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Scrub typhus is an acute zoonotic febrile illness caused by Orientia tsutsugamushi

having a specific geographic endemic area. This infection could be complicated with

multi-organ involvement including myocarditis with variable severity. Here, we report

a rare case of scrub typhus with biopsy-proven acute fulminant myocarditis which

progressed very rapidly to cardiac arrest andwas treated successfully with extracorporeal

cardiopulmonary resuscitation. Clinicians should be alert to possible rapid progression

of scrub typhus myocarditis to fulminant form and be prepared for close monitoring and

temporary mechanical support if indicated.

Keywords: fulminant myocarditis, scrub typhus, Orientia tsutsugamushi, extracorporeal membrane oxygenation,

case report

INTRODUCTION

Scrub typhus is an acute zoonotic febrile illness caused by Orientia tsutsugamushi, an obligatory
intracellular bacterium transmitted to humans through bites of a chigger mite belonging to
Leptotrombidium species (1). Although it has been thought endemic disease in many countries
in the Asia-Pacifica area called the tsutsugamushi triangle which includes Korea, Japan, China,
Taiwan, India, Indonesia, Thailand, Sri Lanka, and the Philippines (2), there have been some
case reports of scrub typhus from outside of the traditional endemic area (3, 4). Scrub typhus
could be complicated with multi-organ involvement including pneumonia, acute kidney injury,
meningoencephalitis, gastrointestinal bleeding, and myocarditis (5, 6) especially in delayed proper
antibiotic administration (7). Among them, myocarditis is an uncommon cardiac manifestation
with variable severity from a mild form to fulminant myocarditis which has been reported only in
a few cases (8).

In this article, we presented a very rare case of biopsy-proven acute fulminant myocarditis
manifested as a cardiac arrest because of very rapid progression and treated successfully with
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venoatrial (VA) extracorporeal membrane oxygenation (ECMO)
in a case of scrub typhus by Ikeda strain of O. tsutsugamushi.
Clinicians should be alert to the possibility of rapid progression
to fulminant myocarditis in patients presenting suggestive signs
of myocarditis in scrub typhus.

CASE DESCRIPTION

A 61-year-old previously healthy male patient was transferred
from a private hospital because of recurrent fever which started
10 days ago during the summer period in South Korea. He also
complained of orthopnea and oliguria starting 4 days ago. On
the initial physical examination at the emergency department,
a fine inspiratory crackle was heard on both lungs, and an
asymptomatic 1 × 1 cm sized erythematous to black-colored
ulcerative lesion covered with crust was observed on his scrotum
(Figure 1A). There was also a diffuse maculopapular rash on his
trunk (Figure 1B) and back (Figure 1C). We found he had a
history of sitting on the lawn for several hours about 20 days
ago. Chest x-ray showed multifocal haziness on both lungs, and
initial laboratory test showed upper normal range of white blood
cells (9,800/ul) with neutrophil dominance (93.1%), elevated
CRP (28.59 mg/dl), procalcitonin (30 ng/ml), and his serum
creatinine was also elevated up to 2.84 mg/dL compared to 1.1
mg/dl of creatinine at his baseline obtained 4 days ago. Because
his ECG showed slight ST-segment depression on the V5-V6
(Supplementary Figure 1A) and troponin T was elevated up to
0.231 ng/ml (reference value <0.005 ng/ml), echocardiography
was performed, and it showed focal hypokinesis in basal,
basoinferior, and mid to basal inferolateral segments with
mild left ventricular (LV) systolic dysfunction with 45% of
ejection fraction (EF) with normal LV wall thickness (Figure 3A,
Supplementary Videos 1, 2). Clinical findings of the patient
suggested multi-organ involvement including pneumonia, acute
kidney injury (AKI), and possible myocarditis. Other laboratory
test results are summarized in the Supplementary Table 1.

