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INTRODUCTION

Newcastle disease is a virus disease of fowls, usually appearing in an

acute form. The death rate is from 50 percent to 100 percent. It also

affects egg production and egg quality (11). In general the disease causes

a great loss to the poultry industry. The disease is widely distributed in

America. It was very easily confused with fowl pest and it is now known that

3ome of the outbreaks of the fowl plague in China considered as fowl pest were

Newcastle disease (22). After the malady has become once established in a

certain area, it is very likely to be prevalent every year but with seasonal

variations. Many kinds of vaccines have been tried, but most of them are not

satisfactory. Spreading of Newcastle disease is usually by contact. The dig-

estive system and respiratory system are the common routes of infection. Se-

cretions from the respiratory tract and fecal materials of diseased birds

contain highly virulent virus, which may contaminate the soil. Soil is also

very easily carried on shoes and tires from one place to another. Since very

little is known concerning the resistance of the virus in the soil, a careful

study was started on this subject in an attempt to help the control on New-

castle disease. An experiment on the resistance of the virus to direct sun-

light was done, besides the soil experiments, in order to determine the resis-

tance of the virus to sunlight.

The diagnosis of Nevcastle disease is based on the isolation of the virus.

Methods used to isolate and identify the virus are: (l) inoculating the mat-

erial into birds, or chicken embryos; (2) hemagglutination and hemagglutination-

inhibition tests. The last two tests are very commonly used in most laborato-

ries. They are simple, quick, reliable and economical. Some relations between

the living virus and its hemagglutinative ability are reported in this paper.



I J 0? LITERATURE

Newcastle disease was first reported in America by Beach as "A Respira-

tory Nervous Disorder". He named this disease pneumoencephalitis. Four

years later, he found it to be identical with Newcastle disease (l). The

causative agent was discovered by Doyle (13) to be a filtrable virus,

cording to the literature (3), Newcastle disease is widely distributed in the

world. In Amerioa, it has been found in 42 states, including Kansas (8), and

probably is pres nt in others. Methods used to control this disease were out-

lined by U.S.D.A., B.A.I. (23). Bushnell and Twiehaus (9) also mentioned an

important point "The runs must be plowed or spaded several times to expose the

soil to the action of sunlight". But the nature of Newcastle disease virus is

still little known to us. Some work has been contributed by others and may

be summarized as follows:

In the soil . Farinas (14) found that spleen and liver from diseased birds

covered with dry sandy earth for 12 days and crop content in the soil at room

temperature for 4 days, failed to infect chickens.

To airect sunlight. Iyer (16) stated that the exposure of organ suspen-

sion to airect sunlight for one hour had no effect on the virus. But Farinas

(14) reported that virus was killed by direct sunlight within a half hour and

a 1:10 dilution of saliva in a cotton plugged tube was inactive after 24 hours

exposure to daylight.

To heat . According to the v.ork of Farinas (14), virus was inactivated
° o

v.ithin 30 minutes at 55 C., but not at 50 C. for the sane time. Brandly, et

al. (5) mentioned that strains E and 11914 were killed by heat at 60 0« after

30 minutes, or within 45 minutes at 55 C? Iyer (16) said that the virus was

killed by heating to 50°C. or higher.



To pH. Moses, Drandly ones (20) reported that after a week's expo-

sure, maximum stability was present v.ithin the range pH 5 to V, and there was

survival within the pH range of 2 to 11. These ranges were considerably broa-

der than was demonstrable for fowl plague virus, which was more sensitive to

an acid environment and had a maximum stability of pH 6 to 11. Ih« stability

patterns of fo«l plague virus and its variant were essentially similar*

To ultraviolet light , Brandly et al. (5) exposed Newcastle disease virus

under 2573 A wave length. They found Newcastle disease virus was inactivated

in 35 to 55 minutes. Oppenheimer and Levinsion (21) produced inactivati .n of

the Newcastle disease virus in 0*3 to 0.08 second, and of the fowl plapoie virus,

in 1.1 to 3*0 seconds.

In the infected pen, from a summary of the work by Kaschula, Canham,

Kiesel and Cole (cited by Blaxland), the Newcastle disease virus survived for

less than 14 days in the infected pen (18).

At roc.;,-, temperature. According to the report of Iyer (17), the virus

remained viable after storage for 21 days at room temperature (average 17 C«)

but not after 28 days. Brandly et al. (5) found the activity of the amnio-

allantoic fluid virus was retained at room temperature for 24 hours or longer.

