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allowances (les circulaires aIlouent) to army corps for douches is 45 
centimes per man per month, which, for a regiment of three thousand 
men gives a monthly credit of 1,350 francs. 

These fittings are set up in a large room (une salle) or hut, six metres 
by four, in one corner of which an undressing closet has been arranged 
by a boarded partition; the "kitchen" remains outside. In cases 
where the ground is not cemented it will do to make an open flooring 
over light beams, which would permit the water to run away. 

Up to the present I have installed five stations, one of which is 
working in a ravine, sheltered from artillery fire, about five hundred metres 
behind our trenches. The officers and men of the companies in the first 
line are its assiduous clients. To the others there come, besides the men 
of the reserve companies of my regiment, men from neighbouring regi
ments; four regiments of infantry, artillery, army service corps (du train 
des equipages), engineers, etc., the German prisoners of the Division; 
in all more than ten thousand men. 

Two men suffice for the service of each of these stations; a stoker, 
capable, in case of need, of doing soldering, and an orderly (stover) taken 
from a resting company. 

Each infantry regiment has four portable kitchens, two to each 
battalion, the regiment consisting of two or three battalions. It is thus 
easy to arrange among them a sanitary service which will fit in with the 
cooks' hours, as setting up and taking down the apparatus only occupies 
the work of a few minutes. 

---+---

<.turrent lttemlUrC. 

The lEtiology of Typhus Exanthematicus (H. Plotz, P. K. 
Olitsky and G. Baehr. The Journal of Infectious Diseases, vo!. xvii, 
No. 1, July, 1915).-This paper is divided into three parts: (1) Bacterio
logical studies; (2) serological studies; and (3) experimental studies. 

The first part of the paper deals with the work which led up to the 
discovery by Plotz of the organism of typhus fever. The epidemic form 
of typhus' is characterized by its comparatively mild course, and low 
mortality. This disease is known in America as Brill's disease. Louria 
and Friedman have published papers pointing out the resemblance 
between this disease and cases of mild typhus which they had seen in 
Europe. 

Striking cross-immunity experiments have been described which 
show that a cross-immunity exists between monkeys infected with Brill's 
disease and those infected with Mexican typhus. 

In the search for the ffitiology of typhus fever one of the most impor
tant aids was the fact that the virus of typhus had been found in the 
circulating blood during the febrile period of the disease. The work of 
Nicolle, Ricketts and Wilder, Gavino and Girard, and of Anderson and 
Goldberger, all pointed to the fact that the virus of typhus is not filterable. 
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Ricketts and Wilder dt;lscribed a bacillus which they saw in blood 
films stained with Giemsa's stain. Plotz says that this bacillus bears 
a certain morphological resemblance to the organism which he has 
cultivated. 

It has been surmised that since typhus had been proved to be an 
insect-borne disease, a protozoan origin would be found, but Ricketts and 
Wilder called attention to the fact that the rat-flea carries the bacillus 
of plague, as does the tick the spirillum of African tick fever. 

The same authors also pointed out that typhus is an acute, se1£
limited disease, and that one attack confers immunity, a feature charac
teristic of many bacterial diseases but extremely unusual in protozoal 
infections. 

These facts led to many attempts to cultivate the virus from the blood 
in cases of typhns fever, and for this purpose aerobic methods were used 
with uniformly negative results. The media used were plates of agar 
and glucose agar (often with ascitic fluid added), flasks of broth, and 
two per cent glucose broth with and without ascitic fluid. 

Plotz not only repeated the aerobic methods, but also used anaerobic 
methods of cultivation. His method of culturing was as follows :-

Fifteen cubic centimetres of blood are drawn from a vein in the ante
cubital space with the usual aseptic precautions. For the aerobic 
method he poured two plates of agar and two of glucose agar. The 
remainder of the blood was distributed in one or more flasks (one hundred 
centimetres) of broth, and two per cent glucose broth. The agar used 
was of two to three per cent concentration, prepared with Liebig's meat 
extract, and of O·g to 1·1 per cent acidity. Two cubic centimetres of blood 
were added after the agar had been melted and cooled to 40° C. It was 
well mixed and the plates poured. Rabinowitsch's method, consisting of 
five cubic centimetres of blood added to one hundred cubic centimetres 
of equal parts of broth and ascitic fluid with four per cent glycerine added, 
was also tried. 