Although summer is not the peak season of scrub typhus in
Korea and the result of the initial antibody for O. tsutsugamushi
was negative, the clinical diagnosis of scrub typhus was
made based on eschar, typical skin rash (Figures 1A–C), and
history of outdoor activity. Administration of intravenous (IV)
azithromycin was started (500mg every 24 h) and information
about major events and treatments during the clinical course is
summarized in Figure 2.

On the third day of hospitalization, pneumonic infiltration
was aggravated on chest x-ray and intravenous cefepime (2 g
every 24 h) was initiated to treat hospital-acquired pneumonia
and used from hospital day 3 to 11. Oxygen demand rapidly
increased and renal function has deteriorated. Subsequent
cardiac arrest occurred. The patient was resuscitated with
25min of conventional cardiopulmonary resuscitation (CPR).
Because the cardiac arrest was thought of as respiratory origin
related to pneumonia and AKI, mechanical ventilation and
continuous renal replacement therapy were started after the
patient was transferred to the intensive care unit (ICU). On
the next day (hospital day four), troponin I was markedly

elevated from 2.771 ng/ml 1 day ago up to 9.383 ng/ml, and
there was newly developed T wave inversion on V1-V3
(Supplementary Figure 1B). Follow-up echocardiography
showed global hypokinesis with aggravated LV systolic function
(EF = 37%) with normal LV and RV wall thickness (Figure 3B,
Supplementary Videos 3, 4). Because the progression of
myocarditis was suspected, endomyocardial biopsy (EMB) from
the RV and coronary angiography (CAG) was performed 4 h
later. Coronary angiography did not show any significant lesion.

Just before moving the patient to an ICU from a cath
lab, his heart rate became slower to about 40/min with
junctional rhythm, and blood pressure was lowered to 80–
90 mmHg of systolic blood pressure. Cardiac arrest suddenly
occurred again. Despite 10min of conventional CPR, return of
spontaneous circulation was not achieved, and rhythm during
CPR was pulseless electrical activity (PEA), thus non-shockable.
Extracorporeal CPR (ECPR) was started, and cannulation was
successfully performed with a 15 French perfusion cannula in
the right common femoral artery and a 21 French drainage
cannula in the common femoral vein of the same side. VA-
ECMO pump on was done after 24min of total low flow
time. Echocardiography performed just after ECMO pump on
showed markedly thickened up to about 13mm (Figure 3C,
Supplementary Video 5) both ventricular wall with newly
formed mild to moderate pericardial effusion without features of
cardiac tamponade. Left ventricular function was compromised
severely with 14% of EF. Such changes had developed just several
hours after the echocardiography on the same day.

Although echocardiography on the next day showed slightly
better cardiac function with 18% of LVEF without changes of the
amount of pericardial effusion pulmonary edema was refractory
to medical measures. Left atrial cannulation via septostomy using
a 21 French drainage cannula via the left common femoral vein
was performed for the purpose of left heart unloading, and it
ameliorated pulmonary edema. He recovered alert mental status
without any neurologic deficit on the same day.

During VA-ECMO treatment, we obtained the positive
result of PCR for O. tsutsugamushi. The whole blood sample
was referred to the Infection Research Laboratory of Chosun
College of Medicine on hospital day 3. Whole blood (WB)
sample was used for the nested PCR test. DNA was prepared
from the WB (0.3ml) of the patient using the DNeasy Blood
& Tissue kit (Qiagen, Hilden, Germany). A size of 483 bp
product was obtained by nested PCR on a part of the 56 kDa
gene of O. tsutsugamushi. Ikeda strain of O. tsutsugamushi
was detected by DNA sequencing (GenBank accession number
AP008981). Endomyocardial biopsy showed lymphocytic
infiltration in myocardium and interstitium which is compatible
with myocarditis with T-lymphocytic infiltration (Figures 4A,B)
with positive staining for CD3 and CD5 and negative for
CD 20. Other tests for viral or autoimmune etiologies were
negative. Acute fulminant myocarditis caused by scrub typhus
was confirmed.

