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Suppression of Viral Pneumonia in Mice by a Microbial Product (APM)*
(19739)

VINCENT GROUPE, LEONORA H. PrcH, ANp ALvIN S, LEVINE.!

From the Department of Microbiology, New Jersey Agricultural Experiment Station,
New Brunswick, N. J.

For several vears a systematic search for
antiviral agents has been conducted in this
laboratory. Two antibiotics were found which
possessed antiviral properties, namely, Ehr-
lichin(1) and viscosin(2). Neither of these
preparations appeared to be of sufficient in-
terest to warrant further study and the search
was resumed. Filtrates from cultures of
various microorganisms recently isolated from
soil were tested for antiviral activity against
influenza A virus in both embryonated eggs
and mice. Of the cultures tested, one, a cul-
ture of Achromobacter sp. 134} produced a
material endowed with a unique combination
of biological characteristics. This material
was found to suppress the development of pul-
monary lesions in mice which resulted from in-
fection with influenza A virus and to reduce
the non-transmissible pneumonia induced by
the intranasal instillation of large numbers of
infectious particles of Newcastle disease
virus.  Further, attempts to demonstrate
virucidal activity against these viruses were
unsuccessful and antiviral activity in embry-
onated eggs was, at best, barely detectible by
the usual methods.

Materials and methods. Pertinent informa-
tion on the various viruses used in these stud-
ies and on the procedures followed in the use
of embryonated eggs have been described
(1,2). Hemagglutination tests were per-
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{ This culture has been deposited in the culture
collection of the Department of Microbiology under
the number 134,

formed in the usual manner(3). Albino mice
(Webster strain) weighing 18 to 20 g were
infected intranasally under light ether anes-
thesia with 0.05 ml of appropriately diluted
virus as indicated in the text. Parenteral in-
jections of test materials were begun one hour
or more after infection or as indicated. The
lungs of each mouse were carefully examined
and the degree of pulmonary consolidation was
scored as described by Horsfali(4). The
average weight of the lungs of the various
groups of mice was frequently determined as
an additional criterion.

Description of Achromobacter sp. No. 134.
The bacteria measured approximately 0.7 by
2 to 10 u and occurred singly or in short
chains. The rods were gram-negative, non-
acid-fast, non-spore-forming, and were motile
by means of peritrichous flagella, The organ-
ism failed to grow anaerobically. On nutrient
agar young colonies were circular, low convex,
white, entire, adherent and measured 1.0 to
1.5 mm in diameter. Older colonies gradually
developed radial striations with a lobate edge.
A pellicle was usually formed in liquid media.
Litmus milk was alkaline and reduced. An
acid reaction was produced in media contain-
ing glucose, galactose and maltose and inor-
ganic ((NH4)sSO4) but not organic nitrogen.
Nitrites were formed from nitrates. Produc-
tion of HyS was slight or absent. Indol was
not formed. Starch and gelatin were hydro-
lyzed. Citrate was utilized as the sole source
of carbon. The optimum temperature was
28°C to 36°C. The culture was isolated from
soil.

Preparation of APM. Five ml amounts of
an actively growing culture of Ackromobacter
sp. No. 134 were inoculated into each of a
series of Blake bottles containing 250 ml of
medium composed of 0.25% glucose, 1.0%
peptone, 0.5% beef extract, and 0.1% yeast
extract in distilled water. After incubation
for 48 hours in the horizontal position the
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TABLE I. Suppressive Effect of APM on Pul-
monary Lesions in Mice Infected with Influenza A

Virus.
mg APMinj. ,—Result-3rd day after infection*—
SConday: Lesion score Avgwt
0 1 2 I/T L/M % lungs, g
0 0 0 21/22 48/105 46
9 9 9 6/12 4/60 7
3 3 3 12/12 8/60 13
1 1 1 6/10 5/560 10
33 3 10/12 10/60 17
1 1 1 11/12 21/60 35
0/6 t A8
0 0 0 15/15 53/75 71 .33
3 3 3 5/12 7/60 12 .22
0 3 3 12/12 20/60 33 22
0 0 3 12/12 28/60 47 .24
0 3 0 11/12 19/60 32 .25
3 3 0 10/12  20/60 33 .23
3 0 0 8/12 14/60 23 .24

* Approximately 10000 IDsy,.

t Uninfected eontrols.

