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Extensive phagocytosis in non-viral-infected neurons
observed in enterovirus A 71-infected cases
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Abstract: Introduction: Enterovirus A 71 (EV-A71; family Picornaviridae, species human Enterovirus A) usually causes
self-limiting hand, foot and mouth disease or herpangina. However, the infection may lead to complications of the
neural and respiratory systems, and consequently death due to brainstem encephalitis and neurogenic pulmonary
edema in rare cases of affected children. Nonetheless, the mechanisms for tissue damage of brainstem encepha-
litis due to EV-A71 infection are still not fully understood. Aims: We investigate the pathologic changes of fatal
encephalomyelitis caused by EV-A71, especially morphologic characteristics of EV-A71-infected and non-infected
neurons, and hope to provide morphological evidence for the pathogenesis of the disease. Methods: Autopsies were
performed in seven children who had died of EV-A71 infection. Paraffin sections were examined by HE and EV-A71
immunohistochemistry. Results: Viral encephalomyelitis was observed, with most severe lesions in the spinal cord.
Unexpectedly, a significant number of EV-A71-negative neurons were phagocytosed by microglial cells. The EV-A71-
positive neurons presented as two forms: one as an apoptotic-like cell where the cell was not phagocytosed; and
the second as cytolytic cells where the cell and surrounding cells were phagocytosed by multiple microglial cells.
Conclusions: We conclude that in these seven cases, the major cause of severe and extensive lesions in neurons,
especially EV-A71-negative ones, can be accounted for by overactive inflammatory responses triggered by cytokines
released from EV-A71-positive cytolytic neurons and other cytokine-producing cells.
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Introduction gina, and hand, foot and mouth disease [4-6].
However, the infection may lead to complica-
tions of the neural and respiratory systems, and
consequently death due to brainstem encepha-
litis and neurogenic pulmonary edema in rare
cases of affected children [5, 7-9]. Therefore,
studies of EV-A71 infections have mainly
focused on the nervous system, such as neuro-
logical manifestations and diagnoses of chil-
dren infected with EV-A71 virus [8, 10], the
impact of EV-A71 infections on the develop-
ment of nervous system and cognitive ability
[11], neurogenic pulmonary edema [9], proin-

Although most Poliovirus infections have been
eradicated, in recent decades there have been
several outbreaks of Enterovirus A 71 (EV-A71;
family Picornaviridae, species human Entero-
virus A) infections with severe symptoms in the
Asia-Pacific region, which indicate that EV-A71
could take over as a cause of widespread mor-
bidity and mortality [1-3]. Thus, because of
growing concerns, increasing attention has
been paid to research into the EV-A71 virus and
its associated conditions.

EV-A71 mainly infects children below 5 years of
age, and the infections are self-limiting with
mild symptoms such as viral eruptions, herpan-

flammatory cytokines in the central nervous
system (CNS) [12], and autopsies of patients
who died of EV-A71 infections [7, 13-18].
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Table 1. EV-A71-associated lesions and 12D7 immunohistochemical results in the CNS

o tem ol P T Ouptsl B9 ypatlamis Pone e competum  Cettem Sl Sore
1 Infla. - - - - - ND ++ ++ - ND ND ND
12D7 - - - - - ND + + - ND ND ND
2 Infla. - - - - - ND ++ ++ - ND +++ ++
12D7 - + - - - ND + + - ND + -
3 Infla. - - - + - ND ++ ++ - ++ 4+ ND
12D7 - - - + - ND + + - - + ND
4 Infla. - - - - - ND ++ ++ - ++ +4++ ND
12D7 - - - - - ND - + - - + ND
5 Infla. - - - - - ND ++ ++ - ++ 4+ ++
12D7 - - - - - ND + + - + + -
6 Infla. - ++ - - - ++ ++ ++ - ++ +++ ++
12D7 - + - - - + + + : + + i
7 Infla. + - - - - ND ++ ++ - ++ 4+ ++
12D7 + - - _ ; ND + ¥ ) + + i

