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MEDICAL INTELLIGENCE

HUMAN INFLUENZA INFECTION WITH
’ PROVED VIREMIA*

Report of a Case
Kurasu Naricy, M.D.}

BOSTON

LTHOUGH  there is some indirect evidence in

the medical literature that viremia may occur
during human influeniza infections® the isolation
of this virus from a patient’s blood has not, to the
best of my knowledge, been reported. The present
communication describes the isolation of influenza
virus Group A, Type 2, from both the blood and
throat secretions of a patient with clinical manifes-
tations of influenza.

0

Oct. 31, 193

118, Ungar, I., Tomich, E. G., Parkin, K,
Eﬂs prridoxine on sction of i :3 iaxid, L“'a‘ld M“ Iem‘ P w.
uz. buan, L. lan, N, lowick, S,
lwh’uou a:d b peruao fi” nicotinic ' “d et
nula);\u of di hopymhu nucieotide. J. Biol, Clm- g’ 460

18, Idem. Eftect of lsonicotinic oeld hydraside on di
eueotdas: 1, Bt e e 's‘s," g diphosphoprriding
U9, Schacler, W. B. Efect of isoniarid

.w,mmm-.. baesiony, I . ¥ z:s. s, 533" sedii of

120, H, P, and Barchhy, W, R. Eff
b R T oy Rewr Tubere. T m-m Bonisid on lipide of

21, Boone, I, U., and Woodward, K. T. Reladoship of 3
nd It derivati g'“‘h!lu
';,'" M"fu'ﬁ'd" 3’2‘?2“2'5? 09'6;':"“ of isoniaxid. Pros. $ae,

The white-cell count was 10,650, with-60 per cent ncutro.
phils, 23 per cent band forms, is per cent lymphocytes, | per
cent_monocytes and | per cent basophils. e hemalocm
was 51.5 per cent, and the corrected erythrocyte sedimenta.
tion rate 4 mm. _per hcur Throat culzun grew alpht-bemo.
“Tytic p i and Dip. ? P ) cul-
ture revealed alpha-hemolyuc i, D. p
Staphylococeus aureus and Escherichia coli,  Febrile ag
glunnnuon tests, including typhoid O and H, paratyphoid

A and B, Brucella abortus an?Pmlnu X-19, were negative,

The temperature on admission was 99.4° F and on the
lollowing day the patient experienced shaking hitls and the
temperature rose to 103.6°F. On the 3d and 4th days the
temperature did not rise over 100.2°F,, but on the 5th day
he again had.a s}nhng chill accomp anied by a rise in tem-
perature to 102.8°F, From the 6th day on, he had only low.
grade fever and noted a mduzl dmmuuon of the marked

He b y afebrile on the 9!1': ho«pllal
day. An el di btained on the 3d hospital day
sbowed flattened T waves in Lead V. A chest Alm on the
4th day revaled thn the hun wu somewhat enlarged in
with films taken after the
previous bout of pencardu{l Fluorolcory on the 6th day
showed enlargement of the lelt ventricle. Five days later
an electrocardiogram revealed a normal T wave, and a chest

showed normul card:ac size and ;hape.

Onthe 2d b 1 ined for at-
témpts st viral uolltion 'ﬁlcse mduded cloued blood, a
throat wash and a stoo} lpecxmen that was made up as &
10 per cent suspension in ti

Aliquots of each of these specimens (0.2 ml.) were inocu-
lated into both primary grivet monkey-hdney and human-
amnion cell cultures as well as into the amniotic sac of

2-day-old embryonated hens’ e‘gg: Inoculated cultures and

uninoculated controls were tested for hemadsorption 8 or 10

days after i 1 jotic fluid of i lated and

Case Rerort control eggs was harvaud on the 5th to the 7th day after

. ., inoculation and tested for hemagglutinating factors, Table |

Three days before admusxon a 40~yelr-old noted the results of the laboratory- tests involved in ‘the
the onset of severe h _" ‘ong{n.,l"' and” of the ageat.

did pot believe that he. was febrife. This continued umil ination-inkibitio tests with guinea-pig red cclls

the day before admission, when he noted shaking chills, and
the temperature rose to 104°F, At that time he felt con-
fused and samewhat restless. On the morning of admission
to the Peter Bent Brigham Hospital he had several bouts of

" _shaking chills followed by fever,

At 32 years of age an cpisode of fever accompanied by
chiest and arm pain had resulted in hospitalization and a
dnzmumo( ldlopnhé:: pedmdlds. At the E:’e of dxsd:ax(e

-No i i infl had been uken

at any time,
Phydcal inati led no ab lities other than
Jarged thyroid gland, Throughout the hospital course

tbclunnwendurtc jon and ltation, and the
heart sounds were normal, without any murmur or rub,

wer: used as a means of identifying the agent present in
ampniotic fluid that had been inoculated with passage male-
rial, Tesu in nccotdanu wnh l.bc hemaggluumuon-mh‘bt-

tion I on
Serological Proced in I dies* led no in-
hlbmon with antibod to infl A (PR.8) and

B (Arizona) strains. ‘Antiserum to influenza Group A, Type
2 (Asian), inhibited hemagglutination by both the blood and
the throat. agent m dilutions up through 1:180. Sulse-

the agent thus identified was re-
isolated in eggs from both blood and throat specimens
Table 1),

Using blood obtained on admissi uan te-phasc and
blood obtained 2 weeks after admission ‘as a \
rhue specimen, an assay was done for hemagglutination-
n)ubxdon antibody. The blood agent, throat agent and 2

d strain of infl virus Group A, Type 2, were all

rora the Research Divislos of Infectious Diseases, Children’s Hos
Mlsmud

ul (A
g; W&lw,ﬂﬁmd

vesearch grant ‘B-!m&.lnn lhe Publae

xusnu- Lﬁ'ﬁmm mu chu. i s m

- used as antigens. The acute-phase blood in dilutions as low
as 1:5 did not inhibit hemauluunauon with any ol the 3

agents, wh the
hcmxgglmmndon by blood, throat and stmdard antigen
uwul influenza virus Group A, 'l'ype 2, in dilutions through

g Vol. 269 NO 18
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Tasre 1. Summary of Attempts to Isolate Influenza Virus from Various Materials.

MaremarL Resuivs or Ist AtTomrr® Rxsuivs or 20 Arresert
ORIGINAL INDGULAVION - 15T rASIAGE ORIGINAL INOCULATION 187 rassace
humsn  gricet eaet Auman grivet oert grivet . eqrt grivet eet identificationt
smaion  monkey omuion  monkey monkey - monkey
Iney kidney kidney kidney
- - - + + - + + +  Infuenta virus Group A,
“Throat + Typs 2 '
- - + + + + + TuBuenza vieus Group A
Blood + + + £ ey, 3
Stool - - - - -
Controls - - - - - - - -

*Virus recovered,
$7-day-old embryonsted hens' eus, Inoculated intra-amniotically.
$By hemaggiutination-inhibition tests.