To disinfectants. The results of Farinas (14) and Doyle (13) are summa-

rized*
Agent Virus inactive Virus active

Potassium permangnate (13) 1*5000 in 1 hr. 1:10,000 in 1 hr.
Iysol (13) 1:1000 in 1 hr. li5C in 1 hr.
Creaol (13) 1:500 in 1 hr. 1:100 , in 1 hr.
Carbolic acid (13) 1:20 in 1 hr. 1:100 in 1 hr.
formalin (14) 1:50 in £ hr. 1:100 in £ hr.
formalin (13) 1:50 in 1 hr.

>.yl and ethyl alcohol (13) 1:2 in 1 hr. It* in 1 hr.
Jhloroform (14) 1:100 in £ hr. 1:1000 in k hr.

nervation of the vlr ;s . According to report of Doyle (13), the lung,

liver, spleen, brain, and kidney kept in a cold, dry place, we e o3itive at

the fortieth day and negative at the hundredth day. But the ovary wis nega-



tive both at fortieth day and the hundredth day. Virus in a $0 percent solu-

tion of glycerin in normal saline was active after 197 days, but was dead after

259 days. Virus was active up to 86 days in normal saline, but inactive at the

hundredth day. The virus in a spleen kept in a Petri dish was active after 80

days; it was dead after 150 days. Blood in sealed pipettes was active after

109 days. According to the report of Beach (2), virus in lung, desiccated in

vacuo over phosphorous pentoxide and stored in the refrigerator, remained vi-

able for 195 days. In tissues, susnended in 50 percent glycerin and stored in

the refrigerator, the virus was unchanged in 50 days} in 85 days its virulence

had appreciably decreased. Virus in sealed ampoules stored in a "dry-ice"

refrigerator has retained full virulence for 7 months, the longest period tested.

At 37° C. At 37 C., virus contained in liver and spleen rulp was active

for 24 hours, where as the same strain of virus in buccal washings remained

viable even after three days, according to Iyer (17).

The diagnosis of Newcastle disease is based on the isolation of the virus.

The virus can be identified by the agglutination test with chicken red blood

cells. The agglutination of chicken red blood cells by Newcastle disease virus

was discovered by Burnet (7). The technic of making the test was modified by

Lush (18) from the Hirst hemagglutination test with influenza virus. In 1946,

the U.3.D.A. issued a publication about the hemagglutination test in the dia-

gnosis of Newcastle disease which includes detailed directions for its use,

Brandly et al. (6) discussed the technics of making the test in some detail

and also the variations which are to be observed.

Chicken cells can be agglutinated by influenza virus, mumps virus and

fowl plague virus, in addition to Newcastle disease virus. In the influenza

virus, the relation between titers of hemagglutination and amount of virus

has been established (10). Ginsberg et al. (15) strongly suggested that mumps



virus hemagglutination was caused by the virus particle itself and that the

hemagglutination technique may indeed be used to meaaure virus concentration.

When Cunha, Well, Beard, Taylor, Sharp and Beard (12) studied the purification

and characteristics or the Newcastle disease virus, they found that the hema-

gglutinative activity of concentrated virus was proportional to infectivity on

chicken embryos. In addition to the hemagglutination test for identifying the

virus, the use of hemagglutination-inhibition test is considered a valuable

confirmatory test in locating outbreaks of the disease, v/hile the hemagglu-

tination reaction is due to the presence of Newcastle disease virus; the hema-

gglutination-inhibition reaction depends on the presence of a Newcastle disease

antibody.



EXPERIMENTAL j,TS

Resistance of Newcastle Disease Virus in the Soil

Types of Soil . Three different kinua of soil were taken from the Kansas

State College campus:

Soil P was taken at the surface of the ground under the pine trees near

the ional Hall; black in color \ fine granular.

Soil W was taken from 2 feet under ground near the Illustration Build-

ing j clay-like soil; yellow in color j very fine granular.

oil V was taken at the surface of the ground in front of Veterin ry

Hall j grey in color; larger granular.

Three hundred g of each soil was put into sterile jars with loose lids.

Three samples were taken from each soil, one for control and the other two for

inoculation with living Newcastle disease virus. One of the two inoculated

soils was mixed thoroughly with 25 g of hydrated lime before inoculation.

Jars were marked with numbers as follows:

Soil Jar No. T^-eatment Final pH Inooulateo vith virus Remarks

P 1
P 2
P 3

:io

Un
No

6.2
11.18
6.2

Yes
Yes
No Control

I

I

..

