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(From the Departments of Pediatrics and Medicine, New York University College of Medicine,
New York, N. Y.)
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During the course of another study (1) it was
necessary to determine the concentration of polio-
myelitis virus excreted in the feces of patients.
Stool specimens were obtained from two groups of
patients designated for the present as Groups I and
II. The purpose of this paper is to report obser-
vations on the titer of virus found in the stools of
patients with poliomyelitis. The titer was generally
higher in paralytic patients as compared to non-
paralytics and to patients with mild transitory
weakness. Certain differences in the composition
of the two groups of patients and in the handling
of the stools from each group became apparent
after the titrations were done and will be discussed.

MATERIALANDMETHODS

Material for this study was obtained from patients
with poliomyelitis admitted to Willard Parker2 and to
Bellevue Hospitals 2 in their first week of illness during
the 1949 epidemic in New York City. The age of the
patients varied from 6 months to 22 years (Table I).

The first stool specimen (A) was obtained during
the first week of illness, and a second specimen (B) was
collected 7 days later. They were stored in the solid
state (-30° C.) until prepared for inoculation.

Preparation of stool for inoculation. The stool was
thawed and mixed in a Waring Blendor with sterile dis-
tilled water to make a 10 per cent suspension. The sus-
pension was centrifuged at 4000 r.p.m. for 30 minutes at
40 C. (International Centrifuge PRl, angle head). The
supernatant fluid was removed and shaken briefly with
one-fourth to one-half volume of reagent ether, and stored
overnight at 20 C. The next morning, after removal of
the ether, the suspension was centrifuged again as de-
scribed above. The middle aqueous layer was pipetted off
and centrifuged at 18,000 r.p.m. for 1 hour at 40 C. (In-
ternational, PRl, angle head). To the final supernatant
fluid penicillin 1000 units per ml. and streptomycin 10 mg.

1 Aided by a grant from the National Foundation for
Infantile Paralysis, Inc.

2 Wethank the Medical and Nursing staffs of Willard
Parker Hospital and Bellevue Hospital for their help in
collecting material.

per ml. were added. Portions of the material were cul-
tured on a blood agar plate and inoculated into monkeys.
Aliquots were stored at -30° C.

Inoculation of monkeys. Immature rhesus monkeys
(macaca mulatta) weighing usually 5 to 7 pounds were
each given 1 ml. of stool suspension by the intracerebral
route under ether anesthesia. They were examined daily
for 28 days. At that time, if no signs of poliomyelitis
had appeared, they were sacrificed and the spinal cord
and medulla examined histologically. Monkeys exhibit-
ing microscopic lesions typical of poliomyelitis were
counted as positive. The diagnosis in animals which had
developed weakness or paralysis during the observation
period was confirmed also by microscopic examination of
the spinal cord.

Titration in monkeys. The 10 per cent suspension of
stool was first inoculated into a group of six monkeys as
described above. If none developed poliomyelitis, the
stool was considered negative. If one or more animals
acquired the disease, an aliquot of this original suspen-
sion (10-') was thawed and serial decimal dilutions in
sterile distilled water were made through 10 . Six
monkeys were inoculated with each dilution which was
prepared just prior to injection and held in an ice bath.
If an end point was not achieved by this procedure ad-
ditional dilutions of 10' or 10' were prepared from the
original suspension and similarly inoculated.

Titration in tissue culture. Some of the stool suspen-
sions were also titrated in tissue culture. The roller tube
culture method described by Robbins, Weller, and Enders
(2) was used with certain modifications (3-7). Monkey
(rhesus or cynomolgus) testicular tissue provided the
source of fibroblastic outgrowth. Eight to ten fragments
were placed on the wall of each tube. Nutrient fluids of
varied composition were used. The combination of
Hanks-Simms medium and lactalbumin hydrolysate as
described by Melnick and Riordan (8) proved to be satis-
factory. After 6 or 7 days when the growth of fibro-
blasts was usually adequate, the nutrient fluid was removed
from the tubes. Serial decimal dilutions of stool in fresh
medium were prepared through the range 10' to 10'. Of
each dilution, 1 ml. was inoculated into each of three tubes.
The tubes were rolled at 6 revolutions per hour at 350 C.
They were examined frequently during 8 to 10 days for
the cytopathic changes first reported by Robbins, Enders,
and Weller (9) as characteristic of poliomyelitis virus.
Widespread granulation and destruction of fibroblasts
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TABLE I

Concentration of poliomyelitis virus in stools of two groups of patients determined by titration in monkeys

