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Abstract: We report an 8-month-old female infant with the fatal enterovirus 71 infection here. Clinically, she devel-
oped respiratory failure and severe pulmonary edema rapidly. Histologically, the lung specimen showed diffuse, 
severe pulmonary congestion and edema with focal intra-alveolar hemorrhage and typical features of acute en-
cephalitis were easily identified under light microscope. Immunohistochemically, enterovirus 71 antigen was posi-
tive in the cerebella and brainstem. We measured the viral loads of different tissues and found that the brainstem 
and mesenteric lymph nodes showed the highest viral loads among all tissues. We hope that our case report may 
help to have a better understanding of the enterovirus 71 infection and provide clues to the prevention and treat-
ment of this disease.
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Introduction

Enterovirus 71 (EV71) is a small, single-strand-
ed, positive-sense RNA virus, which belongs to 
the family of Picornaviridae. An EV71 infection 
typically causes hand, foot, and mouth disease 
(HFMD) with mild symptoms, most frequently 
affecting children. However, several reports 
from Asia-Pacific region have indicated that 
patients present neurological manifestations, 
suggesting EV71 is a neurotropic pathogen 
[1-5]. Patients with severe EV71 infection often 
have brainstem encephalitis, aseptic meningi-
tis and cardiorespiratory dysfunction. The 
pathogenesis of this disease is incompletely 
understood. In this case, we report an 8-month-
old infant with the fatal EV71 infection and ana-
lyze the histopathological and virological 
features.

Case report 

An 8-month-old female infant with fever and 
drooling was brought to hospital on May 1, 
2008 (day 1). On physical examination, blisters 

were found on hands and feet. An ulcer was 
seen in pars laryngea pharyngis. Therefore, 
anti-inflammatory and anti-viral therapeutic 
regimes were administered in outpatient ser-
vice. At 4:35 pm of May 5 (day 5), the baby was 
transported by ambulance to the emergency de-
partment of our hospital because her parents 
noted that the baby had developed hyperspas-
mia and become unresponsive. On admission, 
the body temperature was 38.1°C, heart rate 
was 200/min, and respiratory rate was 60/
min. She had severe tachypnea and lung rales 
on auscultation. Physical examination revealed 
a few erythematous macular rashes and pap-
ules on her palms and soles. The throat was 
congested and multiple ulcers scattered in the 
oral cavity. Muscular spasm was found in her 
limbs with positive reflex of Babinski’s sign. 
Laboratory examinations revealed: white blood 
cell count, 14.6×109 cells/L; neutrophilic granu-
locyte count, 9.5×109 cells/L. During hospital-
ization, her condition deteriorated rapidly and a 
large amount of pink frothy fluid was aspirated 
from the lung when she was endotracheally in-
tubated. Despite the resuscitation efforts, she 
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was declared dead with respiratory failure and 
severe pulmonary edema at 6:50 pm shortly 
after arriving at the hospital. Past medical his-
tory revealed that she was delivered vaginally 
at 40 weeks’ gestation after an uncomplicated 
pregnancy and had received scheduled immu-
nizations.

Informed consent for autopsy was obtained 
from the child’s parent and a complete autopsy 
was performed 6 hours after death. The brain 
revealed mild cerebral edema with shallow 
sulci and flattened gyrus. But there was no evi-
dence of herniation. No obvious hemorrhage 
and necrosis were seen in the brain parenchy-
ma. Both lungs showed significant pulmonary 
congestion, edema, and local hemorrhage. 
Some enlarged mesenteric lymph nodes were 

seen. The heart appeared normal. No visible 
abnormal findings were noted in other organs.

