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A full-term, healthy male neonate was delivered by
caesarian section to a 26-year-old primigravida
woman who had a history of fever and upper respi-
ratory tract infection. On the fourth day of life, the
neonate developed a sepsis-like syndrome, acute
respiratory and renal failure, and disseminated in-
travascular coagulopathy. He died 13 days after
birth. Postmortem examination revealed jaundice,
anasarca, massive hepatic necrosis, adrenal hemor-
rhagic necrosis, renal medullary hemorrhage, hem-
orrhagic noninflammatory pneumonia, and severe
encephalomalacia. Echovirus type 6 was isolated
from blood, liver, and lungs. Although uncommon,
echovirus type 6 infection may produce a spectrum
of pathologic findings similar to those seen with the
more commonly virulent echovirus type 11.
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Echoviruses are single-stranded RNA viruses of the
genus Enterovirus of the family Picornaviridae that
may occasionally cause overwhelming disease and
death in neonates (1, 2). Of the 31 types of echovi-
ruses, type 11 is the most frequent cause of serious
neonatal morbidity and mortality, often presenting
as fulminant hepatitis, infection of the central ner-
vous system, or both (3). Echovirus type 6 infection
is an uncommon cause of neonatal mortality, with
only a few reported cases of severe or fatal neonatal
infection (3–7). We present the case of a newborn
infant with fatal echovirus 6 infection and describe
the unusual pathologic findings. We also review the
literature about severe neonatal echovirus 6
infections.

CASE REPORT

A full-term boy appropriate for his gestational age
was born via caesarian section to a 26-year-old G1P0

Latin American woman who had a medical history of
a well-controlled seizure disorder for which she was
receiving carbamazepine. She had received regular
prenatal care, with negative prenatal serologic tests
for human immunodeficiency virus, hepatitis B virus,
and syphilis. Two weeks before delivery, she experi-
enced fever and an upper respiratory tract infection.
At birth, the infant weighed 3838 g and had an Apgar
score of 9. The neonate was put under an oxygen
hood, then was later slowly weaned from it. On his
fourth day of life, the neonate developed fever
(38.6°C) and was observed to have decreased activity.
An area of hyperemia and swelling was seen on the
right shoulder. This area of swelling and redness in-
creased in size during the next few days. He received
ampicillin, gentamicin, ceftazidime, and acyclovir af-
ter blood was collected for viral and bacterial cultures.
Cranial ultrasonography results were normal.

On the fifth day of life, the neonate experienced
respiratory difficulty, which required intubation
and mechanical ventilation. He remained febrile
and developed oliguria that later progressed to re-
nal insufficiency. Sepsis and disseminated intravas-
cular coagulopathy were suspected, and blood and
blood products were provided. On the ninth day of
life, he suffered cardiopulmonary arrest twice and
remained neurologically compromised thereafter.
He was transferred to the University of Texas Med-
ical Branch at Galveston on his 12th day of life for
possible hemodialysis. Clinical diagnoses at admis-
sion included sepsis, respiratory failure, and renal
failure. Cranial ultrasonography at this time
showed periventricular leukomalacia, edema, and
intracranial hemorrhage. His condition continued
to deteriorate, and he died on his 13th hospital day.
A complete autopsy was performed 18 hours after
death.

Autopsy
External examination of the body revealed an

extremely edematous and jaundiced infant with no
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dysmorphic features or congenital anomalies. A 7-
by 7-cm violaceous cutaneous area with a central 1-
by 2-cm ulcer was present on the right shoulder,
and multiple ecchymoses were observed on both
upper extremities.

Petechiae were present in the epicardium, sub-
endocardium, and thymic surface. The thymus was
involuted (weight, 1.2 g; expected weight, 11.5 6
3.7 g). The liver appeared mottled, with pale, punc-
tate areas surrounded by hyperemic parenchyma
(Fig. 1A). Patches of the duodenum and ileum re-
vealed dark red, granular mucosa but no gross in-
traluminal hemorrhage (Fig. 1B). The remainder of
the gastrointestinal mucosa was hyperemic. The
kidneys were firm and dark brown, with blood-red
medullae. The spleen was dark red and soft. The
adrenal glands and periadrenal fat were markedly
hemorrhagic (Fig. 1C). The brain was extremely
macerated, fragmented, and autolyzed. Subarach-
noid hemorrhage and intraparenchymal cerebral
hemorrhage were noted. Mild lymphocytic menin-
gitis was also identified.

