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by a process of selection from strain RM3-56
which requires whole chick embryo extract
and horse serum in addition to the defined
components of medium 73.3 This suggests
the possibility that additional vitamins are
required for the RM3-56 strain of rabbit
fibroblasts.

Summary. A strain of rabbit fibroblasts
designated strain RM3-73 requires folic acid,
nicotinamide. pantothenic acid, pyridoxal,
riboflavin, and thiamine for continuous pro-
liferation in a medium containing 2% (v/v)
dialyzed horse serum. The concentration of
each vitamin which permits optimal prolifer-
ation was determined by propagating the cells
serially in media containing graded concen-
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trations of the compound. A group of eight
amino acids which are not required for serial
propagation in the presence of pyridoxal re-
placed the requirement for this vitamin under
experimental conditions employed.
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Viruses of the Coxsackie B group have been
frequently isolated from the stools and less
frequently from the throat and the spinal fluid
of aseptic meningitis patients. However,
demonstration of viremia has received only a
passing mention in the literature(1,2). The
present report describes isolation of a Cox-
sackie B2 virus from the serum of a patient
3 days after onset of a febrile illness, but 5
days prior to the onset of frank meningitis.

The patient, a 36-year-old male physician
engaged in virus research, became ill in
November 1955 while investigating an out-
break of a disease characterized by fever, diz-
ziness, chest pain, myalgia and sometimes
nuchal discomfort. His studies included ex-
amination of patients, collection and testing
of blood, pharyngeal and fecal specimens,
some of which were found to contain Cox-
sackie B2 virus.

Methods. Monkey kidney cultures pre-
pared by a modified Youngner technic(3)
were used both for virus isolation and neu-
tralization tests. The cells were grown in the

* Lab. of Infectious Diseases.

lactalbumin hydrolysate-calf serum medium
recommended by Melnick(4) and after 4
days of incubation were changed to a main-
tenance medium in which the concentration of
the calf serum was decreased by one half.
The human amnion cell cultures were pre-
pared according to a procedure described by
Takemoto and Lerner(5). In virus isolation
attempts, 0.3 ml of undiluted sera and spinal
fluid were added to several tubes each; the
throat swabs in Hanks’ solution were first
treated with 500 u penicillin, 500 ug strep-
tomycin, and 100 u mycostatin per ml; the
stools were emulsified to make 10% suspen-
sion in Hanks’ solution and treated with 1,250
u penicillin and streptomycin both before and
after centrifugation at 8,000 rpm for 30 min-
utes. Serum-virus neutralization tests em-
ploved mixtures of equal volumes of appro-
priate serum and virus dilutions representing
100 tissue culture infectious doses which after
1 hr. at room temperature were inoculated
into culture tubes. All sera used in neutrali-
zations, including serial specimens from the
patient, were heated at 56°C for 30 minutes.
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TABLE 1. Clinical Course and Coxsackie B2 TIso-
lations in Tissue Culture and Suckling Miee.

Virus
isolations
Date Clinical course  Specimen TC 8SM
11/12/55 Fever, dizziness, None
myalgia
13 Same + pleuro- ”
dynia, nausea
14 Same + headache, Throat Neg. Neg.
anorexia Blood Pos. Pos.
15 Some improv'm’nt None
16 Same Stool ” ”
17 Chest pain, back- None
ache
18 Same + ¢ stiff ”
neck
19 Frank clinical Throat Neg. Neg.
meningitis* CSF 7 QNS
22 Some improv'm’nt Stool Pos. ND

* CSF-76 cells (50% PMN), protein 52 mg.
Nuchal and spine rigidity, fever, headache and
vomiting.

Virus isolations in tissue culture were con-
firmed by intraperitoneal (0.04 ml) and in-
tracerebral (0.02 ml) inoculation of Swiss
white suckling mice of less than 24 hr. of age.

Results, Table I summarizes the major
clinical manifestations chronologically with
the results of virus isolation attempts. The
virus was present in the blood but not the
throat secretions on the third day of the ini-
tial phase of illness. Its titer was found to
be 10° per ml of serum at that time. Two
days later, during the period of relative im-
provement, the virus was present in the stool
at a titer of 10° per g of fecal material. At
the time of clinical meningitis, the virus was
again not found in the throat and could not be
isolated from a sample of spinal fluid. Dur-
ing early convalescence the virus was still
present to a titer of 10* per g of stool speci-
men.