Cardiac function was recovered up to 38% of EF on the
third day of ECMO treatment, weaning from ECMO and the
mechanical ventilator was possible for 3 and 4 days, respectively,
after starting ECMO treatment. The patient was not treated
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FIGURE 1 | Skin lesions at presentation. (A) 1 × 1 cm sized erythematous to black colored ulcerative lesion covered with crust was observed on his scrotum. (B,C)

Diffuse maculopapular rash on the trunk and back.

FIGURE 2 | Summary of disease course. Major events and therapeutics are summarized in the figure. BSI, Bloodstream infection; ECMO, Extracorporeal membrane

oxygenation; EMB, endomyocardial biopsy.

with an immune-modulating agent including glucocorticoid or
intravenous immunoglobulin during the period.

His mental status, however, was changed. Although the
patient seemed alert, he showed global aphasia. Brain magnetic
resonance imaging did not show any abnormalities. The
cerebrospinal fluid exam showed mild lymphocytic pleocytosis
(WBC 65/µl, 92.3% of lymphocyte), slightly increased protein

(78.7 mg/dl), and normal glucose (81 mg/dl). CSF Adenosine
deaminase was 20.3 IU/L. CSF culture and PCR results using
CSF were negative for any microorganisms. It was suggesting
meningoencephalitis complicated by scrub typhus. Doxycycline
(100mg twice a day) was started because of the unclear CSF
concentration of intravenous azithromycin. Three days later, he
got his ownmental status, and global aphasia was totally resolved.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 3 December 2021 | Volume 8 | Article 795249

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Park et al. Fulminant Myocarditis Complicating Scrub Typhus

FIGURE 3 | Echocardiography. (A) Echocardiography at presentation showed normal left ventricular (LV) wall thickness and chamber size. (B) Echocardiography 6 h

before cardiac arrest showed normal LV wall thickness. (C) Echocardiography just after extracorporeal CPR showed thickened LV (13.6mm, posterior wall, 11.8mm

septum) and right ventricle wall.

The patient was transferred to a general ward and discharged
after about 10 days without other clinical events. Antibody
for O. tsutsugamushi was converted positive in the hospital
day 19 by immunofluorescence assay. The O. tsutsugamushi
Ig G titer was 1:2,048 and Ig M was 1:128. Follow-up
echocardiography just before discharge showed more improved
left ventricular function (EF = 54%) with normal LV wall
thickness (Supplementary Video 6) and he was discharged with
a prescription of cardioprotective agents including bisoprolol,
valsartan, spironolactone, and furosemide.

DISCUSSION

This case is scrub typhus withmulti-organ involvement including
biopsy-proven acute fulminant myocarditis which progressed
very rapidly despite appropriate antibiotic treatment. The
clinical message that we could get from this case is very
clear-myocarditis complicating scrub typhus could progress
to fulminant myocarditis very rapidly and measures for
hemodynamic support including mechanical circulatory support
on time is central to save patients.
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FIGURE 4 | Endomyocardial biopsy. Inflammatory cell infiltration consisting of T-lymphocyte within interstitium and myocardium (A-X40, Hematoxylin-Eosin) (B-X200,

Hematoxylin-Eosin), with an indication of lymphocyte (black arrow).

In this case, we could suppose the reasons for fulminant
myocarditis in two aspects. The patient visited a private clinic
before being transferred to our institution, but clinical diagnosis
of scrub typhus was not considered so a proper antibiotic
was initiated 10 days from symptom onset. The incidence of
complicated scrub typhus increases when treatment of scrub
typhus is delayed in previous studies (7). Delayed diagnosis is
thought to be related to the uncommon seasonal occurrence in
this patient. In Korea, the peak season of scrub typhus is known
to be September to December and 90% of reported cases to
occur during this period (Korea Centers for Disease Control and
Prevention) (19).

