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Over the course of human history, influenza pandemics have been seen as major disasters, so studies on the influenza

virus have become an important issue for many experts and scholars. Comprehensive research has been performed over

the years on the biological properties, chemical characteristics, external environmental factors and other aspects of

the virus, and some results have been achieved. Based on the chaos game representation walk model, this paper uses

the time series analysis method to study the DNA sequences of the influenza virus from 1913 to 2010, and works out

the early-warning signals indicator value for the outbreak of an influenza pandemic. The variances in the CGR walk

sequences for the pandemic years (or + −1 to 2 years) are significantly higher than those for the adjacent years, while

those in the non-pandemic years are usually smaller. In this way we can provide an influenza early-warning mechanism

so that people can take precautions and be well prepared prior to a pandemic.

Keywords: influenza virus, early-warning signals, chaos game representation (CGR) walk model,
DNA sequence

PACS: 87.10.Vg, 02.50.Fz DOI: 10.1088/1674-1056/20/12/128701

1. Introduction

Influenza (flu) is an acute respiratory infection
caused by the influenza virus. It is a recurrent and
contagious disease with a fast transmission spread and
can cause high global morbidity and mortality.[1] In re-
cent years, with the further spread of flu, the World
Health Organization raised the swine flu alert level
to its sixth grade.[2,3] This has led many experts and
scholars from all over the world to pay more attention
to the biological characteristics, chemical characteris-
tics and external environmental factors of flu viruses,
and some results have been achieved.

In 2007 Liu and Luo discussed apoptosis induced
by the molecular mechanism of the bird flu virus.[4] In
2009 Rao and Liu discovered the “heart” – the working
mechanism of the RNA polymerase PA subunit at the
atomic level of the bird flu virus, and achieved a ma-
jor breakthrough in the study of the virus, which pro-
vided a target for the research of the related drugs.[5]

In 2007 Shaman found that the effect of absolute hu-
midity on the survival, transmission and seasonality of
the flu virus is more than that of the relative humid-
ity, and increasing absolute humidity may contribute
to an inhibition of the indoor flu pandemic.[6] Integrat-

ing the data for the years 1890–2004, the researchers
concluded six climate characteristics for the flu pan-
demic as follows: the Pacific decade oscillation and its
boundary; the previous year, or more than two years
ago, as moderate La Nina years; in the 20th century,
the age 50–70 years, while there is a strong sandstorm
in China; before and after the year or the years there is
a cold summer in northeast China (in the 20th century,
while there were 50–70 years of severe cold damage);
the year for the moderate or more El Nino; the year
for the sunspot valley m or the peak sunspot years of
M , m − 1, m + 1, M + 1, and so on.[7−9]

In 2003 Scheffer et al. found that before the
critical transition, complex dynamic systems such as
ecosystems, climate, financial markets and other com-
plex power systems would show the presence of a uni-
versal early-warning signal. The results show that the
so-called critical point is the critical value for change
from one state to another state in a system, and the
critical point is associated with a well-known criti-
cal slowing down theory of dynamical systems. In
the bifurcation of the stochastic forcing system close
to a controlled parameter threshold value, the criti-
cal slowing down often leads to increasing variance of
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volatility.[10,11] This is a revelation for studying the flu
virus.

In 2007 Gao et al. proposed a method, based
on the chaos game representation (CGR) coordinate,
for transforming a DNA sequence into a time se-
ries (CGR-walk sequence), and used long memory
ARFIMA (p, d, q) models to fit and verify the solution
to the problem of missing data, simultaneously.[12] In
2009 this model was applied to the simulation of the
real CGR-walk sequence data of genomic and protein
sequences.[13,14]

Based on the CGR walk model, this paper uses
the time series analysis method to study the DNA se-
quences of the flu virus from 1913 to 2010, and works
out the early-warning signals indicator value for the
outbreak of a pandemic. That is, the variances of the
CGR walk sequences for the pandemic years (or + −1
to 2 years) are significantly higher than those for the
adjacent years, while those for the non-pandemic years
are usually smaller. In this way we can construct a flu
early-warning mechanism so that people can take pre-
cautions and get well prepared before the outbreak of
a flu pandemic.