V

V
V

4
5
6

No
Li: e
No

5.8
10.5
5.8

Yes

Yes
Control

7
8

9

No
Line
No

5.6
10.2
5.2

Is*
Yes
No Control

Nature and Source of Virus. The virus was provided by Dr. L.D. Bushnell.

It was a Manhattan strain, harvested from chicken embryos. The highest hema-

gglutination titer was 1:2560 and the embryo M.L.D. was 1 times lO*
9
. After



The virus was inoculated into the soils, about 2 g were taken from each

jar every day, or every few days, mixed with 10 ml of sterile saline, fil-

tered through bencefeld filters, and a sterility test made. Two tenth ml.

of each sterile filtrate was inoculated into three ten-day-old chicken em*

bryos. These embryos were checked every day after inoculation. If the

embryo was found dead, a sterility test was made, the sterile chorio-allan-

toic fluid was taken from the dead embryo and a hemagglutination test was

run.

Technlc pi king HemagglutInation Tost . The techniques used for hema-

gglutination test followed exactly the publication of "Diagnosis of Newcastle

Disease" from U.S.D.A, (24).

orlment I, The amount of virus used was 5 ml of a 1:10 dilution, to

each jar containing 300 grams fresh soil, or limed soil. Since the embryo

: .L.D. of this virus was about 1:1,000,000,000 ml, each gram of soil would

give about 17,000,000 embryo K.L.D. Embryos inoculated with 0.2 ml of fil-

trate from 10 ml saline mixture with 2.0 grams soil •ample would receive 34,

000 U.L.D., if the virus maintained its virulence. Results of the first ex-

periment are given in Table 1.
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Table 1. Survival of Newcastle disease virus in fresh soil.

AlSai

1 1 a

1 (Dilutions of chorio-allantoio fluid used in 'U teat

1 trol Results
1 Of IlS 1*10 1:20 1:40 1:80 1:160 1:320 1:640 i:12W

- V

1 1 b •12 - - - - - - *• -

1 1 c -

1 2 a *12 - - ........ - m, - - -

1 2 b *11 - - - - -

1 2 c -

1 3 a *9 - - • - - - mm —

1 3 b •
—

1 3 c —

1 4 a *3 — V

1 4 b mm

1 4 c -

1 5 a *9 - - -.--.- - - - mm "

1 5 b -

1 5 c •*

1 6 a —

1 6 b *11 - - ........ - - - • -

1 6 -

1 7 a *2 • - V

1 7 b *3 * mm V

1 7 *11 - - a. •• «. «. — — — •» -

1 8 a —

1 6 b *12 - - _ - • • - - - - -

1 8 c -

1 9 a -

1 9 b -

1 9 c mm

2 1 a •J mm V

2 1 b -

2 1 c -

2 2 a -

2 2 b -

2 2 c •M

2 3 a -

2 3 b 9 - - - - m - ' - -

• 2 3 c -

2 4 a -

2 4 b -

2 4 c -

2 5 a "

2 5 b -

2 5 c *8 - - «,«•«,« - - • - -

2 6 a mm

2 6 b #9 . - .... - • - - -

2 6 c -

2 7 a '

2 7 b -:-4 V . -• - v
2 7 c



Table 1. (cant.).

sJ L 1 i»3 1^16 1:20 ItO) l»86 lilM Itjao i:o46 1:1286
Con-I

troll Results

2
2

2
2
2
2

8
8
8

9
9
9

a
b
c

4
4
4
4
4
4
4
4
4
4
4
4
4
4

4
4
4
4

1
1
1
2
2
2

4
4
4
5

5

5

7
7

7
8
8
8

a
b
c
a
b
c

a
b
c

a
b
c

a
b
o

a
b

c

*1 - -

*4

•J
4 V

V

«7 - -

5

5

5

5

5

5

5

5

5

6
6
6
6
6
6
6
6
6

1
1
1

4
4
4
7

7
7

1
1
1

4
4
4
7

a «t
b
e

a
b
c

a
b
c

a
b
o

a
b
c

a

7 b

i «

*5 - -

.

«

time in days virus remained in soil.
3a... sample taken from Jar No. 1 tc
Iff" eggs inoculated (eggs in triplicate),
.... days to death of embryos.

*.... indicates a dead embryo
V.... living virus.
-. . . . negative result.
HA... hemagglutination
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In the first experiment, the virus lived in fresh soil at room tempei'a-

ture without sunlight from 2 to 4 days, but in the soil treated with lime the

virus lived less than one day.

experiment II . Methods used were the sane as in experiment I, except that

the amount of virus used was a 1:2 instead of a 1:10 dilution. Results are ta-

bulates in Table 2. Samples of the first d y and the second from jar No. 1, 4

and 7 were omitted, because they gave positive result in Experiment I.

