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Mycobacterium tuberculosis', possibly ex
plaining the well documented reports that 
vitamin D therapy cures chronic skin 
tuberculosis'. Because T lymphocytes also 
contain the receptor, presumably they are 
also affected by the metabolite, but with 
what functional significance is not clear'. 

Thus vitamin D, metabolites have im
munologically relevant effects on the lym
phoid system, and their levels within this 
system are locally regulated by T cells, 
gamma interferon and macrophages, in a 
manner which may usually be quite inde
pendent of the regulation of systemic 
levels. When interferon-induced mac
rophage activation is intense, however, 
'overspill' of the 1 ,25-dihydroxy metabo
lite can occur, causing sufficient rises in 
systemic levels to induce hypercalcaemia, 
as often seen in sarcoidosis', and some
times in tuberculosis'. 

Once again the macrophage proves to 
be a cell with an amazing range of poten
tial functions. 
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Models for the origin 
of influenza viruses 
SIR-Hoyle and Wickramasinghe have re
cently repeated12 their hypothesis' that the 
Earth is continually bombarded by in
fluenza viruses from comets. Their 'com
et' model denies transmission of influenza 
viruses between individuals, each infec
tion being contracted directly from virus 
particles falling through the upper atmos
phere. The time is past for such qualitative 
speculations now that the predictions 
from the comet model can be falsified by 
quantitative tests. 

The predictions concern the minimal
length trees that can be constructed on the 
basis of nucleic-acid sequences. The 
largest set of sequences for one strain of 
influenza virus from the same host are 
nine haemagglutinin sequences covering 
the years 1933 to 1980 of the human H1 
subtype. The simplest comet model is that 
the different isolates of H1 influenza are 
carried on different comets, having de
veloped independently from a common 
ancestor that existed at some distant time 
in the past. On this model the sequences 
would appear generally similar because of 
their common origin (thus explaining their 
homology), but the differences between 
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Fig. 1 Trees representing different models. a, The Big-Bang or star tree model. b, The 
biological model (for example ref. 7). c, Modified comet model (independent arrival). d, The 
minimal tree8 for the nine viral sequences from the EMBL database9

, edges of zero 
length are contracted. 

different pairs of taxa would be indepen
dent. This is the Big-Bang model', and is 
represented by the star tree45 shown in 
Fig. 1a. If, for example, three viral isolates 
had adenine at one nucleotide position 
and the other six had cytosine then the star 
tree would require three nucleotide 
changes while the biological model, which 
assumes that viral strains share common 
ancestors (Fig. 1b), could require one, 
two or three changes. The expected num
ber of nucleotide changes for a minimal
length tree, given the Big-Bang model, 
can be calculated (unpublished data). For 
these nine sequences, the expected num
ber is 163 whereas the observed number is 
95. This has a probability of occurring of 
about w-ss, assuming that the viruses aro
se independently from a common ances
tor. Thus we reject the star tree model. 

The observed number of changes is 
however consistent with an evolutionary 
model whether it be terrestrial or extra
terrestrial. For example the second ver
sion of the comet model (Fig. 1c) assumes 
that viruses on different comets are re
lated through some ancient extraterrest
rial evolutionary process but that they ar
rive independently on earth from different 
comets. Viruses on two comets may share 
a more recent ancestor than with those on 
a third comet but any relationships among 
the viruses should show no significant cor
relation with their order of arrival on 
earth. This leads to the prediction that 
influenza viruses isolated in consecutive 
years should not be more closely related 
than those isolated several years apart. In 
fact, the viruses on the minimal tree (Fig. 
1d) are in chronological sequence, consis
tent with the biological model. There is 
one chance in 7,560 ( =9!18.6.2) of obtain
ing this time sequence if the viruses on the 
minimal tree arrived independently in 
time. Extending the data set to 12 viral 
isolates (1933-1982) for which a smaller 
part (312 nucleotides) of the haemaggluti
nin gene is sequenced, leads to an even 
smaller probability. Twelve taxa with in
dependent arrival times, will produce a 

chronological order as good as that 
observed (one pair of adjacent isolates 
interchanged) about once in 1,500,000 
trials. Consequently we reject this second 
comet model. 

Models invoking only a single comet do 
not fit the data either. One such possibility 
is that of a single comet carrying an evolv
ing virus that periodically infects the Earth 
as the comet passes it. But the pattern in 
the arrival of virus isolates, the short times 
between altered sequences, the lack of a 
slow mixing compartment in the atmos
phere and the lack of randomization of 
sequences to give a 'quasi-species'' lead us 
to conclude that this single-comet hypoth
esis cannot explain the evolution of in
fluenza viruses while still retaining the 
assumption of non-transmission between 
host individuals. 
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may raise points of a scientific charac
ter. They need not arise out of anything 
published in Nature. In any case, pri
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