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Dear Editor,

Enterovirus 71 (EV71) infection causes hand-foot-and-
mouth disease (HFMD) in infants and children. Patients
with HFMD usually have good prognosis; however, in
some extreme cases the infection can be accompanied by
central nervous system diseases, eventually leading to
cardiorespiratory failure, and even death. Currently, EV71
has become one of the most important pathogens infecting
central nervous system, after poliovirus. Previous studies
have shown that lung injury in patients with HFMD is
associated with neurogenic pulmonary edema (NPE) after
EV71 infection of the brainstem, rather than with direct
viral invasion (Jiang et al. 2012). This might be because
EV71 was not isolated and inflammatory cell infiltration
rarely occurred in lung and lung injured tissues (Kao et al.
2004; Jiang et al. 2012). EV71 can be transmitted through
respiratory tract and cause upper respiratory tract infection,
such as herpangina; nevertheless, the translocation route
from the upper respiratory tract to the lung tissue or
through viremia to the lung still remains unclear. Viral
receptors have an important role in mediating the specific
binding of viruses to the target cells. The distribution of
viral receptors is usually closely related to the host range
and tissue tropism of the viruses, and is considered as one
of the key factors for viral pathogenicity. To further
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explore the causes of lung injury by EV71, we first
examined the distribution of EV71 receptor in normal
human lung tissues, and then investigated the target cells of
EV71 infection, thus providing the molecular basis for the
lung infected EV71. Consequently, the pathological chan-
ges in the lung tissues of fatal EV71 infection were per-
ceived, and the distribution of EV71 antigen and various
inflammatory cells in the lung tissues were detected.

To investigate whether EV71 could infect the lung tis-
sues of lower respiratory tract, the distribution of EV71
receptor, PSGL-1 (human P-selectin glycoprotein ligand-1)
and SCARB2 (human scavenger receptor class B member
2) (Nishimura er al. 2009; Yamayoshi et al. 2009) were
examined in the lung tissue specimens collected form 12
patients with tumor or non-inflammatory diseases. Patients
including four cases of pneumonic pseudotumor, two cases
of pulmonary cyst, 4 cases of pulmonary fibroma and two
cases of pulmonary myxoma. We selected normal lung
tissue in the specimens of pneumonectomy in these
patients. General, the distribution of those receptors is the
same as health people. The tissues were fixed by 10%
formalin, dehydrated by gradient ethanol, soaked and
embedded with wax. Paraffin sections were sectioned
continuously at a thickness of 4 pm. Tissue sections were
dewaxed into water, and endogenous peroxidase activity
was blocked. Primary antibodies of PSGL-1 (1:50) and
SCARB2 (1:100) (Products from Vector Company, Cali-
fornia, USA) were added, and incubated overnight in a
refrigerator at 4 °C. Samples were then incubated with
horseradish peroxidase labeled (Mouse/Rabbit) IgG poly-
mers (Products from Vector Company, California, USA) at
room temperature, developed by DAB, re-dyed by hema-
toxylin and observed under microscope.

No histopathological changes and infective lesions were
found in the selected tissues. Results showed that SCARB2
was positively distributed in the intrapulmonary bronchial
epithelial cells, bronchiolar epithelial cells, alveolar cells
and macrophages (Fig. 1A-1C). PSGL-1 was positively
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«Fig. 1 Detection of EV71 in fatal patients’ lung and the histopathol-
ogy changes. A-F Expression and distribution of EV71 receptor
SCARB2 and PSGL-1 in the normal lung tissues (Immunohisto-
chemistry). SCARB2 was positively expressed in the bronchial
epithelial cells (black arrow) (A), bronchiolar epithelial cells (black
arrow) (B), alveolar cells (black arrow) and macrophages (red arrow)
(C); PSGL-1 produced a scattered pattern and was positively
expressed in the bronchial epithelial cells (black arrow) (D),
bronchiolar epithelial cells (black arrow) and macrophages (red
arrow) (E), while no expression was found in the alveolar cells (F).
G-L Pathological changes of lung tissues in fatal children with EV71
infection (HE staining). Protein edema in the alveolar space with
fibrin exudation was observed inside, and some alveoli were filled
with mononuclear cells, alveolar macrophages, exfoliated epithelial
cells and cell debris (G); the alveolar septum was widened, the
capillaries in the septum were highly dilated and congested, with
infiltration of inflammatory cells (H); intrapulmonary bronchitis and
bronchiolitis, diffuse or focal infiltration of inflammatory cells in the
wall and surrounding tissues (I, J); compensatory emphysema phe-
nomenon of ruptured alveolar wall and fusion of pulmonary alveoli
(K); the lymph nodes near the hilar bronchus indicated a reactive
hyperplasia, germinal center enlargement, paracortical zone atrophy,
and lymphocyte depletion (L) (black arrow). M-T Distribution of
EV71 antigen and inflammatory cells in the lung tissues of fatal
children with EV71 infection (Immunohistochemistry). CD3+ T
lymphocytes (M) and CD20+ B lymphocytes (N) were diffusely
distributed in the wall of bronchus and bronchioles and surround-
ing tissues; CD574 NK cells (O) and CD68+ macrophages (P) were
scattered in the widened alveolar septum and alveolar spaces; Virus
antigen was positive in the intrapulmonary bronchial epithelial cells
(Q), bronchiolar epithelial cells (R), alveolar cells (S) and macro-
phages (T) (black arrow).

