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It has long since been remarked that beri-beri 
in its etiolog}' shows resemblances to malaria 
and yellow fever. Of recent years a number of 

diseases, notable features of which are that they 
are strictly limited to places having a warm 
temperature and that they show groups of 

obviously related cases though the patient per 
se is not sufficient to convey infection, have been 
shown to be due to protozoa. Malaria, kala- 

azar, probably yellow fever and possibly sleeping 
sickness are to be reckoned amongst them. In 
fact so man}' diseases which d is pi a}7 the above 
characters have been shown to be caused by 
protozoa that the occurrence together of these 
features may be said to establish a considerable 

probability that a disease if infective is caused 

by an organism which has a more complicated life 
history than a bacterium. The great majority 
of diseases due to known bacteria are obviousty 
at times directly contagious ; of the exceptions 
cerebro-spinal fever and tetanus are about the 

only ones which can be said to show place 
infection and grouping of cases in any way 

comparable with what is seen in beri-beri. 
Thus the limitation of this disease to places 
having a warm temperature and the harmlessness 
of the patient apart from his surroundings 
would, if the disease is due to infective organisms, 
tend to place it by analogy amongst protozoal 
rather than bacterial diseases. 

Again it seems at first thought unlikely that 
any human disease, in the spreading of which 
direct contagion appears to be an important 
factor, would be confined to places having a 
warm temperature. For how can the germ be 

disadvantagiously affected during direct trans- 
ference ? Nevertheless such diseases do exist, 
and if we enumerate them?tinea imbricata, 
pinta, pemphigus contagiosus, yaws, verruga 
peruviana, dengue, yellow fever and possibly a few 
others such as ulcerating granuloma?we find that 
they are, with the exception of yellow fever and 
dengue, either simple skin lesions in which the 

germ must be exposed to the climate or diseases 
in which the output of material is through 
extensive lesions of the skin. Of the exceptions 
yellow fever has been shown to possess a false 
appearance of direct infection. The fact that 

dengue now stands alone establishes a probability 
that it also presents a false appearance of direct 
infection. Work has been done which tends to 
show this (Graham, Neiv York Medical Record, 
February 8th, 1902). Although bacteriology 
does not enable us to define a group it would be 

equally unlikely that a bacterial disease other 
than a skin lesion, in which passive persistence 
apart from growth of the germ outside the body 

Avas a factor in spreading the disease, could be 
rigidly confined to places having a warm tem- 
perature : for the effect of cold is rather to 

preserve than to destroy bacterial organisms. 
If beri-beri were directly infectious or if infection 
could be due to passive persistence, as opposed 
to growth, of infective bacteria deposited in the 
surroundings of the future host, then it is veiy 
unlikely that it would be rigidly confined to 

places having a warm temperature. It is there- 
fore reasonable to suppose that beri-beri is 
confined to such places either because a germ, 
infective or otherwise, is obliged to grow outside 
the body and requires a warm temperature in 
which to do so, or because it is caused by an 
organism which needs a special agent to transmit 
it or which must undergo further development 
along a life cycle before it again enters man. 
The multiplication of infective bacterial germs 
outside the bod}7 in natural conditions is difficult 
to prove. Though it is almost certainly necessary 
for the continued propagation of some diseases, 
in extremely few that are due to known bacterias 
can it be such an important factor and so 

dependent on heat that the disease is obliged 
to remain permanently in places having a tem- 
perature as high as that required by beri-beri. 
Malta fever and mycetoma may approach to being 
exceptions. Cholera and bacterial dysenteries 
though sometimes called tropical show extensions 
far into temperate zones. The theory that 
beri-beri is due to growth outside the bod}7 of an 
organism, the toxin of which is'absorbed, has few 
or 110 analogies except amongst diseases traceable 
to the ingestion of special foods. Moreover, it 
would explain very well a large number of 
observations on tropical protozoal diseases espe- 
cially the group bearing on the harmlessness of 
the patient apart from his surroundings; we 
made the word malaria and found a protozoan. 
The theory does, however, stand alone in the 
readiness with which it explains the early 
improvement of the patient when removed from 
infected place. 
The supposition that beri-beri is confined to 

places having a warm temperature because the 
organism may be transmitted by a special insect 
or because it must go through further stages 
of development in a life cycle more complex 
than that possessed by bacteria before it can 

again infect man finds many analogies among 
tropical protozoal diseases. 

Beri-beri shows many close analogies to mala- 
ria. It resembles this disease in being favoured 
by heat and damp, in being a place infection 
and attacking those who sleep near the ground. 
The outbreak of beri-beri in the individual is 
like malaria apparently as dependent on physio- 
logical depression and other factors as on an 

incubation period with definable limits. Beri- 
beri like malaria if nursed in hospital in cold 
climates never spreads to other patients or to 
nurses. Hospitals within the endemic area may 
become infected but rarely do so, though scores 
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of patients may be aggregated. In places where 
there is a hot and cold season, such as Japan, 
beri-beri, like malaria, crops up at the beginning 
of the warm season, continues and gradually in- 
creases throughout the summer and dies out 

almost entirely as far as fresh cases are con- 

cerned in the winter. In the tropics it occurs all 
the year round but is generally more prevalent 
in the rainy season. As in case of malaria the 

mortality is generalty greatest in low latitudes. 
Beri-beri resembles malaria in its chronicity, in 
its tendency to relapse and recur it may be 

annually in the subject, in perhaps the ultimate 
acclimatisation which is said to occur, and in 
the lesser susceptability of those residing perma- 
nent ljT in endemic areas. Beri-beri resembles 
malaria in being a house disease. It is also an 

