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CURRENT STE OF SMALLPOX PROPHYLAXIS

[Following is the translation of an article by S. S. Maren-
nikova and V. D. Solovyev, Most:ov Institute of Viral Prepara-
tions and the Central Institute for the Advancement of Doctors,
published in the Ru3sian-language periodical Zhurnal Mikro-
biologii. Epidemiologii i Imnunobiologtt (Journal of Microbio-
logy, Epidemiology and Inmunobiology), Vol 42, No 9, 1965
pages 15--21. It was submitted on 7 July 1964. Translation
performed by Sp/7 Charles T. Ostertag, Jr.]

For a number of reasons, up until the present time smallpox remains in
the ranks of important problems of contemporary public health. The importance
of this problem is determined by 4 factors: The latitude of distribution
of the disease and the large number of recorded cases (see the table), the
severity of the course of the disease and the possibility of the infection
entering into countries where it has already been liquidated.

Of particular importance for countries where it has already been liqui"
dated is the possibility of the infection being brought in from endemic
regions. In recent years there has not been one year free from smallpox
being brought into the countries of Europe. Moreover, the number of small-
pox cases in Europe as a result of the infection being brought in has even
increased. In the last five years smallpox has been noted in Belgium, the
Federal Republic of Germany, the German Democratic Republic, Hiungary,
Poland, Spain, Sweden, Switzerland, England and the Soviet Union (1960).
The particular danger of smallpox being brought into our country is condi-
tioned not only by our unusually extensive cultural and economic ties with
practically all the countries of the world, but also by the lengthiness of
land borders, a significant part of which belong to countries with unfavor-
able conditons in respect to smallpox.

In connection with this it is completely apparent that in research and
practical works on smallpox we should cover a vast circle of problems; along
with work on the improvement of smallpox vaccine and vaccine prophylaxis, 1$
it is necessary to study the smallpox Uaugative& agent, methods for W rapid
indication, means for the emergency prophylaxis and therapy of smallpox
infection, etc Particular attention should be turned to the study of the
peculiarities V)f the epidemiology of import ute jn

The study of the smallpox causative agent, which up until recently be-

longed to the ranks of poorly inveatigated viruses,has moved forward sig-
nificantly in recent years. Data has been obtained on its ultrastructure,
pathogenicity for laboratory animals, behavior in tissue culture, antigenic
and other properties (Bykovskiy et al., 1961; Marennikova, 1961, 1963;
Karennikova et al., 1963; Bykovskiy, 1964). In the course of these investi-
gations an experimental model of smallpox infection has been developed on
young white mice (Kaptsova, 1963, 1964). It should be stressed that the need
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"of an experimental model of smallpox infection is esperially great at the
present time. It is necessary not only for the study of the pathogenesis ofSsmallpor infection and antismallpox immnunity, :mt also for evaluating themeans of chemoprophylaxis of smallpox.

The study of the properties of the smallpox virus made it possible to
arrive at the development of criteria for the differentiation of separate
representatives of the group of smallpox viruses and the creation of new,
more modern, methods for laboratory diagnosis.

As regards the first of these problems, it is necessary to note that
all the existing classifications of smallpox viruses differ from each other,
both in the number of species included in this group as well as in the
criteria for separating different representatives into independ.-nt species
(alastrim virus, •accine virus, cowpox, etc.). To a significant degree
t 1 "is is conditionkd by general difficulties which are encountered in 'he
taxonomy of viruses, and in particular with the difficulties of defining the
idea of species. However. in a number of cases the stated deviations are
the result of an inadequate familiarity with one or the other causative
agent.