Infla. indicates inflammation. -, Samples were negative for typical viral encephalitis lesions in HE slices, +, ++, +++, Samples were positive for typical viral encephalitis lesions in HE
slices, and the extent of the lesion was mild, moderate and serious, respectively. I2D7, The murine monoclonal antibody specific for EV-A71. -, Samples were negative for I2D7 in
IHC. +, Samples were positive for I2D7 in IHC. ND, No tissue blocks were available.
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Table 2. Clinical data of the seven children

Leucocytes

Main Symptoms

No  Sex Age Course”

(x10°/L)  Fever

Vomiting Tic  Pulmonary Symptoms Limb Weakness

1. Female 24 months 2 days 8.1 40.0°C

2. Female 7 months 3 days 19.9 39.0°C

w

4. Female 52 months 2 days 24.12 39.0°C
5. Male 31 months 3 days 15.1 39.4°C
6 Male 45 months 4 days 14.8 39.0°C
7 Male 27 months 3 days 18.3 39.6°C

Yes -

Male 7 months 3 days 17.24 40.0°C Yes Limbs

Limbs Noisy Breathing Yes
Moist crackles
Noisy Breathing
Moist crackles
Noisy Breathing
Moist crackles
- Moist crackles Yes

Yes - Moist crackles
Yes Limbs Moist crackles Yes
Limbs Moist crackles

“Course, representative days from symptom onset to death.

Autopsy studies of the CNS in patients with
encephalomyelitis caused by EV-A71 demon-
strated that inflammation was most marked in
spinal cord gray matter, brainstem, hypothala-
mus, and subthalamic and dentate nuclei with
lesions of perivascular cuffs, variable edema,
neuronophagia, and microglia nodules [14-18].
However, EV-A71 proteins detected by immuno-
histochemistry (IHC) can be seen in only a few
neurons even in the most intensely inflamed
areas [7, 17, 18]. It is possible that apart from
direct viral cytolysis, there are other mecha-
nisms that can account for neuron damage
caused by EV-A71 infection. Nonetheless, the
mechanisms for tissue damage of brainstem
encephalitis due to EV-A71 infection are still not
fully understood.

The purpose of this study is to investigate the
causes and pathogenesis of neuron damage
induced by EV-A71 through a directly compara-
tive analysis of serial sections stained by hema-
toxylin and eosin (HE) and IHC. On the basis of
these findings, we provide morphological evi-
dence to support our hypothesis that one of the
major causes for the severe and extensive
lesions in neurons, especially EV-A71-negative
ones, at least in our cases, may be overactive
inflammatory responses.

Materials and methods
Autopsies and tissue specimens

Autopsies were performed on seven children
between April 2008 and June 2015. Consent
for autopsy, the research study and the publica-
tion of our findings was obtained from the next
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of kin for all patients, including seven children
infected by EV-A71 and one child who died of
suffocation, and this project was approved by
the Medical College Ethical Committee of
Xiamen University (Xiamen, China). The body
surface, internal organs, brain and spinal cord
were visually inspected. Tissue samples from
the brain, heart, liver, spleen, lung, Kidney,
adrenal gland, stomach, colon, palatine tonsils,
pancreas and thymus in all seven cases, spinal
cord from six cases (case 2-case 7) and spinal
ganglion from four cases (case 2, case 5-case
7) were fixed in buffered formalin for prepara-
tion of tissue sections from paraffin blocks,
which were then examined microscopically.
Table 1 summarizes the cases and the brain
and spinal cord tissues examined.