These all gave negative results, although four of the cases from which 
blood had been taken afterwards gave a positive result with the anaerobic 
method of culture. 

Plotz in the early part of this study tried many methods of anaerobic 
cultures which failed. The first successful results were obtained by the 
use of the ascitic fluid, kidney tissue, and liquid paraffin medium of 
N oguchi. By this method he obtained the organism in two cases of 
epidemic, and in one case of endemic typhus fever. The method of 
Liborius-Veillon proved more satisfactory - modified in that serum 
glucose agar was used instead of glucose agar. Plotz uses tubes fifteen 
centimetres long by two centimetres wide, each containing about 
twenty cubic centimetres of two per cent glucose agar. The agar is 
made in the same way as for the aerobic method of cultivation. 
Eight tubes are used for each blood culture. The medium is melted 
and cooled to 400 C., and into each tube three cubic centimetres of 
blood are injected directly from the syringe and to the mixture four cubic 
centimetres of ascitic fluid are added. The contents are mixed by pouring 
from one sterile tube into another, care being taken not to introduce any 
air bubbles. The contents are allowed to cool at room temperature, or 
better still by immersion in ice-water, and then a layer of plain agar 
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two centimetres deep IS added to each tube, The tubes are then incu
bated at 37'50 C. 

The success of the culture depends greatly on the selection of the 
serum. It was found that only such sera should be used as are bile-free 
and have a specific gravity of 1015 or over. 

The sterility of the ascitic fluid must be ascertained by aerobic and 
anaerobic culture. 

Colonies appear in from three to sixteen days. They can be removed 
from the tube by breaking it across, and subculturing into slopes of 
0'5 per cent glucose serum agar (a quarter the volume of serum), and 
placing the inoculated tubes in Buchner tubes. 

The colonies usually appear in the lower two or three centimetres of 
the tubes. Each colony first appears as a small opaque spot; as it grows 
a brown area of precipitation develops in the media about it. The 
colony itself varies from one to six millimetres in diameter (including 
the area of precipitation). In cross-section it is Y-sbaped, brownish in 
appearance, and soft in consistency. The arms of the Y are fusiform. 

The organism is a small pleomorphic. Gram-positive bacillus, non
motile, not capsulated, not acid-fast, and does not form spores. Its 
length is from 0'9 to 1'93 p., breadth from one-fifth to tbree-fiftbs of its 
length. Most of the organisms are straight though occasional ones are 
slightly curved. Coccoid forms also occur. Degeneration and involution 
forms appear early. 

As to its cultural characteristics besides the usual cultures in Bucbner 
tubes, a variety of media in long tubes (20 cm. long by 1'25 cm. wide) 
have been used. The tubes were inoculated with a saline emulsion, and 
incubated at 37° C. for twenty days. The best growth was obtained in 
two per cent glucose agar with ascitic fluid added, the growth extending 
up the tube to within 2 to 2! cm. of the top of the medium. Precipitation 
takes place after the growth becomes profuse. 

On potato, after four days, an invisible white growth forms, which is 
demonstrable on scraping the medium. There is no growth on gelatine. 
The organism produces acid in glucose, maltose, galactose, and inulin 
with precipitation, but no visible gas is formed. There is no change in 
raffinose, mannite, arabinose, saccharose, dextrin, or lactose. It produces 
slight acidity in milk in eighteen days. Superficial colonies when they 
appear on plates, which is not often, are opaque, 1'5 to 2 mm. in diameter, 
with fading, irregular edges. Each colony is surrounded by a zone of 
fine, dust-like dots, localized in an area of precipitation. The colonies 
are cream by reflected light and opaque by transmitted light. The 
deeper colonies vary in size from a pin-point to 1 mm. In shape they 
are round, oblong, or triangular, the last shape prevailing. 

It is worth noting that Plotz says that for keeping the organism 
alive 0'5 per cent glucose agar is used, as the larger glucose content is 
presumed to decrease the virulence to a greater extent. The organism 
is an obligatory anaerobe. Its thermal death-point is 55" C. for ten 
minutes, which coincides with the thermal death· point of the virus that 
Anderson and Goldberger demonstrated in tbe blood of typhus patients. 
An emulsion of the organism when passed through a Berkefeld filter, 
size N, fails to produce any growth in 0'5 per cent glucose serum agar, 
while a control of the emulsion not so passed does so. 