An attempt was made to determine the amount of virus
present in both the blood and throat specimens. Serial half-
lug dilutions were made of both specimens and then inocu-
fated into eggs. Only the undiluted specimens were positive,

Discusston

Repeated isolation of influenza virus Group A,
Type 2, from a specimen of this patient’s blood gives
clear evidence that on occasion viremia may occur
in influenza caused by this agent. A report of the
detection of influenza virus from the liver, spleen,
kidney, heart and lymph nodes of patients who died
during the outbreak of Asian influenza in 1957%
strongly suggests that the virus might enter the cir-
culation during the course of the.discase. The report
of isolation from human urine by another’ investi-
gator® affords additional evidence that viremia may
occur. Hamre, Appel and Loosli* have shown that
viremia may be established in mice after intranasal
inoculation of influenza virus Group A (PR-8). A
low titer of virus was sporadically demonstrable in
the blood only of mice that had a high viral concen-
tration in their lungs. These investigators suggested
that viremia in mice might arise as a result of a
spillover from the pulmonary focus. If one accepts
such a h in infl ion, it
scems logical to look for viremia at the peak of
pulmonary infection rather than at an earlier stage.

Loosli and his co-workers® have shown that in
mice given airborne influenza: infection, both pneu-
monia and antibody to the agent develop.. When

mice are given influenza antibody intraperitoneally

‘al the time of viral inoculation pneumonia but not
active immunity develops. These results are inter-
preted by Hamre, Appel and Loosli* as indicating a

nwed for generalized sptead of virus to antibody-’

forming sites before active immunity can occur. If
this assumption is correct and if it also applies to
human influenza infections one can hypothu\zc

_that viremia of at least some degree occurs in all

patients with influenza infection in whom antibody
(o the agent develops.

To my knowledge there have been no previous
teports of the ‘isolation of influenza virus from the
blood of patients. Two papers’ have noted un-

successful attempts at such isolation. The possibility

also exists that there are many unpublished accounts
of other unsuccessful attempts at such isolation.
One unpublished study by Gresser and Dull® in-
cludes 9 patients with the clinical signs and symp-
toms of influenza, with isolation of influenza virus
from the throat washings of 7 and without isolation
of the virus from any of the blood specimens when
the washed leukocyte fractions were tested. It is
difficult to account for.the differences between the
present case and the previous cases studied. As pre-
viously suggested,’ the viremia in influenza may be
quite transient, and by chance the present specimen
was obtained at the proper time. Another unlikely
possibility is that the present patient had some im-
munologic defect. However, both this patient and
those studied by others’ had no detectable hemagglu-
tination-inhibiting antibody at the. time blood was
drawn for vxral studies. Furthermore, medical his-
tory, antibody response to the agent isolated and
serum electrophoretic pattern give no. mqncatmn of
any abnormalities of the present patient’s immune
mechanism. Minuse and"his associates” suggest that
nonspecific inhibitors in the patients’ blood may have
accounted for their failure to demonstrate influenza
virus in blood sp The possible lack of such
inhibitors was npt investigated in the present patient, -

Summary

Influenza virus Group A, Type 2; was isolated. and
reisolated from both the throat washings and blood
specimens of a forty-year-old physician hospitalized -
with shaking chills and fever, A significant rise in
hemagglutination-inhibiting antibody was demon-
strated both to the agent isolated from the patient
and to the standard influenza antigen. Although the
report of isolation of influenza virus at autopsy from
many of the organs of influenza patients gives evi-
dence of a viremia phase in human influenza, the
present study is believed to be the first report of a
direct isolation -of influenza virus from a patient’s
blood.
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BRIEF RECORDING

* Hemolytic Reaction after Novobiocin
Therapy

CaPTaIN Joun R. MonTaoMery, M.C., USAR*

FORT RUCKER, ALABAMA

A SIX-year-old girl was scen at the United States

 Army Hospital, Fort Rucker, Alabama, with a
chief complaint of mild jaundice and dark urine
present for one day. The child had previously been
seen by a civilian physician, five days before admis-
sion, because of sore throat and fever, with a maxi-
mum temperature of 105°F. At that time she had
been thought‘ to have pharyngitis, and novobiocin,
30 mg. per kilogram of body weight per day, was
started by mouth. The fever subsided and the patient
improved. However, on the day of admission she
was noted to be mildly jaundiced and had been pass-
ing dark-brown urine.

Physical examination disclosed icteric sclerae and
pale mucous membranes and conjunctivas. The
t.hroaf was red, but no exudate was present. The
remaxnd;r ?f the physical examination was negative.

The mit.sal iimpression ‘was that of hepatitis. A
b!ood specimen revealed marked hemolysis on. three
different , and a hemolytic reaction. was
suspected. The initial white-cell count was 4800,
with a normal differential. The hemoglobin was 7.0
gm. per 100 ml., and the reticulocyte count 1.1 per
cent. The blood urea nitrogen was 24.2 mg. per 100
ml. The remainder of the blood chemical findings,
mcludmg the antistreptolysin-O titer, were within
normal limits, A red-cell fragility test showed hemoly-
sis at 0.50 per cent and ending at 0.00 per cent.
A tourniquet test was negative. The platelet count
was normal. Blood cultures were negative at ten days.
During the first twenty-four hours in the hospital the
hemog'lob‘m dropped to 4 gm. per 100 ml. The urine
was thhnq normal limits except for a trace of bile
and a pasitive test for hemoglobin. The direct and
indirect Coombs tests were positive, -The blood was

*Member, Pediatrie Clinic, United States Army Hospital.

Oct. 31, 196

Type O+, and two transfusions of this type of
were given. Prednisone (Meticorten), 40t¥npg. pcrb Lo:d
was started. After the two blood transfusions myc’
hemoglobin rose to 10.2 gm. per 100 ml. The reticy.
locyte. counts increased steadily from 1.1 per con
to a high of 10.2 per cent just before discharge on (e
fifteenth hospital day. The hemoglobin rose slowly
fr.om 10.2 gm. per 100 ml. after transfusions to ;).
discharge level of 13 gm.

. The urine cleared within two days after transfy.
sion and institution of cortisone therapy, and the
patient became essentially asymptomatic. She was
dfscharged on the fifteenth hospital day with a fing)
diagnosis of acquired hemolytic anemia.

_ Tt is possible that the hemolysis resulted from sep.
sis, but this is unlikely in view of the normal white-cell
counts and the absence of fever during the hospital
stay. This hemolytic reaction could also have been
of the idiopathic variety, but novobiocin remains

strongly suspected as the etiologic agent.

The patient has been seen on several foUow-up‘

visits, and the hemoglobin is holding steady at 13.5
gm. per 100 ml. The Coombs tests, direct and
lndlxlrect, have returned to negative, and she is doing
well.

BY THE LONDON POST

Lord Nuffield — Pharmacy in Britain
— Holiday Reading

Joun Lister, M.D.