Immunohistochemical staining

IHC was performed on all test and control tis-
sue blocks. Three murine monoclonal antibod-
ies specific for EV-A71 were used for tissue IHC
staining of all samples, and these antibodies
were provided by the National Institute of
Diagnostics and Vaccine Development in infec-
tious disease (Xiamen University). The mono-
clonal antibodies were murine anti-VP1 anti-
body (antibody number: 12D7, 1:5000), murine
anti-VP2 antibody (antibody number: BB1A5,
1:6400), and murine anti-VP3 antibody (anti-
body number: X4G1, 1:20000) [19, 20]. Im-
munohistochemical detection kits (SP kit, lot:
KIT-9720) were procured from Maxim Bio-
technology Development Co., Ltd. (Fuzhou,
China). The main procedures were as follows:
embedding tissues in paraffin, preparing serial

Int J Clin Exp Pathol 2016;9(3):2820-2830
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Figure 1. EV-A71-associated lesions in HE staining sections. A. Neuron necrosis with perineuronal phagocytosis of
the surrounding microglial cells (HE 400x); B. Intense parenchymal inflammation, edema and necrosis were seen
in the cerebral cortex (HE 100x).

sections (4 um), retrieving antigens with pH 6.0,
0.01 M citrate buffer, incubating with antibod-
ies, staining with diaminobenzidine, and coun-
terstaining with hematoxylin. For negative con-
trols, RD cell lines infected and uninfected by
EV-A71 were used as positive or negative con-
trols; the tissues of brainstem and medulla
oblongata of a 7-month-old infant who died of
suffocation caused by milk aspiration in the tra-
chea were also used as negative controls.
Positive IHC results were cells with brown-col-
ored cytoplasm.

Using the same method, immunohistochemical
staining was performed for the detection of
antibodies to CD20, CD3, CD4, CD8 and CD68
in sections of the brain, spinal cord and spinal
ganglion tissues; all the antibodies were pur-
chased from the Maxim Biotechnology Deve-
lopment Co., Ltd. (Fuzhou, China). Antigens
were retrieved according to instructions speci-
fied by the manufacturer.

Results
Clinical information of seven mortal cases

All seven children infected by EV-A71 were spo-
radic cases. The average age of the seven chil-
dren (four male and three female patients)
was 27.6 months (range: 7 months-4 years 4
months). Commonly reported symptoms were
fever (39-40°C), noisy breathing, moist crack-
les, vomiting, convulsions, coma, and low mus-
cle tone. The average disease course was 2.9
days and the average time to death was 5 hours
after admission. The time from death to autop-
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sy was 1 day to 6 days; during these days the
bodies were preserved in the refrigerator at
-30°C. The clinical symptoms of participants
are present in Table 2. It is worth noting that all
cases had not been diagnosed with EV-A71
infection clinically except for case 6.

Gross and microscopic HE findings

All seven brains showed edema, flattened gyri,
and narrowed sulci. The brain from case 4
showed obvious subarachnoid effusions and
vasodilatation associated with bilateral cere-
bellar tonsil herniation, but no cingulate or
uncal herniation was found. Swelling and
peripheral vasodilation was observed in six spi-
nal cords.

Microscopically, typical viral encephalitis le-
sions such as nerve cell degeneration and
necrosis, neuronophagia, perivascular cuffs of
lymphocytes, microglial proliferation and paren-
chymal infiltration by inflammatory cells were
observed in all cases (Figure 1A). Edema was
variable, but in the most severely affected
areas the parenchyma seemed microcystic, rar-
efied and had paler staining (Figure 1B).
Lesions were mainly found in the gray matter
and nerve nuclei. The most severe lesions were
observed in the spinal cord; moderate lesions
were observed in medulla oblongata, pons, cer-
ebellar dentate nuclei and spinal ganglion, and
mild lesions were observed in cerebral cortex
(Table 1). More severe lesions were also occa-
sionally observed in cerebral cortex (see below).
Spinal cord lesions were mainly found in the
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Figure 2. EV-A71 associated lesions in spinal ganglion. A. Spinal ganglion cells necrosis, replaced by macrophages
(HE 100x); B. A single spinal ganglion cell undergoing necrosis was swallowed by multiple macrophages (HE 400x).

