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The techniques of tests for the detection of neutralizing anti-
body to distemper virus (DV) have varied greatly (9), in par-
ticular with respect to the time and temperature chosen for
incubation of the virus-serum mixture. However, since DV is
relatively heat labile, it is important to conduct the neutralization
test at a temperature where thermal inactivation of the virus is
minimal while the reaction between virus and antibody proceeds
at a reasonably high rate. In view of this, it is surprising that
no quantitative data related to thermal inactivation of DV are
available.

The rate at which DV was inactivated at various temperatures
(5, 25, 37, 56°C) was therefore studied in order to select a tem-
perature at which thermal inactivation of DV was slow, while
the association rate for the reaction between virus and neutral-
izing antibody proceeded at an adequately rapid rate.

For the detection of small amounts of antibody, it is impor-
tant that the reaction between virus and antibody is allowed to
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reach equilibrium (‘“‘steady state”) prior to assessing the mixture
of the two reactants for free virus. The time required for virus-
antibody mixtures to reach such a reversible equilibrium state
was determined at indicated temperatures.

MATERIALS AND METHODS

Embryonated hens’ eggs. Fertile White Leghorn eggs, sup-
plied from a single hatchery, were incubated at 37°C for 7 days.
The eggs were then candled to mark the position of the embryo
and the air sac. Fertile eggs were inoculated by the stab method
(8) with 0.2 ml inoculum per egg. After an additional 7 days
incubation, chorioallantoic membranes (CAMs) were examined
for DV lesions in a Quebec colony counter. A membrane which
showed two or more greyish-white opaque pocks was considered
positive for DV infection.

Virus. The Wisconsin FXNO isolate of DV was used and the
diluent was 0.01 M phosphate buffer of pH 7.4, and containing
5 % glycerine, 50 g streptomycin sulphate, 250 i.u. penicillin
and 50 units bacitracin per ml. In the present study, the sixty-
fifth to seventieth egg passage levels were used. The virus stock
was prepared by inoculating eggs with 200 to 400 EID,,. A 1:2
dilution of pooled infected CAMs was prepared in phosphate
buffer and ground in a glass grinder. The tissue suspension was
clarified by centrifugation and the supernatant was stored at
—60°C.

Sera. Five silver foxes were vaccinated with 1000 ferret LD,
of Green’s Distemperoid virus at 10 weeks of age and bled 30
days later. The sera were collected, pooled and stored at —20°C
without preservatives. The sera were inactivated at 56°C for 30
minutes immediately before use.

Virus titrations. The virus was diluted in six to seven 2-fold
increments in chilled phosphate buffer and eight to ten eggs were
inoculated with each virus dilution.

Calculation of virus and serum titers. Dead embryos were
not included in the calculation of the 50 % endpoints. The method
of Reed & Muench (10) was used for the calculation of the virus
and serum titers. Virus titers were expressed in log,, 50 % egg
infectious doses (EID,;) per 0.2 ml of undiluted CAM homogenate.
Serum titers were expressed as the negative log,, serum dilution
~vhich protected 50 % of the CAMs from virus infection.
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Temperature of water baths. The temperatures of the water
baths varied as follows: 55°—56°C; 36°—37°C; 24°—25°C; and
3°—7°C. All water baths were covered to prevent heat loss
throughout the experiment. The 56°C and 37°C water baths were
equipped with a motor-driven propeller.

EXPERIMENTS AND RESULTS

Thermal inactivation of distemper virus.

The rate of thermal inactivation of DV was studied at four
different temperatures: 5, 25, 37 and 56°C. In these experiments
the virus suspension was titrated just prior to its exposure to
the selected temperature (0 time). Timing began immediately
after the tubes containing DV were immersed in the water bath.
At each sampling time a DV tube was shaken and a quantity of
virus removed for virus infectivity assay. The withdrawn sample
was immediately diluted in chilled phosphate buffer and kept
in an ice bath during inoculation.

Thermal inactivation at 56°C. The results of preliminary
titrations at 56°C indicated that inactivation proceeded very
rapidly within 6 minutes. Virus samples, therefore, were collected
after 0, 1, 2, 3, 4, 6 and 14 minutes heating. At 56°C thermal
equilibrium of the virus sample was reached in ~ 1% minutes
after the sample was placed in the water bath. The amount of
virus used varied between 3000 and 6000 EID,, in different
experiments. In a typical experiment 1 ml of DV was pipetted
into each of seven tubes which were held in an ice bath until the
test began. At each sampling time one tube was removed from
the water bath, immediately immersed in ice and the virus
suspension diluted 1:2 in chilled phosphate buffer. At the end
of the 14-minute period the dilutions were completed and the
eggs inoculated.

