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of those wards being unfavourably 
placed with reference to the supply of 
fresh air; and I have felt ashamed, 
when recording the results of my prac- 
tice, to have so often to allude to hos- 
pital gangrene or pyaemia. It was in- 
teresting, though melancholy, to 
observe that, whenever all, or nearly 
all, the beds contained cases with open 
sores, these grievous complications 
were pretty sure to show themselves; 
so that I came to welcome simple frac- 
tures, though in themselves of little 
interest either for myself or the stu- 
dents, because their presence dimin- 
ished the proportion of open sores 

among the patients. But since the anti- 
septic treatment has been brought into 
full operation, and wounds and ab- 
scesses no longer poison the atmos- 
phere with putrid exhalations, my 
wards, though in other respects under 
precisely the same circumstances as 
before, have completely changed their 
character; so that during the last nine 
months not a single instance of pvae- 
mia, hospital gangrene, or erysiielas 
has occurred in them. 

As there appears to be no doubt re- 
garding the cause of this change, the 
importance of the fact can hardly be 
exaggerated. 

Comment 

Lister’s use of carbolic acid had a tre- 
mendous influence on the practice of 

of other agents, and now we have availa- 

surgery. It made possible the introduc- 
ble antibiotics and chemical antiseptics 

tion of many surgical procedures that 
to serve almost every purpose in the 

had previously been impossible. How- 
practice of medicine. Lister opened up 

ever, carbolic acid is not a good anti- 
a whole new field for drug research. The 
importance of his work cannot be too 

septic, since it is fairly toxic to the host. highly stressed. 
It has been succeeded by a large number 
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I. INTRODUCTION directed to attempts to prove that 
these rod-shaped bodies are respon- 

SINCE THE DISCOVERY OF ROD-SHAPED 

bodies in the blood of animals dying 
sible for the transmissability of this 

of anthrax, there has been much effort 
disease as well as for the sporadic ap- 
pearance of it. These studies have 
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sought to determine whether these 
bodies are the unique contagium of 
anthrax. Recently Davaine has carried 
out a number of inoculation experi- 
ments with fresh and dried blood con- 
taining the rods and has stated deci- 
sively that these rods are bacteria, and 
that only in the presence of these 
bacteria can a fresh case of anthrax 
be produced. The lack of proof of the 
direct transmission of the anthrax dis- 
ease in man and animals is due to the 
ability of the bacteria to remain alive 
for a long time in dry conditions and 
to be transmitted through the air by 
insects and the like. It seems here that 
the mode of transmission of anthrax 
has been explained. 

Nevertheless, these ideas of Davaine 
have found many opponents. Several 
workers have obtained experimental 
anthrax by inoculating blood contain- 
ing bacteria, but have been unable to 
show the presence of bacteria in the 
blood of the diseased animals. Others 
have been able to induce anthrax by 
inoculation with blood which could 
not be shown to contain bacteria, but 
the diseased animals then had bacteria 
in their blood. Others have noted 
that anthrax is not derived solely from 
a contagium which is transmitted 
above ground, but that this disease is 
related in some way with conditions 
of the soil. . . . 

I could show that the rods in the 
anthrax blood were not so resistant as 
Davaine had believed. As I will show 
later, the blood, which contains only 
rods, keeps its ability to induce anthrax 
on inoculation only a few weeks in 
the dry state, and only a few days 
when moist. How is it possible then 
for an organism which is so easily de- 
stroyed to maintain itself as a dormant 
contagium for a year in soil and 
throughout the winter? If bacteria are 
really the cause of anthrax, then we 
must hypothesize that thev can go 
through a change in life history and 
assume a condition which will be re- 
sistant to alternate drying and mois- 
ture. What is more likely, and what 
has already been indicated by Prof. 
Cohn is that the bacteria can form 
spores which possess the ability to re- 
form bacteria after a long or short 
resting period. 