Table 2. Survival of Newcastle disease virus in fresh soil with heavier
inoculation.

—
Dilutions of chorioallantoic fluid used in HA test

1:5 1:10 1;20 1:40 1:80 1:160 1:320 1:640 1:1280"
oon-
trol iicsults

1
1
1

1

1
1
1
1

1
1
1

1
1
1
1
1
1
1
2
2
2

2
2
2
2
2

2
2
2

3
3

3
5

5

5
6

6
6

8
8
8

9

9
9
2
2
2

5

5

5

8
8
8

a
b
c

a
b
c

b

o

a
b

o

a
b

c

a
b
c

a
b
o

a
b
c

a

b
c

*b - -

-12 - -
*12 - -

*9 - -

*5 - -



Table 2. (cant.)

11

Iffl C

Dilutions of ;horio-e. fluid used in HA test Con-
trolA 1:5 1:10 1:160 1:640 1:L Results

3 1 • <3 - V

3 1 b *3 - V

3 1 c *3 - V

3 4 a *3 - V

3 4 b mm

3 4 c mm

3 7 a *3 • V

3 7 b *5 mm V

3 7 c -5 m V

4 1 a -

4 1 b -

4 1 c *5 •• V

4 4 a *5 * - V

4 4 b *3 • - V

4 4 -

4 7 a -

4 7 b -

4 7 c mm

5 1 a -

5 1 b -

5 1 c -

5 4 a -

5 4 b *5 - — - m * - V

5 4 *3 - - V

5 7 a -•

5 7 b --3 - V

5 7 c »5 - V

6 1 a -

6 1 b *11 - m m mm - - - - - - -

6 1 c
» -

6 4 a *2 • - - m - mm - - - - -

6 4 b -

6 4 c *5 * - - V

6 7 c -

6 7 b -

6 7 c *3 - — mm - - - — - — mm —

8 1 a *L2 - _ m M mm «. • • _ m

8 1 b -

8 1 c *12 - - m mm - mm m - - - -

8 4 a -

8 4 b *2 mm * - m - m 4 - V
8 4 c *2 * * f — V
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Table 2. (cont.

)

4 Sa i&.

dilutions of chorio-allantoic fluid used In HA test

1;$ 1:10 1:20 1:40 1:80 1;16Q 1:3 -0 1:6^0 1:1280
con-
trol lesulta

8 7a
8 7b
8 7c

9 4 a -12 - -

9 4b *12 - -

9 4c
10 4 a •$ - -

10 4 b

10 4 c

See footnote Table 1.

From the second experiment, it was found that with a heavy inoculation,

the virus could live from two to eight day. ever, in the soil treated

with lime ( 25 g lime in 300 | soil ), the virus died within 24 hours.
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tepsrlment III , Experiments I and II were repeated ; fresh soils and virus

used were the same as in Experiments I and II. The amount of line used was de-

creased to five g fur soil No. 2, 5, 8, 2», 5 1 and 8'. Table 3 presents the

results of this experiment .here soil No. V, 2', 4», 5', 7' and 8« were ino-

culated with 5.0 ml virus in 1:2 dilution.

Table 3. Survival of Newcastle disease virus in fresh soil with li^ht and

heavy inoculation.

i I ^
Dilutions of chorlo-allantoic fluid used in iiA test*

1x5 1:10 1:20 1:40 lt80 1:160 1;320 1:640 lll2§0
Con-
trol Results

1
1

1
1
1
1
1
1

1
1
1
1
-

1

1

1
X
1
1
1

1
1

1
1
1
1

1

*3
2 a

2 b
2 c

2» a
2' b
2« c *8

5 a
5 b

i> c

5» a
5» b *5
5» c

8 a
8 b
8 c
8» a
8* b
8« c

a
b

b

c

b

*2
*2

- -

3
3

6

6
6

9
9

2 2 a *12 -

2 2 b *12 -

2 2c --12

-

V

V

- -

*U m *
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Table 3. (cont.j.

