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The proportion of resistant strains of human
influenza viruses to rimantadine was increasing
up to the 2005-2006 epidemic season, reached its
maximum, and then gradually started to decline.
The beginning of the 2007-2008 epidemic season
has experienced an unprecedented increase in the
oseltamivir resistance in A (HIN1) viruses circulat-
ing in some European countries. At that the specific
number of this maximum ranged from 100 to 70 %,
and its decrease in different regions took place with
a different intensity. In 2009 the circulation of so-
called “swine” A(HIN1) influenza broke out, the
rimantadine resistance among isolates is kept at
the level of 100%. Influenza viruses of subtypes
A(HIN2) and A(H3N2) are more susceptible to
oseltamivir than to zanamivir. The situation with
influenza viruses A(HIN1) and type B is reversed.

Currently, the main ways to combat the influ-
enza infection are vaccinal prevention and chemo-
therapy. Both methods have their advantages and
disadvantages, so the best result can be obtained
in their combined application. This paper describes
the latest advances in chemotherapy, demonstrates
the dynamics of resistance and mechanisms of ac-
tion of antiviral drugs against influenza viruses.

Vaccination covers the preventative methods to
combat the influenza. Recently, the quality of vac-
cine agents was significantly improved, their range
extended. With timely vaccination it is possible to
prevent influenza infection in 80-90% of children
and adults, at that the disease in the vaccinated per-
sons usually proceeds in a milder form [1].

Influenza chemotherapy has long been consid-
ered an unpromising sphere as compared to vacci-
nal prevention, but immunity against a particular
strain does not protect the body from repeated ill-
ness caused by an another strain. Therefore, the pro-
duction and use of chemotherapeutic drugs is not
only permissible but also necessary [2].

Currently, there are two groups of chemothera-
peutic drugs:

— M protein-inhibiting

— neuraminidase-inhibiting

Historically, the very first anti-influenza chem-
otherapeutic drug was amantadine, discovered in
1933 by Czech researchers S. Landa and B. Mih-
achek when studying the oil properties.

The great disadvantage of amantadine is its high
toxicity, and a large number of side effects, identified
in a number of patients. This led to the creation of ri-
mantadine, which is an alpha-methyl-1-adamantane.

Dynamics of rimantadine resistance
among circulating strains

Rimantadine as well as amantadine is an in-
hibitor of influenza virus uncoating. It irreversibly
inhibits the M2 protein, and thus stops the flow of
protons through the virion membrane [3]. Rim-
antadine blocks the functions of ion channels and
thereby disturbs the process of the virus “stripping”.

However, the rimantadine action is directed
only against influenza A virus, because influenza
B virus does not have the M2 protein at which the
drug-induced action is aimed. Analogue of the M2
protein in influenza B virus is the NB protein, en-
coded by the open reading frame in the neurami-
nidase gene and by its structure fundamentally
differing from the M2 protein. There is no ada-
mantane-binding site in the NB protein. However,
despite the absence of the M2 protein, rimantadine
can improve the condition of patients with influenza
B, as it mitigates the toxic effects of influenza.

At present, the search for new chemical com-
pounds among the adamantane derivatives is going
on. For example, the antiviral activity against influ-
enza virus for pyrrolidine and aminoethyl deriva-
tives of aminoadamantane was shown, as well as
for derivatives with metal ions [4].

Influenza A viruses, unsusceptible to the action
of drugs of adamantine series, usually carry the fol-
lowing mutations in the amino acid sequence of the
M2 protein: L26F, V271, V28I, A30T, S31N, G34E.
The greatest number of rimantadine-resistant strains
carries the S31N mutation [5].

Mutations in the hemagglutinin gene are poorly
investigated, however, for rimantadine-resistant
strains it was shown that it has the following muta-
tions: in HA2 — N49S, MS8L, S70C, R75K, M58I,
F109S, and in HA1 — L315P, S323P [6].

There are also mutations in the hemagglutinin
gene associated with the S31N mutation in the M2
protein gene. According to Pontoriero et al. [7],
those are the mutations S193F and D225N, which
are present in rimantadine-resistant strains on the
par with the S31N mutation in the M2 protein gene.

