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Abstract

Neurologic diseases are important complications of measles.
The role of virus infection of the central nervous system as
well as the route of virus entry has been unclear. Five autop-
sied cases of individuals who died with severe acute measles
3-10 d after the onset of the rash were studied for evidence
of viral involvement of the central nervous system. In all
cases, in situ hybridization and RT-PCR in situ hybridiza-
tion techniques showed endothelial cell infection. Immuno-
peroxidase staining with an anti-ferritin antibody revealed
a reactive microgliosis. These data suggest that endothelial
cells in the brain are frequently infected during acute fatal
measles. This site of infection may provide a portal of entry
for virus in individuals who subsequently develop subacute
sclerosing panencephalitis or measles inclusion body en-
cephalitis and a target for immunologic reactions in post-
measles encephalomyelitis. (J. Clin. Invest. 1995. 96:2478-
2481.) Key words: encephalomyelitis * measles virus * sub-
acute sclerosing panencephalitis * microglia * blood-brain
barrier

Introduction

Many viruses infect endothelial cells, and such infection is often
an important component of the pathogenesis of those diseases
(1-10). Measles virus can infect endothelial cells in culture
(10) and has been visualized in vascular endothelial cells of
the thymus, liver and lymph nodes in cases of acute fatal mea-
sles ( 11). Infection of the central nervous system (CNS )' dur-
ing acute disease has not been described although measles virus
has been associated with various CNSsequelae.

Measles virus causes predominantly two types of CNScom-
plications. Subacute sclerosing panencephalitis (SSPE) is a rare
complication which occurs many years after acute measles and
is associated with viral infection of neuronal and glial cells.
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While virus cannot readily be cultured from the affected tissues
of these patients, viral antigens and nucleic acids are seen by
immunohistochemistry and in situ hybridization, and paramyxo-
virus-like particles are demonstrable on electron microscopy
( 12, 13). A somewhat similar progressive CNSdisease, measles
inclusion body encephalitis, occurs occasionally in immunosup-
pressed children ( 14, 15). The time and route of virus entry into
the CNS, for either of these diseases, is unknown. Postmeasles
encephalomyelitis, the most frequent CNScomplication of mea-
sles, is a demyelinating neurologic disease, thought to be auto-
immune in nature, that occurs at the time of acute measles (11,
16-19).

Recently, we have developed more sensitive techniques for
the localization of measles virus by in situ hybridization and
RT-PCR in situ hybridization, and have examined the brains of
individuals dying with acute measles. Wehave found vascular
endothelial cells in the brain to be infected frequently during
acute fatal disease. This infection may provide a route for virus
entry and could facilitate the development of postmeasles en-
cephalomyelitis.

Methods

Autopsy tissue. Autopsy material from five patients with acute fatal
measles cases was prospectively acquired at Hospital del Nifno, Lima,
Peru, between 1983 and 1985. These patients died of pneumonia be-
tween 3 and 10 d after the onset of the rash. The age range was 6 mo
to 5 yr. Table I describes the patient characteristics. Control brains were
obtained at the Johns Hopkins Hospital from three patients with AIDS,
heart failure, and an encephalitis of unknown etiology. The material
from Johns Hopkins had been formalin-fixed and paraffin-embedded
in routine fashion, and the Peruvian material was fixed for 18 h in
paraformaldehyde-lysine-periodate-glutaraldehyde, washed in buffer,
and embedded in paraplast. Antigen detection studies and in situ hybrid-
ization with an 35S-labeled RNAprobe of these cases have previously
been reported (11).

In situ hybridization. Sections were deparaffinized in fresh xylene
for 10 min, rinsed twice in 100% ethanol for 10 min, then allowed to
air dry. Sections were rehydrated through graded ethanol dilutions, then
washed three times in lx PBS for 5 min. 300 sl of prehybridization
solution (deionized formamide, 5 ml; 20x SSC, 2 ml; 5Ox Denhardt's
solution, 0.2 ml; denatured herring sperm DNA [10 mg/ml], 0.5 ml;
yeast transfer RNA [10 mg/ml], 0.25 ml; 50% dextran sulfate, 2 ml;
final volume of 9.95 ml) was added to each slide, and slides were
incubated in a moist chamber for 1 h. After prehybridization, slides
were placed in 2x SSC briefly then 30 il hybridization solution was
applied per slide. Hybridization solution was prepared by placing -35
pmoles of labeled oligonucleotide (anti-sense fusion protein probe, 5'
to 3': AGGACTCTGTGTCGACGTGAGTTATCCGGC;sense fusion
protein probe, 5' to 3': CCCGGATAACTCACGTCGACACAGAGT-
CCT) into 1 ml of prehybridization solution. Oligonucleotide was la-
beled as follows. From a DNAtailing kit (Boehringer-Mannheim, India-
napolis, IN), 5 ILI of 5X potassium cacodylate in Tris buffer (pH 6.6),
CoCl2 (6 1l of 25 mMsolution), dATP (2 sl of .05 mMsolution),
digoxigenin-l l-dUTP (2 Al; Boehringer-Mannheim), sterile water (3-
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Table I. Description of Cases