LONDON, ENGLAND

THE story of the life of Lord Nuffield, who died in
August at the age of eighty-six, is like a fairy
tale. Bom in 1877, William Morris was educated in
local schools until the age of sixteen, when, having
§hown some mechanical aptitude, he was sent to work
in a bicycle shop in Oxford. Within a year ‘he had
borrowed £4, with which he opened 2 shop on his
own account. He started by repairing bicycles, then he
sold and raced them, and later he produced a miodel
of his own. In his first six years of bicycle manufac-
turing he accumulated £2,000 of capital, and in
another ten years, by the age of thirty-three, he had
doubled that amount, By 1911 there were some
90,000 private motorists in Britain, and in the follow-
ing year the Morris car appeared. During World
War I the Morris works were turned over to war work,
but at the end of hostilities motorcar production was
st?:lted ;nbear;e;t. In 1922 nearly 7000 cars were
sold, an 1925 the annual figur i
52,00 y gure had risen to over
. His business success thus assured, he began to direct
his attention to giving financial support to advance
the study and practice of medicine, which, in fact,
had secretly been his own first choice of carcer.
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Proved Viraemia in Asian Influenza (Hong Kong Variant) During
Incubation Period

M. KHAKPOUR,* m.p. ; A. SAIDLt 8N ; K. NAFICY,} MD.

British Medical Journal, 1969, 4, 208-209

Summary: During an outbreak of influenza specimens
were obtained from 21 p with infl like
illnesses and from 29 healthy subjects in close contact with
the patiests, Throat washings from 12 of the patients
were positive for influenza virus but virus was not
detected from the blood specimens, One healthy coantact

became ill 12 hours after the specimens were obtained,
and the virus was isolated from his blood and throat

hi The r owed no clinical ill-
ness ; but the virus was isolated from the throat washings
of four of them, with no viral isolation from the blood
specimens.

Introduction

The occurrence of viraemia in influenza infection bas been
suspected after recovery of the virus from extrapulmonary
tissues of man and animals (Hamre et al., 1956 ; Kaji et al.,
1959 ; Oseasohn ef al., 1959). One of us (K.N.) reported
isolation of Asian influenza virus from blood and throat-
washing specimens of a physician suffering from an influenza-
like illness (Naficy, 1963). Our further attempts to detect
influenza virus from 18 proved cases of influenza were unsuc-
cessful (K. Naficy, unpublished daw). Stanley and Jagkson
(1966) showed that virsemia in influenza ocourred in their
human volunteers only during the first three days of the incuba-
tion period. We here report the successful isolation of Asian
influenza virus, Hong Kong variant, from blood and throat-
washing specimens of a patient who was in the incubation
period, and an unsuccessful attempt to find viraemia in the
same person and 21 other patients while demonstrating the
clinical manifestations of influenza-~illness.

Materials and Methods

Subjects.—In mid-December 1968 we were informed of an
outbreak of influenza illness among prisoners of the Tehran
Ghasr Prison. The outbreak had apparently been present for
a few weeks, during which period more than 200 prisoners bad
contracted the discase. '~ Specimens were obtzined from 21
patients in the first 24 hours of their illness, as well as from
29 healthy individuals who denied having had influenza-like
symptoms in the two weeks prior to our visit. Both groups
of prisoners gave informed to these proced

Specimens.—Throat washings and clotted and heparinized
blood were obtained from sll subjects. Sera from clotted blood
were stored at —20* C. before use for serological tests ; throat
washings and heparinized bload specimens were cither inocu-
lated within a few hours of collection or stored at —70° C.
before inoculation. Second blood specimens were obtained
three wecks later from only nine subjects.

Viral Isolations.—Each specimen was inoculated in a volume
of 0-1-ml. into the amniotic sac of three 10-day-old embryon-
ated hen’s eggs, and incubated at 35°C. for 40 hours, then left
at 4° C. overnight before harvesting the amniotic fluid. The

* Research Associate.
Sepior Technician.
Associate Professor. .
Section of Viral Diseases, School of Public Health and Institute of Public
Health Research, Tehran Univenity, P.O. Box 1310, Tehras, Iran.

fluid was tested for haemagglutinating activity ; if positive,
passage was carried out allantoically, otherwise at least onc
blind passage was performed amniotically.

Haemaggluti and H gglutination Inhibition Tests.
-—These tests were carried out according to the standard tech-
nique modified for microtitration by four haemagglutination
units of antigen and chick red cells,

Refererice Influenza Virus, Hong Kong Variant.—Importa-
tion of Hong Kong variant influenza virus to Iran apperently
occurred during the Eighth International Congresses on
Tropical Medicine and Malzaria, Tehran, 7-15 September 1968.
During the congresses one-third of the participants contracted
the disease, and severnl strajns were isolated from them in’our
laboratories (Saenz et al., 1969) ; these werc confirmed by Dr.
Percira of the W.H.O. World Health Influenza Centre to be
Hong Kong variant A2, One strain of these isolates—
designated 30T—was used as a reference antigen.

Clinical Investigation—Owing to the absence of any medical
record in the Ghasr Prison, one of us (M.K.) made a daily
visit to our subjects for six days and conducted clinical
follow-ups.

Results

Clinical Manifestation.—Clinical manifestation of the disease
consisted of fever, headaches, and generalized symptoms such
as malaise, chills, anorexia, muscular pain, cough, sore throat,
and chest pain in most of our patients, lasting from one to four.
days. No bacterial complication, encephalitis, or myocarditis
was noted. All healthy subjects remained asymptomatic during
the entire period of observation except one who developed fever
and generalized symptoms 12 hours after the specimens were
obtained.

Viral Isolation.~Twelve out of 21 throat-washing specimens
obtained from the patients were positive for influenza virus
cither in the original inoculation or after the first passage. No
virus was detected from the blood specimens of these patients
in spite of two blind passages. Haemagglutination inhibition
antibody determination in paired sera of seven patients revealed
cightfold or greater rise both to the isolates and the reference
antigen, except in one case. Table I summarizes these results
in cases with positive viral isolations. No virus was isolated
from the blood specimens of 28 healthy individuals who were
in close contact with the patients and remained asymptomatic

TABLE l.—Antibody Titres to Asian Influanza (Hong Kong variand) in
12 Patients with Positive Virus .

Vizal Isolation Reference Antigen Isolate
Patient’s
o. | Con- Con-
Throat | Blood Acute valescent Acute valescent
1 + - 1:8 1:64 <1:8 1:32
2 + - 1:32 1:1,02¢ 1:16 1:512
3 + - 1:64 1:1,02¢ 1:16- § 1:1,024
4 + - <1:8 1:128 <1:8 1:64
5 + | - 1:256 1:256 §:128 1:128
6 + | - <1:8 1:512 <1:8 1:256
7 - - <1:8 1:102¢] <1:8 1:512
8 P <1:8 Nt | <l:8 NT.
s | + i - <1:8 NT. | <1:8 NT
10 + v - -1:16 N.T. <i:8 N.T.
11 H + . - 1:2% N.T. 1:256 N.T.
12 + - N.T. N.T. N.T. . NT.