2824 Int J Clin Exp Pathol 2016;9(3):2820-2830



Pathological features of fatal encephalomyelitis

Figure 3. Distribution of EV-A71-associated lesions and EV-A71 antigens in cerebral hemispheres. A. Distribution
of 17 tissue samples in the coronal section of cerebral hemispheres, and intense inflammation and results of viral
antigens IHC within each sample. (Infla.+++, meaning more intense inflammation; Infla.++: meaning less intense
inflammation; Infla.-, means no inflammation was seen; I12D7+, meaning viral antigen positive; 12D7-, meaning viral
antigen negative). B. One of five focuses of rarefied, paler staining areas of edema and necrosis in the block 16 (HE
100x); C. The same focus with B, which shows EV-A71 positivity (IHC 100x%). D. An enlarged view of C (IHC 400x).

Figure 4. Imnmunohistochemical staining of anti-EV-A71monoclonal antibodies. A. Immunohistochemical staining of
anti-EV-A71-VP1 monoclonal antibody: Positive results are seen as neuronal cell bodies, axons and dendrites (IHC,
400x); B. Immunohistochemical staining of anti-EV-A71-VP2 monoclonal antibody: Positive results are seen as
neuronal cell bodies, axons and dendrites (IHC, 400x%); C. Immunohistochemical staining of anti-EV-A71-VP3 mono-

clonal antibody: Positive results are seen as neuronal cell bodies, axons and dendrites (IHC, 400x).

gray matter, with more severe inflammation in
the anterior horn than the posterior horn, and
with necrotic neurons being swallowed by
microglial cells significant. The white matter of
the spinal cord was significantly loose and
swollen.

To specifically evaluate the distribution charac-
teristics of the spinal cord lesions at different
segments, the entire spinal cord in two cases
(case 2 and case 5) was used for preparing HE
sections. Microscopic analysis of the sections
indicated continuous inflammation in the entire
spinal cord with more severe inflammation in
the lumbosacral spinal cord.

The inflammation was also found in the spinal
ganglia where a bunch of ganglion cells had
been destroyed and replaced by macrophages,
and a single ganglion cell undergoing necro-
sis was swallowed by multiple macrophages
(Figure 2).

To evaluate the distribution characteristics of
the cerebral hemisphere lesions, 17 tissue
samples obtained from a piece of brain coronal
section of cerebral hemispheres at the level of
the corpus mamillare in case 6 were sectioned
and blocked for preparing serial sections, and
then stained by HE and 12D7 IHC. The results
indicated that inflammation was more intense
around the area of the hypothalamus and mod-
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erately intense in the cerebral cortex. However,
in the cerebral cortex of block 16, the inflam-
mation was more intense and five focuses of
rarefied, paler staining areas of edema and
neuronal necrosis were observed (Figure 3).

There was no evidence of inflammation in other
non-CNS organs, except for a mild myocardial
infiltration of inflammatory cells in case 3, pul-
monary congestion in all cases, and local pul-
monary hemorrhage and hyaline membrane
formation in case 4 and case 5.

EV-A71 IHC findings in CNS

Staining of EV-A71-specific monoclonal anti-
bodies of 12D7, BB1A5, and X4G1 was positive
in all seven cases, three of which were identical
(Figure 4). The positive cells were mainly neuro-
nal cell bodies, axons, dendrites, and microglia
or macrophages. EV-A71 positive neurons were
seen within lesion sites on HE-stained sections.
Unexpectedly, the number of positive neurons
was very low, which was not proportional to the
degree of inflammation. Comparative observa-
tions indicated that EV-A71-positive neurons
presented as two forms: one was apoptotic-like
neurons with cell shrinkage, dark-red cytoplas-
mic staining, disappearance of Nissl bodies,
shrunken or absent nuclei and perineuronal
surrounding of few microglial cells (Figure 5A,
5B); the second form was undergoing cytolysis

Int J Clin Exp Pathol 2016;9(3):2820-2830
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Figure 5. Characteristics of EV-A71-positive neurons. A. HE staining shows pyknotic neurons, disappearance of Nissl
bodies and absence of the surrounding microglial cells (arrow) (HE, 400x%); B. Immunohistochemical staining shows
an EV-A71-positive neuron (arrow), the same cell in A (IHC, 400x); C. HE staining shows that the neuron is undergo-
ing cytolysis with perineuronal phagocytosis by multiple microglial cells (arrow) (HE, 400x); D. Immunohistochemi-
cal staining shows EV-A71-positive neuron and microglial cells (arrow), the same focus in C (IHC, 400x).