All of my experiments were de- 
signed to discover this developmental 
stage of the anthrax bacterium. After 
many unsuccessful experiments, I was 
finally able to reach this goal, and 
thus to find a basis for the etiology of 
anthrax. 

These experiences cannot be ex- 
plained by the hypothesis of Davaine, 
and because of this, many people feel 
that bacteria are of no significance for 
anthrax. 

Since the life history of the anthrax 
bacterium offers not only botanical 
interest but also much light on the 
heretofore uncertain etiology of the 
soil-related infectious diseases, I am 
publishing now the most important 
results of my experiments, although 
my work is still in progress. 

Since I have had the opportunity 
several times of examining animals 
which had died of anthrax, I per- 
formed a series of experiments which 
would clear up the uncertainties in the 
etiology of anthrax. Through these, 
I came to the conclusion that the 
theory of Davaine concerning the 
transmission of anthrax is only partly 
correct. 

II. LIFE HISTORY OF 

Bacillus antbracis 

It has not been possible for me to 
observe the multiplication of the bac- 
teria directly in the animal. But it can 
be inferred that this occurs from the 
inoculation experiments which follow. 
I have used the mouse as mv experi- 
mental animal, as it is simple to use. . . . 
In most experiments I inoculated 
them at the base of the tail, where 
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the skin is loose and covered with long 
hair. . . . I have made a large number 
of inoculations in this way, using fresh 
anthrax material, and in every case I 
have had a positive result, and I be- 
lieved therefore that the success of 
the inoculation could be used as an 
indication of the life or death of the 
bacilli inoculated. I will show through 
later experiments that this idea is true. 

Partly in order to always have avail- 
able fresh material, and partly to dis- 
cover if the bacilli would change into 
another form after a certain number 
of generations, I inoculated a number 
of mice in series, one from the other, 
each time using a mouse which had 
just died as a source of the spleenic 
material. The longest series of mice 
treated in this way was twenty, which 
therefore represented that many gen- 
erations of the bacilli.* In all animals 
the results were the same. The spleen 
was markedly swollen and contained 
a large number of transparent rods 
which were very similar in appearance 
and were immotile and without spores. 
This same type of bacillus could be 
found also in the blood, but not in so 
great a number as in the spleen. In 
these experiments it was shown, there- 
fore, that a small number of bacilli 
could always develop into a significant 
mass of individuals of the same type 
. . . which appeared to reproduce by 
growing in length and then splitting 
after they had reached about twice 
the length of the individual bacilli. 
These results also indicate that it is 
high!y unlikely that the bacilli would 
go through some change in form if 
a longer series of inoculations were 
made, and therefore it is unlikely that 
there is ultimately some alternation of 
generations. . . . 

It will take us too far afield to con- 
sider whether or not the actual cause 

l [We know now that the number of gen- 
erations of the bacteria would be much 
greater than twenty.1 
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of the death of the animals is due to 
the production of carbon dioxide in 
the blood through the rapid growth 
of the bacilli there, or, what seems 
more probable, that death is due to a 
metabolic product produced by the 
parasite through its utilization of pro- 
teins as nutrients, and that this meta- 
bolic product is poisonous to the ani- 
mal. . . .t 

[To study the life history of the 
bacilli away from the animal,] a drop 
of fresh beef serum or aqueous humor 
from the eye of a cow was placed on 
a microscope slide. Then a small piece 
of spleen which contained bacteria 
and which had been freshly removed 
from an infected animal was laced in 
this and a cover glass place B on top. 
The microscope slide was then placed 
in a moist chamber to keep the liquid 
from evaporating, and this was then 
placed in an incubator. . . . 

