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Figure 2. Temperature anomaly (°C) and
hemagglutinin evolution from 1956 to 2009
grouped according to northern (n = 4 280)
and southern (n = 327) hemispheres. The
dotted lines are the regressed lines.

Point-to-Point Comparison

At global level, we used only the mean values
that were the averages of thousands of samples of
temperatures and hemagglutinins to test our
hypothesis. Clearly, it is also important to scrutinize
our hypothesis at a more local level, to look at the
trends of temperature and hemagglutinin evolution
in particular geographical regions. To do this, we
used the latitude and longitude points along the
time course. For example, ABQO01355 human
hemagglutinin was sampled in Albany, where the
latitude and longitude is 42.65° and 73.76° west
according to Get Lat Lon®!. We found that its
average yearly temperature in 1960 was 8.38 °C
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according to the 0.5° by 0.5° latitude and longitude
grid-box basis cross globe obtained from the website
of the Oak Ridge National Laboratory (12

Figure 3 is a plot of the point-to-point
comparison, which was constructed as follows: 1)
take, for example, ABQ01355 hemagglutinin that
was documented in 1960 in Albany; and 2) plot its
unpredictable portion (69.7%) in the lower panel and
the average yearly temperature of Albany (8.38 °C)
in the upper panel (see arrow in Figure 3). In this
way, all 1 340 hemagglutinins that were documented
the sampling place were associated with their local
temperature for the point-to-point comparison.
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Figure 3. Point-to-point comparison of local
temperature  (°C) with  hemagglutinin
sampled from 1956 to 1998 (n = 1 340). Each
point represents a local temperature in the
given year (upper panel), corresponding to
the place where a hemagglutinin was
sampled (lower panel). The dotted lines are
the regressed lines.

The temperature data with the 0.5° by 0.5°
latitude and longitude grid-box were available until
only 1999[12], limiting the point-to-point comparison
in Figure 3. However, as demonstrated by the
regressed lines, the trends can still be seen for both
temperature change and hemagglutinin evolution as
they both run parallel in a similar direction.

Point-to-Point Comparison for Species

To confirm the results obtained above, we
further stratified the datasets to compare the trends
of temperature and hemagglutinins sampled from
different species. Figure 4 (a similar plot to Figure 3)
is a plot of the point-to-point comparison of local
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temperature and the species-wise unpredictable
portion of the hemagglutinins. A consequence of the
stratification of the dataset is the smaller sample size,
which would be more susceptible to outliers.
However, the trends that we have observed are still
detectable in avian and human. Ideally, such
point-to-point comparisons should be conducted in
4-dimensional space with latitude, longitude, time,
and temperature as the four axes. However, the
4-dimensional presentation is beyond our ability.
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Figure. 4. Point-to-point comparison of local
temperature (°C) and hemagglutinins sampl
ed from avian, human and swine species.
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DISCUSSION

In this study, we have examined the trends for
both temperature change and hemagglutinin
evolution from the global level to the local level, and
to the hemagglutinins in selected species from all
hemagglutinins available in the databases. The first
qguestion that we asked was, can a measure of
randomness, in this case the predictable/
unpredictable portion of amino-acid pairs, in the
hemagglutinins along the time course represent the
evolution of hemagglutinin? The answer is yes,
because pure chance can be considered to lie at the
very heart of nature™ and we have used this
method successfully in many other studies™®?®.
More importantly, randomness (entropy) is clearly
related to evolution either by the second law of
thermodynamicsm] or by the dissipative structure®”.

It is well-known that influenza viruses display a
remarkable genetic flexibility based on their high
mutation rate under different selection pressures.
Thus, while influenza vaccination provides hosts with
protection from influenza infections, vaccination
promotes mutations in the influenza virus to adapt
to the new environment.

We earlier estimated the year-to-year mutation
rate in proteins from influenza A virus using the fast
Fourier transform®. The hemagglutinin evolution
presented here is not directly linked to changes in
the evolutionary rate of the virus genes, because
global warming was recorded as temperatures at
different years, whereas evolutionary rate is the
mutations per year at different years. This would
have given us to units that were not comparable.

The increase in the unpredictable portion of
amino-acid pairs with time suggests that influenza A
virus does its best to adapt to increases in the
environmental temperatureBl]. This is so because
nature’s parsimony demands that the least time and
energy is used to construct non-functional parts of
protein (the predictable portion of amino-acid pairs)
and more time and energy is used to construct
functional parts of protein (the unpredictable
portion of amino-acid pairs)m].

The second question raised here was: if global
warming has an impact on hemagglutinin evolution,
then to what degree is the impact exercised? The
answer can be addressed in this way: when looked at
as a whole, because the regressed line of
hemagglutinin evolution is almost parallel to the
regressed line of the global temperature along the
time course, it seems likely that global warming
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affects  hemagglutinin  evolution. However,
case-by-case, global warming may have a different
impact. The hemagglutinins hosted in avian and in
other species will be subjected to different
environmental influences, because, for example,
birds can emigrate and are not affected by anti-flu
drugsm], whereas humans are generally localized
and immunized. Climate change almost certainly
alters bird migration, influencing the avian influenza
virus transmission cycle and directly affecting virus
survival outside the host™*>%, Thus, the influence of
global warming on the influenza A virus must go
through multiple steps.

At this stage in our study, systematic trends are
more important than the trends in individual cases,
because numerous random and uncertain factors are
masked. We aim to understand how the principal
average trends arise before attempting to explain
the individual cases that depart from them®,

The results from this study are consistent with
those from similar studies on other proteins[}s] and
extend them to include more data and a new level of
discussion, which highlights the possible impact of
global warming on the evolution of influenza A virus.
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