N.T. = Not tested.
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during our six-day observation, but throat washings from four
subjects were positive. One healthy subject developed clinical
illness 12 hours after blood and throat-washing specimens were
obtained. These were positive for influenza, and the blood
isolates were seat to the World Influenza Centre, being con-
firmed by Dr. Pereira to be the Hong Kong variant, Reisola-
tion of the virus from the original blood specimen was suc-
cessful, but no virus was detected from the blood specimens
obtained 12 and 24 hours after clinical manifestation. The
paired sera of this case showed a 16-fold rise both to the blood
isolate and 1o the reference antigen.  Table II lists viral isola-
tion and haemagglutination inhibition antibody of healthy
contacts, with positive isolations,

TABLE H.—A.nn'b«;; Titres to Asion Influenza (Hong Kong variant) in
$ Healthy Contacts with Positive Virug

Viral Isolstion Reference Antigen Isolate
Contact’s
No. Con- Con-
Throat Blood Acute | valesoent | Acuts | valescent
1¢ + + 1:8 1:356 <1:8 1:128
2 + - 1:16 N.T. <1:8 N
3 + - 1:1,024 1:128 1:512 1:
4 + - 1:1,02¢ N.T, 1:512 N.T.
5 + - 1:32 N.T. 1:16 N.T.

* Developed clinical symptoma of [nflucnza 12 hours after obtsining specimen.

Discussion

Recovery of influenza virus from extrapulmonary tissue of
man and animals was the first indication of the occurrence of
viraemia during influenza infection (Hamre et dl., 1956 ; Kaji
et al., 1959 ; Oscasohn et d., 1959).

Recovery of influenza virus from a patient’s blood with
clinical manifestations of the disease was the first - report of
proved viraemia in. man (Naficy, 1963). Several other investi-
gators, however, had failed to demonstrate virsemia during the
clinical course of influenza infection (Kilbourne, 1959 ;
Minuse. et dl., 1962 ; K. Naficy, unpubli d data), - Stanlcy
and Jackson (1966), using- human volunteers, showed clearly
that viraemia occurs during the incubation period and that the
virus was not detected after the third day of infection. Our
results demonstrate that in 12 out of 21 patients with
clinical signs of influenza virus was isolated from the throat-
washing specimens but none from their blood ; while in one
patient—who proved to be in the incubation period at the time

Medical Memoranda

Asian Influenza—Khakpour et al.

Mepicar Journat 209

specimens were obtained—virus was obtained from both the
blood and the throat washings. These results are in agreement
with Stanley and Jackson’s report and clearly explain accounts
of unsuccessful attempts to demonstrate viraemia during the
symptomatic phase of influenza infection,

The first successful report of the jsolation of influenza virus
from human blood, h T, i plained, since the

isolation was made while the patient was symptomatic. Never- -

theless, a review of the history of this patient showed that there
had been two phases of clinical symptoms: (1) before admis-
sion and during the fist two days of hospitalization, after
which he became almost asymptomatic ; and (2) a second pbase
from the fifth day, when he again experienced fever and chills
(Naficy, 1963). Thus it is conceivable that fever and chills
on the fifth day of hospitalization marked the onset of his
influenza, lated to his und ined previous infection, and
the specimens were obtained during the incubation period.

It should be noted that four healthy subjects from whom
virus was isolated remained asymptomatic. Two of these had
a high haemagglutination inhibition antibody titre (1:1,024) in
their acute sera. Thus it seems that, in spite of high circulating
antibody, local replication of the virus in the nasopharyngeal
cavity takes place, and may play a.part in spreading the
infection,

We wish to thank Dr. Pereira of the W.H.O. World Influenza
Centre for his help in confirming the Hong Kong variant of our
isolates, and Dr, Jamshidy of the Ghasr Prison health centre for
his co-operation.

This study was partially supported by the funds of the public
health research project of the Iranian Minjstry of Health and the
Plan Organization. -
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Thrombotic Microangiopathy
Associated with Squamous Carcinoma

British Medical Journal, 1969, 4, 209-210

The association of malignant discase with thrombophlebitis
i is well ized, and in some instances the lesions
of the veins may be the first indication of occult malj
discase (Sproul, 1938), Such petients may also have non-
b ial thromboti o ditis (MacDonald and Robbins,
1957). On the other hand, disseminated arteriolar and capillary
lesions occur much less frequently and do not normally give
tise to clinical - manifestations (McKay and Wahle, .1955 H
Azzopardi, 1966). Recently we had the opportunity of study-
ing.a patient who.. p d. with £ of. thromboti

thrombocytopenic_purpura, and only at necropsy did it become
clear that these were associated with widespread thrombosis of
small vessels and recurrent carcinoma.

. CASE REPORT

The patient was 56 years old when she was first seen in December
63 laining of rectal bleeding. This proved to be due to a
iated i situated in the ana]

2 i was also found in inguina)

lymph podes removed in u block dissection seven months later,
After this, however, she remained well for pearly five years until
bleeding d from the col in November 1968, en
sdmitted to hospital, sfter having sywptoms for three days, she was
severely anaemic and had a (Hb 37 g./100 ml,,
white cells '9,000/cu. mm., and platelets 65,000/cu. mm.), Blood
fusion brought some imp inthebh lobin level, Six
days after admission, however, .the platelet count was still only

19
rather poorly diff:
canil. M i
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Underlying di d with pul y pseudallesch
asis include diabetes mellitus, leukemia, lymphoma, aplastic ane-
mia, Cushing’s disease, collagen-vascular diseases, and alveolar
proteinosis. P. boydii may cause pulmonary infiltzation (with or
without cavitation) 10 occur and fungus balls to develop. However,
to our knowledge, we report the first case of intrabronchial pseudal-
lescheriasis. Moreover, we also report the first case of pseudal-
lescheriasis in a healthy person who had no immunologic defects.
Since Pseudallescheria species and Aspergillus species both pro-
duce septate hyphae and share some morphologic features, Pseu-
dallescheria may be histologically misdi d as Aspergilius in
the absence of identification by culture [9, 10]. Although in our
case the endobronchial biopsy findings were initially thought
to be consistent with aspergillosis, the fungus was identified as
S. aplospermum by culture,

le therapy was admini d afier the fungus was iden-
tified since the MIC of this drug was lower than that of other
drugs. H , the intrabronchial lesion persisted afer 12 weeks

of itraconazole therapy.

Shulchi Yano, Shinj{ Shishido, Takeaki Toritanl,
Katsuhiko Yoshida, and Hiroke Nakano

The Dep of Pulmonary Medicine, N 18 Matsue
Hospital, Agenogi, Matsue City, Shimane, Japan

Use of the Polymerase Chain Reaction for Demonstration
of Influenza Virus Dissemination in Children

Most investigators believe that influenza virus does not usually
induce viremia [1}. Although CNS, cardiac, and skeletal muscle
complications have been described in relation to influenza, virus
was successfully isolated from the blood and extrapulmonary or-
gans in only & limited number of cases {1, 2). We recently demon-
sirated with use of PCR-that influcnza A/PR/8 virus produces
viremia in a mouse model during the acute phase of disease [3).