Dilutions of chor' - J.l ntoic 1'luid used In HA tost
l;5 1:10 1:20 1:46 1:40 1:166 1:3-20 1;^6 l:l2#3a __

5 —
trol :0Ult3

2 5a
2Jb
2 5c
2 6 a «8
2 8b
2 6c
2 2« a «9
2 2» b *8
2 2» c

2 5« a *12
<i 5' b

2 5' c

2 8» a *8
2 8« b
2 8» c

*6 - -

3
3

3

3
3
3
3

3

3

3

3

3

3

3

3
3

3

3
3
3
3
3
3
3
3
3

3

3
3

3

3

3

3

2 a
2 b
2 o
2«

2» b
2» c

5 a
5 b

5 c
>'

$• b
5» o

8 a

8 b
8 c

8* a
8« b
8« c

1 a
1 b

1 c

1» a
1» b
1» c

7 a
7 b

7 c
'/•

7' b

V c

4 a

4 b

4 c

•9 . .

*6 t» -

*7 ---.--.- -
*5 - . m - - -

*6 - -
«9 •_-... - - m

•f ..... .
•10 .... .
•i ..... .

H • • - . -. >
•7 ..... .
•ia - - . • . -

«3 - -

*3
*3
•12
*9
*3

•J

V

V

•9 - -

4

+

4

V
V

V
V

V
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Table 3. (cont.)

A » '•a :

uilubions of iox'it--.
" 1 used in HA tact

1:640 1:1
Con-
trol ResultsIt* 1:10 1:20 It40 lt§5

3 4 i * - - mm - mm «M - w

3 4 1 b «3 " V

3 4 1
"

4 1 a m

4 1 b m

4 1 c m

4 1 » a «e - - - - mm - - - - -

4 1 i b *L1 - - - - mm - - - - -

4 1 o *2J ~1 - t/t - - m - - - - -

4 4 a ••

4 4 b *1<) - - mm. - - - «» - - -

4 4 c •mm

4 4 » a «9 mm - V

4 4 i b *9 mm - - - * * - V

4 4 » *3 - V

4 7 a*3 - - - - V

4 7 b *9 * - - - - - V

4 7 o *9 m - - - - - - - - «• 1

4 7 > a ••

4 7 » b *9 - V

4 7 ' c •»

5 1 i a •« •» V

5 1 • b *9 M - - - m « - - - -

5 1 • c mm

5 1 a *5 - •

5 1 b *9 - - - m - - •p - - -

5 1 c -

5 4 • a n J - - - - - - - m - •» -

5 4 ' b •»

5 4 1 c *1 J - m m - - - m - - «* -

5 4 a -

5 4 b -

5 4 c -

5 7 » a -

5 7 • b m

5 7 » c m

5 7 a -

5 7 b m

5 7 c m
6 1 • a m
6 1 • b #6 - V
6 1 • c -

6 1 a -

6 1 b -

6 1 c —

6 4 1 a *6 • — m - V
6 4 • b *6 - - - 4 - • « m V

6 4 • c
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Table 3. (cont.).

Dilutions of choriq-- -. Lantoi'c fluid 'used in
} \ test

1:5 1:10 1:20 1:40 1:30 1:160 1:320 1:640 1:1280
II i

Con-
trol tesulta

6
6

6

6

6
6

6
6
6

4 a

4 b

4 c

7' i

V b

V c

7 I

7 b

7 c

- -

*8 - -
*6 * -
*6 • -
•7 „ _

*7 -. .
*7 - -
*7 - -

7
7
7

7

7
7

7

7
7

1'

1»

1«

4'

4'

4«

V
V

b

b

o

a
b
c

«6 V

«9 - -

•»7 -

9

9

9

9

9
,9

9
9

9

10
10
10
10
10
10
10
10
10

II

II

1'

4'

4»

4«

V
V
V
V
1'

1'

4'

4'

4«

7'

V

a
b
c

a
b

c

a

b
c

a
b
c

a
b
c

a

b
c

*7 - -

•7 - -
-6

^.7 - -

*3

H

11
11
11
11

11
11
11
11

V
V
1«

4«

4'

4'

V
V
V

a
b.

c

a
b

c

a
b
c

*7
*7
*8
«6
*6
*8

«6 - -
£ee footnote Table 1.
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A few embryos died from bacterial contamination, but the numbers were

insignificant. 3ome embryos diea not from virus or from bacterial conta-

mination, probably from the ineffectiveness of the incubator and other rea-

sons. Y.hile a few embryos died the twelfth day following inoculation, they

contained little chorio-allantoic fluid. In such cases, half ml sterile

saline was put into the dead embryo and mixed with it. Then this half ml

was taken out from the embryo and hemagglutination test was made on it.

Results and Discussions of Experiments I, II and III , vihen 300 g of

fresh soil were inoculated with 5.0 ml virus of 1:10 dilution, the virus

lived in soil from two to four days. Results obtained from Experiments I

and III were the same.