2. CGR walk model

CGR was proposed as a scale-independent repre-
sentation for genomic sequences by Jeffrey in 1990.[15]

The CGR coordinates are calculated iteratively by
moving a pointer to half the distance between the pre-
vious position and the current binary representation
(Eq. (1)). The binary CGR vertices are assigned to the
four nucleotides as A = (0, 0), C = (0, 1), G = (1, 1),
T = (1, 0) and (0.5, 0.5) as an arbitrary starting po-
sition.

For a sequence, S = S1, S2, . . ., SN , Si ∈
{A, T,G,C}, through the following iterative process
we can gain the CGR walk sequence

CGRi = CGRi−1 − 0.5 · (CGRi−1 − gi),

i = 1, . . . , N,CGR0 = (0.5, 0.5), (1)

where gi ∈ {(0, 0), (1, 0), (1, 1), (0, 1)}, gi is corre-
sponding with Si.

Here, by setting up base coordinates CGRn(xn,
yn), let

tn = yn/xn, (2)

then we can obtain a CGR-walk sequence {tn : n =
1, 2. . ., N}.[11]

Let

Var(tn) =
(t1 − m)2 + (t2 − m)2 + · · · + (tn − m)2

n − 1(
m =

t1 + t2 + · · · + tn
n

)
(3)

be the variance of the CGR-walk sequence {tn : n =
1, 2. . ., N}.

The so-called critical point is the critical value
of a proper parameter to signify a system changing
from one state to another. Work in different scien-
tific fields has shown that before the critical transition,
complex dynamic systems such as ecosystems, finan-
cial markets and climate would imply the presence of a
universal early-warning signal. The results show that
whether the system is approaching the critical point is
associated with the well-known critical slowing down
theory of dynamical systems. In the bifurcation of the
stochastic forcing system close to a controlled param-
eter threshold value, the critical slowing down often
leads to an increased variance of volatility.[10,11]

Based on the above conclusion, we regard a flu
outbreak as a critical transition and regard an out-
break point as a critical point. So our purpose is to
verify that the variances of the pandemic years are
significantly higher than those of the adjacent years
based on a certain model.

3. Pandemic early-warning indi-

cator value

We chose the flu virus DNA sequences from 1913
to 2010, which have a relatively high homology (data
from the NCBI website at: www.ncbi.nlm.nih.gov/).
These virus sequences are translated into CGR walk
sequences. For each CGR walk sequence {tn : n =
1, 2. . ., N}, we calculate its variance var(tn).

For scientificity and universality, and in view of
the collection and integrity of the data, we selected
swine flu virus DNA sequences, as the homology is rel-
atively high after 1970. We also selected the avian flu
DNA sequences for which the homology is relatively
high, and the swine flu DNA sequences before 1970 for
which the homology was relatively high. In the same
10 years, we compare the entire sequence with the gene
in the same paragraph. Coupled with the prevailing
scientific and medical standards, as well as the envi-
ronmental effects that can have some impact on the
flu, we can scientifically compare the date from the
outbreak points with their vicinity. Because the data
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from 1919 are incomplete, we can only collect part of
the gene sequences from that period, but because the
variance of all the sequences is larger than the part,
and the year is only the pandemic year, this does not
affect the analysis. The analysis shows that the vari-
ances in the pandemic year (or + −1 to 2 years) are
significantly higher than those of the adjacent years.
The 1919 Spanish flu is the most striking one in his-
tory, and infected about 500 million people globally.
The number of deaths was at least 40 to 50 million,
which is almost five times more than those in World
War I. Its variance (partial, if the whole is considered
it is certainly higher than this) is 2.0252×106, much
higher than the adjacent years. The 1919 observation
figure data is plotted in Fig. 1. The 1913 variance is
3404.9, 1915 is 9566.8, 1916 is 182.6732, 1917 is 17.08,
1918 is 870.6748, 1922 is 455.8428 and 1923 is 3228.9.
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Fig. 1. The 1919 observation figure data.

Between 1957 and 1959 the outbreak of the so-
called Asian flu caused the deaths of around 2 million
people worldwide, which is considered a very serious
flu pandemic. The variance of 1953 is 2.1715×104,
1954 is 2.1698×104, 1955 is 4.3238×103, 1956 is
2.1733×104, 1957 is 2.1913×104, 1959 is 3.2586×104,
1960 is 2.1707×104 and 1961 is 1.5387×103. The vari-
ance in 1959 is also significantly higher than that of
the adjacent years. The observation figure of the 1959
data is plotted in Fig. 2.