The general result of blood cultures was as follows :-
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In epidemic cases, the blood of seven cases being cultured, the 
organism was recovered from all in pure culture, during the febrile stage. 
In endemic cases the- ~eillus was recovered in fifty-three per cent. The 
cultures were taken Oll varying days of the disease up to the day of the 
crisis. 

Blood cultures were made in six of the epidemic cases after the crisis, 
and all proved negative. In nine endemic cases cultured after the crisis 
two yielded the bacillus, one twelve hours and the other thirty-six hours 
after the crisis. 

The authors of this paper also made anaerobic cultures from one 
hundred and ninety-eight other febrile cases. These represented a 
variety of conditions such as typhoid, acute osteomyelitis, acute rheumatic 
endocarditis, chorea, acute nephritis, influenza, liver abscess, splenic 
anremia, etc. In none of these cases was an organism recovered in any 
way resembling the bacillus isolated from cases of typhus fever. 

As to the day of disease on which the most marked bacteriremia was 
present, it was found to be impossible to determine the day of onset 
in the patients from whom blood was taken. It was, however, found 
that the best results were obtained four or five days before the crisis. 
In cultures taken from the blood of inoculated animals the organism was 
most frequently found when the blood was taken early in the disease. 
This probably holds good in man also. 

There seems to be a marked relation between the amount of bacteri
remia present and the severity of the disease. The bacillus was found 
eighteen times as abundantly in the epidemic as in the blood of the 
endemic cases. 

The serological studies are dealt with by Olitsky. He discovered the 
presence of complement-fixing antibodies against the isolated bacillus 
only in the cases of typhus fever, and in no other diseases. After some 
preliminary experiments he used an antigen consisting of the filtrate of 
a killed, autolyzed emulsion of the bacillus of typhus, using a mixed 
emulsion of both the epidemic and endemic strains. 

Eleven cases of epidemic and 34 cases of endemic typhus were tested. 
Nine of the epidemic and 30 of the endemic were tested after the crisis. 
Of these the total number of positives was 28, or 71'8 per cent. Of all 
the cases tested irrespective of the stage of the disease the total positive 
results were 29, or 64'4 per cent. 

At the height of the disease 25 cases were tested, and only 2 positive 
results were obtained. Ten cases were tested at the crisis, and 4 were 
returned as positive; hence we see. a tendency towards an increased 
number of complement-fixing antibodies at the crisis. All the controls 
gave negative results, and covered a number of acute febrile diseases. 
For agglutination estimation he uses the microscopic method rather than 
the macroscopic, for these reasons :-

Large quantities of the bacilli necessary for suspensions as agglu
tinogens are difficult to obtain, owing to the sparse growth of organisms 
and the strict anaerobic conditions required_ The bacillus even without 
the addition of serum has a marked tendency to clump on standing. Also, 
where there is a positive result with the macroscopic method there is 
always a positive one with the microscope, and this method conserves the 
serum. 

The serum used is inactivated at 56° C. for half an hour. The 
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final dilutions used are 1 in 20, 1 in 50, 1 in 100, 1 in 200, 1 in 400. 
The tests are read after one hour at room temperature. 

The average titre of typhus fever serum is 1 in 200. 
At first the two strains of bacilli were used and a cross-agglutination 

was observed. Later a mixed agglutinogen was used, and when this was 
employed positive agglutinations were obtained in more cases than positive 
complement-fixations. In 43 typhus cases (including the epidemic form), 
during some period of the disease, 39, or 90·7 per cent. were positive. 
Just as in complement-fixations, the agglutinations were usually absent 
at the height of the disease, increased in amount at the crisis, until they 
reached their maximum well on in the apyrexial period: They can be 
demonstrated at least five months after the crisis. Of 49 controls 7 
showed agglutinins in dilutions of 1 in 20, but none in higber dilutions. 
These 7 cases consisted of the following: 1 was a brain tumour; 2, 
valvular heart defects; 2, general paralysis; 1, carcinoma of the tonsil; 
and 1 a case of alcoholism. In all complement-fixation was negative. 