We searched for influenza virus in the blood and CSF of children

with virologically d inft from 22 D ber 1994 to
26 March 1995 (table 1). Patients ranged in age from 6 months
to 8 years; bronchiolitis was, clinically diagnosed in four cases,

bronchitis in five cases, and upper respiratory infection in six cases.
No abnorma) shadows were found in the lung fields on any of the

hildren’s chest None of the children had a his-
tory of di

o IUE

serious infe

Serum hemagglutination inhibition titer of antibody to A/Kita-*

kyushw/159/93 (H3N2) virus significantly increased (at least a
fourfold increase from acute titer to convalescent titer) in 12 cases,
it significantly increased to B/Mie/1/93 virus in five cases, and it
significantly increased to both strains in two cases. Culture of
throat swab specimens in MDCK cell suspension yiclded H3N2

-

- Bell WE, Myers MG. Allescheria boydii. Brain abscess in a child win
leukemia. Arch Neurol 1978;5:386-8.
Winston DJ, Jordan MC, Rbodes /. Allescheris boydii infections i the
immunosuppressed host. Am § Med 1977;63:830-5. .
- Kisch S, Taylor J, Bergfeld W, Hall G. Petricllidium boydii mysetoms in
an immunosuppressed host. Cleve Clin Q 1983;50:209~11.
4. Anderson RL, Camroll TF, Harvey RT, Myers MG. Petiellidium (Allc.
scheria) boydii osbital and brain abscess treated with micanazole. Any
7 Ophthalmol 1984;97:771~5, .
Alture WE, Edberg SC, Singer JM. Pulmonary infection with Alleschyria
boydii. Am J Clin Puthol 1976;,66:1019~24.
6. Fomo LS, Billingham ME, Allescheria boydii infection of the brain, J
Pathol 1972;106:195-8.
. Nomdedeu J, Brunet §, Mastino R, Altes A, Ausino V, Domings AA,
Successh of p due 1o Scedasporium aplasp
" with itraconazole: case report. Clin Infect Dis 1993;16:731~3,

~

bl

~

1964;42:75-91. .
Lutwick L1, Galgiani JN, Johason RH, Stevense DA. Visceral fungat
" infections due to Petriellidium boydii (Allescheria boydif). In vitro drug.
sensitivity studies. Am 3 Mcd 1976,61:632-9.
10. Shih LY, Les N. Disseminated petricllidiosis (allescheriasis) in a paticat
with refractory acute lymphoblastic leukaemia. J Clin Pathol 1984;)7%;
78-82. .

b

hybridiza-

virus for 4 of 12 children, PCR and South
tion were performed with primer sets for influenza A and B virus
matrix gene a3 previously described (3, 4). inf Aand B

viruses were detected by PCR in eight and two cases, respectively.
However, blood fractions of virus could not be detected by PCR
in any of the 14 cases (table 1).

Six child luding two epilepti (s with mental retare

Green WO, Adams TE. Myseloma in the United States. Am J Clin Patho)

dation, had co;vulsions during the cou.r.se of our study. One child

1 R,

CNS infe was sus

d signs of

pected in these cases, CSF was examined for a greater than normal

h

d protein jon;

number of cells and an i v
' d, and the protein concentration was

ytosis was not di

within normal limits. PCR was pecformed with these CSF sampics,
but they were negative for influenza A and B virus, Influenza virus

was not isolated-from blood samples or CSF,

This study has verified that viremia and transmission of the
virus 1o the CNS cannot be easily detected among children infoctod
with recent strains of influenza virus, We have previously shown

that the PR8 strain of infl A virus b ic in immue
p mice [3). Fi , we tentatively concluded that
the virus enters the blood. hrough the infected alveolar scp+

tum. This hypothesis is supported by the finding thit viremia does.

not occur when alveolitis is prevented by previous intraperitoneal

dministration- of the
difficult to detect viremia among the children in cur study might
support this hypothesis since none of our patieats had obvious
ia on the basis of chest roenigenogram findings.

Reprinis or pond: Dr. Yoshi Kimurs, Dep of Microbi-
ology, Fukui Medical School, Fukui, 910-11, Japaa.
Clinles) Infectious Diseases 1997;24:736-7
© 1997 by The University of Chicago. All rights rescrved.
1053-4838/97/2404 - 0028502.00
8

" addition, we could not find any direct evidence that influcnz
ibed the ful isolation of infl B virus from the

CSF of a child with febrile convulsions [2}. It might be possible

that a cenain strain of infl virus ind ysiemic dissemi

to the virus. The fact that it was

.virus invades the CNS of thess infected children, Rantaia ot al .
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Detection of Influenza Virus RNA by Reverse
Transcription-PCR and Proinflammatory Cytokines
in Influenza-Virus-Associated Encephalopathy

Yoshinori Ito,'* Takashi Ichiyama,? Hiroshi Kimura,! Motohiro Shibata,! Naruhiko Ishiwada,®
Haruo Kuroki,® Susumu Furukawa,? and Tsuneo Morishima*

1Department of Pediatrics, Nagoya University School of Medicine, Nagoya, Japan

2Department of Pediatrics, Yamaguchi University School of Medicine, Ube, Japan

3Department of Pediatrics, Chiba University School of Medicine, Chiba, Japan

*Department of Health Science, Nagoya University School of Medicine, Nagoya, Japan

Eleven children with acute encephalopathy asso-
ciated with an influenza virus infection were
treated during the 1997-1938 influenza season.
Reverse transcription-polymerase chain reaction
{RT-PCR) assay was used to detect the viral ge-
nome in peripheral blood and cerebrospinal fluid
{CSF) samples. The results were compared with
those of control influenza patients without neuro-
logical complications. Viral RNA was detected
only in the peripheral blood mononuciear cells of
one patient with influenza-virus-associated en-
cephalopathy {1 of 9; 11%) and in the CSF of an-
other patient (1 of 11; 9%). RT-PCR was negative in
the blood of ail the controls, but the percentage of
RT-PCR-positive samples in the two groups was
not significantly different. Cytokines and soluble
cytokine receptors in plasma and CSF were then
quantified. using an enzyme-linked immunosor-
bent assay. The CSF concentrations of soluble tu-
mor necrosis factor receptor-1 were elevated in
two patients and interleukin-6 (IL.-6) was elevated
in one patient with influenza-virus-associated en-
cephalopathy. On the other hand, the plasma con-
centrations of IL-6 were elevated in four of nine
patients. The number of encephalopathy patients
who had elevated plasma concentrations of IL-6
100 pg/ml was significantly higher than that of
controls (P=.01). In conclusion, the infrequent de-
tection of the viral genome in the CSF and blood
showed that direct invasion of the virus into the
central hervous system was an uncommon event.
Proinflammatory cytokines and soluble cytokine
receptors may mediate the disease. The high
plasma concentration of [L-6 could be an indicator
of the progression to encephalopathy. J. Med, Vi-
rol. 58:420-425, 1999. © 1999 Wiley-Liss, Inc.

KEY WORDS: influenza virus; encephalopa-
thy; RT-PCR; interleukin 6

© 1999 WILEY-LISS, INC.