8C == subeutaneously. I/T — No. of mice in-
fected/total. L./M — Total lesion score/total max
score. 9y — L — M X 100,

Lesion score: 3% = <6% lung tissue consoli-

dated; 1-=5-25%; 2=26-50%; 3 =051-75%; 4
= 76-100%; 5 = dead mouse with lungs consoli-
dated.

culture was filtered through glass wool to re-
move the pellicle. The culture filtrates were
pooled and acidified with concentrated HCI to
pH 3.2 to 3.5. A whitish precipitate was
formed which slowly flocculated. This pre-
cipitate was allowed to settle by gravity and
the supernatant fluid was carefully removed
by suction and discarded. The precipitate
was then suspended in 10 to 20 volumes of
distilled water and dissolved by the addition
of 5 N NaOH to pH 8. The material was
then reprecipitated 3 times in a similar man-
ner. Before the final precipitation the solu-
tion was clarified using the Sharples super-
centrifuge. The final (4th) neutralization was
performed in a small volume of water which
was dried from the frozen state. The average
vield was approximately 110 mg of APM per
liter of culture. This preparation was pro-
visionally designated APM (acid precipitable
material).

Experimental. Experiments with influenza
A wvirus. Data from 2 typical experiments
illustrating the suppressive effect of APM on
the development of pneumonia in mice in-
fected with influenza A virus are presented in
Table I. Groups of 12 or more mice each were
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infected intranasally with approximately
10,000 IDjo of influenza A virus and injec-
tions of APM were begun one hour or more
after infection as indicated. All mice were
sacrificed on the 3rd day after infection and
the degree of pulmonary consolidation and
average weight of the lungs were recorded.
The data indicate that (a) daily injections of
APM were the most effective, (b) a delay of
24 hours in the time of treatment or a reduc-
tion in the number of injections of APM re-
duced its effectiveness, (c) a suppressive ef-
fect was still demonstrable when only one in-
jection of APM was given 48 hours after in-
fection, and (d) daily injection of as little as
0.3 mg of APM exerted a detectible suppres-
sive effect on the development of pulmonary
lesions. It is of interest in this connection to
recall that the infective titer of lung tissue has
been shown to be maximal 24 hours after in-
fection with low dilutions of influenza A
virus(5).

Comparative studies on the relative effec-
tiveness of APM administered by various
routes were carried out in similar experiments
with influenza A virus. The data obtained
indicated that intraperitoneal injection of
APM was also effective but was toxic and that
oral administration of 4 mg per day of APM
was without effect. Intranasal instillation of
APM-virus mixtures was also found to be in-
effective in the following experiment. One ml
amounts of serial decimal dilutions of influ-
enza A virus were mixed iz vitro with an equal
volume of saline alone and saline containing
3 mg of APM per ml, respectively, and incu-
bated for one hour at room temperature before
inoculation into groups of 5 mice each by the
intranasal route. The mice were observed for
a period of 10 days and dead mice and mice
still living on the 10th day after inoculation
were examined and the degree of typical pul-
monary consolidation was recorded. The end
points (ID5g) of the 2 titrations were identical
(10°73) clearly indicating that APM was not
virucidal for influenza A virus.

It was of interest to determine whether
APM was more effective when mice were in-
fected with a much smaller quantity of in-
fluenza A virus. In the experiment summar-
ized in Table II, groups of 20 mice each were
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TABLE II. Effect of APM on Degree of Pul-
monary Consolidation in Mice Infected with
Sublethal Dose of Influenza A Virus.

Result-10th day after infection®
Lesion score

APM 1/T L/M %
Control 17/20 34/100 34
ITmg SC X 10 5/20 9/100 9
3mg SC X 10 6/19 6/95 G

*10 1Dy,

TABLLE II1. Effect of APM on Rate of Death of
Mice Infected with 10000 ID., of Influenza A
Virus.

Cumulative % mortality

APM: on day:
dose/day /T 23 4 3 § T
Control 19/20 0 15 45 80 95
lmg SC 20/20 0 0 20 50 95 95
37 20/20 0 0 0 25 60 95

TABLE IV. Effect of Culture Filtrate and ADPM
on Influenza A Virus in Eggs.

Result———

Avg hemag-

Type of test  Test material 1/T glutinin titer

ST § Control 10/11 626*

Contact ) Culture filtrate  9/11 380
y .. § Control 13/14 731
Therapeutic § cutture filtrate 11/16 270
) . § Control 14/15 955
Protection culture filtrate 12/14 340
[ Control T/7 1473
Contact j 2.5 mg APMt 4/4 840
1.25 /8 740

* Reciprocal of avg hemagglutinin titer of allan-
toic fluid collected 48 hr after infection with 10-
100 1D,

t Sterilized with ethylene oxide.

Contact test — test material mixed in vitro with
virus and incubated 1 hr at room temperature be-
tore inoculation.

Therapeutic test — test material inj. 1 hr after
infection.

