/mm> mono-
nuclear cells or the detection of antisarcolemmal antibodies,
(2) the inflammation in epicardial, pericardial or endomyo-
cardial biopsies by >14 lymphocytes/mm? or an infiltrate of
lymphocytes using immunohistochemistry, (3) the exclu-
sion of an active viral infection by PCR, (4) the exclusion of
tuberculosis and other bacterial infections by PCR and/or
bacterial cultures, (5) the absence of neoplastic infiltrations,
and (6) the exclusion of systemic and metabolic disorders
including uraemia. Infectious pericarditis was diagnosed by
the presence of cardiotropic viruses [coxsackievirus B,
parvovirus B19 (B19 V), cytomegalovirus (CMV), adeno-
virus type 2 (ADV), human herpesvirus 6 (HHV6) and
Epstein—Barr virus (EBV)] shown by PCR in all samples of
pericardial fluid and/or in the tissue collected from peri-, epi-
or endomyocardial biopsies or a positive result for bacterial
agents isolated by fluid cultures [5, 9, 17-23].

Statistical analyses

Results are given as mean + standard deviation, and
p values < 0.05 were considered statistically significant
(two-sided test). Comparison of parametric variables was
made by a two-tailed Student’s ¢ test. Nonparametric
variables were compared using the Mann—Whitney test,
and categorical parameters were compared using the chi-
square or Fisher‘s exact test as appropriate. The software
packages SigmaPlot version 11.0 were used.

Southernblot hybridization for confimation of the EBV pos. PE

320
242 ([

The positive patient sample is indicated by the triangle; the positive
controls are indicated with arrows. The size of the amplificate was
measured in comparison with the basepair marker shown
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Fig. 2 a Dilution series of the B19 V-positive control (positive
plasma with a concentration of 108-10* genome equivalents per
microgram of isolated nucleic acids) using real-time PCR and a FAM
labelled TagMan probe. b Positive patient sample derived from an
epicardial biopsy with a concentration of 3.3 x 10* genome equiv-
alents/pg DNA)

Results

A total of 259 patients investigated were diagnosed
according to the results of epicardial tissue and pericardial
fluid analysis (Table 2). Most often patients with PE suf-
fered from an autoreactive aetiology (35 %), followed by
patients with a malignant (28 %) and an infectious (14 %)
aetiology. The group of patients classified as traumatic/
iatrogenic (15 %) comprised patients with direct chest
trauma (n = 4), after myocardial infarction (n = 6), peri-
cardial haemorrhage after pacemaker implantation
(n = 15) or other interventional procedures (heart cath-
erisation with percutaneous transluminal coronary angio-
plasty or endomyocardial biopsy n = 15). The group of
patients with other causes (8 %) comprised patients with
systemic inflammatory pneumonia, sepsis (n = 11), ura-
emia (n = 4) or metabolic diseases (n = 5).

By investigating samples from 259 patients with peri-
cardial effusions using PCR for the detection of cardio-
tropic viral and bacterial genomes, we were able to identify
the underlying viral causes in 51 patients (19.7 %); no
bacterial genomes were detected in this investigation. The
most often detected virus was parvovirus B19 in 49 % of
cases (n = 25) followed by EBV in 37 % of cases
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Table 2 Overall detection of viral genomes by PCR in all diagnostic
categories

Diagnostic category No. of patients PCR positives

(%) (%)
Infectious 36 (14) 34 (95)
Autoreactive 90 (35) 0
Malignant 73 (28) 12 (16)
Trauma/iatrogenic 40 (15) 5(12)
Other causes (pneumonia, sepsis, 20 (8) 0

uraemia)

Table 3 Overall detection of viral genomes by PCR (n = 51)

Cardiotropic agent investigated No. of positives (%)

B19V 25 (49)
EBV 19 (37)
CMV 1(1.9)
Influenza 1(1.9)
Hepatitis C 1(1.9)
Double infection with 4 (7.8)
HHV6 + EBV 1(1.9)
B19 V + EBV 3(5.8)

(n = 19) (Table 3). A total of 34 of these patients (13 %)
could be classified as patients with a viral aetiology only
without a concomitant systemic, metabolic or malignant
disorder. Interestingly, in 12 patients with proven malig-
nant pericardial effusion, a viral genome was also detected.
The type of viral genome detected in those patients differed
considerably from the type of virus detected in patients
with a pure viral aetiology (Fig. 3a, b). In patients with
malignant disorders, EBV in 59 % of cases (7 patients) was
the most often detected virus followed by a double viral
infection with EBV and parvovirus B19 in two cases, and
the single detection of parvovirus B19, influenza virus and
CMV in one case, each (Fig. 3a). In contrast, in patients
with an isolated PCR-positive viral aetiology, parvovirus
B19 was the most often detected virus (62 %) followed by
EBV in 10 patients (29 %) (Fig. 3b). Remarkably in 5
patients from the group of patients with trauma or iatro-
genically induced pericardial effusion viral genome was
also detectable: parvovirus B19 genome was found in the
epicardial biopsy of three (7.5 %) and EBV in the peri-
cardial fluid of two patients(5 %).

