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SCIENTIFIC CORRESPONDENCE 

Rabies • 1n wild dogs concluded that our study may represent 
an example of the unequal rate effect on 
parsimony analysis. We would like to 
make three comments. SIR - The African wild dog Lycaon 

pictus, probably the most endangered 
large carnivore in Africa1

, has been the 
subject of conservation research since 
1985 in Serengeti National Park and 
Ngorongoro Conservation Area in Tan
zania, and since 1987 in the Masai Mara 
region of Kenya. In 1989, a Kenyan pack 
which died from rabies2

, a disease not 
previously confirmed in wild dogs, in
cluded some handled by researchers for 
radio collaring3 and vaccination against 
rabies. Between 1985 and 1990 in the 
two conservation areas, four of eight 
unvaccinated study packs (a total of 58 
dogs) died 2-5 months after radio collar
ing, with rabies confirmed in one pack in 
1990 (ref. 4). 

Following these losses, an attempt was 
made to vaccinate the remaining study 
packs in both countries using an in
activated vaccine delivered by air
pressurized darts. All study packs (n=7) 
died or disappeared within a year of 
vaccination. Although no known out
break of rabies occurred in other wild
life, and tissue samples were not avail
able in the conservation areas, rabies 
was again suspected. However, packs 
not vaccinated and without radio collars 
still existed in or near the study areas. 

Serum samples taken up to 2 years 
before vaccination showed that packs 
had been exposed to rabies with some 
individuals carrying significant, possibly 
protective levels of rabies-neutralizing 
antibodl. This begs the question "why 
vaccinate?" 

The feature common to all packs was 
'handling'. Many mammalian species 
carry latent viruses, including rabies5 , 

which can be reactivated by stress in 
some cases. Handling-induced stress, as 
measured by highly elevated peripheral 
serum cortisol concentrations, results 
from immobilization of captive wild 
dogs6

• Corticosteroids tend to inhibit the 
body defences, which prevent latent in
fections from becoming apparene. This 
stress mechanism perhaps reactivates 
rabies virus latent in 'handled' carrier 
dogs with the disease spreading within, 
but not between, the widely separated 
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packs, by oral social contact. Losses of 
all packs after vaccination, together with 
sporadic pack deaths after collaring, 
could be explained by this hypothesis, as 
any carrier dog(s) would be 'hit' during 
whole pack vaccination but only selected 
by chance for radio collaring. 

It is possible that rabies virus persists 
in wild dogs in a normal host-parasite 
relationship5

•
8 with some naturally im

mune individuals. This stable system 
could be disrupted by handling-induced 
stress in some individuals, resulting in 
early death9 of dogs in packs, and 
vaccine-induced delay10 in emergence of 
rabies in the vaccinated packs. 
Roger Burrows 
Department of Continuing and Adult 

Education, 
University of Exeter, 
Cotley, Streatham Rise, 
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Origin of rodents 
and guinea-pigs 
SIR - Our maximum parsimony (MP) 
analysis1 of protein sequence data sug
gested that the order Rodentia may not 
be monophyletic but that the guinea-pig
like rodents (Caviomorpha) may have 
branched off earlier than the separation 
of the rat-like rodents (Myomorpha) 
from the primates. Our hypothesis, rep
resented as ((Myomorpha, Primates), 
Caviomorpha), will be called tree III; 
the traditional view ((Myomorpha, 
Caviomorpha), Primates), tree I; and 
the third alternative ((Caviomorpha, Pri
mates), Myomorpha), tree II. But in a 
maximum likelihood (ML) analysis of a 
similar set of protein sequences Haseg
awa et al. 2 did not find significant prefer
ence for tree III. Arguing that the ML 
method withstands the effect of unequal 
evolutionary rates among lineages, they 

First, the ML method is model
dependent. For example, for a-crystallin 
A, the difference in ML value between 
trees I and II is only 0.4 for the Dayhoff 
model of amino-acid substitution, but 
6.3 and 5.9 for the proportional and 
Poisson models, respectively2

• 

Second, for the ten proteins used, the 
ML method supports tree I for three 
proteins, tree II for four proteins, and 
tree III for three proteins, if the Dayhoff 
model is used2 • This means that for most 
of the proteins the ML method fails 
to identify the true tree, regardless of 
which of the three trees is the real one. 
The same conclusion holds for the other 
two models of amino-acid substitution. 
This fact contradicts the claim2 that the 
ML method is robust against the effect 
of unequal rates. 

Third, the unequal rate effect is stron
ger for divergent sequences than for well 
conserved ones. The table shows the 
degree of divergence from the outgroup 
sequence to the human, myomorph and 
guinea-pig sequences for each protein. 
As {3-globin has an evolutionary rate 
close to the mean rate for mammalian 
proteins3

, it may be used as a reference. 
Let us therefore take a-crystallin A, 
a-globin, {3-globin, lipoprotein lipase 
and lipocortin as conservative proteins 
(group 1), because their degree of di
vergence from the outgroup sequence is 
smaller than or close to that for {3-globin. 
For all these proteins the ML and MP 
methods are congruent, and both sup
port tree III, except for a-crystallin A 
(ref. 2). In contrast, for the other five 
proteins in the table, which may be 
considered as nonconservative (group 
II), the ML and MP methods often do 
not support tree III; when all the pro
teins in group II are considered together, 
the ML method supports tree I, whereas 
the MP method supports tree II. Thus, if 
tree I is indeed the true tree, then the 

Proportion of amino-acid differences between an outgroup (OU) and a human (HU), myomorph 
(MY) or guinea-pig (GP) sequence 

Protein 

Outgroup: marsupial 
a-crystallin A 
a-globin 
{J-globin 
a-lactalbumin 
pancreatic ribonuclease 

Outgroup: bird 
lipoprotein lipase 
lipocortin 
insulin 
nerve growth factor-fJ 

Outgroup: factor X 
factor IX 

OU-HU OU-MY OU-GP 

0.10 0.09 0.09 
0.19 0.23 0.25 
0.26 0.31 0.30 
0.46 0.55 0.55 
0.34 0.34 0.38 

0.23 0.23 0.27 
0.28 0.32 0.28 
0.38 0.41 0.51 
0.42 0.47 0.43 

0.63 0.61 0.63 
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