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Titration of Vaccinia Virus by Intravenous Injection
of Chick Embryos

C. KAPLAN 1

The final test ofa smallpox vaccine is its capacity to prevent the disease from developing
in inoculated individuals. This capacity, however, cannot be measured directly, so that
other methods of assessing the efficacy of vaccine have had to be developed. A laboratory
method-pock counting on the chorio-allantoic membrane of chick embryos-has recently
been shown to provide a reasonably reliable estimate of the number of infective units in a
given vaccine. In this paper, the author compares this pock-counting method with another
method-titration by intravenous injection of chick embryos. He concludes that, although
the reproducibility of titrations by intravenous injection compares very favourably with
that obtained by chorio-allantoic inoculation, the former method would not be advantageous
for the assay of vaccines, since it is very time-consuming and since differences in virulence
might obscure comparisons between the efficacy of vaccines.

INTRODUCTION

Although it is known that titration of vaccinia
virus by pock counts on chick-embryo chorio-
allantoic membrane is more reliable than titration
by inoculation of rabbit skin, there are few reports
comparing the precision of pock-count titrations
with that of other methods. An investigation of
the usefulness and reproducibility of intravenous
injection of chick embryos compared with pock
counting in the titration of this virus was therefore
undertaken. In the first instance several virus
preparations were titrated both by pock count and
by intravenous inoculation of chick embryos. When
it was clear that the two methods were measuring
substantially the same property of the virus, three
stable, freeze-dried batches of virus were titrated
repeatedly during the course of a year to determine
the precision of the intravenous method of assay.

MATERIALS AND METHODS

Virus preparations
(a) Lister Institute vaccine strain adapted to the

chick embryo. In the first group of experiments
titrations were made of several partially purified
suspensions of virus from infected chorio-allantoic
membranes and of a freeze-dried preparation

"The Lister Institute of Preventive Medicine, Elstree,
Herts, England

(designated L/12), which was also used in the second
group of experiments.

(b) Rabbit-adapted virus. This was material
from the 77th and 78th dermal passages in rabbits
of the Lister Institute vaccine strain. It was used
as suspensions of virus purified by two or three
cycles of differential centrifugation.

(c) Vaccine strain maintained by alternate passage
in sheep and rabbit dermis. The vaccine virus was
obtained from sheep and partially purified by one
cycle of differential centrifugation before freeze-
drying from 5% peptone solution (Collier, 1955).
With the exception of one batch of low-potency
vaccine specially prepared for another purpose, all
tests with this strain were made with the same batch
(S30) of dried vaccine.

(d) Mouse-neuro-adapted strain. Known as Wes-
tern Reserve strain (WR), this virus was obtained
from Dr F. K. Sanders as a 10% suspension of
infected mouse brain. The virus used was freeze-
dried material from the third mouse-brain passage
carried out at the Lister Institute.

Preparation of dilutions
All dilutions were made in Mcllvaine's phosphate

plus citric acid buffer (pH 7.2, 0.004M Na2HPO4).

Chick embryos
The embryos used in the first group of experi-

ments were crosses of Light Sussex with Rhode
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Island Red incubated at 38°C with frequent turning.
They were infected by intravenous injection on the
10th day of incubation or by inoculation of the
chorio-allantoic membrane on the 12th day; after
which they were incubated at 360C without turning.
In the second group of experiments White Leghorn
embryos were used.

Intravenous titration
Embryos were candled on the day of use and

only those were chosen in which the blood vessels
could be clearly seen. The allantoic vein or one

of its tributaries was identified and prepared for
inoculation by the method of Beveridge & Burnet
(1946). The injection was made with a long bevel
1-inch hypodermic needle, S.W.G. 27, and a tuber-
culin syringe. The standard volume injected was

0.1 ml. During injection it was possible to see

whether it was truly intravenous or not. Post-
injection haemorrhage was not a serious hazard.
When severe haemorrhage occurred it could gener-
ally be detected and the embryo discarded. Five
embryos were injected with each dilution.

Eighteen to twenty-four hours later the embryos
were candled and dead embryos discarded. Since
infectivity titres were found to increase with longer
incubation periods, the embryos were left undis-
turbed until the seventh post-inoculation day,
when the contents of the eggs were examined.
Vaccinial deaths were readily recognizable by the
presence of pocks on the chorio-allantoic membrane.
Living embryos and their enveloping membranes
were closely examined for macroscopic virus lesions
and the embryo recorded as positive if any were

present.
Two experiments to determine changes in suscep-

tibility with advancing incubation age are recorded
in Table 1. There is no doubt of the greater sen-

sitivity of the younger embryos. It was decided to
standardize all the intravenous titration procedures
in 10-day embryos.

In the second group of experiments, each of the
selected stable preparations was injected in 4 to
6 doses graded by twofold dilutions calculated to
straddle the 50% end-point. The 50% infectious
end-point of each titration was determined by
Thomson's (1947) method of moving averages,
interpolations being made by means of a nomogram
designed for the purpose (Lim, 1954).

