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maintenance of the myelin sheaths.

Summary. Nervous tissues of thiamine
deficient and control pigeons were examined
histochemically in respect to both alkaline and
acid phosphatases. In this deficiency the
nerve cells shrink and acquire increased
amounts of alkaline phosphatase, whereas the
neuropil shows only a slightly increased re-
action. Acid phosphatase of the axis cylinders
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and cytoplasm of the nerve cells is diminished
in amount. After administration of thiamine
to the deficient pigeons, a considerable return
to normal is observed. Accompanying restora-
tion of the acid phosphatase a network, similar
to the pattern of “neurokeratin’, becomes
evident in the myelin sheaths.
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There is evidence that antibodies for var-
ious infectious agents occur in certain of the
secretions and excretions of humans and ani-
mals. For example, antibodies have been
found for influenza virus(1-3) and the Lan-
sing strain of poliomyelitis virus(4-6) in nasal
secretions. In feces, antibodies have been
reported for cholera(7,8), several enteric
bacilli(9-11) and possibly for one strain of
the Lansing type of poliomyelitis virus(12).
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The present study was made in order to
determine whether antibodies occurred in the
feces of monkeys during and after vaccina-
tion with the Lansing strain of poliomyelitis
virus. Monkeys were chosen for this study
since it has been shown that high antibody
titers may be obtained in their sera by vac-
cination(13,14).

Materials and Methods. Eight young
Macaca mulatta monkeys were used. The
monkeys were examined daily, and daily
rectal temperatures were recorded. For titra-
tion of the virus-neutralizing capacity of
stool . suspensions and serum specimens, white
Swiss mice 3-4 weeks of age and 12-16 g in
weight were used; these were examined daily
for a month. The day of onset of paralysis, the
character of the paralysis and the day of
death were recorded. At the end of one
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month all survivors were discarded.

The Lansing strain of poliomyelitis virus
was used(15). The linet used for vaccina-
tion had been in continued monkey passage
and the pool had a titer of 10-*% PDy,. For
neutralization tests 2 pools of the linel main-
tained in mice in this laboratory were used,
with average LDj, titers of 10*". Prepara-
tion and storage of the virus suspension has
been described(16).

Your monkeys (18-61, -63, -65, -84) in
individual cages were vaccinated with Lan-
sing virus IIla, while 4 were maintained as
controls. Before each inoculation the ani-
mals were anesthetized with ether and blood
samples of 5 cc were drawn from a femoral
vein. After intracerebral challenge 20 to
40 cc of blood were drawn from the heart
at each bleeding. The sera were stored at
4-C. Three (18-61. -63, -65) received 5 bi-
weekly intravenous injections. of 4 ml of 5%
virus suspension, representing a total intra-
venous inoculation of 1.0 g of infected nervous
tissue. Each of these, and monkey 18-84,
then received a total of 1.4 g of infected
cord tissue intramuscularly, in doses of 2 ml
of 109% suspension inoculated into the calf
muscles once a week for 7 weeks. Intracere-
bral challenge with 1.0 ml of 10% virus sus-
pension (140 PD;,) was given to 18-84 two
weeks after the end of the course of vaccina-
tion, and to the others 3 weeks after the end
of the course.