? "1 ? 

institutional and gang disease (H. E. Durham 
and others). Satnbon has pointed out an in- 
stance in which it was markedly a gang disease 
but failed to be a house disease {B. M. J., Sept. 
1902). Now the distribution of infected ano- 

pheles has shown malaria to be to a considerable 
degree a house disease. It is also a gang disease, 
for it has, I think, been conclusively shown that 
the virulent malaria which breaks out on exten- 
sive disturbance of the soil is due to the collect- 

ing together of men, aud the crowding of 

susceptible persons, good crescent cases and 

anopheles mosquitoes under the same roof. 
Malaria attacks the sexes nearly equal I)7 and is 
a disease of all ages but especially of childhood ; 

beri-beri, though a house disease, is far less 
often seen in women, children and the aged than 
in working men who spend less time indoors. 
The explanation of the curious age and sex 

incidence of beri-beri is probably to be found in 
the fact that it is a gang disease. 
When we think of the way diseases counter- 

feit each other and digress from type we shall 
scarcely look upon similarities in signs and 

symptoms as an indication of a similar cause, 
but it is natural to ask whether the features of 
beri-beri show any marked resemblance to those 
of diseases due to protozoa. The oedema of 
beri-beri is firmer than that of nephritis and may 
occur in transient patches; it is not (infrequently 
general. The occurrence of firm general oedema 
and firm patchy oedema is somewhat rare in 

disease, but is a marked characteristic of the 

protozoal disease trypanosomiasis. In this con- 
nection may be mentioned the facies of both 
diseases. In protozoal affections we might look 
for a large mononeuclear leucocytosis and marked 
enlargement of the spleen, but these are not 

found in yellow fever. 
Beri-beri, in regard to its etiology, has been 

shown to present many close analogies to 

malaria. If this is due to its cause being highly 
specialised on similar lines, then the points 
which do not compare will indicate ways in 
which the causes differ. It would appear that 
all the factors necessary for the contraction of 
beri-beri may be found existing within the limits 

of a hot and dirty dwelling in a climate other- 
wise unfavourable. This is not so in malaria; 
moreover malaria is a rural disease; beri-beri, 
more a disease of towns. These differences 
could be explained by assuming a different inter- 
mediate host or the absence of one in beri-beri. 

In trying to form details of a protozoal hypo- 
thesis of beri-beri which shall roughly resemble 
that of malaria we have to consider the much 

emphasised point that in bad epidemics the 

patient will probably show improvement in two 
or three days if he can be removed, but not if he 
is left in the infected place. A conceivable ex- 

planation of this might be found in a frequent 
introduction of the germ and a rapid subsidence 
of its chief toxin producing phase : we should 
not expect this phase to go on activety for many 
days as in malaria withont re-introduction or a 
period of latencj'. A latent form would, as in 
malaria, account for elements in relapse and 
chronicity. And a comparatively non-toxic long 
lived form, perhaps the same as the latent form, 
perhaps a gamete as in malaria, would account 
for the obscure origin and long latency of out- 
breaks and the fact that beri-beri is a disease of 
assembled men. Consider a person in a highly 
malarious region who is beginning to show 
serious symptoms the result of chronic malaria. 
If he is left he will probably get worse, removal 
will probably lead to his recovery. If we could 
raise the endemic index and shorten the acute 

disease resulting from a single infection, the 
result would approximate to that observed when 
a person suffering from beri-beri is left or removed 
from the place where he has contracted the 
disease. 

In looking for a hypothetical intermediate 
host we shall expect that it is to be found, (1) 
in towns, (2) in occupied dwellings, (3) in 
inhabited parts of ships that have proceeded 
long since from warm to cold climates, and (4) 
we should expect that it is not sufficientl}7 self 
motile, at any rate when infected, to move from 
one house to another or readily even from room 
to room. 

Conditions 1 and 3 would exclude many mos- 

quitoes ; they would not, I think, exclude stego- 
mj'ia fasciata; 4 probably would exclude it. 
None of the above restrictions would exclude 

fleas,bedbugs or pediculi. The thermal limitations 
of beri-beri might be thought to weigh against 
the probability of pediculi, or to necessitate 
ovum or larva infection in the case of fleas. An 

intermediate host has been assumed for the sake 
of closer analogy ; there is no absolute necessity 
for it, though the difficulty of disinfection would 
tend to indicate one. In its absence we might 
suppose that a protozoan germ after leaving the 
body is obliged to develop further in warm 

moist places before it can again enter man 

through skin, sores, or other surfaces. Theories 

of disease must present a reasonable explanation 
of the facts which have been observed with 

certainty. They also as a rule follow naturally 
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upon what is known of other diseases, indeed, 
their rationality is intimatety bound up with 

this; for instance, Hamilton Wright's theory 
follows naturally upon diphtheria and other 
diseases. It may, I think, be claimed that in the 
above respects protozoal theories of beri-beri 

have, by recent discoveries in tropical pathology, 
been raised to a level of probability scarcely 
inferior to the theories of Manson and Hamilton 

Wright, that they serve to keep in mind the 

necessity of examining the fresh tissues and the 
fluid in the (edematous patches by the most 

recent methods, and that they urge the useful 
search for and study of protozoal parasites in 
insects found in association with man. In some 

trypanosoma infections the organisms are found 
with extreme difficulty except in the cedematous 
patches. Although the parasite of beri-beri may 
be ultramicroscopic or otherwise undemonstrable 
in man, we know that in malaria and we believe 
in yellow fever that the organism is far larger 
in the alternate life cycle. 
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