Duration (onset of
Case Age Premortem neurologic evaluation rash to death)

318 6 mo seizures, papilledema 10 d
430 9 mo no focal neurologic signs 8 d
519 5 yr no focal neurologic signs 3-4 d
527 1 yr no focal neurologic signs 8 d
542 2.25 yr somnolence, hypertonia, bilateral 4 d

Babinski signs, hyperactive
deep tendon reflexes

5 sl), and terminal transferase ( 1 kl) were added to 1 Al of oligonucleo-
tide (200 nM) and incubated for 5 min at 37°C. Slides were covered
with parafilm and placed in a moist chamber at 37°C overnight. Slides
were washed twice in 2x SSC at room temperature for 10 minutes,
0.1 x SSC at 37° for 20 minutes, then once with 0.1 x SSC at room
temperature for 5 min. Immunologic detection was accomplished with
the Genius Non-radioactive Nucleic Acid Detection Kit (Boehringer-
Mannheim). Sections were washed in Buffer 1 (100 mMTris-HCL;
150 mMNaCl; pH 7.5) for 1 min. Slides were then incubated in Buffer
1 containing 2%normal lamb serum (GIBCO BRL, Gaithersburg, MD)
and 0.3% Triton X-100 for 30 min. Anti-digoxigenin antibody conjugate
(25 nmoles) was diluted 1:500 and placed in Buffer 1 containing 2%
normal lamb serum and 0.3% Triton-X 100. 100 sl of this solution was
placed onto each slide, covered with parafilm, and incubated in a humid
chamber for 4 h. Slides were washed for 10 min with shaking in Buffer
2 (100 mMTris-HCL, 100 mMNaCl, 50 mMMgCl; pH 9.5). 500 tl
color solution (45 .l nitroblue tetrazolium, 35 pl X-phosphate [5-
bromo4-chloro-3-indoyl phosphate; Boehringer-Mannheim] with 2.4
mg levamisole [Sigma Chemical Co., St. Louis, MO] placed in 10 ml
Buffer 2) was placed on each slide, slides were covered with parafilm
and incubated in a humid chamber in the dark overnight. Reaction was
stopped by placing slides in Buffer 3 (10 mMTris-HCl, 1 mMEDTA,
pH 8.0). Slides were dehydrated in graded alcohols and mounted.

Immunoperoxidase staining. Representative slides were prepared
for immunocytochemical staining, some of which had already been
hybridized to measles virus as described above. Slides were deparaffin-
ized, hydrated, and rinsed with tap water for 5 min. Sections were
incubated for 30 min in 0.3% H202 in methanol, washed in lx PBS
for 20 min, then blocked for 20 min with diluted normal rabbit blocking
serum. Slides were incubated overnight at 4°C with anti-glial fibrillary
acidic protein (0.21 mg) or anti-ferritin (6.8 ,ug). Slides were washed
in l x PBS for 10 min, then incubated for 30 min with diluted biotinyl-
ated anti-goat antibody (Vectastain ABC, Vector Laboratories, Burl-
ingame, CA) using 50 Al of antibody stock with 150 1I normal blocking
serum and 10 ml PBS. Slides were washed in l x PBS for 10 min, then
incubated for 30 min with the Vectastain ABC reagent. After a 10-
min wash in PBS, slides were incubated in peroxidase substrate (3,3'-
diaminobenzidine tetrahydrochloride [Sigma Chemical Co.]) for 2-7
min as a chromogen, then washed in tap water for 5 min. Selected slides
were counterstained with hematoxylin.

Reverse transcriptase-PCR-in situ hybridization. Deparaffinized tis-
sue sections were rehydrated, digested with 50 jig/ml of proteinase K
[Boehringer-Mannheim] for 10 min at 37°C, post-fixed in 4%paraform-
aldehyde for 5 min then washed in PBS. Sections were then incubated
with 20 units of RNAse-free DNase (Boehringer-Mannheim) at 37°C
overnight. Slides were washed in PBS and dehydrated. Then 40 ,l of
cDNA synthesis mixture (50 mMTris-HCL, 6 mMMgCl2, 10 mM
dithiothreitol, 100 mMNaCl, 200 kM concentration of each dNTP
[Boehringer-Mannheim], 25 tM avian myeloblastosis virus reverse
transcriptase [Boehringer-Mannheim] and 40 pmoles of an antisense
measles virus-specific fusion protein primer (5' to 3': CTTGAGAGC-
CTATGTTGTACG)and/or oligonucleotide primer p(dT) 15 [Boeh-