15. Armstrong, C., Pub. Health Rep., 1939, v54,
1719.
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. Immediately after the second or third and suc-
ceeding intravenous injections the monkeys developed
respiratory arrest, accompanied by a rapid, thready,
or imperceptible femoral pulse and cardiac thrust.
This was treated by artificial respiration for 2 or 3
minutes, by which time the animals once more began
to breathe, at first irregularly with gasping, and
later rapidly and deeply with rapid recovery of
consciousness. These incidents had no permanent
ill-effects, and none was observed after intramuscu-
lar inoculation.
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Monkey stools were collected daily and
stored individually at -2 to -10°C. Each
pool of feces represented 5 to 7 days’ collec-
tion, except for the last 2 collections of 2
days each, from individual monkeys. A 10%
suspension in physiological salt solution was
prepared from each pool and kept at 4°C
while centrifuged first at low speeds and
finally for 1 hour at 15,000 r.p.m. (approx.
18,000 g) in an anglehead centrifuge(17).
The final clarified supernate was kept at -2 to
—10°C during precipitation with cold ethanol,
according to methods used by Felton(18) and
others(19). Cold 95% ethanol was added
dropwise with constant agitation to yield
a final ethanol concentration of 30%; fre-
quently ethanol was added to another aliquot
to yield a final concentration of 20% or 40%.
The precipitate was removed by centrifuga-
tion (approx. 1430 g), and resuspended in
1-2 cc of supernate, dried in vacuum, and
stored at —2 to —10°C. The efficiency of the
alcohol procedure is indicated by the fol-
lowing considerations: 1), in one experiment,
an average of 74% of the Lansing virus neu-
tralizing antibody was recovered in the pre-
cipitate resulting from alcohol treatment of
7 human sera with original titers of 5 to 133
NDj;y against 40 LD;o of the virus; 2) in
another experiment, when 2 cc of human
serum with a titer of 200 ND;, against 100
LD;, of virus was added to 50 cc of normal
monkey stool suspension, over half of the
virus neutralizing activity of the serum was
recovered in the precipitates obtained with
alcohol treatment, while simultaneous treat-
ment of the same serum mixed with physio-
logical salt solution resulted in a 60% re-
covery of the neutralizing activity of the
unaltered serum. In addition, the pH values
of the crude stool suspensions, as well as of
the resuspended precipitates, were found to
range from 6.1 to 7.5, in which range there
is essentially no deleterious effect on immune
globulins. In addition to tests of feces from
immunized monkeys, stools were tested from
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four paralyzed poliomyelitic patients and two
normal persons, all of whose sera had anti-
body titers of 600 to 2000 against 10 LDjg
of Lansing virus.

The contents of each vial of dried mate-
rial recovered by precipitation from the stool
specimens were resuspended in 1.0 cc of
physiological salt solution. The suspensions
were tested in final dilutions of %%, %4, 1/8,
and 1/16 against final concentrations of virus
suspensions of 5 or 1% at first (400 or 80
LD;y) and later against 0.5 and 0.15% (40
and 10 LD3q). Equal volumes of diluted serum,
serum precipitate, or stool precipitate, were
mixed with virus, incubated for 30 minutes
at 37°C, and stored at 4°C for 30-90
minutes before inoculation. A volume of 0.03
cc of the mixture was inoculated intracere-
brally into each of 8 mice lightly anesthetized
with ether. A complete virus titration ac-
companied every test except for a few of the
initial experiments with stool preparations in
which a control was employed only for the
infectivity of the virus concentration used.
For all titrations and neutralizations, 50%
endpoints were calculated according to the
method of Reed and Muench(20). Neutrali-
zation results were expressed as reciprocals
of the final dilution of serum giving that
endpoint. Neutralization indices represent
the product of the reciprocal of the final dilu-
tion of serum giving a 50% endpoint and the
number of LD3q, neutralized.

Results. Immunization of Monkevs. Re-
sults obtained with 10 LD, of virus will be
considered here, although most sera were also
tested using 400 and 100 LDj, (Fig. 1). As
seen in Fig. 1, virus neutralizing antibodies
appeared in the serum of 4 monkeys after the
twenty-first day. In three monkeys (18-61,
-63, -65) antibody levels ranging from 1000
to 4000 were found in the blood towards the
erd of the 71-day period of immunization
(Fig. 1). The antibody titer in the serum of
monkey 18-84 rose to 813 two weeks after
the end of the 56-day intramuscular course.
A challenging intracerebral inoculation of
1.0 ml (140 PD;,) of the same 10% virus