The Hong Kong flu outbreak in 1968 is considered
the ”lightest” one in the last century. This virus first
appeared in Hong Kong, but in the next two years
it spread to other parts of the world and the global
mortality rate reached about one million. The vari-
ances of 1968 and 1969 are significantly higher than
those of the adjacent years, and are about 2.2×104.
The variances of the years around 1968 and 1969 are
at most about 1.2×104, and some are way below this.

The observation figure of the 1969 data is plotted in
Fig. 3.
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Fig. 2. The observation figure of the 1959 data.
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Fig. 3. The observation figure of the 1969 data.

The Russian flu outbreak occurred between 1977
and 1980. The incidence of it was relatively small,
i.e. less harmful than some of the other outbreaks.
The variances of these years are higher than those of
the adjacent years, but not as significant as those in
the serious outbreak years mentioned above. In the
period 1986 to 1993, many people were infected with
the swine flu virus in different parts of the world, so
the variances of these years also show the characteris-
tics of a large variance relative to the adjacent years.
There was bird flu in Hong Kong in 1997, but there
was neither an outbreak nor a variance in the abnor-
mal value. The main reason for this is the relevant en-
vironmental conditions. The La Nina event occurred
in 1995–1996, the weak cold damage occurred in 1995,
1996 is sunspot valley year m and 1997 is year m + 1.
In 1997–1998 the strongest El Nino events of the 20th
century occurred. In addition to Bradley in 1997, in
the warm phase of Ramallah there were no serious in-
juries due to chilling, and the abnormal duration of
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the days, during which the high tides of the winter
and summer periods continued to shock between the
north and the south, the other features of the flu out-
break in 1997 are available.[16] But the warnings of the
1997 avian flu outbreak in Hong Kong cannot be ig-
nored. In 2003 the flu is most widely spread, while its
variance also appears abnormal, that is, its variance is
higher than in the adjacent years. For the recent 2009
flu pandemic, its variance, which is 3088.4, is also sig-
nificantly higher than those of the adjacent years, at
1703.2, 719.4759, 1016.0, 977.2245, 621.8030, and so
on. The observation figure of the 2009 data is plotted
in Fig. 4.
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Fig. 4. The observation figure of the 2009 data.

4. Conclusions

Flu outbreaks can prove disastrous to human be-
ings, so we need to establish a warning system prior to
these outbreaks. This so-called early-warning mech-
anism can sensitively and accurately predict risk, so
that we can provide timely warnings and use the in-
formation to strengthen preventative work, while en-
hancing targeted prevention. The role of the warning
system is to feedback in advance, and to enable timely
preparation in the first place. Over the years, envi-
ronmental disasters such as drought and water log-
ging, snow problems, earthquakes and tsunamis are
occurring more and more, and cause human society
significant damage. So early-warning systems are par-
ticularly important. We can analyse them in the fol-
lowing way. In previous studies on early warning sys-
tems, we find that they only give an explanation of
a phenomenon from a macro perspective. For exam-
ple, they observe how the surrounding environment

changes when a major disasters happens, which can
be a bit vague. In this article, we have used calcula-
tions to gain the values of the early-warning signals
indicator for the outbreak of a flu pandemic. That
is, the variances of the pandemic years (or + −1 to 2
years) are significantly higher than those of the adja-
cent years. We take the quantitative and qualitative
study from the micro to reveal the large intrinsic in-
formation contained in a flu outbreak, and use the
specific form of mathematical expression to explain
the nature of the change. Unfortunately, the data for
some individual years are missing or not easy to col-
lect, so there is some impact of this on the study.

On this basis, if the DNA sequence of the flu virus
is predicted for the next few years, the future situation
can be analysed so that we can take early prevention
and control. In addition, we also find that the variance
change has important links with the strength of the
solar activity cycle, the relative number of sunspots,
and the size and extent of the outbreak. How the
relationship between these factors can be expressed
in a mathematical form needs further study from re-
searchers.
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