Presence of the virus in the patient’s blood
on November 14 was established by repeated
isolations from 2 separately frozen vials of the
serum. Three of the isolations were accomp-
lished in tubes prepared from different batches
of monkey kidney cells. The fourth attempt
utilized human amnion cell cultures; the pri-
mary tubes did not show cytopathic changes
during the 30-day observation period. Ali-
quots of supernatants harvested at 10, 20,
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and 30 days and passaged blindly in amnion
and monkey kidney tubes generally failed to
produce cytopathic effects. The only excep-
tion was the 10 day harvest passaged in
monkey kidney which after a prolonged incu-
bation period showed passageable characteris-
tic Coxsackie B effect, suggestive of limited
survival rather than propagation of the virus
in the amnion system. The fifth virus isola-
tion from the serum was directly in 1 day old
suckling mice which developed typical ex-
perimental Coxsackie B disease. A passage-
able cytopathogenic agent was re-isolated in
monkey kidney tubes from the brain-muscle
pool of the 4th suckling mouse passage. Each
of the 5 separate tissue culture virus isolates
was individually typed as Coxsackie B2.

Table II shows that neutralizing antibodies
against Coxsackie B2 prototype virus, as well
as the virus strains isolated from the patient’s
blood and stool, were present in the convales-
cent serum but not in the “acute” virus-bear-
ing serum or the sera collected 2 and 16
months before the onset of illness.

Discussion. Demonstration of viremia in
this patient suggests that it may be a part of
pathogenesis of Coxsackie B meningitis. Un-
fortunately, because serum, pharyngeal, and
fecal specimens were not collected daily, it is
not possible to correlate the presence of the
virus with the development of specific symp-
toms. However, it appears that viremia
either followed or accompanied the onset of
fever, myalgia, and pleurodynia, and pre-
ceded the development of clinical meningitis.
The absence of demonstrable virus in the
throat secretions on 2 occasions and its pres-
ence in the stool mid-way through the febrile

TABLE II. Titration of Patient’s Sera against
Coxsackie B2 Viruses.*
Virus strains
Serum Stool
isolate isolate Proto-
Date of serumt (11/14/55) (11/16/55) type B2
7/26/54 <4 ND <4
9/15/55 ” <4 ”
11/14 i 2 ”” ’
12/ 6 64 64 64

* Figures indicate reciprocals of serum dilutions
neutralizing 100 TCID;,.

t All sera were heated at 56°C for 30 min.

} “¢“Acute’’ virus-bearing serum.
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illness preceding meningitis suggests that in
this patient there was an early locus of viral
propagation in the intestinal tract.

Review of the literature disclosed no other
findings suggestive of the possible role of Cox-
sackie B viremia in the pathogenesis of men-
ingitis. Isolation of 4 Coxsackie virus strains
from human blood was first reported by Tay-
lor(1) in the course of routine testing of 1,990
specimens from febrile patients in Egypt.
Two of these viruses were found to belong
to Group A (A3 and A6) and 2 were typed as
B2. No definitive data were presented corre-
lating the presence of viremia with the clini-
cal picture(1,6).

Another cursory reference to a single iso-
lation each of Coxsackie A and B viruses from
human bloods was made by Bayer and Gear
(2). No details were given but apparently
all of their patients were admitted with CNS
involvement as suspected cases of nonpara-
lytic poliomyelitis. The uncommonness of
Coxsackie B viremia after onset of meningitis
is attested by the fact that thev were able to
isolate the virus only once although their
group of 200 cases of viral meningoencepha-
litis included 20 individuals with Coxsackie
B viruses in the feces, 9 of whom also had
demonstrable virus in the spinal fluid.

It is quite possible that every systemic in-
fection with the Coxsackie B viruses is ac-
companied by viremia. Elucidation of its
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role in the pathogenesis of complicating men-
ingitis will require further attempts to isolate
the virus from all types of suspected Cox-
sackie B infections, including those with men-
ingeal involvement at various stages of the
disease.

Summary. Coxsackie B2 virus was re-
peatedly isolated from a serum specimen ob-
tained 5 days prior to the onset of clinical
meningitis. The virus was also demonstrated
in the stool specimen during the prodromal
phase and in convalescence. The convalescent
serum contained specific antibodies which
were not present either in the virus-bearing
serum or in sera collected before the onset
of this illness.

The authors are grateful to Mrs. Nancy C. Gregg
for valuable assistance.
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