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Abstract

Parvovirus B19 (PVB19) commonly infects children and is usually asymptomatic. Lethal outcomes of PVB19 infection are
unusual; nevertheless, the two cases reported here are rare examples of PVB19-induced hemophagocytic syndrome and myo-
carditis in infants and children. The two cases show the indisputable usefulness of immunohistochemistry and in situ hybridi-
zation in the detection of PVB19. In the death investigations, histopathological examinations provided stronger evidence than did
serology or molecular biology. The cases also highlight the importance of forensic autopsy in vaccine-related death. As vaccine-
related deaths are what people fear and may cause declines in vaccination rates, it is important to clarify deaths temporally or

causally associated with vaccine administration.
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Introduction

Parvovirus B19 (PVB19) is a strict human pathogen in the
family Parvoviridae [1]. PVB19 is transmitted by the respira-
tory route, blood transfusion, and transplacental infection
from an acutely infected mother [2—4]. Children and adoles-
cents younger than 15 years are the most affected age groups,
and almost half of them have anti-parvovirus antibodies [5].
Patients with PVB19 infection show a wide range of clinical
severity, ranging from asymptomatic to lethal. PVB19 com-
monly causes fifth disease, also known as erythema
infectiosum, and the infection is frequently self-limiting.
PVBI19 can also cause arthropathy, transient aplastic crisis,
and chronic red cell aplasia [1]. PVB19-associated
hemophagocytic syndrome and myocarditis have been rarely
reported in infants or children, and these findings were proven
in previous publications by only serology or molecular biolo-
gy without direct evidence [6-9].

Infectious disease is effectively prevented by immuni-
zation. Nevertheless, adverse events or even death
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following immunization are what people fear and may
cause declines in vaccination rates [10]. Therefore, it is
important to clarify the causal relationship between vac-
cine administration and death. In the present paper, we
report two controversial cases of death occurring in close
temporal proximity to vaccine administration. Due to the
timing of vaccination, both cases underwent forensic au-
topsy. After investigation, we found that the deaths were
temporally but not causally related to vaccine administra-
tion. Using multiplex real-time polymerase chain reaction
(MRT-PCR), immunohistochemistry, and in situ hybridi-
zation, we confirmed PVB19-induced hemophagocytic
syndrome and myocarditis, respectively.

Case reports
Case 1

A 7-year-old boy was hospitalized in November 2009 because
of rash and fever after receiving a shot of AdimFIlu-S
(A/HIN1) vaccine. About 1 month later, he died. Figure 1
illustrates the whole course of disease and therapy. The boy
had traveled to Malaysia and had contact with chameleons,
peacocks, mice, and turtles 1 month prior. In the late course of
disease, total blood count showed RBC 2.72 x 10%/ uL, WBC
32,920/uL, and platelets 52,000/uL. The coagulation screen
was abnormal, with prothrombin time (PT) 15 s and partial
thromboplastin time (PTT) 68.1 s. The liver function tests
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Fig. 1 Case 1—entire course of disease and therapy

were abnormal, with total serum bilirubin 2.25 mg/dl, gluta-
mate oxaloacetate transaminase (GOT) 736 U/L, and gluta-
mate pyruvate transaminase (GPT) 137 U/L. There was dif-
fuse intravascular coagulation (DIC), with D-Dimer >
35 pg/ml, fibrinogen > 0.035 mg/dl, and fibrin degradation
products (FDP) 468.4 pg/mL. Serum showed high levels of
triglycerides, lactic dehydrogenase, and ferritin at 178 mg/dl,
9560 U/1, and 142,874 ng/ml, respectively.

A complete autopsy was performed. Gross examination
showed brainstem hemorrhage and cerebral edema, with an
8-cm hematoma and intraventricular hemorrhage. The boy
suffered from bleeding tendency, including multiple petechiae
and ecchymosis of the skin, sclera, conjunctivae, subgaleal
soft tissue, lung surface, intestinal wall, and renal pelvis.
Pulmonary edema, pleural effusion, hepatomegaly with
steatosis, renal swelling, numerous enlarged mesenteric
lymph nodes, and bloody ascites were observed.