with perineuronal phagocytosis by multiple mi-
croglial cells (Figure 5C, 5D). However, a mo-
re important finding was that a large number of
neuronal cell bodies that were EV-A71 negative
in serial sections were surrounded by multiple
microglial cells regardless of whether they were
located near or far from EV-A71-positive auto-
lytic neurons (Figures 6, 7). Spinal nerve roots
and spinal ganglia were negative for EV-A71,
although the spinal ganglion cells were sur-
rounded by macrophages.

EV-A71 IHC findings in non-CNS organs

EV-A71 was identified in the squamous epithe-
lium lining tonsillar crypts and in some desqua-
mated cells within crypts by IHC in tissue blocks
from the five cases studied (Figure 8). The posi-
tive signals were focal but strong. There was no
evidence of viral antigen in squamous epitheli-
um covering the external surface of the tonsil.
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The positive and negative controls for EV-A71-
specific monoclonal antibody showed results
as expected. Positive reactions of EV-A71-
specific monoclonal antibody were absent in
tissues from other non-CNS organs except for
palatine tonsils.

Detection of labeled antibodies of lymphocytes
and macrophages

CD3-positive T cells in the perivascular cuffs
were more frequently than the CD68-positive
macrophages and CD20-positive B cells; CD4
and CD8-positive T cells did not differ signifi-
cantly in number. CD68-positive microglial cells
and macrophages were the main cells sur-
rounding and phagocytizing the neurons.

Discussion

If tissue samples were available, then the im-
munohistochemical detection of infected neu-

Int J Clin Exp Pathol 2016;9(3):2820-2830
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Figure 6. EV-A71-negative neurons are attacked by microglial cells. The same neurons appearing in four serial sec-
tions stained by anti-EV-A71 monoclonal antibody (A, C, D) and HE (B) are phagocytized by multiple microglial cells
(arrows); the neurons in (A, C) and (D) are EV-A71-negative (IHC and HE, 400x).
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Figure 7. EV-A71-negative neurons are attacked by
microglial cells. EV-A71-negative (black arrows) and
positive (red arrow) neurons are all attacked by multi-
ple microglial cells. Obviously, the number of EV-A71-
negative neurons is more than that of EV-A71-posi-
tive ones (IHC, 200x).

rons was a rapid diagnosis tool for confirmation
of EV-A71 infection [17]. The presence of EV-
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A71 infection in seven autopsy cases was con-
firmed by positive immunohistochemical sta-
ining using three EV-A71-specific monoclon-
al antibodies in neurons of all seven cases.
Therefore, combining the clinic-pathological
features and the above results, we confirmed
EV-A71 infections in these seven children,
although the cause of the deaths was unknown
clinically and there was no ante-mortem diag-
nosis of disease in six cases (case 1-case 5,
case 7).

Our study shows that the most severe lesions
caused by EV-A71 in our cases were observed
in the spinal cord. Serial sectioning of the whole
spinal cord indicates continuous inflammation
in the entire spinal cord, with more severe
lesions observed in the lumbosacral spinal
cords than the thoracic and cervical spinal
cords. Chen et al [21] established a 7-day-old
mice model for EV-A71 infections and observed
that after oral and intramuscular inoculations,

Int J Clin Exp Pathol 2016;9(3):2820-2830
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Figure 8. Immunohistochemical staining of anti-EV-A71 monoclonal antibody in tonsil. A. Squamous epithelial cells
lining tonsillar crypts (HE, 400x%); B. A continuous section with A, which shows the EV-A71-positive squamous epi-

thelial cells (IHC, 400x).

the viruses were first detected in lumbosacral
spinal cords, then upper spinal cords, and final-
ly the brainstem. It is well known that the first
areas to be infected show the highest degree of
inflammation. Based on the findings of varying
intensity of inflammation within spinal cords, it
can be assumed that EV-A71 viruses enter the
nervous system initially via the lumbosacral
spinal cord, the resultant damages cause
inflammation in the lumbosacral spinal cord,
and then they migrate upwards along the spinal
cord, leading to an increase in infected sites
such as at the medulla oblongata, pons and
cerebral cortex, and finally cause encephalo-
myelitis.