Group I Group II

Illness Illness

Patient Age Type* Day of Titert Patient Age Type* Day of Titer

(Years) (Years)
Biv 5 NP 2 4,000 Rom 1.5 P 3 20,000
Sap 7 P 4 500 Apo 8 P 3 16,000
Win 6 P 5 500 Bra 7 P 3 10,000
Mun 2 P 4 400 Cav 0.5 P 6 4,000
Mol 8 Wk 6 40 DeA 1.5 P 5 3,000
Kur 22 Wk 5 30 Cas 10 P 5 2,000
Mag 7 NP 2 16 Con 12 P 3 500
Moo 5 Wk 4 16 Bow 6 NP 6 4
Kun 15 Wk 2 10 Sta 11 Wk 5 4
Nix 7 P 3 S
Mar 8 NP 4 4
Lis 10 NP 5 4

* NP non-paralytic; P = paralytic; Wk = mild transitory paralysis or weakness.
t Titer is expressed as the reciprocal of the dilution of stool causing infection in 50 per cent of the animals (or cul-

ture tubes) inoculated. This figure indicates the number of infectious doses of virus per gram of stool.

(designated as 3 plus or more) was required as evidence
of the effect of virus (6a). The 50 per cent end point of
titrations performed in roller tubes and in monkeys was

calculated by the method of Reed and Muench (10).
The end point is expressed in the tables as the reciprocal
of the dilution causing infection in 50 per cent of the ani-
mals or culture tubes inoculated and indicates the number
of infectious doses of virus per gram of stool. The re-

sulting titers in monkeys and in tissue culture tubes are

thereby made comparable. Neutralization tests were car-

ried out in tissue culture (6a) on 3 strains which proved
to be Type 1.

There were certain differences in storage time and in
the technique of processing stools of the two groups; speci-
mens in Group I were kept frozen for a shorter period,
e.g., for a few weeks to 18 months, than those in Group
II which were frozen for about 30 months. The stools
of both groups were prepared and inoculated in the same

laboratory by the same method but by different hands.

RESULTS

Table I shows the titer, as measured in monkeys,
of poliomyelitis virus in the stools of patients in
Group I compared with those in Group II. The
majority (8/12) in Group I yielded titers of less
than 50, whereas seven of the nine patients in
Group II had titers of 500 or more. In casting
about for an explanation of this difference, the pos-

sibility was raised of an inadvertent selection of pa-

tients. Their clinical records were therefore re-

examined. It was discovered that Group I com-

prised four paralytic patients, four non-paralytic,
and four with mild transitory paralysis or weak-
ness. On the other hand the patients in Group II-

those with higher titers-were almost all paralytic
cases. Moreover, three of the four highest titers
in Group I were obtained from paralytics, whereas
the two lowest values in Group II were obtained
from a non-paralytic and a patient with transitory
weakness. This is shown to better advantage in
Table II in which the cases are regrouped accord-
ing to clinical manifestations. The criteria for
clinical classification were as follows: Paralytic
patients were those who had severe or moderately
severe paralysis usually with residual damage per-
sisting at the time of discharge or transfer. Pa-
tients considered to have mild transitory paralysis
or weakness improved rapidly and were discharged

TABLE 11 *

Titer of poliomyelitis virus in stools of patients in first week
of illness according to clinical manifestations

Mild transitory
Paralytic weakness Non-paralytic

Patient Titer Patient Titer Patient Titer

Rom 20,000 Mol 40 Biv 4000
Apo 16,000 Kur 30 Mag 16
Bra 10,000 Moo 16 Lis 4
Cav 4,000 Kun 10 Mar 4
DeA 3,000 Sta 4 Bow 4
Cas 2,000
Con 500
Sap 500
Win 500
Mun 400
Nix S

Geometric
mean 1308.0 15.03 21.01

* Figures similar to those in Table I.
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in three to nine weeks without handicapping re-
sidual damage. Non-paralytic patients had charac-
teristic spinal fluid changes but no detectable weak-
ness at any time. Table II shows that the titers
yielded by the A stools of paralytic patients were
generally higher than those with less severe mani-
festations and vice versa. There was one excep-
tion in each group (patients Nix and Biv).

As shown in Table II, the geometric mean of the
titers of the paralytic group was 1308; of the mild
transitory weakness group, 15; and of the non-
paralytic group, 21. Analysis of the variance per-
formed on the log titers showed a highly significant
difference between these means (P only slightly
greater than 0.001). Because the data do not fall
into a normal distribution curve, the appropriate-
ness of this analysis might be questioned. There-
fore, a chi-square contingency test was applied.
The cases in each of the three groups were classi-
fied as either above or below the median titer (400)
of the 21 subjects. Chi-square was 13.20 which
for 2 degrees of freedom yields a P value again only
slightly greater than 0.001.