On histology, the lung specimen showed dif-
fuse, severe pulmonary congestion and edema 
with focal intra-alveolar hemorrhage. Neutrophil 
and histomonocyte infiltration were prominent 
focally. Notably, viral inclusions were absent. 
Regeneration and hyperplasia of the bronchi 
were observed. Some sections showed fea-
tures of early exudative-stage diffuse alveolar 
damage (DAD) (Figure 1A). Although encephali-
tis and cortical laminar necrosis were not mac-
roscopically diagnosed, typical features of 
acute encephalitis were easily identified under 
light microscope. These features include mild 
lymphocytic infiltration in the meninges, dense 
perivascular lymphocytic infiltration in the 

Figure 1. Histological findings of the main tissues of the autopsy. Lungs manifested as typical severe pulmonary 
congestion and edema with focal intra-alveolar hemorrhage (A); Sleevelet-like inflammatory cells infiltrated around 
the blood vessel in the brain. The cerebellum and brain stem showed the inflammatory cell infiltration (B-D); The 
thymus showed follicular hyperplasia (E); The spleen was congested with phagocytes and mononuclear cells (F); 
The mesenteric lymph nodes showed mild lymphoid hyperplasia and congestion (G); There was slight histological 
change in the mucosa of the alimentary tract with only a mild degree of focal monocytes, lymphocytes infiltration 
(H); The heart showed mild local exudation with a small focus of mononuclear cell infiltration in the myocardium. 
The myocardial cells were intact without degeneration and rupture (I).
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parenchyma, extensive microglial proliferation, 
formation of some glial nodules, and cuff like 
inflammatory cells infiltrating around the blood 
vessel (Figure 1B-D). Thymus tissue showed 
mild thymic dysplasia with follicular hyperpla-
sia. Spleen was infiltrated with phagocytes and 
monocytes, which indicated slight hypersplen-
ism. To further characterize the histological 
changes, we also observed the secondary lym-
phoid organs among which the mesenteric 
lymph nodes appeared mild lymphoid hyperpla-
sia and congestion (Figure 1E-G). In addition, 
there were some small scattered areas of lym-
phoid necrosis with hemorrhage, edema, and 
fibrin accumulation. The histological features of 
other tissues were nonspecific. There were 
slight changes in the mucosa of the alimentary 
tract with focal monocytes, lymphocytes infil-
trating and some intestinal epithelial cell necro-
sis, but without formation of pseudo membrane 
(Figure 1H). The heart showed mild exudation 
with a small number of monocytes infiltrating 
focally in the myocardium. Ultrastructural 
observation showed that organelles within the 
myocardial cell were intact without degenera-
tion and rupture. Nevertheless, no myocyte 
damage or viral inclusion was observed (Figure 
1I).

The immunohistochemical analysis for EV71 
clearly showed positive staining in the cyto-
plasm and nucleus of neurocytes at the areas 
of the cerebrum, cerebella and brainstem. 
Approximately 2/3 cerebellar granule cells 
were strongly positive. Moderate numbers of 
Purkinje cells displayed an intracytoplasmic 
and intranuclear staining. Neuron was negative 
for EV71 antigen in the brain, but it was partly 
positive in the brainstem (Figure 2A-C). 

To further study the distribution of EV71, we 
also measured the viral loads of different tis-
sues by the method of Real-time PCR. The 
brainstem and mesenteric lymph nodes 
showed the highest viral loads among all tis-
sues, while the ileum and stomach were lowest 
(Figure 3).

Discussion 

EV71 was firstly isolated in California, USA in 
1969. Its infection has been a major public 
health issue across the Asia-Pacific region [1]. 
Neurological complication and cardiopulmo-
nary dysfunction have become notable fea-
tures in EV71 epidemics in Asia, and were the 
primary cause of death [2-4]. However, the bio-
logical determinants of these differences are 
poorly understood. Only a few autopsy cases 
are reported and the pathologic features of 
EV71 infection are not well documented.

Human beings are the only known natural hosts 
of human enterovirus. The speculated replica-
tion cycle of EV71 is similar to those known 
polioviruses [5]. Generally speaking, initial 
polioviruses replication is presumed to occur in 
the lymphoid tissues of the tonsils and small 
bowel. Then the viruses invade mesenteric 
lymph nodes, giving rise to mild virusemia. 
Further dissemination of enterovirus to the 
reticuloendothelial system, liver, spleen, bone 
marrow, heart, lung, pancreas, skin, mucous 
membranes and CNS coincides with the onset 
of clinical features. In this case, the powerful 
evidence for viremia was clear, for various tis-
sues were positive for viral nucleic acid. 
Elevated serum enzymes also indicated that 
viremia may occur. The viral loads implied dis-
seminated infection and the differences in viral 