Microscopically, the bone marrow showed distinct
hemophagocytosis. Numerous macrophages with abundant
foamy cytoplasm were evenly distributed in the bone marrow,
engulfing blood cells and their precursor cells (Fig. 2a). The
heart showed scattered tiny foci of myocardial damage. The
lung showed intra-alveolar hemorrhage and edema with many
foamy macrophages and occasional hyaline membranes. The
liver showed significant microvesicular steatosis with small
patches of necrosis and increased activities of Kupffer cells
but no significant inflammation. The spleen showed lympho-
cytic depletion and congestion of sinuses with macrophage
infiltration. The kidney showed acute tubular necrosis. The
mesenteric lymph nodes showed necrotizing lymphadenitis
with necrosis at the germinal centers adjacent to the cortex
and nuclear degraded residues. The tonsils showed mild in-
flammation with slight infiltration of eosinophils and lympho-
cytes. Several foci of hemorrhage of internal organs were not-
ed. The subcutaneous tissue of the palm and thenar surfaces
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exhibited fibrinoid microthrombi and hemorrhage consistent
with disseminated intravascular coagulation. The
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Fig. 2 Case 1—a Hemophagocytosis with engulfed blood cells in
macrophages in the bone marrow (x 400). Hematoxylin and eosin stain.
b PVB19 was detected in bone marrow by in situ hybridization (x 400)
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subcutaneous tissues showed small atypical foamy macro-
phages. The hemorrhage areas near the brainstem presented
numerous foamy macrophages without remarkable
inflammation.

Case 2

An 11-month-old female infant with respiratory symptoms for
1 week was admitted to the pediatric clinic in October 2012.
She was diagnosed with an upper respiratory tract infection
and received a shot of MF59-adjuvanted influenza vaccine
9 days later. The following day, she was admitted to the hos-
pital because of vomiting and dyspnea and had an episode of
seizure on the way to the hospital. She was in cardiac arrest
upon arrival to the emergency department and died despite
vigorous resuscitation. Blood samples obtained right after
the start of cardiopulmonary resuscitation showed a leukocyte
count of 12,200 cells/mm?, with a lymphocyte proportion of
60% and a neutrophil proportion of 35%. Her platelet count
was 336,000/mm>. The hemoglobin level was 8.13 mg/dl with
a mean corpuscular volume of 68.8 femtoliters. The level of
C-reactive protein was 0.09 mg/dl, and the alanine transami-
nase and aspartate transaminase levels were 12 and 36 TU/ml,
respectively. The creatine kinase and creatine kinase MB
levels were 69 and 24 TU/L, respectively. The troponin I level
was 0.13 ng/mL.

A complete autopsy was performed. Gross examination
showed an enlarged and pale heart with ventricular dilatation.
The myocardium was edematous and pale, indicating
suspected myocarditis. Swollen tonsils, hepatomegaly, and
pulmonary edema with some petechiae on the lung surface
were noticed. There was pleural effusion of 100 ml. There
was no cellulitis over the vaccine injection site, and there
was no vesicle, rash, or erythema over the whole skin, anus,
and oral mucosa.

Microscopically, the heart demonstrated lymphocytic myo-
carditis. Myocardial fibers with conspicuous lymphocyte and
plasma cell infiltration were found in cardiac tissue (Fig. 3a),
consistent with the pathology of subacute myocarditis with
early-stage fibrosis. The lung showed interstitial pneumonitis,
and tissue presented with significant lymphocytic infiltration,
especially around pulmonary vessels and bronchioles. There
was no significant eosinophilic infiltration over the trachea.
The hippocampus and medulla showed perivascular cuffing.
The liver showed lymphocyte accumulation in the portal area,
and there was microvascular fatty metamorphosis in the hepa-
tocytes. The renal interstitium showed lymphocyte accumula-
tion and germinal center formation. The white pulp and red
pulp of spleen distributed evenly, and the red pulp was slightly
congested. The adrenal medulla was congested with partial
hemorrhage. There was tonsillitis with inflammatory cell in-
filtration in the epithelium. The mucosa of the colon showed
lymphocyte accumulation and germinal center formation. The

bone marrow demonstrated hemophagocytosis with many in-
fected cells showing intranuclear inclusion bodies (Fig. 3b).