Microscopic examination of the liver demon-
strated massive and diffuse coagulative necrosis
with multiple foci of dystrophic calcification of ne-
crotic hepatocytes (Fig. 1D). The lungs contained
multifocal pulmonary intra-alveolar hemorrhage,
hyaline membranes, moderate lymphocytic and
macrophage infiltrate, and fibrinous exudates (Fig.
1E). There was extensive renal medullary hemor-
rhage, adrenal hemorrhage, and necrosis (Fig. 1F).
No viral inclusions were detected.

Microbiology Results
Postmortem samples of blood, lung, and liver

inoculated into Rhesus monkey kidney cell tube
cultures (BioWhittaker Inc., Walkersville, MD)
yielded cytopathic effect characteristic of enterovi-
rus on 2, 5, and 5 days after inoculation, respec-
tively. Screening with pan-serotype monoclonal an-
tibody mixtures (Chemicon International Inc.,
Temecula, CA) identified the isolate as an echovi-
rus. Final serotyping was performing by the Texas
Department of Health Bureau of Laboratories, Aus-
tin, and identified the isolate as echovirus 6.

DISCUSSION

Of the more than 30 echovirus types, echovirus
11 has been reported to be the most common cause

of serious neonatal infection (3, 8, 9), usually pre-
senting as hepatitis or central nervous system in-
fection. The reason for the relatively greater viru-
lence of this echovirus type compared with that of
other types is unclear (10). Other echovirus types
that have been documented to occasionally cause
fatal infection include types 7 (11), 9 (12), 14 (13),
and 19 (3, 14, 15). Echovirus 6, however, has only
rarely been documented as the cause of serious
morbidity and mortality. A review of the English-
language scientific literature yielded only five re-
ported cases of fatal echovirus 6 infections (3– 6)
(Table 1).

We report an infant infected with echovirus 6
who presented with shock, disseminated intravas-
cular coagulopathy, and renal failure. Necropsy re-
vealed hepatic necrosis, renal hemorrhage, adrenal
hemorrhagic necrosis, gastrointestinal hemorrhage,
and severe encephalomalacia. This septic picture
with hepatic necrosis and hemorrhage is reportedly
the most common presentation of a severe echovi-
rus infection (3). However, massive hepatic and
adrenal necrosis has been reported mostly in new-
borns with echovirus 11 at autopsy (16) and is not a
common observation in echovirus 6 infections. To
our knowledge, only one case of hepatoadrenal ne-
crosis in an echovirus 6 infection has been reported
aside from our case (5).

The clinical differential diagnosis is that of neo-
natal sepsis and includes bacteremia caused by
Escherichia coli or other gram-negative bacteria
such as Pseudomonas aeruginosa or by Streptococ-
cus agalactiae or other gram-positive bacteria such
as Staphylococcus aureus. In addition to dissemi-
nated enteroviral infection caused by an echovirus
or a coxsackievirus, disseminated herpesvirus or
cytomegalovirus should be considered. The mas-
sive hepatic necrosis particularly suggests neonatal
herpesvirus or echovirus infection. The hemor-
rhagic adrenal necrosis suggests bacterial sepsis
with disseminated intravascular coagulation or
neonatal herpesvirus or echovirus infection. In-
volvement of the leptomeninges can occur in any of
the above infections. However, prominent gross
hemorrhages in the renal medullae has been de-
scribed as a hallmark of echovirus type 11 infection.