20. Reed, L. J., and Muench, H,, Am. J. Hyg,
1938, v27, 493.
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TESTS FOR ANTIBODIES IN SERUM
AND FECES OF 3 MONKEYS
IMMUNI{ZED WI{TH LANSING VIRUS
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suspension used for vaccination was given
the latter monkey two weeks after, and to the
3 others, (Fig. 1) whose sera maintained
antibody levels of 1000 to 2500, three weeks
after the end of the course of vaccination.
Monkey 18-84, which had been vaccinated
with a total of only 1.4 g of tissue (2000
PD;y) given intramuscularly and had the
lowest titer of serum antibody, became para-
lyzed after the intracerebral challenge inocu-
lation, as did 4 control animals which included
18-64 and 18-70. Histological study of the
spinal cord confirmed the diagnosis of polio-
myelitis in each case. The other 3 animals,
each of which had been vaccinated with a
total of 2.4 g of tissue (3400 PDjo) given by
both the intramuscular and intravenous
routes, developed no fever or other signs of
poliomyelitis (Fig. 1). Approximately two-
fold drops of serum antibody titer were noted
in 2 of the 3 surviving immunized animals
10 weeks after the challenge inoculation. One
of them (18-63) died at this time from a
hemopericardium and showed no histological
evidence of poliomyelitis. Immediately after
this bleeding an additional inoculation of 0.2 g
of the same material was given intramuscular-
ly to the 2 survivors, and 2 weeks later the
antibody titers were 1900 and 8300, respec-
tively, thus surpassing their previous peak
levels. Progressively lower values were ob-
tained with blood taken 5 and 21 weeks after
the booster dose in each animal, demonstrat-
ing that the antibody levels 21 weeks after
the booster were as low as those obtained just
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before the booster. A second booster dose
given 21 weeks after the first resulted in a
2 and 10-fold rise in titer to values of 3400
and 5100, respectively, within 2 weeks.

Antibody in the feces. The precipitates ob-
tained with 20, 30 and 409% alcohol treat-
ment of the stools collected from 4 vaccinated
and 2 normal monkeys throughout the first
25 weeks of the test were consistently nega-
tive for the capacity to neutralize 10 or 40
LD;, of the Lansing strain of poliomyelitis
vitus. Using the technic of precipitation of
stool extracts with alcohol in the cold, nega-
tive results were also obtained in tests with
stools from two normal persons and four
paralyzed poliomyelitic patients each of whose
serum had antibody titers of 600 to 2000
against 10 LD;, of Lansing virus.

Discussion. Some observations were made
concerning the development of antibody in
the serum and of resistance to intracerebral
challenge in vaccinated monkeys. The ani-
mal which received a total of 1.4 g of tissue
(2000 PD;y) in 8 weeks was not immune to
intracerebral challenge (140 PD;,) on the
tenth week, when the neutralization index of
the serum had reached 800. The other 3
monkeys received 2.4 g (3400 PDj;,) in 10
weeks, and were immune when challenged in-
tracerebrally in the thirteenth week at which
time the neutralization indices of their sera
were 10,000, 11,000 and 25,000 respectively.
Additional inoculations on 2 subsequent oc-
casions resulted in rises of antibody titer to
levels considerably higher than those pre-
viously attained. The results of vaccination
are similar to those reported by Morgan in
extensive studies with the same strain of
virus in monkeys(13,14).

There are several possible explanations for
the failure to demonstrate Lansing antibody
in the feces of immunized monkeys. One is
that the procedures employed for its detection
were not sufficiently sensitive. In this re-
gard the evidence previously presented dem-
onstrates the effectiveness of the method used:
there was an average recovery of 74% of
the neutralizing antibody for Lansing virus
in precipitates resulting from alcoholic treat-
ment of 7 human sera; there was approxi-
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mately the same recovery of neutralizing sub-
stances by alcoholic precipitation of a mix-
ture of serum and stool as by precipitation of
a mixture of the same serum with saline.
These results indicate that when specific anti-
body is present, in moderate amounts, at
least, in serum or feces it can readily be de-
tected by the methods employed. These
methods might, of course, not be adequate
for the demonstration of antibody if only a
very small amount entered the intestine,
especially since there is no known mechanism
which would serve to concentrate antibody
in the intestine. It is, therefore, conceivable
that coproantibody might be detected if con-
centrates of the total feces excreted over a.
longer period of time were tested, rather than
testing only the concentrates of smaller
amounts as was done in the present experi-
ments,

Another explanation for the absence of
demonstrable coproantibody is that it was
present but was combined with fecal com-
ponents so as to lose its identity. The control
studies mentioned in the preceding paragraphs
demonstrate that when the specific antibody
in the form of whole serum is added to feces
it is neither destroyed nor removed by ad-
sorption onto particulate fecal material dis-
carded in the procedure. Or possibly anti-
body could be specifically absorbed by virus
in the intestinal tract; this seems unlikely
since virus was not demonstrable at any time
in the alcoholic precipitates of fecal extracts.
Fajlure to detect virus does not seem at-
tributable to the procedures employed, since
the Lansing strain of poliomyelitis virus is
not inactivated, but on the contrary is con-
centrated, by precipitation with 20 to 30%
ethanol(21). Similar concentration of the
MEF strain of Lansing-type poliomyelitis
virus has been reported by the use of methanol
(22).

