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More evidence 
for the reality of 
genetic entropy—
update
Robert W. Carter

Several years after the publication 
of “A new look at an old virus: 

patterns of mutation accumulation 
in the human H1N1 influenza virus 
since 1918”1 and the follow-up 
publication in Journal of Creation,2 
some detractors are arguing that the 
analysis was invalid. Specifically, 
they are claiming that the human 
H1N1 influenza virus is still making 
people sick, and thus the claim that 
it went ‘extinct’ in 2009 was wrong. 
This was an intriguing thought. 
Maybe the human H1N1 virus had 
still been circulating but was missed 
by major epidemiological laboratories 
worldwide? To get at the root of this, 
I re-did the original analysis and 
extended it to include all H1N1 viral 
genomes reported to date.

Every available H1N1 virus 
that had infected both human and 
swine as of 18 October 2018 was 
retrieved from the Influenza Research 
Database.3 Some sequences had to be 
removed due to quality control issues. 
Specifically, sequences with many 
Ns (i.e. missing data) tended to also 
be more diverged. This indicated the 
existence of poor-quality data. I culled 
every viral genome with more than 
five Ns. Also, some sequences were 
incomplete or missing one or more 
genomic segments.

There was a group of six con sec u-
tively named sequences from patients 
in New Zealand who were co-infected 
with the swine and human versions in 
2009. These came from a study that 
claimed to have discovered reassorted 
viruses (genetically recombined 
swine and human H1N1) in several 
patients, even though other studies of 

a similar nature had failed to detect any 
reassortment.4 They also claimed the 
reassorted viruses did not spread to any 
other person. No other such ‘hybrid’ 
version can be seen in the massive 
database of viral genomes, and they 
left no viral descendants, so they were 
removed from the analysis.

The final dataset included 10,372 
complete genomes that spanned 100 
years of sampling.

I created an alignment for each of 
the eight genomic segments, trimming 
any sequence before the start codon or 
after the final stop codon and manually 
adjusting for indels. These were 
concatenated and entered into a single 
FASTA file, one line for each viral 
genome, totalling 13,133 nucleotides 
each. Distance was calculated by 
tabulating the number of differences 
compared to the 1918 strain (figure 1). 
The A/Brevig Mission/1/1918 strain is 
used as a reference for segments 1–3 
and 5–8. The A/South Carolina/1/18 
strain was used as a reference for 
segment 4 (see reference 1 for 
details). Occasional gaps and a few 

places where the sequence included 
an ambiguous letter call (e.g. an ‘S’ 
in a sequence indicated the letter was 
either a G or a C) were not counted as 
differences. There were no ambiguous 
calls in the reference sequence. Due to 
heavy sampling during specific years 
and in specific localities, there were 
many identical and near-identical 
sequences among the data. A pair-
wise comparison of all sequences was 
performed. If any pair differed by 10 or 
fewer nucleotides, the second member 
(alphabetically by strain name) of 
each pair was removed. This created 
a subset of 6,360 sequences with a 
minimum distance of 11 mutations. A 
neighbour-joining phylogenetic tree 
was created from a FASTA file of this 
subset in MEGA (version 7),5 then 
rooted to the 1918 strain (figure 2).

Results

As before, a clear break between 
the ‘human’ and ‘swine’ versions of 
the H1N1 virus can be seen (figure 1). 
This was caused by the accidental 

Figure 1. Number of mutations since 1918 occurring in all H1N1 viruses infecting humans (dark 
diamonds) and swine (light diamonds) reported in the Influenza Research Database through late 2018. 
(1) The human H1N1 lineage goes extinct for the first time in 1957. (2) The human H1N1 reappears 
in 1976 after an accidental release in Moscow. This creates a disjunction in the trendline and allows 
for easy visual separation of the swine and human versions. Sporadic swine H1N1 infections occur 
in humans between 1976 and 2009. (3) The human H1N1 virus disappears from reporting in March 
2009, the same year the swine H1N1 goes pandemic in humans. We first reported this in 2012. (4) 
Six years later, all currently circulating H1N1 viruses infecting humans derive from viruses the same 
distance removed from the 1918 strain as a subset of the main swine version.
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re-release of the virus in 1976 after 
being frozen in a sample dating back 
to approximately 1952.6 One can see 
occasional ‘swine’ H1N1 infections 
in humans over the years, and a huge 
burst after the 2009–2010 swine 
flu pandemic. In fact, from figure 
1 it appears that all modern H1N1 
infections in humans trace back to the 
swine version. It also suggests that the 
human version went extinct.

This is confirmed in figure 2, where 
we see that every H1N1 reported in 
humans since early 2009 traces back to 
the swine version. Indeed, the human 
version is clearly extinct after nearly a 
decade of non-reporting.

Discussion

Genetic entropy is supported by 
strong theoretical work, powerful 
numerical simulations, and real-
world examples. The H1N1 virus is 
not immune to the effects of genetic 

entropy and we see major strains either 
weakening or disappearing entirely 
over time. This comes after decades 
of natural selection failing to remove 
thousands of incremental errors in the 
genome.1,2 Also, new viral lines have 
appeared suddenly, sometimes with 
significantly more mutations than 
comparable contemporaneous strains. 
These can be seen in the data presented 
here. This might be an example of the 
‘mutator strain’ hypothesis of Carter, 
Lee, and Sanford.7 Or perhaps sudden 
mutation surges are part of the long-
term history of the H1N1 virus, but 
this would make it even more prone 
to genetic entropy.

What is in store for the H1N1 
virus? Over time, it should continue 
to accumulate mutations faster than 
selection can remove them. It should 
continue to become more and more 
attenuated and, barring an infusion 
of fresh genetic elements from a wild 
strain currently circulating in aquatic 

waterfowl, it should eventually meet its 
demise. Only the future can tell.
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Figure 2. A phylogeny of human and swine H1N1 influenza. The tree is rooted to the 1918 strain. The 
‘human’ branch is clockwise to the right of the dotted line. The ‘swine’ branch is counterclockwise 
to the left. Sporadic infections of humans by the swine version (asterisks) were reported over the 
years, but it was not until the 2009–2010 ‘swine flu’ pandemic that this version became common in 
humans. All currently circulating H1N1 viruses infecting humans are derived from the 2009–2010 
pandemic viral strain. A thin grey circle was added to help the reader see how the genomic distance 
from the original 2009 outbreak viral genome increases over time in the long arm leading to the 
2018 viral genomes.