Xn recent years the laboratory diagnosis of smallpox has advanced

considerably, and certain original methods which were developed in the USSR
were included in the recommendations for laboratory diagnosis which were
proposed in the beginning of 1964 by the Committee of Experts on Smallpox of
the World Health Organization. However, it would be incorrect to consider
this problem resolved. Thus, the results, recently ob:ained at the Moscow
Institute of Vira. Preparations, of a comparative study of the sensitivity
of various methods of indication of the smallpox virus when it is applied
to the chorioallantoic membrane of a chick embryo, showed that the intro-
duction of the material according to the method of Westwood guaranteed
the detection of the virus in those concentrations in which it was not deter-
mined if the infection was carried out on the chorioallantoic membrane
from the side of the air sac. New methods for the indication of the small-
pox antigen in a tissue culture on the basis of using the immunofluorescence
method were demonstrated by Avakyan et al. (1961) and investigated in de-
tail by Gurvich and Roykhel (1964). This method, just as the method of
exposing Cuarnieri's bodies in tissue culture (Harennikova et al. 1963),
makes it possible to detect the presence of the virus in the course of the
first 6--12 hours.

Among the problems which are connected with the investigation of .the
smallpox virus, the problem concerning the mutability of this v'ixus and the
possibility of its transformation into a vaccire virts is very interesting.
The problem concerning the possibility of such a trnsformation served
as the object of more than a century's searches, carried out by the scientists
of many countries An which smallpox vaccine was produced. However, in spite
of a tremendous number of works this problem was still not resolved con-
clusively. The majority of investigators admitted the possibility of
the transformation of the smallpox virus into a vaccine virus. It should
be noted, however, that all these works were conducted prior to the time
that the smallpox virus was obtained in a pure culture, and therefore,
the stated results cannot be viewed as completely reliable. In connection

with this the necessity arose for checking these investigationwon a con-
temporary level. However, all our attempts at transforming the smallpox
virus into a vaccine, which were carried out on various biological objects
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(chick embryos, rabbits, white mice and tissue culture) and with the use of Lo
various strains of the virus, ended in failure in every case. Recently
Herrlich (1958) and Herrlich et al. (1963) reported analogous results.

The stated data should be critically attributed to the hypothesis, f
according to which the majority of the vaccine strains which are used in pro-
duction originate from the virus of natural smallpox. As is known, together
';th this a supposition is expressed concerning the origination of the

vaccine virus from the virus of genuine cowpox. Even in view of the fact
that the strains obtained by Jenner are lost at the present time there
are reports by a number of investigators who soon after Jenner obtained i
the materials for inoculations from animals or people who had cowpox. A
comparative study of the viruses of genuine cowpox and the vaccine showed,
however, that there were noticeable differences between them, including in
antigen structure and morphological changes which are caused by them in
susceptible tissues in the nature of intracellular inclusions. In their

time Downie and Haddock (1952) and van Tongeren (1952) simultaneously
isolated variants of the cowpox virus which based on certain features -- the
absence of a hemorrhagic component -- were closer to the vaccine virus
than the former earlier known strains of the cowpox virus. A detailed
study of such a variant, conducted recently at the Hoscow Institute of
Viral Preparations, made it possible to detect a number of new interesting
facts. In particular it turned out that if the cowpox virus can be clearly
differentiated from the vaccine virus based on the absence of a main pre-
cipitation band in the double diffusion rection in gel with antivaccine 2

serum, thent'white" variant of this virus is in no way different from strains
of the vaccine virus. Similar data were obtained during the cross Investiga-
tion in the reactions of neutralization and hemagglutination inhibition.
A cytological investigation of tissue cultures which were infected with the
"white" variant of the cowpox virus showed that in the cells therevas almost j

a complete absence (o.8%) of eosinophilic inclusions which are specific
for cowpox. These findings point to the possibility of the existence of
natural var'ints of cowpox which are similar to the vaccine virus.