These preparations were incubated 
for 15-20 hours at 35-37’. At the end 

of this time, in the middle of the prep- 
aration between the tissue cells could 
be seen many unaltered bacilli, al- 
though in smaller numbers than in 
fresh preparations. However, away 
from the tissue in the fluid, one could 
see bacilli which were 3-8 times longer 

and showed shallow bends and curva- 
tures (Fig. 2). $’ The closer to the edge 
of the cover glass, the longer the fila- 
ments, and these finally reached a size 
which was a hundred or more times 
the length of the original bacilli (Fig. 
3). Many of these long filaments had 
lost their uniform structure and trans- 
parent appearance, and their contents 
had become finely granulated with 
the regular appearance of strongly 

t LSuch a metabolic product, known today 
as a toxin, is usually associated in some way 
with most infectious diseases, including 
anthrax.1 

1 [This plate also contains the figures for 
the paper of Cohn, 1876: “Studies on the 
biolo 

l? 
of the bacilli.” See page 49 for the 

text o this paper.] 
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light-refracting grains (Fig. 3a). The 
filaments which lav right at the edge 
of the cover glass: whire the gas ei- 
change with the nutrient fluid was 
the best, showed the most extensive 
development. They contained com- 
pletely formed spores which were im- 
bedded in the substance of the fila- 
ments at regular distances and were 
somewhat oval, strongly light-refract- 
ing bodies. In this form the filaments 
revealed a remarkable appearance, 
which can best be compared with a 
string of pearls. 

Many filaments had already lost 
their spores, which can be seen be- 
tween them as small, free clusters 
(Fig. 4b). In favorable preparations 

it is possible to see all of the stages 
from short bacillus rods, through long, 
sporulating filaments, to free spores, 
and this is proof that the latter arises 
from the former. . . . [Because these 
spores seemed to form most frequently 
at the edge, it occurred to Koch that 
they might not actually come from 
the Bacillus, but be due to contamina- 
tion from the air, since his pre 
tions were not pure, and he ha B 

ara- 
ob- 

served micrococci and bacterium types 
from time to time. So he decided that 
the only way to be sure would be to 
observe the spore formation actually 
take place.] 

Plate-Koch and Cohn 

Figs. 1-7. ANTHRAX BACILLUS (Bacillus An- 
h&I. Fig. I. Anthrax bacilli from the 
blood of a guinea pig. The bacilli appear as 
transparent rods, occasionally with begin- 
nings of division, or bent, (u) white blood 
cells. (!J) red blood cells. Fig. 2. Anthrax 
bacilli from the spleen of a mouse, after 
three hours in a dro 
bacteria have lengt R 

of aqueous humor. The 
ened mto filaments . . . 

Fig. 3. From the iame pre aration 
after ten hours. The bacr 11 have crown to .f* 

as Fig. 2, 

long filaments, which often are in&twined. 
(~1 in isolated filaments strongly refractile 
bodies a 

P 
pear regularly spaced: kg. 4. The 

same cu ture as Fie. 3. after 24 hours. fu) 
oval spores appeari;g like beads on a s&g 
have developed in the filaments. (&I many 
filaments are undergoing decomposition and 
releasing free spores, which occur singly or 
in clumps. Fig. 5. Spore germination. Fig. Sa 
and Sb at different magnifications. The 
spores elongate into cylindrical bodies, with 
the refractde area remaining at one pole. 
This body becomes smaller, breaks up into 
2 or more parts, and finally disappears com- 
pletely. Fig. 6. Diagram of the method of 
culture of anthrax bacilli. The fluid contain- 
ing the bacteria is in the hollow of a hanging 
drop slide, covered with a cover glass which 
is rm 
tion. gr 

ed with olive oil to prevent evapora- 
he slide is placed on a warm stage 

heated to body mmperature, so that observa- 
tions can be made during incubation. The 
bacilli are suspended in a drop of fresh 

Although I had imagined that such 
an experiment would be very difficult 

aqueous humor. Even with the naked eye it 
is possible to see the developin 
filaments. Fig. 7. Appearance of t ! 