Figure 2. Detection of VP1 protein of EV71 by immunohistochemistry staining method. In cerebella, 2/3 cerebel-
lar granule cells were strongly positive and moderate numbers of Purkinje cells displayed an intracytoplasmic and 
intranuclear staining (A); Neuron was negative for EV71 antigen in the brain (B); Neuron were partly positive in the 
brainstem (C).
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Figure 3. Detection of EV71 in each tissue by real-time RT-PCR. A1: Heart blood; B1: Thymus; C1: Heart; D1: Mesen-
teric lymphoid node; E1: Ileum; G1: left lower lung; H1: Right lower lung; A2: Spleen; B2: Liver; C2: Kidney; E2: Brain 
stem; F2: Cerebellum; G2: Cerebrum; H2: Gastric wall; B3: Positive control.
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tropism. The brainstem and mesenteric lymph 
nodes showed the highest viral loads of all tis-
sues, while the ileum and stomach were lowest. 
Based on the above results, we therefore 
assume that digestive system is not the prima-
ry target organ during the period of viremia, 
which is consistent with clinical manifestation 
of patients who often have no or only slight gas-
trointestinal symptoms in EV71 infections. 
Therefore, our result supported the opinion 
that mesenteric lymph nodes are viral replica-
tion sites and the brain may be the primary tar-
get organ.

The features of this case were well document-
ed with a series of pathological analysis. We 
believe that the main cause of death was pul-
monary failure because both lungs showed 
marked congestion, edema, and focal hemor-
rhage while the heart showed only foci of mono-
cyte infiltration without obvious myocyte necro-
sis and fibrinolysis. The pathological evidence 
was insufficient to prove that cardiac dysfunc-
tion was the major contributor to pulmonary 
edema. Different from previous study that EV 
71 RNA was not detected in the lung [6-8], we 
found high viral loads in lungs. It is unknown 
whether the virus directly damage lung tissue 
or fulminant pulmonary edema is neurogenic. 
Its mechanism needs further investigation. In 
previous reviews, the pathogenesis of brain 
stem encephalitis has been the main subject, 
but is not entirely clear. In our case, the pres-
ence of brain injury was panencephalitis, 
including cerebrum, cerebella and brain stem. 
Although both previous reports [9] and our ani-
mal models (the results were not published) 
proved that spinal cord was damaged, patho-
logical examination of this autopsy case dem-
onstrated very mild inflammation and non-spe-
cific changes. It was not sufficient to explain 
that EV 71 involvement of CNS resulted in neu-
rogenic cardiopulmonary failure and even 
death. 

The virus in this case has been identified as the 
human enterovirus type 71, belonging to 
Cluster C4a, basically similar to the epidemic 
genotype in mainland China and neighboring 
countries. Correspondingly, the deduced amino 
acid sequences revealed that there were amino 
acid changes in H22R and A289T [10]. For 
polioviruses, the 5’untranslated region and VP1 
genes contain virulence determinants. Phy- 
logenetic analysis of EV71 based on the struc-

tural VP1 gene identified three independent lin-
eages of EV71, designated A, B, and C [11]. 
Subgroup C4 has become the predominant cir-
culating subtype in mainland China, Japan, 
Vietnam, and Taiwan after 2000 [4, 12-14]. The 
relationship between the gene types of EV71 
virus and the factors that contributed to its sur-
vival, transmission and evasion of immunity is 
still unclear [15]. Several researchers have, 
therefore, examined the relevant nucleotide 
sequences to compare isolates from fatal and 
non-fatal cases, but most isolates have been 
identical or nearly identical without unanimous 
conclusion [16, 17]. In our study, there were 
amino acid changes in H22R and A289T [10], 
but more strains from fatal cases and more 
data are required to prove that the virulence 
determinants of the strain have key roles in the 
pathogenesis of severe neurological complica-
tions. As a matter of fact, the biological deter-
minants of enterovirus 71 are poorly under-
stood. Further research is needed on virus epi-
demiology, pathogenesis, and control. Our 
studies should provide clues to the prevention 
and treatment of this devastating illness.
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