The production of small pox vaccine is an affair which is sufficiently
old and developed, and everything relative to investigations in this area
would seem to be only of theoretical interest. Together with this the I
experience of recent years testifies that even here there are still many
unresolved problems which have primary practical Importance. We will dwell
on several examples. It was discovered in 1959 that the smallpox vaccine
which is prepared at the gamaleya Institute of Microbiology and Epidemiology
is heterogeneous in a genetic respect. Z• has at least two different
variants of the vaccine virus -- a "white" and a "surface", or "gray,diffuse."
It was subsequently ascertained that all the vaccines produced in the USSR
were genetically heterogeneous, that is, in other words they cannot be
acknowledged as standard in the full sense of the wore. These findings
served as impetus for carrying out a vast fro f works, started at the Mosow
Institute of Viral Preparations, directed at sudopure clones from genetically heterogeneoumaccines and the obtaining of a:7ir
genetically homogeneous vaccine (Marennikova and Maltseva, 1963; Naltseva
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and Marennikova, 1963; Chernos and Gendon, 1963). At the present time,
genetically homogneous vaccines from the "white" clone have been obtained
and approved in a number of plants of the USSR (Moscow Institute of Viral

r :Preparations, Tashkent and Tomsk Institutes of Vaccines and Sera, Belorusskiy
Institute of Epidemiology and Microbiology ). The detailed characteristics
of clones, isolated both from native ds well as from several foreign,
genetically heterogeneous, vaccineshave also been established (Maltseva
and Marennikova, 1963). These investigations showed that the properties of
. taccine cre determined by the properties of the clone which is pre-t! dominant in it, regardless of whether it is "white" or "surface." In
connection with this the properties of the clone which is found in less
proportion are as if concealed and a further study of such clones is of

t specific interest. The obtaining of genetically homogeneous vaccines makes
it possible to eliminate the reasons for the non-standardization of a pre-
paration. Together with this it is necessary to clearly realize that this
does not appreciably change the quality of the strains -- the spectrum of
their pathogenicity for animals and reactogenicity.

The production of ..ii-llpox vaccine can be sunmed up mainly in that if
not in all then in the majority of eases each vaccine producing laboratory
used "its own" strain. As a result oi this at the present time there is a
large collection of vaccine strains which have been selected by means of
accidental findings or directed mutability. These strains differ from
each other in origin, method of passaging, reactogenicity, etc. There might
be strains which are of significant interest among them, how.ever, no
serious attemp~ts have been made ...t a comparative evaluation of the various
industrial strains. Such a work has begun just recently. It turned out
that among the strains investigated there are indeed strains which are of
importance for production.. The most interesting 1n this respect is strain
1-3/59 which has been studied in detail (Marennikova and Maltseva, 1963;
Genkina et al., 1964). This strain is genetically homogeneous, weakly patho-
genic for laboratory animals, thermostable, and highly immunogenic. At
the present time there is already information characterizing its behavior
under experimental-industrial conditions and following the vaccination of
persons. The resulting data make it possible to evaluate this strain posi-
tively and recommend it for subsequent approval and use. Along with this,
the investigations carriad out do not exhaust the possibility of improving
our industrial strains. Further work is necessary of the selection and
directed mutability of strains by means of influencing the genetic base
of the virus in order to obtain a vaccine strain which possesses a high
immunogenic potentiality and a minimum reactogenicity.

The greater the demands we set forth for the vaccinc strain and the
preparation which is prepared from it, the more accurate, reliable and stable
should be the methods for controlling the vaccine. However, the main
methods for control of activity (methcds of Grot and Gins), which have been
used extensively in our country up until recently, do not answer modern
requirements. The methods of titrating on the chorioallantoic membrane
of a chick embryo and in tissue culture, which were proposed already
several years ago (Marennikova and Stepanova, 1958; Marennikova and Osenina,
1959; Archakov et al., 1962), only now are beginning to win a place which
is appropriate for their significance. For the standardization of the small-
pox vaccine which is produced in the USSR it is necessary to create a
national standard for this preparation
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To a significant degree the results of vaccination depend on the| ,
method of administration of the preparation. As to known, only one method

with 3 incisions. Nevertheless, in a number of countries other methods
are used: The method of scarificat:ion of the skin with one Incision, the
method of multiple pressure, or as wo call it the method of multiple
pricking, circular scarification with the help of a rotary lancet, in-
tracutaneous administration of the vaccine, etc. For the USSR, where
yearly up to 50 million vaccinations and revaccinations are performed,
the problem of the utilization of the most adequate method of vaccination "

is very urgent. The selection of a method for administering the vaccine
has attracted attention recently in other countries also, especially
there where measures are being carried out for the liquidation of small-
pox by means of mass vaccination.