Regressions of inactivated DV on time were computed for
each experiment. The points at 1 minute (Fig. 1) possibly suggest
a shoulder, but this could be due to the fact that the virus sample
required about 1% minutes to reach thermal equilibrium at 56°C.
All regressions were linear, negative and significant (Table 1).
The smallest and largest regression coefficients (b = —0.88 and
b = —1.2) were not significantly different (t = 0.62, P > 0.5)
and it was concluded that the difference in initial DV amount
had no detectable effect on the rate of DV inactivation at 56°C.
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Fig. 1. Thermal inactivation of distemper virus in 0.01 M phosphate-
glycerine buffer at 56°.

Table 1. Thermal inactivation of distemper virus: linear regres-
sions and F values for linearity.

Temperature Initial DV Linear F
of amount regressions values
inactivation (EID3)

oo 6000 Y = 015 — 0.92X 186, P<0.001

56° oo 4000 Y = 032 — 1.2X 24, 0.025<P<0.050
oo 3000 Y = 012 — 0.88X 62, 0.010<P<0.025
oo 3000 Y = 0.04 — 0.23X 1900, P<0.001

37° oo 4000 Y = 0.11 — 0.23X 175, 0.005<P<0.010
oo 1000 Y = 0.56 — 0.085X 568, P<0.001

25° oo 4000 Y = 254 — 0.053X 322, P<0.001
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The combined linear regression was also linear, negative and
significant (Y = 0.20 — 1.01X, F = 41, 0.010 < P < 0.025).

The half-life of the surviving virus at 56°C was ~ 15 minute
(Fig. 1). After about 4 minutes the curve appeared to bend
abruptly and the inactivation thereafter to proceed at a much
slower rate.

Thermal inactivation at 37°C. The results of preliminary
titrations indicated that approximately 0.5, 2.5 and 3.5 log,, EID,,
virus was inactivated in 1, 12 and 24 hours, respectively.

o

LOG,, SURVIVING VIRUS
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TIME  (DAYS)
Fig. 2. Thermal inactivation of distemper virus in 0.01 M phosphate-
glycerine buffer at 37°, 25° and 5°C.

The virus was kept in one stoppered tube. Two different
sampling time series were used in the experiments. In the first
two experiments, DV was titrated at 0, 5, 10 and 15 hours; in
the subsequent three experiments, at 0, 1, 2 and 8 hours (Fig. 2).
The amount of virus used varied between 3000 and 4000 EID,,.

The log,, surviving virus for the two series of experiments
appeared to follow a linear relationship with time (Table 1). No
difference was found between the two regression coefficients
(t =0.01, P > 0.5). The combined slope was also linear, negative
and significant (Y = 0.09 — 0.23X, F = 572, P < 0.001) (Fig. 2).
The half-life of the surviving virus was about 1 hour.
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Thermal inactivation at 25°C. The results of preliminary
titrations indicated that ~ 0.3 log,, EID,, of virus was inactivated
within 12 hours and about 1.5 log,, EID,, in 48 hours.

Distemper virus was kept in a stoppered tube. A first experi-
ment was performed using 4000 EID,, of virus at sampling times
of 0, 24, 36, 48, 60 and 72 hours and a second experiment with
1000 EID,, of virus at sampling times of 0, 8, 12, 16, 20 and 24
hours.

Regressions of inactivated virus on time were computed for
the two experiments, omitting the 0 time from both regres-
sions. The two regressions were linear, negative and significant
(Table 1). A significant difference was found between the two
regression coefficients (t = 4.5, 0.001 <P < 0.01).

The inactivation curves for both virus quantities showed an
initial shoulder (Fig. 2). Thereafter, virus was inactivated ac-
cording to first order kinetics. Since the shoulder on the in-
activation curve was more marked when the higher virus input
(4000 EID,,) was used, the initial half-lives differed considerably
in the two experiments. The half-lives were approximately 10
(1000 EID,,) and 26 hours (4000 EID,,), respectively.

Thermal inactivation at 5°C. The virus was titrated in 24-hour
intervals. In the first series of experiments sampling times were
0,1, 2,3, 4,5 and 6 days, and the amount of virus used was about
3000 EID,,. In the second series of experiments samples were
taken at 0, 1, 2 and 3 days with about 4000 EID,, of virus em-
ployed.

Since the points of the two series of experiments were fairly
scattered (Fig. 2), an enumerative rather than a quantal assay
was applied to the percentages of the mean surviving virus. No
true differences in occurrence were observed between the two
series of experiments (x? = 7.1, 0.050 < P < 0.100). Therefore,
the results of the two experiments were combined to calculate a
linear regression. The regression was linear, negative and sig-
nificant (Y = 0.06 — 0.12X, F = 45, 0.001 < P < 0.005).

