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Viremia in human poliomyelitis has been 
reported previously from this laboratory, in 
one child out of 11 1 tested ( 1). The positive 
result was obtained with blood drawn from a 
9-year-old girl 6 hours after the onset of 
symptoms in an abortive attack of poliomye- 
litis. At the time, these results were consid- 
ered evidence that viremia is of rare occur- 
rence in the human disease, and probably not 
of importance in its pathogenesis. Subse- 
quently, it became known that antibodies are 
already present a t  the time of onset of CKS 
signs both in patients(2.3) and in primates 
orally infected in the laboratory(4.5). Thus 
our negative results had to be reinterpreted, 
for it is clear that if viremia occurs, it must 
do so early. either in the incubation period or 
ininor illness phase, and in 110 of our patients 
we had probably looked for it too late. The 
possibility of viremia in the experimental dis- 
ease had been recently restudied in laboratory 
primates. and 2 reports(6,7) indicate that the 
presence oi virus in the blood is a regular 
feature after oral and other routes(8) of ad- 
ministration. In cynomolgus monkeys and in 
chimpanzees, viremia occurs as early as be- 
tween the 3rd and 8th days after its ingestion 
or cutaneous injection, and as long as a week 
before the appearance of paralysis. In rein- 
vestigating viremia in human poliomyelitis. 
therefore, efforts have been concentrated on 
obtaining specimens from contacts of cases, 
i .e.,  children who might be in the incubation 

* -4ided by a grant from the Kational Foundation 
for Infantile Paralysis. 

period, and from children with the minor ill- 
ness syndrome in the midst of an epidemic. 
The present report deals with the findings in 
one infected family, in which 3 of the 4 chil- 
dren had minor illnesses during a poliomye- 
litis epidemic in their community.+ 

Procedure. Family epidemiology. The W. 
family resides in the small town of Burbank, 
Ohio, where an epidemic of poliomyelitis oc- 
curred during the summer of 1952(9). The 
family had had no known contact with a frank 
case of the disease. but beginning June 20, 21, 
and 22, the 3 older children aged 10, 4, and 3. 
developed mild, febrile illnesses, while the 
youngest, aged 2, remained well. Slight fever, 
anorexia, nausea and vomiting, headache, and 
sore throat, in various combinations were the 
complaints. The oldest child complained also 
of soreness of the calves of the legs. The 
father, aged 37, had noted a headache on 
June 19, but this had disappeared and there 
were no associated symptoms. The mother 
remained well throughout. All of the illnesses 
were compatible in their symptomatoloe). 

t These specimens were collected by one of us 
(R.W.Mc.) in Wayne County, Ohio. Our thanks 
are due to Dr. E. E. Klehhmidt,  Health C o d -  
sioner of the Wayne & Medina General Health District 
and to Dr. Fred Wentworth, Chief of the Com- 
municable Disease Division, Ohio State Department 
of Health and their staffs, and to Mr. Edward Tulley, 
Chairman of the Summit County Chapter of the Na- 
tional Foundation for Infantile Paralysis, for their 
generous cooperation. We are also indebted to Mr. 
Claude Reed, Miss Ilah Kaufman, and Mrs. Ber tha  
Orsborne, for assistance in the collection of specimens. 
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FIG. 1. Diagram of a family outbreak of polio- 
myelitis in which 3 cases af the minor illness oc- 
curred. Shaded areas indicate period of fever. 
S.T., aore throat ; head., headache; vom., vomiting. + refers t o  results of twts f,or v i m ~  in blood (Bl), 

rectal swabs (R), and throat swabs (T).  

with abortive poliomyelitis( 10). They were 
of short duration, and none was followed by 
any sequellae. A schematic diagram of the 
illnesses appears in Fig. 1.  Collection of 
specimens. On June 23, a t  the height of the 
family epidemic, throat swabs, rectal swabs 
and blood specimens were collected by one of 
us (R.W.Mc.) from the 4 children. Throat 
and rectal swabs were preserved in 50% sterile 
glycerine, and frozen on dry ice. The bloods 
were collected in “vacutainer” tubes contain- 
ing potassium oxalate, and were centrifuged 
for 10 minutes a t  3000 rpm to layer the 
plasma and red cells before being frozen on 
dry ice. All materials were transported to 
New Haven in the frozen state, and kept 
frozen until tested. Testing of specimens. 
Both tissue culture tubes and rhesus monkeys 
( M .  mulatta) were used in testing blood speci- 
mens, while tissue culture alone was employed 
for the testing of throat and rectal swabs. 
The roller tube method, with monkey testicu- 
lar tissue was used ( 11 ) , except in a few tests 
in which monkey kidney tubes were employed. 
With the exception of one blood specimen 
(Bessie, aged 2) ,  which was tested before and 
after ultracentrifugation at 30,000 rpm for one 
hour, the plasma and/or whole blood was in- 
oculated directly into a minimum of 4 tubes. 
If no degeneration occurred, the 8- and 12- 
day harvests of all 4 tubes were pooled and 