When 300 g of fresh soil were inoculated with 5.0 ml virus of 1:2 di-

lution, the virus lived in the soil for 8 days in Experiment II and 9 days

in Experiment III. Those two experiments gave close correlation.

Both in Experiment I and in Experiment II, when 300 g of fresh soil

were mixed with 25 g of lime the virus lived for less than 24 hours.

when 300 g of fresh soil were mixed with 5.0 g of lime, the virus lived

in the light-limed soil for 3 days, or more.

The surviability of Newcastle disease virus in the soil was related to

the concentration of the virus. .Vhen virus used was a 1:2 dilution, it could

survive up to 9 days, while in a 1:10 dilution for only four days.

Samples were taken from the soils and inoculated into embryos in tripli-

cate. When three embryos remained alive in a single inoculation, it did not

mean that there was no virus oresent. For this reason, additional samples

were taken and inoculations continued for two additional days. If no further
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positive results were obtained tes' ' tntisued. Irregular results

wero encountered in these exp .>, for example, when the sample o." the

first day was negative, and the £oV ay positi

Lxample:

Days Sample iiesults _
|

Days Sample :esult3

4 7 negative $ y positive in iixperiment II

2 5' negative 3 5* positive in Hxperiment III
2 8« negative 3 8' rositivc in ant III

4 1* negative 5 1* positive in Lxperinent III

This condition may be due to two reasons. Fir3t, three living embryos

may not be enough to detect virus in the sample when the concentration is

low. Jecond, virus particles may not be evenly distributed throughout the

soil.
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Survival of Newcastle Disease Virus at 37°

Ten ml of chorio-allantolc fluid virus were diluteu ten times with sterile

saline. Five ml of this dilution were put into sterile test tubes with screw

caps. One tube was taken from the incubator every day and 0.2 ral was inoculated

into three living chicken embryos as in Experiment I. Hemagglutination tests

were made on those embryos which died. The results are tabulated as follows

t

Table 4. Survival of Newcastle disease virus at 37° G.

Days "

at No.

inoc. J

dilutions of chorio—ull.-ntoic fluid used Con-
trol?7 h 1:5 1:10 1:80 itli itpo 1:640 1:1280 result

3

1 a a * - 1

b *2 * * - V

c •a - V

2 a
b

c

*7 4 * V

3 a *5 + V
b *5 - - * - - * < - V
c mm

4 a
b
c

-

5 a -4 - - «• mm - - — m

b *L1 - - - - - - - - - -

c *6 * * m - - - - V

7 a

b
c

*L2 -
-

8 a *7 • - - - - mm - — mm m» -

b *7 - mm * *
.

• V
c -

9 a
b
c

-

10 a -

b *9 - - - - mm — - -. - -

c V
-

11
b
c *»

12 a
b
c

*LL - mm

See footnote Table 1.
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After the maple whs taken from the 37° C. incubator, in addition to ino-

culation of the three chicken embryos, hemagglutination tests were also made.

The chan -es of hemagglutinative titer in different samples were as follows

t

Table 5 Changes of bemagglutinative titer of the original samples of New-
castle disease virus at 37° 0.

Eui I

in 3-»lnoc,

at

3T *•

lutions of the 3omple for hemagglutination tost

1x5 ltlO 1x20 1x40 1:80 lt!6,0 lijio 1:640 It1260
Con-
trol

1
2

3
4
5
6

7
8
9

10
11
12

13
14

3/3*

1/3
2/3
0/3
1/3

0/3
1/3
0/3
0/3
0/3

^Numerator number died
Denominator number inoculated

From this single experiment it may be concluded that the virus retained

enough virulence to infect chioken embryos for 8 days at 37 C, But the vi-

rulence dropped very quickly during the second day. Since only three eggs

were used each time, and this was just a single experiment, no definite curve

could be established to illustrate the decrease of virulence. However, the

Uemagslutinative titer dropped regularly as illustrated in rig. 1.
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Fig. 1. Hemagglutinative titer of virus held at 37 C.
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:fect of Direct Sunlight on Newcastle Dieeaee Virus

Cotton cloth was cut into small pieces about 0,5 by 1.5 inches in size.

These were sterilized in an autoclave end then saturated with allantoic

viru3. The virus used was the same as In fcbeperiment I. In one group, each

single piece of cloth was spread in a sterile Petri di3h without a cover.