It is hard to determine whether virus is inactivated according
to first order kinetics at this temperature since the rate of in-
activation is slow and the results show considerable variation.
The half-life of DV at 5°C was 3 to 4 days. At the end of 6 days
about 25 % DV infectivity remained (Fig. 2).

A single straight line relationship could not be demonstrated
with the Arrhenius plot (7). The plotting of half-lives for ad-
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Fig. 3. Arrhenius plot of thermal data for inactivation of distemper

virus. Logarithms of half-lives versus reciprocals of absolute temper-

atures. X The longer half-life was obtained with an initial virus dose
of 4000 EID,, the shorter with 1000 EID, .

ditional temperatures would be necessary to determine accurately
the deflection point(s) on the curve in Fig. 3. Studies of the
thermal inactivation of other viruses (1, 3, 4, 11) have also failed
to demonstrate a rectilinear relationship in the Arrhenius plot.

The thermal inactivation studies were carried out to find a
temperature where inactivation proceeded at a slow rate, yet
allowing the reaction between virus and antibody to reach ap-
proximate equilibrium in a time period that would be convenient
for neutralization tests. It was evident that such tests could not
be performed at 56°C or 37°C since thermal inactivation of DV
was too rapid at these temperatures. Thus, in the next series of
experiments the time required for the reaction between DV and
small amounts of antibody to reach equilibrium at 25 and 5°C
was determined.
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Kinetics of neutralization of distemper virus by antibody.
Kinetics of neutralization at 25°C. Distemper virus (~ 1000
EID,,) was mixed in equal volume with dilutions of pooled
immune fox serum (10-3.0, 10-3:3 and 10-37) and with buffer as
a control. The reaction mixtures were incubated at 25°C with
sampling times at 0, 8, 12, 16, 20 and 24 hours. Removed samples
were placed in an ice bath, serial 2-fold dilutions prepared with
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Fig. 4. Kinetics of neutralization of distemper virus by antibody at
25°C. x distemper virus + buffer, o distemper virus + immune
serum 10-3.7, A distemper virus + immune serum 10-3.3, O distemper
virus 4+ immune serum 10-3.0,

chilled buffer and the dilutions immediately inoculated into em-
bryonated eggs, using nine eggs per dilution.

Significant neutralization was obtained with the 10-3.0 and
10-33 serum dilutions (Fig. 4). The reaction between DV and
antibody in the 10-3.0 sample reached equilibrium within about
8 hours. For the 10-3:3 dilution, 16 to 20 hours appeared to be
required.

Kinetics of neutralization at 5°C. The serum-virus mixtures
and buffer-virus mixtures were the same as in the 25°C experi-
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ment, except that serum dilution 1049 also was included. The
reaction mixtures were sampled and assayed as described above.
The sampling times were 0, 1, 2 and 3 days.

Like in the experiments at 25°C only the two lowest serum
dilutions (10-3.0, 10-33) showed demonstrable virus neutrali-
zation (Fig. 5). The reaction between antibody in the 10-30
sample and virus appeared to have reached “steady state” within
2 days. For the 10-33 dilution more than 3 days seemed to be
required.

0
(%2}
2
g |
>
(V]
r4
Z
z
2
(72
e 21
)
o)
-
_3 1 1 1 1
(o} 1 2 3 4

TIME (DAYS)
Fig. 5. Kinetics of neutralization of distemper virus by antibody at
5°C. x distemper virus 4 buffer, ¢ distemper virus 4+ immune serum
10-4.9, o distemper virus + immune serum 10-3.7, A distemper virus
+ immune serum 103.3, O distemper virus + immune serum 10-3.,

Since the results at 5°C indicated that > 2 days were needed
to detect small amounts of antibody, this was considered, from
the practical standpoint, too long an incubation time to be em-
ployed in routine neutralization tests. Instead, 16 to 24 hours
incubation at 25°C appeared to be an adequate and convenient
incubation condition for use.

DISCUSSION
Distemper virus is a relatively heat labile virus. In neutral-
ization tests thermal inactivation of DV must be carefully con-
trolled so that loss of virus infectivity due to heat is not con-
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sidered due to neutralization by antibody. A temperature must
be used where heat inactivation is moderate, while the reaction
between virus and even small amounts of antibody proceeds at
a reasonably high rate.

The half-life of DV at 56°C in this study was approximately
15 minute, whereas Bussell & Karzon (2) estimated the half-life
to be 2 to 3 minutes, using the plaque assay technique. Thus, loss
of infectivity at this temperature was too rapid to be considered
for neutralization tests. After about 4 minutes’ inactivation the
curve bends abruptly to a plateau, possibly indicating a thermal
resistant virus population, which however would constitute less
than 0.1 per cent of the virus population.