The ideal method for diagnosis of echovirus in-
fections at autopsy is isolation and identification of
the virus from affected organs in cell culture (17–
19). A number of cell lines (RD cells, human rhab-

FIGURE 1. A, gross photograph of liver shows bright red parenchyma corresponding to congestion and hemorrhage into extensive regions of
coagulative necrosis. B, gross photograph of small intestine showing extensive hemorrhagic necrosis of the mucosa. C, gross photograph of cross
sections of adrenal glands shows hemorrhage largely replacing the cortex and medulla. D, photomicrograph of massive hepatic necrosis with
dystrophic calcification (arrowhead) and preserved viable cells in portal triads and periportal hepatic parenchyma. Hematoxylin and eosin; original
magnification, 503. E, photomicrograph of lung with alveolar hemorrhage, bronchial and bronchiolar fibrinous exudates, and interstitial pneumonia.
The adjacent lobule (lower left) shows only alveolar fibrin and interstitial pneumonia. Hematoxylin and eosin; original magnification, 1003. F,
photomicrograph of severe hemorrhagic necrosis of adrenal zonae fasciculata and reticularis and medulla with partial preservation of the zona
glomerulosa. Hematoxylin and eosin; original magnification, 503.
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domyosarcoma cells, green monkey kidney cells,
HeLa cells, human embryonic lung fibroblasts, and
primary monkey kidney cells) have been used rou-
tinely to isolate echoviruses. Although echoviruses
are thermostable in the presence of divalent cat-
ions, are acid stable, and do not have a lipid enve-
lope, viral infectivity is preserved for progressively
longer periods during transport or storage at 4°C,
220°C, and 270°C than at room temperature and in
the presence of antibiotics such as penicillin and
streptomycin. In addition to tissue samples such as
brain, lung, liver, lymph nodes, and heart muscle,
other samples including feces, intestinal contents,
intestinal wall, cerebrospinal fluid, cutaneous vesi-
cle fluid, and pharyngeal swab may be collected for
viral isolation. Because many echovirus infections
are asymptomatic and fecal shedding may be pro-
longed for several weeks, the recovery of virus from
only the feces should be interpreted cautiously.

Postmortem serologic diagnosis of neonatal
echovirus infection is generally not useful because
of the numerous serotypes, likely occurrence of
death before a detectable humoral immune re-
sponse occurs, and the presence of transplacentally

transferred antibodies to many of the enteroviruses
previously encountered by the mother (19).

Another useful diagnostic approach is reverse
transcriptase–polymerase chain reaction directed
against the highly conserved region at the 5' end of
the enteroviral genome (17, 18). Use of primers that
amplify type-specific regions of the genome and
sequencing of the amplified DNA products make
possible the identification of the virus. Electron mi-
croscopy seldom detects virus at concentrations
less than 107 particles per gram of tissue and does
not distinguish among the various picornaviruses.
Although numerous immunologic approaches to
detection of enteroviruses have been described,
none has achieved widespread, successful use.

Of the five cases of fatal echovirus 6 neonatal
infections described in the literature, three patients
represent illness with the entire course occurring
during the first 2 weeks of life, whereas one patient
presented with a later onset and a longer period of
illness, reaching 2 months of age (3– 6) (Table 1).
Two cases were associated with a maternal history
of upper respiratory tract infection, and in both
patients, delivery was performed by caesarian sec-

TABLE 1. Summary of Findings in Fatal Echovirus 6 Infections

Article Cases
Maternal

history
Delivery

Time of onset
and death

Clinical presentation Autopsy

Krous 1973 (5) 1 of 2 Upper
respiratory
tract
infection

Emergency CS for fetal
distress. Amniotic
fluid was foul
smelling, APGAR 4–7

Day 4; Day 9 Fever, jaundice, petechial rash,
hepatomegaly, edema, DIC

Massive hepatic necrosis, aseptic
meningitis, adrenal and renal
hemorrhagic necrosis,
petechiae on pleura, thymus,
epicardium, bladder, and
testes

Krous 1973 (5) 2 of 2 Healthy mother SVD, 2920 g Week 3; 2
months

Upper airway congestion,
diarrhea, lethargy,
periorbital edema, sclerema,
interstitial pneumonitis