In a second group, pieces of cloth were overlapping and put in another ste-

rile Petri dish also without cover, Petri dishes were exposured to direct

sunlight out of doors. The date for this experiment was June 5th, 1948 with

good strong sunnier sunli :ht. The tine was from two to five o'clock, Frosi

the first group, a piece of cloth was taken from the direct sunlight in 30

minute.;, one hour and three hours, respectively, from the second group, a

piece of cloth wae taken from under two layers of cloth, after three hours

exposure to sunlight, ach piece of cloth which received sunlight directly

or indirectly was soaked in a small test tube with three ml of sterile salino

for 10 minutes at room temperature and was shaken frequently. After 10 minu-

tes, the three ml of saline suspension was filtered with a small Seitz filter

in a centrifuge. A sterility test was made after filtration. Three ten-day-

old living chicken embryos were inoculated with 0,2 ml from each filtrate.

Inoculated embryos were checked each day and hemagglutination test made on

the dead embryos as was done in Experiment I. It was found that the virus

was inactivated by direct sunlight within 30 minutes. But virus on the piece

of cloth vrtiich was protected by tvo layers of cloth was still living after

three hou
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Distribution of the Death of Embryos After the Inoculation with
Materials Containing Newcastle Disease Virus

Samples were collected from the soil, hay, straw, cloth and rubber after

they had been contaminated with Newcastle disease virus. Virus used was the

same as in Experiment I. Death date of embryos killed by the inoculation with

virus is summarized in Table 6.

iable 6. Distribution of the time of the death of embryos after inoculation
with materials containing Newcastle disease virus- .

35i " " m ryot
which died

Death day of
embryos

Percentage of dead
embryos

1
2

3
4
5

6

7
8

9
10
11
12

6

23

3

7
11
1

6

9
2

1

8.69
33.30
4.30
10.13
15.99
1.45
8.69

13.11
2.89

1.45
** The data included in Table 6 v.as obtained from various experiments and

summarized in this form.

The greatest number of embryos died on the third day after inoculation of

samples which contained virus. These results coincided with those reported by

Beaudette (3). The results of our observations, and those of Beaudette, are

shown graphically in Fig. 2. But in his results about 90 percent of the em-

bryos were killed by virus before the third day after inoculation while there

were only 4^.26 percent for the same time according to these data. The pro-

bable reason for this was that the material which he usea was concentrated

virus. The data recorded in this table were from different samples containing

various amounts of virus. From the data in Table 6 it is obvious that embryos

inoculated with materials containing Newcastle disease virus should not be dis-
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carded until the embryo is dead or has hatched. A few embryos contains virus

died as late as the 12th day after inoculation. Most investigators discard

living embryos after six days of incubation. This is too early to obtain com-

plete data.

100

90 Beaudett's results

80 This study

70

01

&
a
§ 50 1
X)

S 4°
•d L
S 3°

<d

S? 20
•p
a

S 10
u

Ph llLjI.il. .
1 2 3 4 5 6 78 9 10 11 12

No. of days after inoculation

Fig. 2 Distribution of the number of dead embryos after the inocu-

lation with material containing Newcastle disease virus.
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Relation Between the Hemag,%Lutinative Titer and the Virulence

of the Neva atle Disease Virus

Sixty-nine samples were collected from the soil, hy, straw, cloth and

rubber after contamination with Newcastle disease virus and were soaked in

saline. The hemagglutinative titer of the 69 saline extract v,as determined

before embryos were inoculated. The following table gives the results.

Table 7 Relation between the hemagglutinative titer and the virulence of the

Newcastle disease virus.

of the sample 1 Numbers of embryos | Percentage

1*1280 3/3** 1 »
1:160 1/3 33

H40 7A8 38

1:20 8/18 Uk

1:10 2/24 8

1:5 3/21 25

1:1 0/9
*>* Numerator number died

uenominator number inoculated

From the above data, generally speaking, materials with higher hemagglu-

tinative titer killed a larger percentage of embryos. iVhen the hemagglutina-

tive titer was below 1:20 three embryos were not enough to detect virus in the

•ample, because the infectivity was less than 33 percent, When the hemagglu-

tinative titer of such materials falls as low as lxl, it may or may not contain

living virus.

In another group, data were obtained on 95 samples. Thirteen showed no

hemagglutinative titer, but embryos were actually killed by the Newcastle

disease virus. Prom this it may be said that the hemagglutination test may

be useu to detect the amount of Newcastle disease virus when the concentra-

tion of vizms is high.
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Relation Between the Hemagglutinative Titer of the
. Chorioallantoic Fluid from the Dead

Embryos an I the iilapse Time
Between Inoculation

and Death

The heaagglutin -tive titer of each material inoculated into emoryo3

determined before inoculation. Embryos died on different dates and the hema-

gglutinative titer of chorio-allantoic fluid was determined. The relation

between the hemagglutinative titer of the chorio-allantoic fluid from the dead

embryos anu the period between inoculation and death is shown in Table 8.