In spite of the small samples there can be no
reasonable doubt that something more than chance
was responsible for the differences. Since there is
no adequate indication of a difference in titer be-
tween the non-paralytic patients and those with
mild transitory weakness, the chief distinction is
between the latter group and those classified as
paralytic. When these two were compared, again

TABLE III *

Poliomyelitis virus in patients' stools titrated in monkeys
and in tissue culture

1st week stool (A) 2nd week stool (B)

Tissue Tissue
Patient Monkeyt culture: Monkey culture

Bra 10,000 3,000 70 16,000
Biv 4,000 30,000 5 1,000
Moo 16 <10 4 500
Rom 20,000 16,000 300 30,000
Cav 4,000 10,000 1,000 30,000
Con 500 1,600 150 1,000
Apo 16,000 10,000 250 1,000
DeA 3,000 5,000 3,000 10,000
Win 500 1,600 50 100
Cas 2,000 3,000 4,000 1,600
Mun 400 500 0 <10

Figures similar to those in Table I.
t Six monkeys inoculated intracerebrally with 1 ml. of

each dilution.
t Three roller tubes inoculated with 1 ml. of each dilu-

tion.

with reference to the median, in a fourfold table
by Fisher's "exact" method, the difference was
found to be highly significant (P from Mainland's
tables [ 11 ] being less than 0.01 ).

Some of the stools were titrated also in roller
tube cultures of monkey testicular tissue (3-7). A
comparison of results in tissue culture and in
monkeys (Table III) shows good agreement for
results in the first week, or A stools. On the other
hand, four of the B specimens (Bra, Biv, Moo,
Rom), obtained in the second week of illness, show
a hundred-fold difference or more in favor of tis-
sue culture; a smaller difference (approximately
10-fold) was found in two others (Cav and Con).
In the remaining five there was little or no differ-
ence in titer.

DISCUSSION

The fact that stools have been shown in this
study to yield titers of poliomyelitis virus as high
as 20,000 is in itself of more than passing interest.
There are few titrations of virus in stool reported
in the literature. Pearson and Rendtorff mention
the occurrence of paralysis in a monkey produced
by a 10- dilution of stool excreted by a child with
inapparent poliomyelitis (12). Melnick titrated
two pools of feces from 11 patients in the first week
of illness. One pool yielded a titer of 30, the
other 100 (13).

When an apparent difference in titer of virus
was observed in our two groups of patients whose
stools were collected in the same stage of illness in
the same epidemic, a reinvestigation of clinical
data pertaining to their illness was an important
step in seeking an explanation. Wediscovered to
our surprise that high titers were obtained for the
most part from patients who had severe to mod-
erately severe paralysis with residual damage.
Conversely, less virus seemed to be excreted by
non-paralytic patients and by those with mild
transitory paralysis or weakness. Before specu-
lating on its possible significance, it should be
emphasized that this finding was an unexpected
by-product of another investigation (1). As such
it suffers from not being properly controlled in
certain respects. For example, the stools of pa-
tients in Group I were kept frozen for a shorter
period than those in Group II; although the stools
of both were processed and inoculated into mon-
keys by the same method described above and in
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the same laboratory, the procedures were carried
out in different years and by different hands. Al-
though it has not been possible to retitrate in
monkeys the stools of Group I to check the earlier
results, titrations in tissue culture have been per-
formed in four (Biv, Moo, Win, and Mun):
Table III shows that the A stool titers achieved
in tissue culture recently are not much different
from those obtained in monkeys two to three years
ago. Although it is difficult to see how the factors
of storage and processing could explain the ob-
served differences in titer between the paralytic
and non-paralytic groups, until the work is re-
peated under conditions that are better controlled,
we think that the findings should be interpreted
with reserve.

A comparison of virus titers obtained in mon-
keys and in tissue culture showed an interesting
difference in the second week (B) specimens.
Although there was little or no difference in titers
of the A stools done by the two different methods,
a considerable difference was found in a number
of the B stools. The titer in tissue culture was
higher by 100-fold or more than the titer in mon-
keys. The explanation of this is not clear. In
any event, it suggests that if one is seeking variants
of poliomyelitis virus with reduced pathogenicity
for primates, stool passed after the first week of
illness may offer a better source than earlier
excretions.

SUMMARY

1. A quantitative study of poliomyelitis virus
was carried out in stools obtained in the first and
second weeks of illness of 21 patients during the
1949 poliomyelitis epidemic in New York City.

2. Virus in stool was titrated in monkeys and
in roller tubes containing monkey testicular tissue.

3. High titers of virus, ranging from 2,000 to
20,000, were obtained in one third of the patients'
stools tested in monkeys.

4. Stools of the 11 paralytic patients generally
yielded high titers; stools of five non-paralytics
and of five patients with mild transitory paralysis
or weakness generally yielded low titers of virus.

5. A comparison of values obtained by titration
in monkeys and in tissue culture showed good
agreement in the first week stools. Some of the
second week stools, however, showed a lower
pathogenicity for monkeys while exhibiting per-
sistently high titers for tissue culture.
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