Dysplastic thymus, lungs with
scattered focal hemorrhages,
edema, macrophage
infiltration, liver with
microscopic necrosis,
subarachnoid hemorrhage,
Candida albicans from thyroid
and kidney; echovirus 6 from
lung, liver, kidney, brain, and
colon

Carolane 1985 (4) 1 Healthy mother SVD, 35 weeks Day 5; Day 10 Septicemia, DIC,
hepatomegaly, ascites,
intraventricular hemorrhage

Massive hemorrhagic necrosis of
liver and adrenals, bilateral
renal medullary hemorrhages,
bilateral intraventricular
hemorrhage, fibrin thrombi in
small pulmonary vessels

Modlin 1986 (8) 1 Not provided Not provided Not provided Hepatitis Not provided
Boyd 1987 (6) 1 Fever, “cold,”

lower
abdominal
pain,
suspected
placenta
previa

CS, 36 weeks, 2853 g At birth; Day
14

Pneumonia, pulmonary
interstitial emphysema,
pneumomediastinum, and
pneumopericardium

Firm, tan, hypoaerated lungs
with marked septal thickening
and fibrous organization of
septa, chronic septal
inflammation with poorly
formed hyaline membranes,
spleen with focal necrosis, and
liver with centrilobular
necrosis

This case 1 Upper
respiratory
tract
infection

CS, full term, 3838 g Day 4; Day 13 Fever, respiratory insufficiency,
oliguric acute renal failure,
DIC, intracranial
hemorrhage

Massive hepatic necrosis,
adrenal hemorrhagic necrosis,
renal medullary hemorrhages,
hemorrhagic pneumonitis

DIC, disseminated intravascular coagulation. CS, delivery by caesarian section; SVD, spontaneous vaginal delivery.
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tion (5, 6). This history of maternal illness and cae-
sarian section delivery is similar to the patient we
studied. Two of the patients reported in the litera-
ture were infants born to healthy mothers. The
pathology of these five patients manifested as two
general presentations: disseminated intravascular co-
agulopathy with hepatomegaly, and pneumonitis.

Two of the reported patients had disseminated
intravascular coagulopathy with hepatomegaly,
hepatitis, or both, whereas two patients had pneu-
monitis (4 – 6). One patient presented with hepatitis
without disseminated intravascular coagulopathy
(3). Our patient was characterized by multiorgan
necrosis and hemorrhage consistent with dissemi-
nated intravascular coagulopathy and prominent
hepatic and adrenal necrosis, similar to the obser-
vations made by Carolane et al. (4) and Krous et al.
(5). One case of fatal pneumonia revealed pulmo-
nary interstitial fibrosis, septal inflammation, and
poorly formed hyaline membranes at necropsy (6).
The possibility that these changes may have been
attributable to hyperbaric oxygenation of the new-
born, however, could not be excluded (6). In the
patient we studied, hyaline membranes, lympho-
histiocytic inflammation, and hemorrhage were ob-
served without fibrosis.

In a study of 61 cases of perinatal echovirus in-
fection, Modlin (3) reported only a single case
caused by echovirus 6. This solitary patient with
echovirus 6 presented with hepatitis but without
hepatoadrenal necrosis. Among neonatal echovirus
infections, presentation with hepatitis is reported
to be highly associated with a greater mortality (3).
From other studies, echovirus 6 has also been
shown to present as herpes zoster–like vesiculo-
bullous eruptions, meningitis, or orchitis (20 –23).

Fatal echovirus is rare in adults and immuno-
competent children. It is postulated that neonates
are more susceptible to this infection, presumably
because of relative immunodeficiency and a lack of
transplacentally acquired neutralizing antibody to
the particular echovirus type. Male infants and pre-
mature neonates are more susceptible to echovirus
disease, although the precise reasons behind these
observations are not known (3).