Table 8. Relation betv/een the hemagglutinative titer of the chorio-allantoic
fluid from the dead embryos and the date of death of the embryos.

Time embryos ESS of the hemagglutina- liean of the hemagglu- Number
killed by tive titer of the chorio- tinative titer of of
virus .Ln allantoic fluid from the original sample embryos

dajfs dead c-.L.r/cc killeu

2 1:530 1:120 6

3 1:940 1:40 23
4 li980 lil60 3
5 1:960 1:8.60 7
6 1:740 1:0.70 11
6 1:383 1:4.50 6
9 1:1.45 1:3.10 9

10 1:5 1:5 2
12 1:80 1:2 1

From these data, it may be observed that embryos dead before the sixth

day after inoculation alv.ays gave higher hemagglutinative titer in their oho-

rlo-allantoic fluid than those living longer, while emuryos dying after the

dixth day, may or may not give a good agglutinative titer.
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SUMMARY

1. depending upon the amount of virus in the 3oil, liewcastle disease

virus lived in the fresh soil from two to nine days.

2. fihen Newcastle disease virus was introduced into 300 g of fresh soil

which had been mixed with 25 g of lime, the virus was inactivated within 24

hours.

3. The virus was inactivated by direct sunlight within 30 minutes. hen

the virus was covered with 2 layers of cloth it was still living after three

hours' exposure to sunlight.

4. The Newcastle disease virus retained its infectivity to chicken em-

bryos for 8 days at 37 C« From day to da at 37° C., both the eraagglu-

tinative titer and the infectivity of the virus decreased ranidly.

5. There was a close relation between hemagglutinative titer of the sam-

ple and the infectivity of the sample when the hemagglutinative titer of the

sample was above 1:20.

6. More embryos died on the third day after inoculation with virus than

for any other period. Over 70 percent of the embryos died before the sixth

day after inoculation. Some embryos were killed by the virus as late as 12

days following inoculation.

7. Relatively hi<:h hemagglutinative titers were obtained from the cho-

rio-allantoic fluid of embryos which died before the sixth day after inocu-

lation.

8. Hemagglutination test was useful in detecting the amount of Newcastle

disease virus when the sample had a high concentrations. It was of no use

when the sample had a low concentration.
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CONCLUSIONS

Newcastle disease virus lived in fresh soil frora two to nine days. It

i3 possible that soil is an Important factor in spreading the disease within

a flock, or from one flock to another by soil carried en shoes and tires. In

this experiment, 0.04 g or less of contaminated soil was enough to kill a liv-

ving embryo.

The viability of Newcastle disease virus in the soil was directly rela-

ted to its original concentration. ?Jarly diagnosis in a flock is helpful in

getting rid of the disease. hen more birds die in a flock there will be more

virus in the soil by contamination from respiratory secretion and fecal mater-

ial.

When 300 g of soil were treated with 25 g of lime, the virus was inac-

tivated within 24 hours, uireot sunlight killed the virus within 30 minutes.

For this reason, soil contaminated with virus should be plowed or spaded

several times to expose the soil to the action of sunlight as mentioned by

Or, Busruiell, or mixed with lime, or both.

In detecting Newcastle disease virus, inoculated embryos should be che-

cked twice every day. If embryos are found dead they should be removed frora

the incubator immediately. It has been found that after 24 hours, the infec-

tivity and hemagglutinative titer of the virus in dead embryo decreased rapid-

ly and tests with such material may give false negative results. A few em-

bryos inoculated with a material containing a low concentration of Newcastle

disease viru3 may die of virus infection as late as 12 days after inoculation.'

From this it is evident that inoculated embryos should not be discarded until

they have "latched or died.
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In order to get virus with a very high hemagglutinative titer from dead

embryos, the allantoic fluid should be collected as soon as possible after

death. Embryos which die after the sixth day may give a comparatively low

hemagglutinative titer.

It can be concluded that the hemagglutination test is most useful for

detecting the amount of Newcastle disease virus in a sample when the concen-

tration of virus i3 high. hen the hemagglutination titer of a sample is

below 1:20, triplicate inoculations into chicken embryos may fail in detect-

ing the virus- because the infectivity is below 33 percent.
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