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MARKERS ‘

B. PANZIG!, K.B. LISOVSKAYA?, B. HERRMANN' A. KLIMOV?, L. DOHNER!'

nstitute of Medical Microbiology, University of Greifswald, 2200 Germany; and 2 Moscow
Research Institute for Viral Preparations, Moscow, U.S.S.R.

Received April 3, 1989, revised September 24, 1990

Summary. - A previously described cold adapted (ca) attenuated
virus, K/25, derived from parent strain A/Krasnodar/101/59
(H2N2), was further modified by 35 additional passages in chick
embryos at suboptimal temperature. The virus obtained had
retained a distinct ts and ca phenotype and some other markers of
attenuation but differed from formerly isolated ca variants by its
higher genetic stability connected with an increased growth capa-
city in chick emryos.
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Introduction

In a previous paper (Panzig et al., 1984) we reported on characterization of
some ts mutants isolated in the course of cold passages. Despite of the fact that
ts mutations could be detected in S or 6 genes respectively, the genetic stability
after 25 and/or 40 cold passages was not sufficient. Furthermore, it could be
shown that growth capacity in chick embryos decreased in the course of
passages. In order to obtain more stable mutants and to increase simulta-
neously the growth capacity in chick embryo, we decided to choose the 25th
cold passage utilizing its good attenuation as new starting point for further cold
passages.

Materials and Methods

Obtaining of the variants. Human influenza virus A/Krasnodar/101/59 strain was passaged in
CEF cultures in the presence of trypsin as previously described (Panzig et al., 1984). After 25 pas-
sages at 28 % in CEF cultures the passages were continued in the chick embryo at 27 °C (Fig. 1).

Determination of attenuation markers. Testing of ca phenotype was done in CEF cultures in the
presence of trypsin by comparing the infectivity titre at 27 °C and 33 °C (PFU/m!). The ts pheno-
type was determined by titration in chick embryos (CE) at 33 °C and 39.5 °C.

Studies on virus reproduction in the lungs of hamsters were performed according to the method of
Spring et al. (1975, 1977) as described in detail earlier (Panzig er al., 1984).
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A/Krasnodar/101/59 (H2N2), allantoic fluid, 36 °C
2 plaque passages, CEF, 33 °C

passages in CEF¥

25. passage, CEF, 28 °C — 2 plaque passages, CEF, 33 °C

passa-
ges in K/25
35. passage, CE, 27 °C — selection by limit dilution,

CE, 33°C

Fig. 1
The passage history of the cold adapted variant K/60 passaged in CE fibroblasts (CEF) in the
presence of trypsin

FPV ts mutants ts 29, ts 131, ts 303/1, ts mN3 containing ts mutations in genes
1,2,7, and 8, ts+ recombinants capable of inducing plaques at the non-permis-
sive temperature were formed. By analyzing the ts phenotype of clones isolated
from plaques at the non-permissive temperature it could be excluded that an
intracistronic complementation did occur.

Crossing the variant K/60 with FPV ts mutants ts 166, ts US1, and ts 5,
containing ts mutations in genes 3, 5, and 6 respecively, did not yield recombi-
nants capable of forming plaques under non-permissive conditions. The
results obtained allowed us to conclude that the variant K/60 contained ts
mutations in genes 3, 5, and 6. Crossing the variant K/60 with FPV mutant ts 46
in chick embryos the manifestation of a ts mutation in gene 4 could be proved
(not shown).

Studies of the genome of ca variants

Since passages of viruses at suboptimal temperature might involve the acqui-
sition of other than ts mutations not detectable in the recombination test we
decided to apply the analysis of double stranded cRNA-vRNA hybrids and of
single stranded vRNAs for detection of mutations in individual genes of the ca
variant. By hybridization of vRNA of the parent strain A/Krasnodar/101/59
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allowed us to conclude that ca variant K/60 contained ts mutations in genes 3
4,5, and 6 and additionally mutations in genes 7 and 8 which apparently were
not ts mutations because they could not be revealed in the recombination tes
with FPV ts mutants.

Studies of the genetic stability of the ca variant

The genetic stability of the ca variant was followed during successive
passages in CE at 33 °C, alternating passages at 39.5 °C and 33 °C and durin;
successive passages at semipermissive temperature (37 °C) with high inocula
tion doses. Controls at each passage in altogether 7 passages showed that the
virus did not change its initial ts phenotype (Table 4).

The same results concerning the genetic stability of ts and ca phenotype
were obtained by testing the plating efficiency at 27 °C, 33 °C, and 39.5 °C i
CEF of the variant grown in the lungs of hamsters.

Evalution of antigenic and immunogenic activities of the ca variant

Three weeks after infection with 10° IDs, of the ca variant each of the 9 vacci
nated hamsters who lacked preinoculation serum HI antibody developed anti
bodies in the range of 1:40 -~ 1:320. Moreover, it could be shown that after chal
lenge with wild type virus A/Krasnodar/101/59, by 6 weeks post-infection the
wild type virus failed to reproduce in the lungs of hamsters.

Studies on non-transmissibility of the ca variant
None of the 8 non-infected contact animals developed serum antibodies.

Studies on reassortants obtained between the ca donor and an actual wild typ
virus

To see whether the properties of attenuation, genetic stability, an
increased growth capacity would be lost by exchange of HA and NA, the strai:
K/60 was recombined with wild type influenza virus A/Dresden/1/83 (H3N2)
Several cold adapted temperature sensitive recombinants of high genetic stabi
lity with a reduced capacity of reproduction in lungs of hamsters were obtaine
(Table 3).

Discussion

Genetic stability is one of the prerequisites to an attenuated influenza viru
which might serve as donor of its attenuating genes in producing recombinan
live vaccines (Aleksandrova et al., 1984). Furthermore, virus yields in chic
embryos should be as high as possible. The aim of the present study was t
stabilize the property of attenuation of a formerly prepared ca variant and t
increase growth capacity in chick embryos at the same time. As can be see:
from Table 2, the strain K/60 retained some desirable properties expresse
already after 25 cold passages as there were several markers of attenuation an
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