distributed in a scattered pattern in the intrapulmonary
bronchial epithelial cells, bronchiolar epithelial cells and
macrophages; while no expression was found in the alve-
olar cells (Fig. 1D-1F). These results were consistent with
Jiao et al. (2014). Furthermore, EV71 receptors SCARB2
and PSGL-1 were expressed in the lung tissues; SCARB2
was more widely distributed than PSGL-1. These data
suggested that EV71 could infect lung tissues, with respi-
ratory tract as one of the portals of invasion.

Clinically, EV71 infection could cause fever, and
HFMD/herpangina, and it can be accompanied by central
nervous system diseases such as brain stem encephalitis or
lung injury. Previous studies have shown that lung injury
lesions are characterized by pulmonary congestion, dif-
ferent degrees of neurogenic pulmonary edema and pul-
monary hemorrhage, with no diffuse lung injury (Chang
et al. 1999; Kao et al. 2004; Jiang et al. 2012). Neurogenic
pulmonary edema is often caused by EV71 infection in the
brain stem. It was speculated that EV71 may first destroy
the specific regulatory function of the brain stem, causing
dysfunction of autonomic nervous system. This subse-
quently resulted in the excess fluid accumulation in the
lung interstitium and/or alveoli, forming interstitial and/or
alveolar pulmonary edema syndrome (Chang et al. 1999;
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Table 1 The EV71 nucleic acid detection result of cerebrospinal
fluid, brain, heart and lung tissues in 6 cases (positive cases/total
cases).

Specimens Cerebrospinal fluid Brain Heart Lung

Nucleic acid 3/6 6/6 1/6 4/6

Kao et al. 2004; Jiang et al. 2012). Moreover, it is clini-
cally characterized by acute dyspnea and progressive
hypoxemia, which is similar to acute respiratory distress
syndrome (ARDS) (Jiang et al. 2012). The pathological
changes of ARDS include dark red coloring of the lung
tissue and hyaline membrane formation and organization.

In this study, the bronchial and pulmonary tissues from
6 autopsy cases with EV71 infection were obtained from
the Department of Pathology at the First Affiliated Hospital
of Guangxi Medical University. Patients included in this
study were between 1 and 3 years old, and there were 4
males and 2 females. EV71 isolation and nucleic acid
detection in the cerebrospinal fluid, brain, heart and lung
tissues of 6 cases were all positive (Table 1, Supplemen-
tary Figure S1). HE staining was used to observe the
pathological changes. Immunohistochemistry was per-
formed to detect the EV71 antigen and kinds of inflam-
matory cells. Antigen retrieval was performed under high
temperature and high pressure after dewaxed tissue sec-
tions into water and blocking the endogenous peroxidase
activity. Samples were then incubated with the following
primary antibodies: EV71 (1:10,000, to label EV71 anti-
gen, provided by the National Infectious Disease Diag-
nostic Reagent and Vaccine Engineering Technology
Research Center, Xiamen University, China), CD3 (to label
T cells), CD20 (to label B cells), CD57 (to label NK cells),
CD68 (to label macrophages) (all purchased from Sigma,
New York, USA) at 4 °C overnight, following incubation
with horseradish peroxidase labeled (Mouse/Rabbit) IgG
polymers (Sigma products, New York, USA) at room
temperature was applied, developed by DAB, and observed
under microscope. The protein edema in the alveolar space
with fibrin exudation was observed. Some alveoli were
filled with mononuclear cells, alveolar macrophages,
exfoliated epithelial cells and cell debris in 5 out of 6
autopsy cases with EV71 infection (Fig. 1G). Also, fibrin
like exudates and hyaline membrane formation in some
alveolar cavities with moderately light pink stained exu-
dation in the alveolar septum and space, fibrinous exuda-
tion and pulmonary hyaline membrane were observed. The
alveolar septum was widened, and the capillaries in the
septum were highly dilated and congested (Fig. 1H). These
results confirmed the above speculation of neurogenic
pulmonary edema. The mortality of neurogenic pulmonary
edema remained high, thus remaining an important
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complication and main cause of death in children with
EV71 viral infection.