Initially, the number of resistant strains was
low (less than 1%). At the same time, in Greece
the 2004-2005 epidemic season did not reveal any
resistant strain. Later, in Europe, there was a slight
increase in the proportion of resistant strains. In
2005-2006 their number increased to 12%, and in
2006-2007 quite to 25%. A similar situation was
observed in the Asian region. For example, among
the influenza virus strains circulating in Hong Kong
from 2003 to 2005, a share of rimantadine-resistant
isolates increased from 20% to 83 %. Among the
Asian strains of subtype A(H3N2), isolated in the
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2005-2006 epidemic season, the resistance reached
100% [8]. By the 2005-2006 epidemic season the
proportion of resistant strains of subtype A(H3N2)
in Japan fluctuated, according to various authors,
from 90% to 72.2% (25,9), while in the subtype
A(HINT) there was not found any resistant strain. In
the 2006-2007 epidemic season in the Japanese pop-
ulation of subtype A(H3N2) the number of resistant
strains came to 79,4 %, and among A(HIN1) — only
48,2% (26-10). In the North America, despite the
geographical distance from Eurasia, the overall ten-
dencies were similar. For example, in the USA over
the 2005-2006 epidemic season, 92,3 % of isolates
of subtype A(H3N2) were resistant to rimantadine
according to the data of a genetic test, that is, by the
existence of the S31N mutation. Of eight strains of
subtype A(HIN1), isolated in the same epidemic pe-
riod, this mutation was carried by two strains [9].

Neuraminidase breaks up the sialic acid compo-
nent of hemagglutinin receptors of respiratory tract
epithelial cells, helping to release newly formed virus
particles from the cells and infect new cells with them.

Another function of neuraminidase is its abil-
ity to break down neuraminic acid in the nasal mu-
cus, in that way making easier the virus penetration
through the respiratory tract [10].

The drug Zanamivir was the first neuraminidase
inhibitor. Due to the low bioavailability of zanami-
vir (Relenza) (less than 5 %)), it is effective and used
in the form of aerosol inhalation or intranasal spray,
which ensures its delivery to the place of direct viral
replication in the cells of the respiratory tract. In
addition, there is a danger of spasm development in
patients with bronchial asthma [11].

Therefore, the pharmaceutical company F.
Hoffmann — La Roche (Switzerland, Basel) has
initiated a study to find another neuraminidase in-
hibitor, which would be effective for the systematic
use. As a result of the synthesis and study of a large
number of neuraminidase inhibitors in the pharma-
ceutical market oseltamivir (Tamiflu) has appeared.
Unfortunately, it is impossible to use oseltamivir in
serious cases when patients are unable to use the
tablets. In 2009, the firm BioCryst Pharmaceuti-
cals has registered the third neuraminidase inhibi-
tor —an experimental drug peramivir. Peramivir
was approved for use in critical situations to treat
heavily ill patients infected with pandemic influ-
enza A(HINT1) (“swine influenza”) [12].

Currently trials of a new neuraminidase inhibi-
tor laninamivir are being carried out. This drug has
revealed antiviral activity against influenza A and B
viruses, including subtypes N1-N9, and against virus-
es resistant to oseltamivir. Also, it revealed efficiency
against swine-origin influenza A(HIN1) and highly
pathogenic avian influenza A(H5N1) [13]. Studies on
the development of anti-influenza drugs in the group
of neuraminidase inhibitors are in progress. In addi-
tion to the above, which are derived from cyclohex-
ene, the cyclopentane and pyrrolidine derivatives have
been developed, which also possess inhibitory activity

against influenza virus neuraminidase. 7-alkyl ether
and bicyclic ether derivatives of zanamivir have also
been synthesized, which revealed a higher, compared
to the drug itself, level of activity in vitro and in vivo
under oral administration in the model of influenza
pneumonia in white mice [14].

Mutations resulting in the resistance to os-
eltamivir have been discovered mainly in the in-
fluenza A viruses, and they differ depending on the
subtype: the most common mutations in the viruses
carrying N2, were R292K and E119V, while the
most frequent mutation for N1 was H275Y (often
referred to as H274Y, which is consistent with the
numbering in N2) [15].

Laboratory studies to detect the virus resistance
have demonstrated that the stable mutations during
treatment with oseltamivir occur rarely. However,
they are specific to the subtype: in neuraminidase
subtype N1 the H274Y mutation was revealed, and
in N2 — R292K [16]. In addition, the E119V muta-
tion was identified with a very low frequency (only
in neuraminidase type N2) [17].