Protection test — test material inj. 1 hr before
infection.

infected with a sublethal dose (10 IDj,) of
virus and were injected daily subcutaneously
with one and 3 mg of APM, respectively, be-
ginning one hour after infection. Twenty
similarly infected but untreated mice served
as the control group. All mice were sacrificed
on the 10th day after infection and the degree
of pulmonary consolidation was noted. The
data indicate that daily injections of APM
definitely suppressed the development of pul-
monary lesions in mice infected with a sub-
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lethal dose of influenza A virus. However, it
would appear that the effectiveness of APM
in suppressing the development of pneumonia
was not markedly increased when the size of
the infecting dose of virus was greatly
(1.000x) reduced (Table I).

It was of obvious importance to study the
effect of APM on the rate of death of mice
infected with a lethal dose of influenza A virus.
The results of a typical experiment are sum-
marized in Table III. This experiment was
identical with the preceding one except that a
lethal dose of virus (10,000 ID;¢) was em-
ployed. The data show that daily injections
of 3 mg of APM delayed death of the mice by
approximately 2 days and that when the daily
dose of APM injected was decreased to 1 mg
the delay in death was reduced.

An attempt to demonstrate a reduction in
the infective titer of pools of 8 lungs each col-
lected 24 hours after infection was unsuccess-
ful. The mice were injected subcutaneously
with 5 mg of APM one hour before intranasal
inoculation of 10 and 100 ID;¢ of influenza
A virus, respectively.

Considerable time and effort were spent in
attempting to demonstrate antiviral activity
against influenza A virus in embryonated eggs
using both culture filtrate and APM. Sup-
pressive effects, though regularly observed,
were minimal. The various preparations were
rendered suitable for injection into eggs by the
addition of penicillin (500 units per ml) and
neomycin (200 units per ml). Control inocula
were similarly treated. The results of several
typical experiments are summarized in Table
IV. The data indicate that culture filtrate
known to be effective in suppressing the de-
velopment of pulmonary lesions in mice was,
at best, capable of effecting a slight (approxi-
mately 2-fold) reduction in the average
hemagglutinin titer of allantoic fluid collected
48 hours after infection with 10-100 IDso of
influenza A virus. However, this slight reduc-
tion in the formation of viral hemagglutinin
was obtained whether the culture filtrate was
mixed i vitro with the virus or was injected
one hour before or one hour after infection.
It was hoped that APM would prove to be
more effective than culture filtrate. However,
this was not the case. A solution of APM
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containing 5 mg per ml was sterilized with
ethylene oxide(6), and was tested for antiviral
activity by means of the contact test. As with
culture filtrate a slight (approximately 2-fold)
reduction in viral hemagglutinin was obtained.
Attempts to demonstrate a reduction in the
infective titer of allantoic fluid collected 24
hours after inoculation were unsuccessful. The
eggs received potent culture filtrate one hour
after infection with 10 ID;, of virus. It is
clear that the embryonated egg was not a
suitable host for the demonstration or detec-
tion of antiviral activity of APM against
influenza A virus when the usual methods were
employed.

APM and culture filtrate both failed to in-
hibit hemagglutination én vitro by influenza A
or B viruses. Infected allantoic fluids were
titrated in the usual manner(3) in the presence
of culture filtrate, APM (2 mg per ml), broth
and saline, respectively. The hemagglutinin-
test material mixtures were incubated for one
hour at 36°C before the addition of chicken
erythrocytes. Identical end points were ob-
tained in each of the various titrations with
influenza A and B viruses, respectively.

Experiments with Newcastle disease virus
(NDV). Ginsberg(7) has shown that the
-non-transmissible pneumonia in mice which
follows intranasal inoculation of NDV paral-
leled the reactions between virus and host cell
save that formation of new infectious particles
did not occur. Further, when the maximum
of pneumonia was observed there remained
less than 0.1% of the original NDV inoculum
and “immature or incomplete virus”(8-11)
could not be demonstrated in lung tissues by
complement fixation or hemagglutination.
This unique host-virus relationship was found
to be affected by APM in the experiments
described below.

A large number of mice were inoculated in-
tranasally with 0.1 ml of undiluted allantoic
fluid containing 10” infectious units of NDV.,
Beginning one hour after inoculation and daily
thereafter groups of 15 mice each were in-
jected subcutaneously with various amounts
of APM as indicated in Table V. Inoculated
but otherwise untreated mice served as con-
trols. All mice were sacrificed on the 3rd day
after inoculation (at the time of maximum
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TABLE V. Effect of APM on Development of
Prneumonia Induced by Newcastle Disease Virus
in Mice.