masses of 
e epithelial 

layer from the skrn of a frog, in which a 

g 
iece of infected spleen from a mouse had 
een placed. The layer consists of large, 

nuclear cells (a); in occasional cells many 
short, occasionally bent or crooked Bucilh 
(b) have been taken up, which have de- 
velopcd further within the cells and later 
escaped; (c) disrupted cell; (g) free spiral 
Bucilli; (e) blood cells of the fro . In addi- 
tion, unaltered Bucilli are visible. %.r. 8-10. 
HAY- BACILLUS (Bacillus subtilis). Fii 8. Bu- 
cilli in long parallel rows of filaments, which 
had formed an iridescent film on the surface 
of a boiled hay infusion after 2M8 hours. 
Between the parallel rows are seen short 
motile rods, or rods in the process of 
elongating. Fig. 9. Spore formation in the 
segmenting filaments of the hay Bucillur 
after 3 days. Fig. IO. Bucillw filaments en- 
cased in slime . . . at the left end of the 
figure can be seen the beginning of the 
formation of chains of spores in the filaments. 
Fig. fl. Portion of a &mass surrounded by 
slime. in which the formation of chains of 
s ores is complete, and the single Bacilh 
K laments have become indistinct; the spores 
however are still arranged in parallel rows 
and are bound together by the slime. MAGNI- 
FICATIONS, Figs. 1-7, 8 and 10, 65OX; Figs. 
5b and 9, 165OX; Fig. 11, 9OOX. [The hand- 
writing on the figure was placed there later 
by some interested reader.] 
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to perform, it actually proved quite 
simple. . . . 

allow for direct microscopic observa- 
tions. 

[The preparations were so arranged 
that they could be observed under the 
microscope while being incubated 
continuously.] 

Observations every 10-20 minutes 
revealed that the bacilli at the begin- 
ning were somewhat thicker and 
seemed to be swollen and hardly 
showed any changes in the first two 
hours. Then they began to grow. After 
3-4 hours they had already lengthened 
lo-20 times; they began to curve, to 
push against each other or to cross 
each other and make a network. After 
a few more hours the individual fila- 
ments were already so long that they 
covered several microscope fields. . . . 

If the free end of a filament was ob- 
served continuously for 1%20 min- 
utes, it was quite easy to observe its 
lengthening and perceive the remark- 
able spectacle of actually watching the 
bacillus grow. It was therefore possi- 
ble to obtain direct evidence of the 
further development of these filaments. 
After only 10-15 minutes the contents 
of the strongest and most luxuriantly 
growing filaments were finely granu- 
lar, and soon the small, refractile grains 
were cut off in regular sequence. These 
enlarged in the space of several more 
hours into the strongly refractile, oval- 
shaped spores. Gradually the filaments 
disintegrated, fragmented at the ends, 
and the spores became free. . . . In 
this condition the preparations could 
remain for weeks without chang- 
ing. . , . 

All efforts to obtain the further de- 
velopment of the spores in distilled 
water or in well water failed. In serum 
or aqueous humor, the results were 
equivocal; bacilli developed without 
question, and these formed filaments 
and spores, but their number was small 
and it was not possible to observe the 
transformation of single spores into 
bacilli. Finally I arrived at a procedure 
which was successful. Preparations 
were used which revealed under the 
microscope only a pure culture 1 of 
Bacillus anthacis, and which con- 
tained mostly free spore masses. The 
spores were allowed to dry on a cover 
glass . . . and then a drop of aqueous 
humor was placed on a microscope 
slide and the cover glass was laid on it 
so that the mass of spores was wetted 
by the fluid. These preparations were 
placed in the moist chamber and in- 
cubated at 35’. 

After a half hour the remains of the 
filaments began to disintegrate, and 
after 1% to 2 hours they had disap- 
peared. 

Already after 34 hours the develop- 
ment of the spores could be seen. . . . 