Of the methods which are utilized at the present time, most interest

lies in scarification with linear incisions and multiple pricking. An
analysis of available data makes it possible to consider that the immunity ..
which is created by inoculation depends on the number of incisions made.
According to observations which were carried out over the last 10--12
years in India, among smallpox victims the smallest percentage is mere
up of persons having 4 inoculation. scars. In this group lethality from !
smallpox is significantly lower (0.6%) than with persons with a lesser
number of incisions; the greatest lethality (11.7%)was in persons
with one scar. Together with this, several negative aspects of using a
large number of incisions are known. Thus, with a large number of in-
cisions there is an increase in the severity of the course of the vac- ',.•
cination reaction. This fact is especially sharply exposed during the.
vaccination of impoverished and weakened children, for example, in the ,
former colonial or dependent countries. "r

In analyzing the problem of the number of incisions, it should be :'.,

mentioned that the successful campaign for liquidating smallpox in several
countries of South America was realized by carrying out inoculations,•" •
with one incision. The Commuittee of Experts an Smallpox frm the World ••:
Health organization considered it feasible to rocommend the use of only:

one Incision for the initial vaccination.

The multiple pressure or multiple prick method, proposed by Leaks e•:
already in 1927, has acquired all the more advocates in recent years.
From the point of view of practical application it has a number of qu-sli-I

ties: Less possibility of ti:auma, greater standardization of procedure, '
etc. Along with this, data on a comparativ-- evalu&.tion of the effective- !i•
ness of this method and the scarification method are scarce and do not , i

always conform. In the Soviet Union up until recently the multiple pritk
method has been ignored. Only 2 years ago investigations were begun on r

the approbation of this method and a comparison with the scarification •:
method (Abidov, 196; Ivanov and Konstantinova, 1964). Encouraging re- ,

sults have been obtained in the course of the#* investigations. •

Over the last years there has been & considerable increage in ";4
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ij the collection of vaccines which are used for the prophylaxis of viral

and bacterial Infections. The necessity for the alternate administration
of various vaccines has extremely complicated and prolonged the process of
inoculative prophylaxis, and made it cumbersome and exponsive. There-
"fore, work on the study of the feasibility of associated vaccination
against smallpox and other infections is very timely. In particular,
favorable results have been obtained in the case of the simultaneous
application of smallpox vaccine and the BCG vaccine, vaccines against
smallpox, tularaciA and plague, a mixed vaccine against smallpox and yel low
fever, etc. These investisatLons, which in our country are still in the
initial stage of development, must be speeded up and expanded in every
possible way. of ucrse here it is necessary to take into consideration
the epidemiological expediency of combining antigens and t, comprehensively
study the inoculative Iminity which is created by associated vaccines.

While devoting a great deal of attention to .problems of virological
investigations and smallpox vaccine, we should simultanecusly expand the
experimental study of the immunology of smallpox, since there is much
which is unclear in the determination of the imtunoreactivity of an or-
ganLsm, the evaluation of the role of tissue and humoral factors, and
the understanding of cellular reactions which emerge following the in-
troduction of the virus. The condition of allergy, which is connected
with antLsmallpox vaccinations, has hardly been studied at all.