Via thorough analysis of seven cases in our lab,
the stereotyped distribution of inflammatory
lesions described by Wong et al. [18, 22] was
observed microscopically: the most severe
lesions were observed in the spinal cord, mod-
erate lesions were observed in medulla oblon-
gata, pons, cerebellar dentate nuclei and spinal
ganglion and mild lesions were observed in
cerebral cortex; in the spinal cord, lesions were
located mainly in the gray matter, with more
severe inflammation observed in the anterior
horn than the posterior horn. The differences
appear when multiple sampling. Wong et al.
[18] reported that inflammation in the cerebral
cortex was far less intense and more focal, and
mainly involved in the motor cortex. In our
study, 17 blocks obtained from a piece of brain
coronal section of cerebral hemispheres (at the
level of the corpus mamillare) showed varying
intensity of inflammation with more severe in-
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flammation in block 16, where multiple focuses
of rarefied, paler staining areas of edema and
neuronal necrosis and loss were observed
(Figure 3). Furthermore, the cerebral cortex
within 17 blocks was not motor cortex but the
cerebral cortex of parietal lobes. Our results
illustrate that the intensity and distribution of
inflammation in the cerebral hemispheres
induced by EV-A71 is not completely under-
stood by pathologists.

Hsueh et al. [15] postulated that virus neurotro-
pism was the cause of neuron injuries. Wong et
al. [3, 18] considered that direct viral cytolysis
is likely to be an important mechanism of neu-
ron damage. Our result shows that EV-A71-
positive neurons presented as two forms: one
with apoptotic-like cell types and the other as
an autolytic cell type with perineuronal phago-
cytosis by multiple microglial cells. We consider
that these represent morphologic evidence of
neuronal injuries caused directly by EV-A71
infection. Unexpectedly, EV-A71-positive neu-
rons were scattered among diffuse and severe
inflammatory foci, and this observation is con-
sistent with previous reports [7, 17, 18]. It
appears to us and other researchers [18] that
there are other mechanisms of tissue injury,
e.g. immune-mediated or bystander effects,
which cannot be excluded because neuronal
viral antigens were often more focal than
expected from the extent and severity of inflam-
mation. Our important morphological finding
provides strong evidence to support the hypoth-
esis. The finding was that a large number of
neuronal cell bodies that stained as EV-A71
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negative in serial sections were being attacked
by multiple microglial cells (Figures 6, 7). Based
on this morphological evidence, we speculate
that EV-A71-negative neurons being attacked
are due to overactive inflammation and overac-
tive phagocytosis induced by inflammatory
cytokines released from EV-A71-infected auto-
lytic neuron bodies and their extending pro-
cesses and other cytokine-producing cells.
Lum et al. [16, 18] postulated that neuronal
viral cytolysis may produce tissue damage and
inflammation. Other reports [12, 23] showed
that after viral infections, astrocytes, microglia
cells, endothelial cells and neurons of the ner-
vous system produce chemokines that would
induce lymphocytes, monocytes and neutro-
phils to enter the parenchyma of the nervous
system, which probably aid in clearing viruses,
but also damage the nervous system. Concei-
vably, immune mechanisms or other factors
may also contribute to the pathogenesis of
EV71 encephalomyelitis. We therefore con-
clude that the major cause for severe and
extensive lesions in neurons, especially EV-A71-
negative ones, in these seven mortal cases
may be overactive inflammatory responses trig-
gered by those cytokines released from EV-A71-
positive cytolytic neurons and other cytokine-
producing cells.
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