Dynamics of oseltamivir resistance

In the first three years of oseltamivir appear-
ance in the market (1996-1999), there have been no
registered cases of influenza viruses with reduced
susceptibility to oseltamivir. Pooled data obtained
from 2000 patients taking oseltamivir, demonstrate
a low percentage of the drug-resistant strain ap-
pearance (0,33 % for adults and 4,0 % for children).
Monitoring of influenza during the 2000-2001 and
2001-2002 epidemic seasons in 22 European coun-
tries revealed that less than 1% of the strains in
every season possessed a reduced susceptibility to
oseltamivir. The worldwide number of influenza vi-
ruses with reduced susceptibility in the period from
2004 to 2007 was also low (12/3261, 0,4 %) [18].

However, the beginning of the 2007-2008 epi-
demic season has experienced an unprecedented
increase in oseltamivir resistance of A(HIN1) vi-
ruses circulating in some European countries. Pre-
liminary analysis data for isolates of the 2007-2008
epidemiological season showed an increase in the
number of A(HINTI) strains carrying the H275Y
mutation in comparison with the previous period
(57/896 isolates, 6,4%), especially in the USA.
Confirming this unexpected tendency, the European
Centre for Influenza Surveillance (European Influ-
enza Surveillance Scheme) reported that among
strains of the influenza virus A (HIN1) the number
of resistant to the drug increased to 23 % (586/2533
tested samples), at that the ratio of resistent and sus-
ceptible strains was different for different countries,
for example, 68 % in Norway, 10 % in England, and
1% in Italy. It is important that the majority of cir-
culating influenza strains in Europe were suscepti-
ble to oseltamivir, as well as in the USA.

Further, in the winter 2008, a high level of re-
sistant A(HIN1) strains was recorded in South Af-
rica (100% of 225 isolates) and Australia (93 % of
76 isolates), the lesser amount was observed in South
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America (36% of 275 isolates) (WHO data, 2008).
In the epidemic season 2008-2009 in most of Eu-
rope oseltamivir-susceptible A(H3N2) viruses were
predominant [19], despite the presence of resistant
A(HINT) viruses. It should be noted that during this
period oseltamivir-resistant influenza A(H3N2) and
type B viruses were not registered, as well as that
these viruses were susceptible to zanamivir. In the
USA, however, A(HIN1) strains were the most nu-
merous, and majority of them were resistant (~60 %).
In the course of the 2008-2009 epidemic the reports
on the isolation of oseltamivir-resistant A(HIN1)
strains came from 30 countries. 1291 of 1362 iso-
lates (95 %) proved to be resistant. At that, in Canada,
Japan, Hong Kong, USA, Korea, and many Europe-
an countries, the proportion of resistant strains was
nearing or came to 100%. However, it should be
noted that the appeared since 2009 in most countries,
pandemic “swine” influenza A(HIN1) predominated
over the seasonal and was more susceptible to os-
eltamivir (WHO data, 2009).

The next drug, Arbidol, is one of the most wide-
ly used anti-influenza drugs in Russia. As ribavirin,
arbidol attacks the propagative influenza virus.

Mutations resulting in the development of resist-
ance to arbidol have been mapped in hemagglutinin
gene on the border between HA1 and HA2 subunits.

Ingavirin (2-(imidazol-4-yl)-ethanamide
pentandioic-1,5 acid) is a new antiviral drug, a low-
molecular peptidoamine, being an analog of natural
peptidoamine.

A new drug is favipiravir (T-705) (6-fluoro-
3-hydroxy-2-pyrazinecarboxamide), which re-
vealed high activity in vitro against a number of
RNA-viruses: seasonal influenza, highly pathogenic
avian influenza. Presumably, favipiravir targets the
RNA-dependent RNA polymerase [20]. Currently,
there are no studies in which mutations, causing re-
sistance to favipiravir, have been reported, but one
may assume that they could be revealed in the viral
polymerase gene, as it is the target of this drug.

Conclusions

In general, we can say that the proportion of re-
sistant strains was increasing up to the 2005-2006
epidemic season, when it reached its maximum, and
then gradually started to decline. At that the specific
number of this maximum ranged from 100 to 70 %,
and its decrease in different regions took place with a
different intensity. In 2009 the circulation of so-called
“swine” influenza A(HIN1) broke out, the rimanta-
dine resistance among isolates is kept at the level of
100 %. Influenza viruses of A(HIN2) and A(H3N2)
subtypes are more susceptible to oseltamivir than
to zanamivir. The situation with influenza viruses
A(HINT) and type B is reversed. Findings of one in-
vestigation suggest that zanamivir is more effective
than oseltamivir, against neuraminidases of subtypes
N2, N3, N6, N7 and N9, while N1, N4, N5 and N§
are more susceptible to oseltamivir. Combined use
of chemotherapy and vaccinal prevention is essential
method for a successful combating viral infections.
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