INTRODUCTION

Infection with influenza viruses can. produce a spec-
trum of clinical responses ranging from a febrile upper
respiratory illness to central nervous system (CNS) in-
volvement with significant mortality. After the first
human influenza virus was isolated in 1933, several
examples of influenza-associated encephalopathy have
been reported. Two specific types of acute encephalop-
athy are reported to accompany influenza infection:
Reye syndrome and influenza-associated encephalopa-
thy. Reye syndrome, which is a neurologic and meta-
bolic disease with hepatic dysfunction and fatty accu-
mulation in the viscera, often follows viral infections
and the use of salicylate [Balistreri, 1996].

Influenza-associated encephalopathy, which occurs
at the height of illness and may be fatal, has been de-
scribed by many investigators {Dunbar et al., 1958;
Flewett and Hoult, 1958; McConkey et al., 1958; De-
lorme and Middleton, 1979; Protheroe and Mellor,
1991; Murphy and Webster, 1996]. The cerebrospinal
fluid (CSF) is usually normal, the brain shows severe
congestion at autopsy, and histological changes are
minimal [Murphy and Webster, 1996]. The pathogen-
esis of this CNS syndrome is, however, unclear, In re-
gards to the viral pathogenesis, one explanation is that
CNS complications may be caused by hematogenous
transmission of the virus to the CNS, although the ex-
istence of viremia is disputed and isolation of the in-
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RT-PCR and Cytokines in Influenza Encephalopathy 421
TABLE 1. Clinical Features of Patients With Influenza-Virus-Associated Encephalopathy
) Cerebrospinal fluid Serum Mortality

Patient Age (yearsY Cell count Protein AST ALT NH. an

no. Sex GCS Convulsion [ (mg/dl) (IU/L) (TU/L) (ug/(fl) morbidity
1 2F 11 Yes 2 24 92 24 18 Recovery
2 M 12 Yes 15 27 49 15 34 Recovery
3 2/M 13 Yes 0 13 26586 13879 74 Recovery
4 2/M 12 Yes 6 21 56 41 53 Recovery
5 M 3 Yes 0 57 18088 10472 50 Sequelae
6 5/M 3 Yes 6 20 1276 1667 37 Sequelae
7 6/F 3 Yes NA NA 32 14 NA Recovery
8 6/F 11 No 0 10 39 17 NA Sequelae
9 1M 11 No NA NA 200 72 NA Sequelae

10 1M 11 Yes 3 23 35 13 21 Recovery

11 13/F 3 Yes NA NA 10510 3160 NA Death

GCS, Glasgow Coma Scale; AST, aspartate aminotransferase; ALT, alanine aminotransferase; F, female; M, male; NA, not applicable.

fluenza virus from CSF is rare [Stanley and Jackson,
1969; Lehmann and Gust, 1971; Mori et al., 1997; Tsu-
ruoka et al., 1997]. ,

In the 1997-1998 flu season, 11 children with acute
influenza-virus-associated encephalopathy were
treated. Reverse transcription-polymerase chain reac-
tion (RT-PCR) assay was used to detect the viral ge-
nome in peripheral blood and CSF samples. Several
cytokines and soluble cytokine receptors were quanti-
fied in samples from encephalopathy patients. The
presence of tumor necrosis factor-a (TNF-a), soluble
tumor necrosis factor receptor 1 (sTNF-R1), interleu-
kin-1B (IL-1), and IL-6 in CSF samples is important
for predicting the clinical outcome and diagnosing en-

- cephalitis/encephalopathy [Ichiyama et al., 1996a,
1998]. However, little is known about the levels of
these cytokines in plasma and CSF from patients with
influenza-virus-associated encephalopathy. Study of
the dynamics of these cytokines may improve under-
standing of the mechanisms of influenza-virus-
associated encephalopathy.

MATERIALS AND METHODS
Patients and Controls

Eleven consecutive patients, aged 2-13 years (7 boys,
4 girls; mean age: 5.7 years), who were diagnosed with
influenza-virus-associated encephalopathy between
January and February 1998, were investigated. The
clinical data for these patients are summarized in
Table I. The level of consciousness was assessed using
the Glasgow Coma Scale [Teasdale and Jennett, 1974;
Reilly et al., 1988]. Influenza-virus-associated enceph-
alopathy was defined as follows: (1) The patient had a
preceding upper respiratory tract infection and an al-
tered level of consciousness that could not be explained
by other identifiable causes. (2) Reye syndrome accord-
ing to the case definition of the Center for Disease Con-
trol and Prevention (U.S.A.) [Center for Infectious Dis-
eases, 1991] was excluded. (3) Influenza virus RNA
was detected in throat swabs with the RT-PCR assay.
The serum hemagglutinin inhibition titer of antibody
to H3N2 virus increased significantly in all § patients
in which it was measured, at least fourfold from acute
to convalescent titers. .

Twenty-nine control patients aged 1-15 years (13
boys, 16 girls; mean age: 3.8 years) with influenza virus
infections without any neurological complications were
also studied. In all the control patients, the diagnosis of
an influenza virus infection was also confirmed by the
detection of viral RNA in throat swabs.-

Samples

Peripheral blood samples from the patients and con-
trols were collected in standard blood tubes containing
ethylenediamine tetraacetic acid (EDTA). Plasma, pe-
ripheral blood mononuclear cell (PBMC), and erythro-
cyte fractions were isolated from 1 ml of whole blood by
Ficoll-Paque (Amersham Pharmacia, Uppsala, Swe-
den) density centrifugation at 400 x g for 30 min at
room temperature. The PBMC and erythrocyte frac-
tions were washed twice with phosphate-buffered sa-
line (PBS), resuspended in 200 ! of PBS, and stored at
-70°C until use. CSF was obtained from patients with
influenza-virus-associated encephalopathy and stored
at -70°C.

RT-Nested PCR
For PCR aimed at the NS gene, sense primer NS3

(GGTGATGCCCCATTCCTTGA; positions 108-127) -

and antisense primer NS4 (ATTTCGCCAACAATT-
GCTCC; positions 486-505) were used in the first
round. Primers NS1 (GAGGCACTTAAAATGACCAT;
positions 249-268) and NS2 (CTCTTCGGTGAAAGC-
CCTTAG; positions 465-485) were used in the nested
PCR reaction. These oligonucleotides were designed
from the highly conserved region of the influenza A/PR/
8/34 NS gene sequence [Buonagurio et al., 1986).
RNA was extracted from each sample using a
QIlAamp viral RNA kit (QIAGEN, Hilden, Germany),
using a silica-gel-based membrane that binds RNA.
The RNA extracted from 200 ul of each sample was
eluted in 50 pl RNase-free water. Ten microliters of
this solution were used for cDNA synthesis immedi-
ately after denaturation for 2 min at 80°C. The reaction
buffer (final concentrations, 10 mM Tris-HC] [pH 8.3),
50 mM KCl, 1.5 mM MgCl,), NS3 sense primer (25
pmol), deoxynucleoside triphosphates (0.5 mM final
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concentration), 200 U Moloney murine leukemia virus
reverse transcriptase (Gibco-BRL, Rockville, MD), and
dithiothreitol (50 mM final concentration) were added
to a final volume of 20 pl. After incubation at 37°C for

60 min, 5 ul of this solution were added to 45 ul of PCR

mixture containing NS3 and NS4 primers (25 pmol
each), 1.5 U of Tag DNA polymerase (TaKaRa Tag;
Takara Syuzou, Otsu, Japan), and the same reaction
buffer as used in the RT reaction. Amplification was
carried out in a TP-240 thermal cycler (Takara
Syuzou). The PCR program consisted of 2 1-min prein-
cubation at 94°C followed by 30 cycles of 1 min at 94°C
and 20 sec at 62°C. Nested PCR was performed after
transferring 1 i of the first-round PCR product into a
new PCR reaction mixture containing the nested prim-
ers under the same conditions. The nested amplifica-
tion product, which was expected to yield a 237 base-
pair sequence, was analyzed by electrophoresis
through 1.2% agarose in a Tris-acetate-EDTA gel
stained with ethidium bromide. Because the sequences
of the designed primers are highly conserved, both in-
fluenza A and influenza B viruses were detectable
(data not shown).