Observations were made to obtain 
a complete picture of the life history 
of the Bacillus anthacis and to dis- 
cover whether the spores passed 
through some intermediate form, such 
as a swarm spore, or passed directly 
into a bacillus. In order to do this tt 
was necessa 

7 
to discover conditions 

which wou1 permit the spore to de- 
velop into the bacillus which would 

By careful examination at high mag- 
nification, it appeared that each spore 
was oval-shaped and was imbedded in 
a round transparent mass, which ap- 
peared like a small, light ring sur- 
roundin 
shape o B 

the spore. The spherical 
this ring could be easily seen 

by rolling the spore in various posi- 
tions. This material first lost its spheri- 
cal shape, lengthened itself on one 
side in the direction of the long axis 
of the spore and became like a long 
oval. The spore remained in one of 
the poles of the cylindrical shaped 
body. Soon the transparent covering 

l [This term will receive a more precise 
meaning in one of Koch’s later papers (see 
page 101). It is not at all certain that he 
really had a pure culture at this time.1 
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became longer and filamentous, and at 
the same time the spore began to lose 
its strongly refractile characteristics. 
It became quickly pale and smaller, 
broke apart into many pieces, and 
finally completely disappeared. In Fig. 
5 is pictured a mass of spores showing 
the conversion to filaments. 

Later I was able to observe in the 
same preparation and same dro 

E 
of 

aqueous humor the appearance o ba- 
cilli from the spores and then later a 
second generation of spore-containing 
filaments. . . . 

It may be assumed that when these 
spores in some way reach the blood 
stream of a sensitive animal, a new 
generation of bacilli will be produced. 
In order to prove this assumption, 
the following experiments were per- 
formed. . . . 

By the inoculation of mice with 
material rich in spores, or with ma- 
terial with few spores, the interesting 
fact was discovered, that in the first 

9s 

case, with many spores, the mice died 
after 24 hours, while in the latter case, 
the mice did not die from anthrax 
until after three or four days. I have 
repeated these experiments many 
times. Such substances containing 
spores were dried and allowed to stand 
for a while. When moistened with 
water and injected, they had not lost 
their ability to produce anthrax. . . . 

On the other hand I have inoculated 
mice with spore masses which had 
come from cultures in glass cells and 
which I had ascertained by micro- 
scopic examination to have been de- 
rived from completely pure cultures 
of Bacillus anthracis, and every time 
the inoculated animals died of anthrax. 
It follows, therefore, that only a spe- 
cies of Bacillus is able to cause this 
specific disease, while other schizo- 
phytes have no effects or cause en- 
tirely different diseases when inocu- 
lated. . . . 

Comment 

This was the first proof that a specific 
microorganism could cause a specific dis- 

be seen by direct examination of blood. 

ease in an animal, and although the proof 
The organism has a quite characteristic 

was not perfect, it was good enough for 
morphology, making a microscopic iden- 

most people. This work is all the more 
tification reasonably certain. In addition, 

remarkable when it is recalled that Koch 
it forms spores. Koch’s observation of 

was a mere country doctor, with no 
these spores and of the development of 

formal research training. It is not exactly 
spores from bacilli and bacilli from 

clear what prompted him to begin work 
spores is an important observation in 

on anthrax, but the choice was quite 
fundamental bacteriology. It confirmed 

fortuitous. The disease occurs most often 
rather nicely the work of Cohn (see page 

in animals, less frequently in man, and 
49) and indicated the medical impor- 

produces characteristic symptoms. 
tance of spore-forming organisms. This 

The was especially noteworthy since Cohn 
organism can be transferred readily to 
mice by inoculation, and this made it 

had shown that bacterial spores were 
highly heat-resistant. Finally, Koch’s ob- 

possible for Koch to study the disease in servations were so thorough and so ac- 
the laboratory. This is an extremely im- curate that his work has remained com- 
portant point, since laboratory study can pletely valid up until the present. The 
be carried out under reproducible condi- success of this work brought Koch to the 
tions, and avoids the complications which attention of the German medical world. 
beset Semmelweis and Lister. The causal He soon received the opportunity to 
organism of anthrax is a very large bacil- move to Berlin, where he was given ade- 
lus, easily seen under the microscope. In quate facilities to further his work. His 
infected animals it occurs in very large most important discoveries were yet to 
numbers in the blood stream, sufficient to come (see pages 96, 101, 109, and 116). 