a 2nd passage using 2-5 tubes was made before 
the test was considered negative. Several tests 
were carried out with each blood, returning 
each time to the original specimen. For mon- 
key inoculation, 0.6 ml of plasma, or plasma 
and red cells mixed, was inoculated intracere- 
brally, 0.3 ml being directed into either side 
of the thalamus. The injection was repeated 
after 3-4 weeks, if the animal remained well. 
All monkeys showing any suggestive signs of 
poliomyelitis were sacrificed for histological 
examination. Identification o j virus strains. 
Tissue culture neutralization tests( 1 1) were 
carried out on all strains isolated. A series of 
tubes was set up with equal parts of the un- 
known virus harvested from a tissue culture 
passage, and Type 1, Type 2, and Type 3: 
hyperimmune monkey serum, diluted 1 : 5 .  A 
control tube contained virus and balanced salt 
solution in equal parts. The mixtures were 
incubated a t  room temperature for one hour 
before being inoculated into 2 tubes each. The 
test was read at 4 and 8 days, and complete 
inhibition of fibroblastic degeneration by 
serum of one type only was taken to indicate 
specific neutralization of the virus. 

Results. Poliomyelitis virus was isolated 
from the blood of all 4 of the children-from 
the asymptomatic youngest child, as well as 
from the 3 older ones who had symptoms. All 
4 also had virus in throat and rectal swabs. 
A summary of the results correlated with the 
clinical course, is indicated in Fig. 1, and the 
details of the virus isolations are given in 
Table I. All strains isolated proved to be 
Type 1 (Brunhilde) . 

The amount of virus present in the positive 
blood specimens must have been minimal for 
it was insufficient to produce poliomyelitis on 
direct intracerebral inoculation into rhesus 
monkeys. On first passage in testicular tissue 
roller tubes, the results were only suggestive. 
but on 2nd and 3rd passages, characteristic 
fibroblastic degeneration of increasing severity 
occurred. Third tissue culture passage from 
2 of the specimens was inoculated into rhesus 
monkeys, and produced typical poliomyelitis, 
clinically and histologically. One blood 
specimen (from Bessie, aged 2 )  was positive 
in only one of 3 tests using testicular tubes; 
after ultracentrifugation it yielded a strongly 
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TABLE I.  The Isolatioii of T?-pe 1 Poliomyelitis. Virus from blood, throat and rectal swabs 
of 4 cliildreii in one family. 

*-- Tests for poliomyelitis virus 7 

Direct Tissue culture passage Monkey 
Speciiiiens col- inonkey 7-- , iiioc., 3rd 

Age Date onstbt lected 23/6/52 iiioculatioii 1st 2nd 3rd T.C.p'assagc 

Throat swab 
Rectal swab 

Throat swab 
Rectal SIWL 

Be 2 

Throat swab 
Rectal swal) 
B1 0 1  Ill 

2/" 
2 / 2 :  

2 / 2 :  
0/2 

* Denominator, S o .  iiioculated ; nuinerator, S o .  positive. 
+ These aiiiiilnls received 0.3 cc iiitrnrerebrally once only. 