Viral loads were determined for all parvovirus B19-
positive patients ranging from 4.1 x 10> GE/pg DNA
lowest to 7 x 10° GE/ug DNA highest in epicardial
biopsies. The mean value over all samples was 8.2 x 10*
GE/pg DNA with no significant difference between
patients with infectious or malignant aetiology. With
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Fig. 4 Comparison of the distribution of parvovirus B19 and EBV in
the pericardial fluid and epicardial biopsies in patients with an
infectious and malignant aetiology

regard to the quantification of EBV in pericardial effusion
and epicardial biopsies viral loads vary considerably lower
ranging from 0.2 x 10" GE/ug DNA lowest to 9.5 x 10°
GE/ug DNA highest with a mean value of 9.5 x 10> GE/
g DNA, there was no significant difference between the
viral loads of EBV in the epicardial biopsies or the peri-
cardial fluid in patients with infectious versus malignant
aetiology.

With regard to the determination of antiviral antibodies
in the pericardial effusion and serum of the patients, we
were able to identify one patient with an infectious peri-
cardial effusion due to an active and systemic Hepatitis C
infection by the presence of HepC-specific IgM antibodies
in the effusion and the serum. With regard to IgG anti-
bodies specific for the most often detected viruses, EBV
IgG antibodies were detected in 178 patients, parvovirus
B19 IgG antibodies were detected in 129 patients, and
HHV6 IgG antibodies were detected in 107 patients with
no significant differences between the patient subgroups.
IgM antibodies specific for EBV were positive for one
patient with an autoreactive aetiology, IgM antibodies
specific for parvovirus B19 were positive for one patient
with a viral aetiology (PCR for B19 V positive) and two
patients with an malignant aetiology. IgM antibodies

specific for HHV6 were detected in 26 patients suffering
from infectious pericarditis (9 patients), autoreactive peri-
carditis (6 patients) and malignant pericarditis (8 patients).
When analysing the presence of the genome of cardiotropic
viruses in the different samples, we were able to show that
parvovirus B19 DNA was most often detected in the epi-
cardial tissue samples, whereas EBV DNA was most often
detected in the pericardial fluid, irrespective of the under-
lying aetiology be it infectious or malignant. Figure 4
illustrates that parvovirus B19 was detected in epicardial
biopsies of patients with infectious aetiology in 64 % of
cases and in the epicardial biopsies of patients with a
proven malignant effusion in only 25 % of cases. On the
other hand, EBV was detectable in 29 % of the effusions
from patients with an infectious aetiology and in 66 % of
the effusions from patients with a malignant effusion. In
the case of a metastatic pericardial effusion associated with
the presence of a viral genome in the cardiac samples, we
consider this to be of a mixed aetiology. Of note, in this
cohort of consecutive patients, all patients were tested
negative for HIV and tuberculosis.

Discussion
Methods

All PCR investigations including the real-time experiments
were performed twice to confirm the results in every
sample. The peripheral blood of all patients was investi-
gated to exclude systemic viral infection or contamination
of pericardial effusion/pericardial tissue by blood cells.
These tests were negative in all cases. Since in each set of
PCRs performed, all negative controls were negative; no
artificial background due to contamination was found.
Efficacy of quantitative real-time PCR was comparable
between all runs and reproducible with a value of 97.4 %.

Findings
By the consecutive investigation of 259 patients with peri-

cardial effusion after pericardiocentesis and pericardiosco-
py-guided peri- and epicardial biopsy with all methods
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available following the criteria defined by the Task Force on
Pericardial Diseases of the European Society of Cardiology
published in 2004 [9], we were able to establish a specific
diagnosis with regard to an infectious, autoreactive or
malignant aetiology in 73 % of cases. In particular, the use
of molecular tools like PCR helped to detect the persistence
of specific viral genomes in epicardial tissue samples or
pericardial fluid in 51 patients. As the intrapericardial tri-
amcinolone therapy has been shown to be effective in pre-
venting short-term and probably also long-term recurrences
in radiogenic or autoimmune effusions [13], it is most
important to exclude a possible viral infection in those
patients and to demonstrate an autoreactive process instead.

In general, the treatment of chronic or acute pericardial
effusions should be targeted to the cause, but it often
remains empirical without a thorough examination of the
underlying aetiology [24, 25]. The current treatment regi-
mens with non-steroidal anti-inflammatory drugs (NSAIDs)
or colchicine in “idiopathic” cases [26—28] may hide our
diagnostic failures and are in addition symptomatic treat-
ment only. Whether there is a possibility for a specific
antiviral treatment in patients with viral-positive pericar-
dial effusion cannot be derived from this investigation,
nevertheless, we should keep in mind that in a significant
proportion of patients with a viral aetiology, additional
treatment options are available. From our data, it can be
derived that in patients with a viral aetiology, neither a
systemic nor an intrapericardial application of corticoste-
roids is justified. Corticosteroids should be used only in
patients with an autoreactive, viral-negative pericardial
effusions and tissue or in patients with systemic autoim-
mune disease [5, 9, 13]. Secondly, the higher prevalence
for the detection of parvovirus B19 preferentially in epi-
cardial biopsies and EBV preferentially in pericardial
effusion may reflect different pathogenetic mechanisms,
which have to be investigated further.