Methods
Autopsy procedures

A complete autopsy was performed by forensic pathologists.
Tissue specimens from all major organs were fixed immedi-
ately in 10% neutral buffered formalin. Fixed tissues were
hydrated in ethanol, cleared in xylene, and embedded in par-
affin blocks. Tissue sections of 4 um thick were prepared from
formalin-fixed, paraffin-embedded (FFPE) blocks and used
for hematoxylin-eosin (HE) staining and immunostaining.

For potential infectious etiology investigations, specimens
of microbiological analysis were collected at autopsy by asep-
tic technique, including swabs, fresh tissue, blood culture, and
serum. The microbiology analysis, including bacterial isola-
tion, virus isolation and multiplex reverse transcription poly-
merase chain reaction, was performed by the Taiwan Centers
for Disease Control (Table 1).

Immunohistochemistry

Four-micrometer sections were cut and mounted on silane-
coated slides. The slides were heated to 65 °C for 20 min
and then sequentially immersed in xylene (8 min, twice), ab-
solute ethanol (50 s, twice), 95% ethanol (20 s, twice), and
distilled water. Antigen retrieval was achieved with 0.1 mg/ml
proteinase K (ENZ-33801, Enzo Life Science, USA) for
30 min at 37 °C. Then, the slides were covered with Ultra V
protein block (TA-060-UB, Thermo Scientific, USA) for
10 min. The sections were incubated with anti-parvovirus an-
tibody [R92F6] (1:20 dilution; ab50804, Abcam, England) for
1 h and visualized with Ultravision Quanto AP Detection
System (TL-060-AL, Thermo Scientific, USA) and
Permanent Fast Red Quanto Substrate System (TA-060-
QAL, Thermo Scientific, USA). Subsequently, the slides were
counterstained with hematoxylin and mounted with aqueous
mounting medium.

In situ hybridization

Four-micrometer sections from paraffin-embedded blocks
were deparaffinized in xylene, dehydrated, and predigested
with 0.1 mg/ml proteinase K (ENZ-33801, Enzo Life
Science, USA) for 30 min at 37 °C. The slides were washed
with distilled water, rinsed in an ethanol series (70, 95, and
100%), and air-dried. The oligonucleotide probe sequence
complementary to the gene encoding the NS protein was de-
scribed previously [11]; 5" digoxigenin-GATTCTCC
TGAACTGGTCCC-3' was synthesized (Purigo Biotech,
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Fig. 3 Case 2—a Myocarditis (x
100). Hematoxylin and eosin
stain. b Many infected cells
showed intranuclear inclusion
bodies in the bone marrow (x
1000). Hematoxylin and eosin
stain. ¢ PVB19 was detected in
macrophages by
immunohistochemistry of
myocardial tissue (x 400). d
PVBI19 was detected in bone
marrow by in situ hybridization
(% 200)

Table 1 Microbiology analysis

Virus

Rickettsia

Parvovirus B19*

HINI influenza virus
Influenza virus
Paramyxovirus type 1, 2, 3
Cytomegalovirus
Herpesvirus type 1 and 2
Respiratory syncytial virus
Rhinovirus

Adenovirus

Japanese encephalitis
Dengue fever
Chikungunya fever
Human metapneumovirus
Human Herpesvirus 6
Varicella Zoster virus
Parechovirus

Hendra virus

Nipah virus

West Nile virus
Hantavirus

Enterovirus

Enterovirus type 71
Epidemic typhus fever
Scrub typhus

Rickettsia

Bacteria

Parasite

Fungi

Endemic typhus fever
Spotted fever
Leptospirosis
Legionnaires disease
Yesinia pestis

Bartonella henselae
Chlamydophila pneumoniae
Chlamydophila psittaci
Borrelia

Toxoplasma gondii
Naegleria foxleri
Pneumocystis pneumonia
Acanthamoeba spp.
Babesia spp.
Trypanosoma spp.
Leishmania spp.
Balamuthia mandrillaris
Ameba common primer set
Histoplasma capsulatum
Coccidioides immitis
Cryptococcus neoformans
Aspergillus spp.
Blastomyces dermatitidis
Candida albicans

#In both cases, only the parvovirus b19 was detected
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Inc., Taipei, Taiwan). A glass coverslip was placed over the
probe (10 ng/ml), and the slides were put into ThermoBrite
(Abbott, USA), denatured for 2 min at 95 °C, and then hy-
bridized for 16 h at 37 °C. On the following day, the coverslips
were removed, and the slides were washed in 2X SSC solution
containing detergent (0.1% NP-40, Sigma, USA) for 2 min at
73 °C and washed in the solution for 1 min at room tempera-
ture. Hybridization products were detected using an in situ
hybridization detection system core kit for digoxigenin-
labeled probe/streptavidin-alkaline phosphatase (DD131-
60 K, BioGenex, CA). Paraffin-embedded sections of non-
infected normal bone marrow were used as negative controls.
Sections without probe were also included as controls for
background staining.