~Result-——3rd day after inoe.*—

Lesion score  Avg wt

APM /T L/M % lungs, g
0/4t 18
Contrul 30/30  100/150 67 27
1 mgSCxX3 12/15 20/75 27 .21
3 13/15 20/75 27 22
1 14/15 19/75 25 .22
.03 10/15 18/75 24 .23
.01 12/15  34/75 45 25

* 10° IDg.

t Uninoculated controls.

pneumonia (7)) and the degree of pulmonary
consolidation and the average weight of the
lungs were recorded. It is clear from the data
that daily injection of as little as 0.03 mg of
APM suppressed but did not prevent the de-
velopment of pneumonia,

No evidence of inactivation of NDV in vitro
could be demonstrated when the virus was
titrated in the presence of saline, culture fil-
trate, or APM, respectively, before inoculation
into embryonated eggs.

Properties of APM. Preliminary qualita-
tive data on the properties of APM were
obtained in the following manner. Prepara-
tions of APM were treated as described below
and tested for potency in mice previously in-
oculated intranasally with 10,000 ID3, of in-
fluenza A virus or 10° infectious units of NDV.
One mg amounts of the various preparations
were injected daily subcutaneously into groups
of 12 mice each beginning one hour after in-
stillation of virus. All mice were sacrificed on
the 3rd day after infection and the degree of
pulmonary consolidation and average weight
of the lungs was determined (as exemplified
in Tables I and V). The following results
were obtained. The potency of aqueous solu-
tions of APM was not completely destroyed
by (a) exposure to a temperature of 120°C
for 45 minutes at pH 9; (b) dialysis against
running tap water for 24 hours; or (c) serial
extraction of the same solution of APM with
n-butanol, anesthetic ether, chloroform, petro-
leum ether, ethyl acetate and benzene. Half
saturation of an aqueous solution of APM with
ammonium sulfate resulted in the immediate
formation of a flocculent precipitate which was
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found to be both acid precipitable and potent.

No evidence of antibacterial or antifungal
activity could be demonstrated when the
streak-dilution method (12) was employed. A
concentration of 5 mg of APM per ml of
agar did not inhibit the growth of Es-
cherichia coli, Micrococcus pyogenes . var.
aureus, Pseudomonas aeruginosa, Shigella son-
nei, Bacillus cereus, B. subtilis, Mycobac-
terium tuberculosis (strain 607), Streptomyces
griseus, S. fradiae, Candida albicans, Asper-
gillus niger or Penicillium notatum.$

Discussion. The most interesting charac-
teristic of APM is its capacity to suppress the
development of non-transmissible pneumonia
in mice induced by the intranasal instillation
of large numbers of infectious particles of
NDV. Ginsberg(7) has suggested that the
pneumonia following inoculation of NDV may
be the result of the injurious action of a large
amount of virus. However, he points out that
the possibility of multiplication of non-infec-
tious virus was not definitely eliminated.
APM might affect either or both of these fac-
tors. On the other hand, it is equally plaus-
ible to visualize the action of APM as pri-
marily affecting the lesion itself. It is clear
that the continued presence of large numbers
of infectious particles of NDV in the lung is
not essential for the development of pneu-
monia(7). However, it is not known whether
the development of the lesion is dependent on
the continued presence of intracellular NDV
in one form or another.

Attention should be drawn to the studies of
Horsfall and Ginsberg with pneumonia virus
of mice(13) and influenza A virus(5) as well
-as with NDV(7) which indicated that pul-
monary lesions are formed at a rate different
from that of infective virus. These investi-
gators suggested that factors other than viral
multiplication per se are involved in the pro-
duction of lesions. The fact that APM sup-
presses viral pneumonia in mice in the pres-
ence or absence of the formation of new infec-
tious virus is in agreement with this sugges-
tion.

§ These tests were performed through the kind-
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Studies on the mode of action of APM, its
antiviral spectrum, and its chemical and
physical properties are in progress.

Summary. A material (APM) produced by
a culture of Ackromobacter sp., was found to
possess a unique combination of biological
characteristics. (a) APM was not inhibitory
to representative species of bacteria or fungi
in vitro. (b) Preparations capable of sup-
pressing the development of pulmonary lesions
in mice previously infected with influenza A
virus were found to be devoid of virucidal
activity in vitro and failed to affect the pro-
duction of infectious virus in lung tissue or
allantoic fluid. (c) The mouse was a far
better host than the embryonated egg for the
demonstration or detection of inhibitory ef-
fects of APM on influenza A virus. (d)
Hemagglutination ¢z vitro by influenza A or B
virus was not affected by the presence of
APM. (e) The most interesting characteristic
of APM was its capacity to suppress the de-
velopment of non-transmissible pneumonia in
mice induced by intranasal inoculation of
Newcastle disease virus.
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