Synthesis of Positive Control RNA

A first-round PCR fragment, consisting of nucleo-
tides 108-505 of the NS gene, was cloned into the
PGEM-T plasmid (Promega). RNA: transcripts were
synthesized from the purified recombinant plasmid
with T7 RNA polymerase (the Riboprobe in vitro tran-
scription system; Promega) and diluted serially in di-
ethyl pyrocarbonate-treated water. Ten-fold dilutions
were tested by RT-PCR, and the detection limit was
established reproducibly.

Enzyme-Linked Immunoesorbent Assay for
Cytokines and Soluble Cytokine Receptors

The concentrations of TNF-a, sTNF-R1, IL-18, and
IL-6 were determined with commercial sandwich-type
enzyme-linked immunosorbent assay (ELISA) kits (IL-
1B kit, Genzyme, Cambridge, MA; TNF-a, sTNF-R1,
and IL-6 kits, R&D Systems, Minneapolis, MN). These
assays were carried out according to the supplier’s in-
structions. Sample values were determined from a
standard curve. .

Statistical Analysis

Data were analyzed using Fisher’s exact test. A level
of P < .05 was considered significant.

RESULTS
Sensitivity of RT-PCR

To determine the sensitivity of our RT-PCR assay,
dilutions of synthesized RNA transcripts of the NS
gene were prepared (Materials and Methods) and used
for the RT-PCR assay. A minimum of three copies per
50 pl PCR reaction mixture could be detected (Fig. 1).
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Fig. 1. Sensitivity of the reverse transcription-polymerase chain
reaction (RT-PCR) in detecting influenza virus NS gene. Lane 1, 200 .
bp DNA marker ladder; lanes 2-4, 3 x 103, 3 x 10%, 3 copies of NS gene,
respectively; lane 8, no template control.

Detection of Influenza Virus RNA

RT-PCR was carried out -using blood samples
(plasma, PBMC, erythrocytes) from the patients and
controls, and CSF samplés from the patients (Table IT).
Viral RNA was detected only in the PBMCs of one pa-
tient with influenza-virus-associated encephalopathy
(1 [patient 9] of Q; 11%) and in the CSF of another
patient (1 [patient 8] of 11; 9%). Viral RNA was not
detected in plasma or erythrocytes from any of the pa-
tients. RT-PCR was also negative with all the blood
samples from the controls. The percentages of RT-PCR
positive blood samples in the two groups were not sig-
nificantly different. The detection of viral RNA was not
associated with any clinical features or the outcome,
although the number of positive patients was small.

Concentrations of Cytokines and Soluble
Cytokine Receptors

The levels of TNF-«, sSTNF-R1, IL-1B, and IL-6 in the
.CSF of the patients with influenza-virus-associated en-
cephalopathy are shown in Table III. The concentra-
tions of TNF-a and IL-18 in the CSF were all below the
detection limits. The CSF concentrations of sTNF-R1
and IL-6 were elevated in two and one patients, respec-
tively, out of seven with influenza-virus-associated en-
cephalopathy. .

The levels of TNF-a, sSTNF-R1, IL-18, and IL-6 in the
plasma of the patients with encephalopathy are shown
in Table IV. The plasma TNF-a concentrations were all
below the detection limits. In the nine patients with
influenza-virus-associated encephalopathy, the plasma
concentrations of sSTNF-R1, TL-18, and IL-6 (particu-
larly IL-6 = 100 pg/ml in three patients) were elevated
in two, two, and four patients, respectively. The num-
ber of influenza-virus-associated encephalopathy pa-
tients who had elevated concentrations of IL-6 = 100
pg/ml was significantly higher than that of the controls
(P = .01) (Table V). There were no significant differ-
ences in the numbers of patients and controls with el-
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TABLE IL. Results of RT-PCR in Patients With
Influenza-Virus-Associated Encephalopathy

Samples Patients Controls
Throat swab 9/9 29/29
Plasma 0/11 0/29
PBMC 1/9 0/29
Erythrocytes 0/9 0/29
/11 ND

RT-PCR, reverse transcription-polymerase chain reaction; PBMC, pe-
gpheral blood monenuclear cells; CSF, cerebrospinal ﬂuxd ND, not
one.

TABLE HI. Cerebrospinal Fluid Concentrations of TNF-q,
sTNF-R1, IL-1B, and IL-6 in Patients With
Influenza-Virus-Associated Encephalopathy
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TABLE IV. Plasma Concentrations of TNF-q, sTNF-R1,
1L-1B, and IL-6 in Patients With
Influenza-Virus-Associated Encephalopathy

TNF-a sTNF-R1 IL-1p 16

Patient no. (pg/mb) (pg/ml) (pg/ml) _ (pg/m})
1 NA NA NA NA
2 NA NA NA NA
3 <31.2 2232 <8 860°
4 <31.2 810 30.2 182
5 <31.2 702 <& <12
6 NA 426 <8 <12.5
7 <3L.2 760 <8 <12.5
8 <3L.2 869 <8 100
9 <31.2 >5000 <8 1295

10 <31.2 745 <8 <125

11 <31.2 270 211 <12.5

Normal range <15.6 1020 + 495* <4 <12.5

TNF-c sTNF-R1 IL-18 IL-6
Patient no. (pg/ml) (pg/ml) (pg/ml) _ (pg/ml)
1 NA NA NA NA
2 NA NA NA NA
3 <15 1196 <4 324°
4 <15 2934 NA <31.2
5 <15 1848 <4 <31.2
6 NA NA NA NA
7 <15 © 555 <4 <31.2
8 <15 433 <4 <31.2
9 <15 553 <4 <31.2
10 <15 635 <4 <31.2
11 NA ~ NA NA NA
Normal range <15 836 = 402° <4 <31.2

TNF-a, tumor necrosis factor-a; sTNF-R1, soluble tumor necrosis fac-
tor receptor 1; IL, interleukin; NA, not applicable.

*Mean + SD.

*Underscores represent the level considered abnormal.

evated concentrations of TNF-a, sTNF-R1, or IL-18
(Table V).