Interestingly, bronchitis and bronchiolitis, diffuse or
focal infiltration of inflammatory cells in the
wall and surrounding tissues, such as lymphocytes and
mononuclear macrophages around the bronchial wall
(Fig. 11, 1J), widened alveolar septum with infiltration of
inflammatory cells, and some mononuclear cells in the
lumen or/and alveolar space filled, alveolar macrophages
and exfoliated epithelial cells (Fig. 1G, 1H) were all found
in 4/6 dead infants with EV71 infection. These results were
consistent with the pathological changes of viral pneumo-
nia. Also, the phenomenon of compensatory emphysema of
ruptured alveolar wall, fusion of pulmonary alveoli
(Fig. 1K), and the lymph nodes near the hilar bronchus
demonstrated reactive hyperplasia, germinal center
enlargement, paracortical zone atrophy, and lymphocyte
depletion (Fig. IL). Furthermore, the distribution of
immune cells in the infected lung tissue was detected. T
cells (Fig. IM) and B cells (Fig. IN) were diffusely dis-
tributed in the bronchus and bronchioles and surround-
ing tissues; NK cells (Fig. 10) were distributed in a
scattered manner in the widened alveolar septum and
alveolar spaces; and macrophages (Fig. 1P) were mainly
located in the alveolar space. These data suggest that the
above immune cells may have an important role in the
local immune response of the lung tissue in critically ill
patients.

Literature reported that EV71 infection could cause
respiratory diseases, such as pharyngitis, laryngitis, bron-
chitis and pneumonia (Gilbert et al. 1988; Merovitz et al.
2000; Tsai et al. 2001). Although EV71 was not isolated
from the autopsy of lung specimens, EV71 RNA remained
positive (Vallet et al. 2009). To further confirm whether
EV71 could infect the lung tissues; immunohistochemical
method was used to detect EV71 virus antigen. Briefly, our
data showed that the viral antigen was positive in the
bronchial (Fig. 1Q) and bronchiolar epithelial cells
(Fig. 1R) and positively scattered in the alveolar cells
(Fig. 1S) and macrophages (Fig. 1T) in 4 out of 6 cases.
Furthermore, the distribution of viral antigen in the lung
tissues was consistent with that of EV71 receptor, indi-
cating that the lower respiratory tract of the lung also
remained the target tissue of EV71 infection. Therefore, the
above results suggested that lung injury was caused by
direct injury and/or immunopathologic injury of respira-
tory tract epithelium after viral infection.

Lung tissues of EV71 infected patients with severe
HFMD showed interstitial pneumonia and positive viral
antigens in the pulmonary epithelial cells and macro-
phages. This in turn suggested that, lung injury, in addition
to the neurogenic cause, might also be caused by EV71
infection that in turn invades the upper respiratory tract,

spreads to the lower respiratory tract, and then infects the
lung tissues. Therefore, severe EV71 infection is consid-
ered as a systemic virally infective disease. In addition to
the involvement of the central nervous system, the respi-
ratory system and lung tissues were also considered as the
main target organs of the virus. In critically ill children,
neurogenic damage and/or virus that directly infect the
lung causes pulmonary edema and interstitial pneumonia,
leading to respiratory and circulatory failures and even
death.
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