Samples of all patients were also tested for the detection
of antiviral IgM or IgA antibodies in the pericardial fluid and
in the serum. By this approach, we were able to identify one
patient with an infectious pericardial effusion due to an
active, systemic Hepatitis C infection by the presence of
specific IgM antibodies coexisting in the pericardial fluid
and in the serum. There was no correlation between the
multitude of antiviral IgG antibodies in the serum and the
pericardial fluid, on the one hand, and the molecular PCR
analyses for cardiotropic viruses in the patients with peri-
carditis, but obviously patients with a positive PCR for
microbial agents in the samples were also positive for the
respective serum antibodies. IgG antibodies to cardiotropic
viruses in the serum and to a lesser extend also in the peri-
cardial fluid just reflect the infectious biography of a patient
as it has been shown recently in patients with myocarditis
[29]. We propose, however, to investigate viral antibodies
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specific for Hepatitis C, HIV, Rickettsia burnetii and B.
burgdorferiin endemic regions further on in all patients with
suspected pericarditis as well as in myocarditis.

Molecular techniques such as PCR provide an accurate
aetiological diagnosis with an excellent sensitivity, speci-
ficity and diagnostic accuracy. This also applies to patients
with pericardial diseases. We were able to show that with
regard to the different tissues investigated, the most fre-
quently detected viral genomes were parvovirus B19 and
Epstein—Barr virus, with a differential distribution, how-
ever. We still know very little about the role and distri-
bution of these viruses in inflammatory pericardial
diseases. Parvovirus B19 has been discussed as a possible
aetiologic agent in myocarditis and DCM with inflamma-
tion (DCMi) and without inflammation [16, 30, 31], but
was not yet appreciated in peri(myocardial) disease. This is
the first larger cross-sectional study to demonstrate par-
vovirus B19 in patients with moderate to large pericardial
effusions, although an infection with parvovirus B19 in
myopericarditis has already been reported in single cases
previously [32]. The predominant detection of parvovirus
B19 in epicardial tissue in contrast to the pericardial fluid
indicates myocardial involvement in these patients as well.
Whether a myocardial injury secondary to parvovirus B19
infection of the pericardium is linked to a cellular immune
response leading to myocarditis in these patients is not
unlikely but this hypothesis has to be investigated by
clinically following parvovirus B19-positive patients with
moderate to large pericardial effusions.

EBV infections are rarely reported to induce cardiac
symptoms. EBV-linked acute pericarditis or perimyocarditis
was only reported in few immunocompetent patients or in
immunocompromised individuals [33, 34]. The frequent
detection of EBV especially in the pericardial fluid of
patients as the only source of viral aetiology or in patients
with a malignant aetiology of their pericardial effusion gives
rise to the assumption that there is a role for EBV in co-
inducing pericardial effusion particularly in immunocom-
promised patients. Interestingly, EBV persistence has been
discussed as a marker of biological aggressiveness in
patients with breast cancer [35]. Our own cohort of patients
with malignant pericardial effusion included only 3 patients
with breast cancer, two of whom were positive for EBV. We
will follow all EBV-positive patients without tumours to
elaborate, whether the detection of EBV may serve as a hint
for a later manifestation of malignant disease.

Study limitations
There are some study limitations which should be

acknowledged: most of the patients were referred to our
hospital as a tertiary referral center especially in cases of a
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non-malignant origin, which may cause some unavoidable
selection bias. In addition, the patients investigated here
presented with moderate to large pericardial effusion since
only in them pericardiocentesis and targeted epi- and peri-
cardial biopsy could be carried out safely. Of note, no severe
complication requiring cardiac surgery was experienced
from our procedures. The aim of the investigation was to
provide a recent update of the prevalence of different aeti-
ologies in a German cohort of patients with moderate to
large pericardial effusion. We think that this investigation
may provide a stronger evidence base for future diagnostic
recommendations and clinical research in the field.

Conclusions

Molecular techniques such as PCR provide an accurate
diagnosis which improves sensitivity, specificity and
diagnostic accuracy in patients with pericardial diseases.
The identification of specific viruses in subgroups of
patients or in different tissue compartments will help to
understand the complex pathogenetic mechanisms in peri-
cardial diseases. Although there is no straight correlation
between the serology and the molecular analyses for most
cardiotropic viruses in patients with pericarditis, the
determination of viral antibodies specific for Hepatitis C,
HIV, R. burnetii and the assessment of B. burgdorferi in
endemic areas in all patients with suspected pericarditis
appears to be helpful.
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