Results and discussions

To determine a potential infectious etiology, screening was per-
formed by MRT-PCR. The pathogens analyzed included her-
pesvirus type 1 to 8, influenza virus A and B, parainfluenza
virus type 1 to 4, coronavirus, polyomavirus, chikungunya,
dengue, West Nile virus, JE, adenovirus, rhinovirus, human
metapneumovirus, respiratory syncytial virus, enterovirus, hu-
man parechovirus, human PVB19, bocavirus, Hendra virus,
Nipah virus, mycoplasma, borrelia, Balamuthia,
Acanthamoeba, Naegleria, and Toxoplasma (Table 1). In case
1, PVB19 was detected in bone marrow, heart, liver, spleen,
lung, kidney, and basal ganglia (Table 2). In case 2, PVB19 was
detected in trachea and throat swabs, as well as in fresh tissue of
heart, lung, spleen, and liver and in blood specimens at a high
viral load (Table 3). The bacterial isolation and virus isolation
tests yielded no significant results. PVB19 was also detected in
the myocardial tissue by immunohistochemistry in case 2. The
positive signals were demonstrated in macrophages (Fig. 3c).
Moreover, PVB19 was also detected in bone marrow by in situ
hybridization in both cases (Figs. 2b and 3d).

PVB19-induced myocarditis has been reported since 1990
[12, 13]. Here, we report a case of an 11-month-old female
infant with PVB19-induced fulminant lymphocytic myocardi-
tis (case 2). It has been reported that PVB19 causes fatal myo-
carditis in immunocompetent adults [14—16], liver transplant
recipients [17], and Brugada syndrome patients [18], but the
most affected age groups of PVB19-associated fatal myocar-
ditis are children (aged 3 to 11 years) [8, 9, 19-23], fetuses
[24, 25], and infants [7]. Notably, the aforementioned reports
demonstrated the relationship between myocarditis and
PVB19 by indirect molecular and serology methods rather
than by direct immunohistochemistry or in situ hybridization.
This is precarious, because a recent study showed that the
detection of PVB19 DNA was not sufficient for diagnosing
myocarditis [26, 27]. Therefore, we used immunohistochem-
istry and in situ hybridization, in addition to microbiological

examination, to confirm the pathogenesis of PVB19. The pos-
itive signals were demonstrated in macrophages by immuno-
histochemistry from myocardial tissue (Fig. 3¢) and in red
blood cell precursors by in situ hybridization from bone mar-
row (Fig. 3d).

We reported a PVB19 infection with DIC and
hemophagocytic syndrome in a 7-year-old boy (case 1).
PVB19 is one of the pathogens of virus-associated
hemophagocytic syndrome [28], and it has been reported in
pregnant individuals [29], transplant recipients [30], patients
with acute lymphoblastic leukemia [31] or autoimmune disease
[32], and immunocompetent adults [16, 33]. Nevertheless,
PVBI19-related hemophagocytic syndrome with DIC has been
rarely reported [6, 34]. Anti-PVB19 immunoglobulin G (IgG),
which produces long-term immunity in most patients, was de-
tected in patient 1 on the 20th day after vaccine administration,
but this patient died on the 31st day after vaccine administration.
Such rapid clinical deterioration indicated an inhibited immune
system, resulting in uncontrolled viral replication. During the
hospitalization, this patient received prednisolone and intrave-
nous immunoglobulin (IVIG). Etoposide-containing regimens
combined with IVIG and prednisolone have been tried in pedi-
atric hemophagocytic syndrome [35]. Although the initial use of
IVIG may be beneficial in the treatment of PVBI19-induced
hemophagocytic syndrome [35], some people have a negative
opinion [36, 37]. Therefore, there remains no definite opinion
regarding prednisolone and IVIG in the treatment of
hemophagocytic syndrome.