ringer-Mannheim]) was applied for 1 h at 420C. Slides were washed in
PBS and dehydrated. For amplification of cDNA, 30 /A of PCRreaction
mixture (300 pM of each dNTP, 30 pM of each fusion protein primer
[upstream primer; 5' to 3': GGCA1TfGAGGCAATCAGACA;and
the downstream primer used in the cDNA synthesis mixture], 5 units
Taq DNApolymerase [Boehringer-Mannheim], 2.5 mMMgCl2, 10
mMTris-HCl, 50 mMKCl) was placed on each slide under silanized
coverslips at 62°C and sealed with nail polish. 15-25 cycles of PCR
was performed in a Biosycler Oven (Integrated Separation Systems,
Natick, MA) using the following conditions: denaturation at 940, anneal-
ing at 550, extension at 72°C, each for 30 s. Coverslips were then
removed and tissue was washed in PBS. After dehydration, amplified
DNAwas denatured in prehybridization solution (as above) and hybrid-
ized to a digoxigenin end-labeled sense fusion protein probe (since
reverse transcriptase-PCR yields a double-stranded DNAproduct, anti-
sense probes were not specifically required) at 45°C for 18 h. A nonsense
probe homologous to the lacZ' region in pUC and M13 plasmids was
used as a control (Boehringer-Mannheim). Color development was per-
formed as described above for in situ hybridization.

Results

Endothelial cell staining by in situ hybridization and RT-PCR
in situ hybridization in acute fatal measles. In situ hybridization
using the antisense oligonucleotide probe (detects fusion protein
mRNA) revealed endothelial cell infection in 5 of the 5 cases
of acute fatal measles studied (Fig. 1 A). Other CNScells were
not positive. Sense probes (Fig. 1 B) and nonsense probes in
acute measles brains as well as antisense probes in normal,
AIDS, and viral encephalitis brains, did not react with endothe-
lial or other cells (data not shown).

To determine whether other brain parenchymal cells may
be infected, but not detected by routine in situ hybridization,
reverse transcriptase (RT)-PCR in situ hybridization was per-
formed to increase the sensitivity of the assay. Endothelial cells
were again positive in acute fatal measles without evidence of
infection of other cells (Fig. 1 C). Sensitivity was increased
since the staining was somewhat darker and there was an in-
crease in the numbers of endothelial cells staining positively as
compared to the regular in situ hybridization technique. Non-
sense probes were negative (Fig. 1 D) as were antisense probes
of the three control brains stated above (data not shown). Addi-
tionally, immunohistochemical staining was performed for both
measles virus antigen and the serum proteins albumin and hap-
toglobin to determine the integrity of the blood-brain barrier.
In the cases of acute fatal measles, there was evidence of paren-
chymal uptake of albumin and/or haptoglobin; this was most
dramatic in the areas where the endothelial cells stained most
frequently for measles virus antigen (data not shown).

Reactive microgliosis. Immunocytochemical staining of
brains from acute measles patients was performed for ferritin
and glial fibrillary acidic protein (GFAP) as an indication of
microglial or astrocytic reactivity respectively (20, 21). The
amount of GFAP staining was not different between measles
and controls (data not shown). The amount of ferritin staining
was increased in acute measles (Fig. 1 E) compared with a
normal control brain (Fig. 1 F), indicative of a reactive micro-
gliosis.

Discussion

These studies have shown that in acute fatal measles, brain
endothelial cells are frequently infected. Microgliosis, while
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Figure 1. (A and B) Endothelial cell staining in the brain of a patient with acute fatal measles by in situ hybridization using a measles virus probe
(A, antisense probe; B, sense probe). (C and D) Endothelial cell staining in the brain of an additional patient with acute fatal measles by RT-PCR
in situ hybridization (C, sense probe; D, nonsense probe). (E and F) Increased ferritin staining in acute fatal measles (E), as compared with
normal staining in a control brain (F). x200.

nonspecific, is indicative of a CNS insult and is known to be
present in various types of encephalopathies (22-24). Leakage
of the intravascular molecules haptoglobin and albumin is sug-
gestive of an impaired blood-brain barrier. Since endothelial
cell infection with measles virus in vitro has been shown to
alter such endothelial cell functions as membrane permeability
and cytokine expression, these observations may provide clues
to the pathogenesis of some acute and postmeasles CNScompli-
cations (11, 25).

These studies suggest that in cases of SSPE, initial virus
entry into the CNSmay occur at the time of acute infection.
Wewould postulate that parenchymal cells adjacent to infected
endothelial cells may occasionally become infected initiating a
slowly progressive process that leads to SSPE. That this is
unusual is underscored by our failure to detect other infected

CNS cells in our cases of acute fatal measles. Some reports
have indicated that endothelial cells may continue to be infected
in the late stages of SSPE (26).

In summary, measles virus infection of CNS endothelial
cells is common in young children with acute fatal measles.
Infection of these cells may contribute to the morbidity and
mortality of measles by compromising the function of the blood-
brain barrier and by providing a route of entry for virus into
the brain parenchyma.
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