The concentrations of cytokines and soluble cytokine
receptors in the CSF and plasma were not associated
with any clinical features in the encephalopathy pa-
tients. In terms of mortality and morbidity, two pa-
tients who had cytokines in both CSF and plasma re-
covered without sequelae (patients 3 and 4).

DISCUSSION

Viremia is unusual in influenza virus infection [Mur-
phy and Webster, 1996], although the virus is occasion-
ally isolated from the blood [Stanley and Jackson,
1969; Lehmann and Gust, 1971]. Even when the RT-
PCR assay is used, influenza RNA is detected only oc-
casionally in blood samples from influenza patients
[Mori et al., 1997; Tsuruoka et al., 1997]. In our study,
viral RNA was detected infrequently in blood from pa-
tients with encephalopathy and never in blood from the
controls. Viremia may be as rare in patients with in-
fluenza-virus-associated encephalopathy as it is in pa-
tients with influenza infection. Alternatively, the virus
might be present in low titers in the blood.

Human influenza A viruses are reported to be neu-
rovirulent in mouse models. Mice infected with influ-
enza A viruses by intracerebral inoculation developed a
meningoencephalitic condition [Nakajima and Sugi-

TNF-a, tumor necrosis factor-a; sTNF-R1, soluble tumor necrosis fac-
tor receptor 1; IL, interleukin; NA, not applicable,

*Mean = SD.

*Underscores represent the level considered abnormal.

TABLE V. Comparison of the Percentage of Patients
Exhibiting Plasma Cytokines

Cytokines Patients (%) Controls (%)

(pg/ml) (h =9) (n = 29) P
TNF-« 0 0(0) 1.00
sTNF-R1 2 (22) 1(3) 13
1L-18 2(22) 2(D 23
IL-6 4 (44) 12 (4D .58
IL-6 (=100 3(30) 00 .01

TNF-a, tumor necrosis factor-a; sTNF-R1, soluble tumor necrosns fac-
tor receptor 1; IL, interleukin.

ura, 1980; Sugiura and Ueda, 1980, Takahashi and Ya-
mada, 1995]. Previously, PCR assay for detection of the
herpes simplex virus genome in CSF was shown to be
useful for virological assessment of patients with her-
pes simplex virus encephalitis [Kimura et al.,, 1991,
1992; Ando et al., 1993]. If influenza virus replicates in
the brain tissue in a similar way to herpes simplex,
then RT-PCR assay should also be a useful tool for
analyzing influenza-associated-encephalopathy. A re-
cent Japanese study detected viral RNA frequently in
the CSF from patients with influenza-associated-
encephalopathy [Fujimoto et al., 1998]. In that study,
the RT-PCR assay of five of seven patients seen in the
1996-1997 influenza season was positive, RT-PCR was
not undertaken on blood samples. In the present study,
we established an RT-PCR assay to detect influenza
virus RNA. Using this highly sensitive method, it was
found that the RT-PCR assay was positive in only 1 of
11 CSF samples from patients with influenza-virus-
associated encephalopathy. This result shows that al-
though viral replication may occur in the CNS, it is an
uncommon event.

It is not known why the frequency of detection of
viral RNA differed in the two studies. One possibility is
that the rate of CNS invasion differs according to the
epidemic virus, although we have little information re-
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garding to the respective capacity of 1996-1997 and
1997-1998 season viruses to induce encephalopathy.

Many cytokines and soluble cytokine receptors are
considered important mediators of inflammatory re-
sponses, and their levels increase in CSF or plasma
during infectious inflammatory disorders of the CNS,
primarily meningitis [Mustafa et al., 1989; Chavanet et
al., 1992; Gliméker et al., 1993; Lépez-Cortés et al.,
1993; Aurelius et al.,, 1994; Ichiyama et al., 1996a,
1996b, 1997, 1998]. We also reported previously that
elevation of TNF-q, IL-18, and IL-6 in the CSF indi-
cates acute encephalitis/encephalopathy, rather than
febrile convulsions mimicking acute encephalitis/
encephalopathy [Ichiyama et al., 1998]. Previous stud-
ies showed that sTNF-R1 is the natural homeostatic
regulator of the action of TNF-a, and that the level of
sTNF-R1 is a better indication of the true biological
activity of TNF-« than the level of TNF-a itself [Dun-
combe and Brenner, 1988; Englemann et al., 1990]. In
the present study, the CSF concentrations of sTNF-R1
and IL-6 were elevated in two and one of seven pa-
tients, respectively, with influenza-virus-associated
encephalopathy. It is not clear why sTNF-R1 and IL-6
were not always detected in the CSF. The inflamma-
tion of the CNS may be mild, so that inflammatory
cytokines cannot be detected. Alternatively, influenza-
virus-associated encephalopathy may have a different
pathogenesis. In the influenza B virus mouse model of
Reye syndrome, intravenous inoculation of the virus
caused a nonpermissive viral infection of vascular en-
dothelial cells of the brain and damage to the blood—
brain barrier that resulted in acute encephalopathy
without inflammation [Davis et al., 1990]. In an au-
topsy case of human herpesvirus 6 encephalopathy, hu-
man herpesvirus 6 viral antigens were detected only in
the vascular endothelium of the brain and no inflam-
mation was observed [Ueda et al., 1996]. These obser-
vations suggest that vascular endothelial infection is
part of the pathogenesis of acute encephalopathy. Toxic
factors and metabolic disorders, including hereditary
enzymatic deficiency, are other possibilities.

The number of influenza-virus-associated encepha-
lopathy patients who had elevated concentrations of
IL-6 = 100 pg/ml in plasma was significantly higher
than that in the controls in our study. Monocytes and
lymphocytes produce IL-6; however, it is particularly
interesting that IL-6 is also produced by the vascular
endothelium. IL-6 plays an important role in host re-
sponses to infection and induces hepatic protein syn-
thesis, including C-reactive protein and fibrinogen,
during the acute phase response [Heinrich et al., 1990].
Recently, it was reported that I1-6 affected the perme-
ability of the blood-brain barrier in rats [Saija et al.,
1995; Farkas et al., 1998). In human neonates, IL-6 is
thought to play a role in hypoxic-ischemic brain dam-
age [Martin-Ancel et al., 1997]. It is possible that the
systemic reaction to IL-6 contributes to the develop-
ment of the influenza-virus-associated encephalopa-
thy. Previous studies have described how IL-6 plasma
concentrations are useful in the early diagnosis of neo-
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natal infection [Messer et al., 1996; Panero et al.,
1997]. Our results suggest that IL-6 plasma concentra-
tions might also be useful in differentiating influenza-
virus-associated encephalopathy.

In conclusion, the infrequent detection of the viral
genome in CSF and blood indicates that direct invasion
of the influenza virus into the CNS is an uncommon
event, and suggests that systemic cytokines or vascular
involvement may be indirectly responsible for the en-
cephalopathy. A high plasma concentration of IL-6 may
indicate progression to encephalopathy. However, the
precise mechanism of the illness remains unknown.
Further studies should explore the disease mechanism
and the clinical applications of these observations.
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