Chorio-allantoic inoculation
The method of Westwood, Phipps & Boulter

(1957) was used. Titres were expressed as the

TABLE I

INFLUENCE OF INCUBATION AGE ON SENSITIVITY OF
EMBRYOS TO INTRAVENOUS INJECTION OF VACCINIA

VIRUS

No. of embryos infected 7 days
after inoculation on:

Dilution
of virus 10th day of 12th day of

incubation Incubation

Experiment I with 10-4 5/5 5/5
chick-embryo-
adapted virus 10-, 515 5/5

10-' 515 0/5
10-' 5/5 0/5

10-' 0/5 0/5

10-' 0/5 0/5

Experiment 2 with 10-4 5/5 5/5
vaccine virus

10-' 5/5 4/5

10-' 5/5 1/5

10-7 3/5 0

10V 0/5 0

logarithm of the estimated number of pock-forming
infective units per ml of undiluted material (p.u./ml).

RESULTS

The results of the first group of 23 paired titrations
by intravenous and chorio-allantoic inoculation
are shown in the figure opposite. The regression
coefficient (b) of log intravenous ID50 on log pock-
count titre, calculated by the method of least
squares, was 0.83. By the usual test of significance
(Table 2) the coefficient differs very significantly
from zero, suggesting that the intravenous infections
and pock-count titrations were measuring the same

TABLE 2

ANALYSIS OF VARIANCE OF b = 0.83

Sum of Degrees mean
Item | squares fredom square t21 |

Regression 17.94 1 17.94 11.4 < 0.001

Error 2.88 21 0.137

Total 20.82 22
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(or very closely related) pathogenic properties of the
virus.

Table 3 shows the 50% end-points obtained by
intravenous titrations of the three preparations in
the second group of experiments between December
of one year and November of the next. Clearly,
differences in susceptibility between successive
batches of embryos throughout the year are negli-
gible; and the results of titrating vaccinia virus
preparations by intravenous inoculation of chick
embryos are closely reproducible. Each strain has
some interesting features about its virulence.

Vaccine strain (S30)
Vaccine of this batch was used in a field trial

organized by the World Health Organization
(Cockburn et al., 1957) and was repeatedly titrated
by pock count. The mean titre of a large number of
estimations was 108.6 p.u./ml. Since the geometric
mean intravenous titre is 10-6.91 (Table 3), it follows
that 1 ID50 -- 5 p.u. There were fewer deaths
among embryos injected with this preparation than
there were with either of the other two. Live, in-
fected embryos looked normal externally; internally,
lesions were visible on the heart.

Chick-embryo-adapted virus (L/12)
This preparation was used in both parts of the

investigation. The mean of several pock-count
titrations was 108.2 p.u./ml and the geometric
mean intravenous titre was 10-6-78 (Table 3); accord-
ingly 1 ID50 t 2.5 p.u. With this virus a high pro-
portion of infected embryos died. These embryos
showed no gross changes as a rule, apart from
occasional pocks on their hearts, although the
chorio-allantoic membranes were liberally covered
with vaccinial lesions. In some recently dead
embryos a few very small white spots (probably
pocks) were present round the eyes.

Mouse-neuro-adapted virus (WR)
With two exceptions every embryo infected with

this strain was dead after seven days. The two live,
infected embryos had obvious, well-formed pocks
on heads, wings, legs and backs; pocks were par-
ticularly notable on and around the eyes and the
lower jaws. Internally there were many lesions in
the hearts and livers and the dorsal body walls.
Dead embryos were usually autolysed by the time
they were examined, but occasionally it was possible
to recognize pronounced congestion very similar
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TABLE 3
INTRAVENOUS 50 % END-POINTS AND MEAN TITRES
OF 3 STABLE DRIED VIRUS PREPARATIONS, AND THEIR
RELATIONSHIP TO POCK-COUNT TITRES OF THE SAME

PREPARATIONS

Intra- Intravenous 50% end-points
venous Month

experi-
ment no. S30 L/12 WR

25/56 December - 6.98 5.37

26/56 December 7.0 - 5.2

27/56 December - 6.65 -

1/57 January 6.73 6.64 -

2/57 February 7.0 7.06 5.2

3/57 March 6.86 6.46 5.34

4/57 April 6.67 - 4.96

5/57 May 6.99 6.9 5.26

6/57 June 7.0 6.95 5.3

7/57 July 6.9 6.9 5.23

8/57 August 6.9 6.6 5.29

9/57 September 7.01 - 5.1

10/57 November 7.0 6.66 5.08

Annual range 2.2-fold 4-fold 2.6-fold

Geometric mean titre . 6.91 6.78 5.21

p.u./0.1 ml . . . . . . 7.6 7.2 5.23

p.u./lDso . c- 5 c, 52.5 1.0

Titres are expressed as logarithms of reciprocals of the
calculated dilution, and based on a standard inoculum volume
of 0.1 ml.
S30 = vaccine strain
L/12 = chick-embryo-adapted strain
WR = mouse-neuro-adapted strain

to that described by Westwood (1952) in embryos
killed by an invasive strain of influenza virus. Com-
parison of pock-count and intravenous titres shows
that one pock-forming unit is equal to one ID50.