A possible temperature considered for use in neutralization
tests with distemper virus was 37°C, since for other myxoviruses
such as Newcastle and influenza A, the half-life at this tem-
perature is about 24 hours (6). However, the half-life of DV at
37°C was only about 1 hour which agrees with Bussell & Karzon’s
results. Consequently, the heat lability of DV precluded the use
of this temperature in neutralization tests designed to detect
minor amounts of antibody.

In the 25°C study thermal inactivation proceeded at different
rates, depending upon the initial amount of virus used. Thus,
inactivation of ~. 1000 EID,, after 8 hours proceeded at a more
rapid rate than of the ~ 4000 EID,, after 24 hours. This dif-
ference was probably related to a less protective effect from
extraneous protein in the more dilute virus preparation (1000
EID,).

Another temperature that was considered for use in neutrali-
zation tests was 5°C. Bussell & Karzon’s work revealed a half-life
of 2 weeks at 4°C. In contrast, the half-life of DV in this study
at about 5°C was as short as 3 to 4 days; however, points at this
temperature were too scattered to allow a reliable estimation of
the half-life.

The thermal inactivation investigations indicated that it would
be impracticable to conduct the neutralization test at temper-
atures exceeding 25°C. Furthermore, since at least 2 to 3 days
were required for the neutralization reaction to reach equilibrium
at 5°C, this temperature was not considered suitable for routine
use. Gard (5) observed that the reaction between Theiler’s virus
and homologous neutralizing antibody needed about 10 days to
reach equilibrium at 4°C. It would appear that 16 hours at 25°C
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is an adequate incubation condition for DV-serum mixtures, and
that this would provide a reasonably sensitive test for neutralizing
antibody.
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SUMMARY

The thermostability of distemper virus in a phosphate-glycerine
buffer of pH 7.4 was studied at various temperatures.

Thermal inactivation curves suggested first order kinetics except
at 25°C where the curves exhibited initial shoulders. The estimated
half-life for distemper virus at 5, 25, 37 and 56°C were 3—4 days, 10
hours, 1 hour and % minute respectively. A single straight line re-
lationship could not be demonstrated in the Arrhenius plot.

Approximate equilibrium for the reaction between distemper virus
and small amounts of neutralizing antibody was established at 5°C in
2 to 3 days and at 25°C in 16—20 hours. It was concluded that 16 hours
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at 25°C provided an adequate and convenient incubation for the virus
antibody reaction in a sensitive test for distemper virus neutralizing
antibody.

ZUSAMMENFASSUNG

Der Hundestaupe Virus: seine Wdrmestabilitit und die Neutralisierung
von den Antikérpern.

Die Wirmestabilitat des Hundestaupe Virus war in einem Phos-
phat-Gyzerin Puffer von pH 7,4 bei verschiedenen Temperaturen stu-
diert worden.

Die Kurven der Wirmeinaktivierung erschienen bei erstem Grade
Kinetik, ausser bei 25°C, wo die Anfangsinaktivierung von dem ersten
Grade Reaktion abweichte Die Halbierungszeiten fiir den Hundestaupe
Virus bei 5, 25, 37 und 56°C waren auf 3—4 Tage, 10 Stunden, 1 Stunde
und %2 Minute geschitzt worden. Einen einfachen, geradlinigen Zu-
sammenhang konnte man in dem Arrhenius ,,plot“ nicht bekommen.

Die Reaktion zwischen dem Hundestaupe Virus und geringen
Mengen neutralisierender Antikorper, erreichte ungefihr das Gleich-
gewicht bei 5°C in 2 bis 3 Tagen, und bei 25°C in 16 bis 20 Stunden.

Eine empfindliche Untersuchung, neutralisierender Antikoérper
gegen Hundestaupe Virus, gewihrte eine Inkubationszeit von 16 Stun-
den bei 25°C.

SAMMANFATTNING

Valpsjukevirus: dess vdrmestabilitet och neutralisering medelst
antikroppar.

Virmestabiliteten hos valpsjukevirus studerades vid olika tempera-
turer i en fosfat-glycerin buffert av pH 7.4.

Viarme-inaktiveringskurvorna foreholl uppvisa forsta graden kine-
tik utom vid 25°C dér den initiala inaktiveringen avvek frin en forsta
grads reaktion. Halveringstiderna for valpsjukevirus vid 5, 25, 37 och
56°C uppskattades till 3—4 dagar, 10 timmar, 1 timme och % minut
respektive. Ett enkelt ritlinjigt samband erholls ej i Arrhenius ,,plot*.

Reaktionen mellan valpsjukevirus och sma méngder neutraliseran-
de antikroppar uppnddde ungefirlig jamvikt vid 5°C inom 2 till 3
dagar och vid 25°C inom 16 till 20 timmar. 16 timmar vid 25°C erbjod
ett adekvat och lampligt inkuberingsforfarande for virus-antikropps
reaktionen i en kinslig test for neutraliserande antikroppar.

(Received July 2, 1965).