Another reason for complicated scrub typhus is related to
the Ikeda strain of O. tsutsugamushi. Ikeda strain belongs to the
Japanese Gilliam serotype and is known to be highly virulent
in animal experiments (9). Chang et al. (10) reported 79%
were typed as Boryong and 15% as Karp from the study of
O. tsutsugamushi isolates from humans in Korea. The unusual
fulminant myocarditis could be explained by hypervirulent Ikeda
strain in another aspect.

The incidence and clinical impact of myocarditis in scrub
typhus have been variably reported. It was reported from 2.4
to 14% (5, 11, 12), and one systematic review showed 4.3% of
incidence (11). The mortality of scrub typhus myocarditis in ICU
patients was reported 15.5% (12). In a systematic review that
dealt with a prognosis of untreated scrub typhus, the reported
difference of mortality according to the presence of complicated
myocarditis was 20% (11). This variable incidence and impact on
mortality might reflect the heterogeneity of the study population
and diagnostic approach in those studies. For example, Kim et al.
reported 2.4% of the incidence of myocarditis in scrub typhus in
their cohort which was recruited regardless of disease severity (5).
In study enrolled only severe, complicated cases of scrub typhus
who were admitted to ICU and dedicated to myocarditis (12)
reported 14% of the incidence of myocarditis with association
with higher mortality.

These differences in reported incidence and impact on the
clinical course of myocarditis in scrub typhus also might reflect

variable severity of myocarditis itself. The severity or course
of myocarditis seems to be ranged from mild one (13, 14) to
fulminant one like ours and cases reported by only one study
(8). In addition, the nature of scrub typhus itself with possible
multi-organ involvement in complicated cases might mask the
fulminant nature of myocarditis in scrub typhus.

The mechanism of myocarditis in scrub typhus is not well
established. In the present case, we tried O. tsutsugamushi PCR
andO. tsutsugamushi antibody immunohistochemical stain using
EMB tissue to reveal the mechanism of myocarditis was an
invasion of the pathogen itself or immunologic reaction but
failed. Further study is needed to elucidate the mechanisms of
myocarditis in scrub typhus.

In our case, which is the first biopsy-proven acute fulminant
myocarditis in scrub typhus, could provide a clear profile of
fulminant myocarditis in this infection. To our best knowledge,
there have been only two biopsies, not an autopsy, proven
myocarditis in scrub typhus, which was reported in 1991 by
the Japanese group (13) and in 1996 by the Korean group
(15). Although these previously reported cases were classified
as lymphocyte myocarditis based on biopsy findings like our
case, these were not fulminant cases and responded well to
antibiotics treatment without severe hemodynamic compromise.
On the contrary, the patient in our case showed very rapid
progression within several hours to fulminant myocarditis
and cardiac arrest despite appropriate antibiotics usage. Such
progression was assessed with multiple times echocardiography
which showed dramatic changes in systolic function and
wall thickness in both ventricles. In addition, the patient
was also complicated multi-organ involvement including AKI,
pneumonia, and meningoencephalitis before and after the
progression to fulminant myocarditis, and such a complicated
clinical situation might make the diagnostic approach for
fulminant myocarditis difficult on time. At last, in the case
of fulminant progression which does not respond to medical
management, successful and rapid implantation of VA ECMO on
time was critical to saving the patient. Experience of ECMO in
fulminant myocarditis caused by scrub typhus seems limited and
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only a few reports are available (16). Clinicians, however, should
be alert to the possibility of rapid progression of scrub typhus
myocarditis and be prepared for temporary mechanical support
(MCS) based on the evidence provided by some studies (17, 18).

CONCLUSION

We reported a very rare case of biopsy-proven-acute fulminant
myocarditis in scrub typhus manifested as cardiac arrest and
treated successfully with VA ECMO. Clinicians should keep
in mind the possibility of rapid progression of myocarditis in
scrub typhus, even during several hours, and should perform
essential evaluation and close monitoring to provide appropriate
treatment including temporary MCS if indicated to save patients.
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