Iiidiratrs specific nentralizatioii by Type 1 aiiitiscruai. 
$ 88pecinien ultracentrifuged before being tested in kidney tissue tubes. 
I< indicates kiclaey tissue roller tubes. 

positive result in kidney tissue tubes 
(Table I). 
Discussion. The isolation of poliomyelitis 

virus from the blood of an asymptomatic child 
and from 3 children with symptoms of the 
minor illness confirms our earlier observation 
from this laboratory of viremia in a child with 
abortive poliomyelitis. -4s with the earlier 
case( 1) all of the children were excreting virus 
in the stools a t  the time it was found in the 
blood. Evidence is thus accumulating that 
viremia can occur in the human infection as 
i t  does in chimpanzees and cynomolgus mon- 
keys, and, as with the latter. it is not asso- 
ciated with the clinical appearance of CNS 
signs, but occurs several days earlier. in asso- 
ciation with the minor illness. or in the 
asymptomatic infection, probably several days 
after exposure. Whether or not viremia can 
occur also in the incubation period of the 
single or double phase illness has not yet been 
demonstrated. In  any event, the presence of 
viremia early in the course of human-as well 
as experimental infection-supports earlier 

hypotheses (12-14) of rapid virus multiplica- 
tion outside the CNS. Where this multiplica- 
tion occurs, whether in neural or non-neural 
elements, is not as yet certain. Bodian(l5) 
believes that primary multiplication some- 
where in the intestinal mucosa, followed by 
discharge of virus into the blood stream, which 
carries it to the CNS, is the most likely se- 
quence of events. Faber et al. (16) on the other 
hand. are of the opinion that the source of cir- 
culating virus in orally infected cynomolgus 
monkeys is early multiplication in peripheral 
ganglia: they discount the possibility of multi- 
plication or spread in non-neural tissues. The 
problem can only be resolved by demonstrat- 
ing directly the early presence or absence of 
virus in various neural and non-neural tissues 
after various routes of administration. 

Summar?,. Poliomyelitis virus has been 
isolated from the blood of 4 children in one 
family during a poliomyelitis epidemic in Ohio 
in 1952. Three of the children had charac- 
teristic clinical pictures of the minor illness or 
abortive poliomyelitis, and one was asympto- 
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matic. ,411 were found to have virus in the 
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Standard$ for Hepatic and Hematologic Tests in Monkeys : Observations 
During Experiments with Hepatitis and Mononucleosis.* (20140) 

ALFRED S. EVANS,+ BRIGITTE K, EVANS, AND VIKTORIA STURTZ. 
(Introduced by C. V. Seastone.) 

From the Hepatitis Research Center, 98th General Hospital, U. S .  Army, Munich, Germany. 

The paucity of available data on the values 
for liver function tests and blood counts in 
monkeys has suggested that publication of 
such information might be useful to other 
laboratories interested in investigating chemi- 
cal or infectious agents suspected or capable 
of producing hepatic damage in monkeys. 

The observations recorded in the present 
report were obtained during thecourse of un- 
successful attempts to transmit viral hepatitis 
and infectious mononucleosis to monkeys. I t  
had been our hope that administration of 
adrenocorticotropic hormone ( ACTH) , corti- 
sone, or urethane might induce susceptibility 
to these dilseases in a laboratory animal other- 
wise resistant. Under the conditions of these 
experiments, this did not occur. 

Materials and methods. Twenty normal 

* Representing work supported in part by the Virus 
and Rickettsia1 Disease Commission, Armed Forces 
Epidemiological Board, Office of the Surgeon General, 
a. S. Army. 
; t Present address: Dept. .of Preventive Medicine 
and Microbiology, University of Wisconsin. 

monkeys (16 rhesus and 4 cynomologous) 
were bled from the femoral vein prior to in- 
oculation and the following tests of liver func- 
tion carried out by standard methods; total 
and one minute serum bilirubin, thymol tur- 
bidity, cephalin cholesterol flocculation, and 
alkaline phosphatase. Later in the study 
bromsulfalein dye retention ( 5  mg/kg) was 
determined 43 minutes after inoculation. 
Leucocyte counts were done in duplicate and 
differential counts were done by enumeration 
of 200 cells on Giemsa stained glass slides. 
Fourteen of these twenty monkeys were then 
inoculated with materials obtained from the 
patients in the active stage of characteristic 
viral hepatitis. Except for one sample of 
pooled plasma which had produced serum 
hepatitis in 10 or 20 human recipients(l),$ 
it was not known whether SH or IH virus was 
represented. In addition to the hepatitis ma- 
terials, 8 of these monkeys received injections 
of cortisone, 3 received ACTH, and 1 was fed 

$Appreciation is expressed to Dr. A. W. Wright, 
Albany, X. Y., for this material. 


