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Summary. — A resistant influenza virus has been obtained during 
successive passages of influenza A virus in 10 to 11-day-old chick 
embryos (CE) in the presence of 2-(l'-amino-ethyl)-bicyclo(2.2.1) 
heptane chlorohydrate possessing a high antiviral activity. The 
virus resistance to the inhibitor was not lost after one passage 
in the absence of the drug.
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Introduction

Appearance of influenza turns variants resistant to defined chemicals was 
described in several publications. Development of virus stability to riman­
tadine and amantadine was shown in vitro (Feldblum, 1979a; Scholtissek, 
Faulkner, 1979) and in ovo (Ilyenko, 1975; Feldblum, 19795) experiments. 
Earlier we showed (Votyakov et al., 1982) that 2-(l'-amino-ethyl)-bicyclo- 
(2.2.1) heptane chlorohydrate possessed antiviral activity with respect to 
influenza virus comparable to that of rimantadine. The mechanisms of 
action of these two drugs, however, appear to be different since the inhibitor 
under study had a significant effect on reproduction of influenza virus when 
added to maintenance medium at both early and late stages of the infectious 
process (Gribkova, Kazak, 1981). Development of resistance to chemical 
compounds is a rather wide-spread property of viruses (Loddo, 1980), so 
that studies on appearance of mutants resistant to new antiviral substances 
seem desirable. Our paper describes the results of experimental in ovo studies 
on the appearance of influenza A variants resistant to 2-(l'-aminoethyl)- 
-bicyclo(2.2.1) heptane chlorohydrate.

Materials and Methods
Fowl plague virus (FPV) Rostock strain (H7N1) was passaged by inoculation into allantoic 

cavity of 10 to 11-day-old chick embryos (CE) one hour after addition of 2-(l'-amino-ethyl) 
-bicyclo(2.2.1) heptane chlorohydrate (Pat. USA N 3 444 3P2) in the experimental group, and 
of an equal volume of physiological saline in the control group. Each successive passage was carried 
out by final virus dilution which still caused clear haemagglutination. Infected CE were incubated 
for 36 hr at 37 °C. Titres of haemagglutinin (HA) and infectivity (using a plaque method, Porter­
field and Allison, 1960) were determined in the allantoic cavity of either CE groups.
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Fi„. 1.
Alterations of haemagglutination activity 
of FPV in the experimental (empty 
circles) and control (full circles) groups 
Abscissa: passage number; ordinate: 
HA units 1 234 56789 10

Results and Discussion
Altogether 10 successive passages in growing CE were made. The initial 

8 passages were done in the presence of the drug under study at a dose of 
1 mg per CE. In the passages 9—10 it was increased to 2 mg. Fig. 1 shows 
that HA titres became equal in the experimental and control groups by 
passage 6. The increase in the dose of the compound to 2 mg did not lead 
to a decrease in the HA titres at passages 9—10. Studies on the dynamics 
of development of resistance to the compound in the process of successive 
passages have shown that infectivity titres became equal in the experimental 
and control groups by passage 4—5. Further increase in the dose of the 
compound to 2 mg per CE did not cause a decrease in the virus infectivity 
in the experimental group as compared to the control one (Table 1).

In the next series of experiments we studied the susceptibility of viruses 
at different passages in the experimental and control groups to 2-(l'-

Table 1. Infectious activity of FPV passaged in the presence 
of 2-(t'>ainino-ethyl)-bieyclo(2.2.t)heptane chlorohydrate

Passages
Virus titre (PFU/ml)

In the presence of the drug In the absence of the drug

i 1 X 10» 3 x 10»
2 7.8 x 10^ 3 X 105
3 1 X 109 1.6 X 10«
4 3.7 X 107 1.3 X 106
5 2.6 x 105 1 X 105
6 2 x 107 2.5 X 107
7 2.7 X 10» 1 X 10'
8 6.1 x 107 5.8 X 107
9 n. t. n. t.

10 3.2 X 107 1.2 x 107

n. t. — not tested
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Fin. a.
Susceptibility to the drug of FPV pas­

saged without the inhibitor 
Full circles: treated group, triangles — 
— control group.
Abscissa: drug dose (pg/ml); ordinate: 
log PFU/ml

-amino-ethyl)-bicyclo(2.2.1)heptane chlorohydrate. The inhibitor in increas­
ing concentrations was added to the agar overlay. In the control group, 
i.e. in which the virus was passaged without the inhibitor, it retained a 
high susceptibility to the compound at all passages, while in the experi­
mental group the susceptibility was gradually decreased. Thus, at passage 
4 the viruses in both groups had an approximately similar susceptiblity 
to the inhibitor doses tested. At passage 7 the virus susceptibility to the 
compound was 2 — 3 times lower in the experimental than in the control 
group. The virus in the experimental group acquired resistance to 2-(l'- 
-amino-ethyl)-bicyclo(2.2.1)heptane chlorohydrate by passage 10, when 
neither concentration (3.75 to 60 qg/ml) of the drug affected the virus 
infectivity. The virus of the control group retained a high susceptibility to 
the substance by passage 10.

A reverse-passage without the inhibitor was carried out in 10 to 11-day-old 
GE following passage 10. Then the virus susceptibility was tested to the 
increasing concentrations of the inhibitor. As follows from Fig. 2, the virus 
from the experimental group retained a high resistance to all doses tested. 
Our investigations have shown that passaging of FPV in the presence of 
2-(l'-amino-ethyl)-bicyclo(2.2.1)heptane chlorohydrate in growing CE leads 
to a decrease in the virus susceptibility to the compound as early as at 
passages 4—5. Further passaging of the virus in the presence of the inhibitor 
under study caused a complete loss of susceptibility of FPV to the compound 
at passage 10. The acquired resistance to the inhibitor was retained in the 
process of passages of the resistant mutant without the compound.

Thus, the results obtained as well as the data in literature (Cochran et al., 
1965; Ilyenko, 1975; Feldblum, 1979a) indicate a rather rapid development 
of resistance of influenza virus to antiinfluenza compounds.
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