Vertical transmission from the mother to infant
and nosocomial infections from hospital personnel
are the two major means of transmission to neo-
nates. Transplacental transmission has been sug-
gested as a mode of transmission in neonatal echo-
virus 11 infections (8). Echovirus 11 has been
isolated from amniotic fluid in a stillborn baby (24)
and from the cord blood of a neonate at birth (25),
supporting this theory. A transplacental route has
also been suggested for echoviruses 14 and 19 (13,
14). In Modlin’s review (3), approximately 70% of
the cases of echovirus infection were associated
with an acute maternal illness during the last 2

weeks of pregnancy, suggesting vertical transmis-
sion from mother to child in the perinatal period.
On the other hand, about 18% of the echovirus
infections were thought to have been acquired in
the postpartum period from hospital personnel by
direct contact with the neonates. In these cases, there
was no maternal history of illness, and interestingly,
the onset of illness appeared to be much later than in
those that were thought to be vertically acquired
(about 10 to 14 d versus 1 to 7 d postpartum). In
addition, infants with nosocomial echovirus infec-
tions developed severe hepatitis less often than the
other infants, resulting in a lower mortality rate.

Among the reported patients who died of echo-
virus 6, including the patient we studied, hepatic
necrosis and early neonatal death were seen in four
patients, the exception being one neonate who died
at 2 months of age. In the patient we studied, the
mother’s history of fever and an upper respiratory
tract infection 2 weeks before delivery suggest a
transplacental mode of virus transmission. The cae-
sarian mode of delivery rules out the possibility of
infection from perineal fecal contamination or cer-
vicovaginal sources.

In summary, a case of fatal neonatal echovirus 6
infection presented with shock, subtotal hepatic
necrosis, severe encephalomalacia, hemorrhagic
pneumonitis, and renal and adrenal hemorrhagic
necrosis. This report illustrates that echovirus 6,
although an uncommon cause of serious neonatal
disease, can produce a spectrum of changes similar
to that seen with the more commonly virulent
echovirus type 11.
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Book Review

Reichart PA, Philipsen HP: Color Atlas of Dental
Medicine, Oral Pathology, 304 pp, New
York, Thieme-Stuttgart, 2000 ($199.00).

This 304 page atlas is illustrated with superb
color clinical photographs of both intraoral and
cutaneous lesions of the head and neck. The
emphasis is on oral mucosal lesions, but there is
good coverage of odontogenic tumors and cysts,
salivary gland diseases, and non-neoplastic con-
ditions such as fibrous dysplasia, cherubism,
Paget’s disease, and giant cell granuloma. Appro-
priate imaging is included.

For the surgical pathologist I perceive several
problems with this atlas. First, many of the pho-
tomicrographs offer little diagnostic value be-
cause of the low magnification. When higher
magnification is included, the accompanying
discussion is often so limited as to be of minimal
value in a differential diagnosis.

Additionally, the atlas was not designed for
pathologists. The authors state in the forward
that this atlas is for practicing dentists and is
designed to assist them in diagnosing clinical
lesions observed in their patients. For that rea-
son, lesions are organized by location with the
limited discussion fragmented to several ana-
tomic areas. This arrangement is cumbersome,

often forcing the reader to refer to the index or
helpful diagnostic key section. Cross-references
are included in some of the text, but they are not
routinely present.

Another goal of this atlas is to provide
enough information to accurately arrive at a cor-
rect diagnosis. In some cases this would be im-
possible for those not already having a thorough
understanding of the disease. For instance, not
enough information is provided to differentiate
herpetiform aphthous from primary herpetic
gingivostomatitis or erythema multiforme. Simi-
lar difficulties would be encountered in a differ-
ential diagnosis involving fibrous dysplasia, scle-
rosing osteomyelitis, and cemento-osseous
dysplasia.

I would highly recommend this atlas to those
who are interested in high-quality clinical pho-
tographs of oral and facial diseases, but I could
not recommend it for histopathologic correlation
or clinical differential diagnoses.

Bruce F Barker, D.D.S.
Professor, Oral and Maxillofacial Pathology
University of Missouri-Kansas City
School of Dentistry
Kansas, City, Missouri
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