When these two patients were immunized, patient 1 was
healthy, but patient 2 had rhinorrhea, an injected throat, nasal
mucosal swelling, and a body temperature of 37.4 °C.
Whether children with illnesses can be safely immunized de-
pends on the severity of the illness [38, 39]. A mild illness is
not a reason to delay or reschedule routine vaccinations [38],
but a moderate to severe or acute illness is a precaution for the
use of influenza vaccines [39]. As routine annual influenza
vaccination is recommended for people aged 6 months or
older without contraindications [39], administering the vacci-
nation to patient 2 may be valuable. However, deferring the
influenza vaccination did not result in missed opportunities for
vaccination for patient 2, because vaccination even in
December or later may be beneficial throughout the influenza
season [39]. Therefore, the timing of vaccination could have
been more careful in patient 2.

To the best of our knowledge, these are the first case reports
using real-time PCR, immunohistochemistry, and in situ hy-
bridization to confirm PVB19-induced hemophagocytic syn-
drome and myocarditis. PVB19 infection induced DIC and
hemophagocytic syndrome in case 1 and caused fulminant
lymphocytic myocarditis in case 2. Collectively, our data dem-
onstrated different underlying pathophysiological mecha-
nisms of the death from PVBI19 infection, and the findings
may serve as a reference for other studies of fatal PVB19
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Table2 Microbiology analysis in case 1
Specimens Bacterial isolation Multiplex real-time PCR® Viral copy number
Swab
Bain base Negative Negative Not performed
Brain stem Negative Negative Not performed
Basal ganglia Negative Negative Not performed
Throat Negative Parvovirus B19 Not performed
Trachea Negative Parvovirus B19 Not performed
Pleura Negative Negative Not performed
Pericardium Negative Negative Not performed
Peritoneum Negative Not performed Not performed
Intestine S. aureus Not performed Not performed
Colon S. aureus Not performed Not performed
Bladder Negative Not performed Not performed
Tissue
Heart Negative Parvovirus B19 10,000/pg of nucleic acid
Lung Negative Parvovirus B19 10,000/pg of nucleic acid
Blood® S. aureus Parvovirus B19 20,000/pg of nucleic acid
Spleen Negative Parvovirus B19 1,000,000/pg of nucleic acid
Liver Negative Parvovirus B19 10,000/pg of nucleic acid

* Enzyme-linked immunosorbent assay for IgM of enterovirus 71 was performed and showed a negative result

®The pathogens tested include: Herpesviridae: 1-8; Flu A, B; parainfluenza: 1-4; coronaviruses: 229E, OC43, NL63,HKU1; polyomavirus: JC, BK,
WU, KI; Flaviviridae: chikungunya, dengue, Westnile, JE; adenovirus; rhinovirus; human metapneumovirus; respiratory syncytial virus; Enterovirus;
human Parechovirus; human parvovirus B19; Bocavirus; Hendra virus; Niphavirus; mycoplasma; Borrelia; Balamuthia; Acanthamoeba; Naegleria;

Toxoplasma
Table 3  Epidemiologic features and histopathological data
Case | Case 2
Characteristics
Age 7 years old 11 months old
Gender Male Female
Symptoms Rash, fever Respiratory symptom
Vaccine AdimFlu-S (A/HIN1) MF59-adjuvanted
vaccine influenza vaccine
Death after 31 1
vaccine
administration
(days)
Pathological findings

Microbiology

PVBI19
MRT-PCR

PVBI9 IHC
PVBI19 ISH

Hemophagocytosis

Diffuse intravascular
coagulation

Bone marrow, heart, liver,
spleen, lung, kidney,
Basal ganglia

Negative

Bone marrow

Hemophagocytosis
Lymphocytic
myocarditis

Trachea and throat
swabs, lung, heart,
spleen, liver, blood

Heart
Bone marrow

IHC immunohistochemistry, /SH in situ hybridization, MRT-PCR multi-
plex real-time polymerase chain reaction, PVB19 Parvovirus B19
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infection. Furthermore, vaccine administration was supposed
to be related in both cases based on first impressions of tem-
poral proximity. However, the temporal relationships between
vaccination and lethal outcomes were essentially coincidental
and prompted forensic autopsies. Our reports remind clini-
cians to avoid tunnel vision and highlight the importance of
forensic autopsy in vaccine-related death.
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