"In summing up the results of a few works on the mechanism of anti-
smallpox Lminunity, which have been carried out in the Soviet Union for
sometime, it can be considered substantiated that the synthesis of anti-
smallpox antibodies is realized in organs which are rich in macrophage--
lymphoid tissue - the spleen and lymph nodes. The production of anti-
bodies depends on the dose of the virus and the method of applying it,
which determine the degree of involvement of the lymphoid organs in the
process of antibody formation. With a sufficient amount of virus in
the blood, which is achieved experimentally by intravenous immunization,
tJis process takes place most intensively due to the maximum envelopment
of immunologically compecent cells and tissues. Following the intra-
cutaneous administration of a small dose of the virus, the formation of
antibodies takes place only in the regional lymph node. It must also be
assumed that following the vaccination of man the intensity and the dura-
tion of the acquired imunity is connected with the intensity of the dis-
semination of the virus in the inoculated organism, with the intensity
of its engag uent by the cells of the lymphoid tissue or, in other words,
with the individual imznoreactivity. The investigations by Culevich (1962)
showed that not only antibodies have an importance in antimallpox imnunity;
the cells of lymphoid tissue, extracted from the org'snism of a prelim°.-
narily Iinmunized animal or obtained following contact of the virus in
vitro with a transplanted line of cells of the reticular type, acquired
a resistance which was transmitted to subsequent generations of the
smme cells. In the end of 1963 SteinberSer and Rights published a work
in which they demonstrated that following the intravenous Immnization
of rabbits the cells of the spleen become resistant to infection with
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the virus. The authors consider that this resistance is specific, that
Is, It is manifested only in respect to the homologous virus and is notconnected with antibodies,. 

i:

In conclusion it is necessary to dwell on the problem concerning
post inocu la tire compl1icat ions.

According to the descriptive expression of Herrlich, "We have onlyone path in order to prevent smallpox -- to carry out inoculations, and
only one path to avoid postinoculative complications -- to not carry out .inoculations" (1958). In actuality complications, observed sometimes'"
following vaccination against smallpox, remain one of the serious
problems in the practice of smallpox vaccination. In the Soviet Union this
problem still has not received the necessary atten.'lon. And besides
this, statistics (unfortunately interrupted and incomplete) testify that
postvacctnation complications are observed here. Work on the prophylaxis
of complications should be carried out extensively -- in experimental,!clinical-herapeutic and organizational projects. Here it is necessary to o
have a thorough consideration and analysis of each case of complication.A difficulty is that the nature of the most serious complications, in
particular postvaccination enc~phalites, remain unexplained up until the
end. At the present time a number of methods have been proposed for the •prevention of postvaccinttion encephelttes; Inoculation of smallpox vaccine "
simultaneously with the intramuscular administration of humuan gea- -
globulin with an increased content of angtsmallpox antibodies and the pre-
liminary administration of inactivated smallpox~accine. For treatment •
of postvaccination complications, specific S~am-globulin is used which .
Is obtained from the serum of recently vaccinated persons or of animals

which are hyperimmunized with the vaccine virus (Kampe, 1960; Marennikova,
1963). Apparently, a certain effect can be expected even from the new...
chemotherapeutic preparations of a thiosemicarbazone nature.At the present time there is no doubt that even a timely vaccinationdoes not always save a person from the disease. If the vaccination is nmade belatedly. thhe majority oa cases it is noneffective. Thentibdieinvestigations of recent years showed the feasibility of effective prophy-lactic intervention by the application, in addition to the vaccination,of human gccr -globulins of human (Kempe st &L, 1of 1) r hW animal origin
(onrennikova, 1963), and also of chemopreparationu, in particular,N-mlyonlesatin-beta-vthioseinlcarbazone. 

ol n t o a u

p The materials prac eticed of slpao m arci caston. tnsify that in the i
problem of smllpox prophylaxis, in spite of the doubtnsos successesactieved, there remain many unresolved i td uncd pleates. Their rapid .

resovlu intion cwi plivegratsions fiar e observe here.hWorkenthe.* piropogylxi

as c ell as for practical public heal poc. eri sn sa
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WORLD SMALLPOX INDICENCE

Year

Continent Index 1959 1960 1961 1962 1963(llmonths)

Africa Incidence 13,950 15,851 24,025 24,188 15,078
Lethality 1,071 1,017 1,798 2,423 1,484

'••" America Incidence 4, 889 3,090 1,939 3,029 241

Asia Incidence 58,085 39,221 53,549 46,374 72,973
4. Lethality 15,781 9,639 13,081 12,287 24,033

Europe Incidence 13 47 24 137 145
Lethality 1 4---- 4 27 11

All told Incidence 76,937 58,209 79,537 '73,728 88,437 -

Lethality 16,853 10,656 14,883 14,737 25,544
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