A third explanation for the failure to dem-
onstrate coproantibody is that it was absent.
This is the most likely reason for the present
results although it may be that the antibody

21. Unpublished data.
22. Poliard, M., Connolly, J., and Frcmm, S.,
Proc. Soc. Exp. Bror. axp MEebp., 1949, v71, 290,
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titer of the serum has to be above the levels
attained in the present experiments before a
detectable quantity will be found in the feces.
A trend toward such a threshold effect has
been reported when the antibody to Lansing
virus is found in nasopharyngeal secre-
tions(4). But in the present experiments
there was no evidence of this even when
marked secondary rises in the antibody level
of the serum were obtained.

It will be recalled that no neutralization of
Lansing virus was demonstrable with extracts
of feces from humans with moderate levels
of antibody to Lansing virus in their sera.
Morgan has also stated, without experimental
details(23), that no neutralization of Lan-
sing virus was obtained with the feces of 3
humans who had high titers of antibody in
their sera. Although the response of human
subjects to active infection might differ from
that of monkeys to active immunization, the
absence of coproantibody in both species sug-
gests that the results obtained with the
monkey may apply to man. Moreover, the
antibody to Lansing in the serum of man is
most probably acquired through earlier in-
fection. Further studies with human sub-
jects are, however, necessary to establish the
absence of homologous coproantibody during
subclinical or frank infection with poliomye-
litis virus. One approach is indicated by a
recent study of paralytic cases and their
familial associates which suggests that the
disappearance of poliomyelitis virus from the
feces is related to the appearance or increase
of homologous antibodies in the serum(24).
Hammon has recently stated that feces from
monkeys paralyzed with the MEF-1 strain of
poliomyelitis virus neutralize the Lansing
strain of wvirus(12). Since no experimental
details are given a comparison of methods
cannot be made. However, because of the
present results one would assume that the
effect reported by Hammon was probably re-
lated to something other than antibody un-
less the response of monkeys to active

23. Morgan, I. M., Poliomyelitis, J. B. Lippincott
Co., Philadelphia, 1948, p264.

24. Brown, G. C., and Ainslie, John D., in press.
(Abstracted in Fed. Proc., 1950, v9, 378.
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infection with the MEF-1 strain differs suf-
ficiently from their response to immunization
with the Lansing strain to account for the
presence of coproantibody during paralysis.

No capacity to neutralize Lansing virus
was demonstrated with extracts of pooled
stools from each of 4 normal rhesus monkeys,
nor with 11 pools from each of 2 other nor-
mal rhesus monkeys. These are similar to
results mentioned by Hammon(12), but con-
trast with a report by Levaditi ef al.(25) in
which it was concluded that some neutraliza-
tion of a monkey-adapted poliomyelitis virus
was obtained with the stools of normal
monkeys. However, Levaditi used cynomol-
gus rather than rhesus monkeys, and tested
only crude stool suspensions.

Summary and Conclusion. Four monkeys
were vaccinated with active preparations of
the Lansing strain of poliomyelitis virus by
parenteral routes. One animal received a
total inoculum of 1.4 g of infected tissue, at
the time of intracerebral challenge had an
antibody titer in the serum of 800 against
10 LDjy of virus, but succumbed to an acute
poliomyelitic infection. The remaining 3 re-
ceived 2.4 g of inoculum, had antibody titers
in their sera of approximately 2000 against
10 LDjy of virus and did not develop the
disease. Each of 2 additional inoculations
resulted in an increase in antibody of the
serum to levels of 5100 and 8300 against 10
LDs, of virus. Despite the fact that Lansing
virus antibody in the serum of three monkeys
reachzd high titers, no evidence was obtained
for the presence of antibody in the feces.
Antibody was not detected in single speci-
mens in the feces obtained from 6 humans
whose sera had moderate titers of antibody
to the Lansing strain of poliomyelitis virus.
1t is concluded on the basis of these data that
antibody in feces is not an important factor
in the resistance of the rhesus monkey, and
probably of man, to infection with poliomye-
litis wvirus.

25. Levaditi, C., Kling, C., and Lepine, P., Bull.
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