DISCUSSION

In their analysis of the great variability of pock-
count titrations ofmyxoma virus, Fenner & McIntyre
(1956) were unable completely to exclude the
possibility of seasonal changes in embryo suscepti-
bility. The results reported here show that the
annual range of variation of 50% end-points for the
three preparations used is very small, indicating
that the susceptibility of embryos to vaccinia virus
did not vary greatly during the course of a year.

If the response of the whole embryo is a more
reliable indicator of seasonal changes in susceptibility
than that of the chorio-allantoic membrane, then
the variability found by Fenner & McIntyre, like
that found by Kaplan & Belyavin (1957), may well
have been due, as Westwood and his colleagues
(1957) showed, to differences in the method of
preparing chorio-allantoic membranes for ino-
culation.
The reproducibility of titrations by intravenous

injection in fact compares very favourably with
that obtained by chorio-allantoic inoculation,
whether the titre is scored by lethal end-point
(Cabasso & Moore, 1957) or by pock count (Kaplan
& Belyavin, 1957). The intravenous method does
not, however, lend itself to the performance of more
than a few titrations at a time. Even with consider-
able experience the inoculation of 80 or 90 embryos
takes about three hours. Chorio-allantoic inocula-
tion is certainly quicker than this.
The preparations used in the second part of the

work reported here showed striking differences in
their virulence for chick embryos. This may be
important in vaccine assay, since some of the
methods either used or recommended for the
titration of smallpox vaccine depend on the lethality
of the virus for chick embryos (Cabasso & Moore,
1957). In titrations of this sort, chick-embryo-
adapted virus and very invasive strains may have
a measurable advantage over relatively non-invasive
strains. Andersen (1957) has shown that strains
of virus in common use as smallpox vaccines may
differ widely in their virulence for suckling mice,
but that such virulence is not related to the titre of
virus determined by pock count. There is no reason
why assay methods based on the virulence of
vaccinia virus for chick embryos or young animals
should not be used in the control of vaccine pro-
duction. There is no evidence, for example, that the
incidence of complications following vaccination
is related to virulence; but accurate information
on this point is lacking. However, strains of virus
used for production of clinically satisfactory vaccines
may differ widely in virulence (Andersen, 1957).

In the absence of combined field trials and labora-
tory studies of each of the strains used in smallpox
vaccine production it may be wise, therefore, when
comparing vaccines of different origins, not to rely
on their performance in virulence tests, but to adopt
the requirement suggested by Cockburn and his
colleagues (1957) who, in their combined laboratory
and field trial of two vaccines, found that a vaccine
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containing 108 p.u./ml could be expected to give
at least 99% " takes " in primary vaccinations.
A pock-count titration may not give much informa-
tion about the virulence of a vaccine preparation,
but in the present state of our knowledge it may be

expected to provide a reasonably reliable estimate
of the number of infective units of virus in a pre-
paration, and therefore of its probable clinical
performance in relation to a standard preparation
of known titre and efficacy.

RtSUME

La methode de titration du virus vaccinal (vaccin
antivariolique) par numeration des pustules sur mem-
brane chorio-allanto-dienne de poulet - prefere A la
methode cutanee sur le lapin - est comparee, dans cet
article, A la methode de titration par injection intra-
veineuse A l'embryon de poulet (le resultat etant exprime
soit en nombre de pustules soit en DLe).

Trois souches stables de vaccins furent employees:
a) souche vaccinale maintenue alternativement sur
mouton et lapin; b) souche adaptee au poulet; c) souche
neuro-vaccinale passee sur cerveau de souris. I1 a et
reconnu, par ces essais, que ces deux methodes mettent
en evidence les memes proprietes du virus, ou a peu pres.
Aucune variation saisonni&re de la sensibilite des

embryons de poulet - supposee par certains auteurs
n'a pu etre decelee.

En revanche, les trois preparations utilisees ont
montre de frappantes differences de virulence, ce qui
peut avoir de l'importance dans le cas oui l'on applique
une methode de titration fondee sur le pouvoir letal
du virus sur 1'embryon de poulet. Dans les essais decrits
dans cet article, les souches se presentaient comme suit,
par ordre de virulence croissante: souche vaccinale,
souche adaptee au poulet, souche adaptee au cerveau de
souris. La virulence est independante du titre du virus
determine par numeration des pustules.

Malgre la reproductibilite de ses resultats, la methode
par injection intraveineuse ne presente pas d'avantage
pour la titration des vaccins, car elle est longue, et les
differences de virulence peuvent fausser la comparaison
de l'efficacite des diverses souches de vaccins.
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