On this account Olitsky regards as positive only such cases as give 
agglutination in dilutions of 1 in 50 or higher. Agglutination with other 
than typhus organisms gave negative results in every case. 

A considerable resemblance in the results was obtained in investigat
ing precipitins to those obtained in the study of agglutinins and comple
ment-fixation. No bacteriolysins were demonstrable. Opsonins are 
present. The index rises at the crisis and remains high in the 
convalescent stage of the disease. Olitsky considers that this method 
(opsonization) is one of the most potent, on the part of tbe patient, in 
overcoming the disease. He proved to his satisfaction by cross-fixation 
and cross'agglutination that the epidemic and endemic bacilli are merely 
two strains of the same organism. Experimental typhus in monkeys 
gives rise to serological changes in the same manner as in man. Of 
6 monkeys that reacted to typhus virus, complement-fixatiori and 
agglutination tests were positive in 5, or 83·3 per cent. These reactions 
were still positive twenty days after the crisis. The average normal 
monkey has no such antibodies present. To produce these antibodies 
both in man and monkeys, large doses of antigen have to be given. In 
the case of guinea-pigs the result of inoculating the virus is quite 
different to that observed in the case of other animals. A guinea-pig 
injected with blood from a typhus patient on April 14, 1914, reacted on 
April 22. On June 16 it was again injected with a guinea-pig typhus 
virus. There was no reaction, hence the animal was proved to be 
immune. The animal was bled on July 7. Although the guinea-pig 
was proved immune, yet the serum contained no agglutinins or 
complement-fixing bodies. This experiment was repeated with other 
guinea-pigs. 

Rabbits are not susceptible to the typhus bacillus in small doses. 
If given intravenously in large amounts they die in three to seven 
days. 

The autopsy reveals no distinct pathological change. When small, 
yet increasing, doses of the bacilli are given, rabbits develop very 
potent immune serum, with especially high opsonic indices when 
compared with normal rabbits. 

Observations made on the blood of two individuals proved very 
interesting. Both were definitely exposed to the typhus virus, one to 
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both types and one to the epidemic form only. At no time did either 
have any symptoms that could be recognized as typhus fever, yet they 
both developed complement-fixation bodies and agglutinins. 

Previous work on the transmission of typhus had established the 
infectivity of typhus blood from man both for man and for animals. 

The authors of this paper set out to ascertain whether the organism 
recovered from the blood of typhus patients was also found in the blood 
of animals inoculated with typhus blood. For this purpose, twenty-four 
guinea-pigs were inoculated with from 2'5 to 4 C.c. of defibrinated blood 
from patients with typhus fever diluted with an equal volume of normal 
salt solution. 

Blood culture was made by cardiac puncture and grown in the usual 
media. A bacillus, morphologically and culturally identical with the one 
recovered from the blood of individuals with typhus fever, was recovered 
from the guinea-pig's blood in eight out of twenty-four, or in 33'3 per 
cent. They put down this low positive to the small amount of blood 
cultured-three cubic centimetres. The average number of colonies 
obtained from the eight positive bloods was three. This seems reasonable, 
as in man the positive results from fifteen cubic centimetres of blood 
produced only nine colonies in epidemic cases, and 2'06 in endemic 
cases. The febrile reaction at the time of the blood culture was proved 
to be due to typhus fever, as the blood of the guinea-pig which was the 
subject of the experiment was inoculated into other pigs, and all 
developed the disease after the usual incubation period of seven to 
fourteen days. They found that the best way of inoculating the guinea
pigs was by the intraperitoneal route. 

Of eight guinea-pigs with positive blood cultures there was no doubt 
that the reaction was due to typhus, and in three guinea-pigs inoculated 
with blood which had given a negative result none developed the 
disease. Blood from six other animals with negative blood cultures 
was inoculated into thirteen guinea-pigs, and all developed the disease. 
This discrepancy with the blood culture may have been due to the small 
amount of blood used, as with human cases in which large quantities 
of blood were used no such discrepancy ever occurred. 

Blood cultures were also made from four monkeys that had received 
an intraperitoneal inoculation of typhus virus. In one the blood culture 
was positive on the third day of the fever. The blood of this monkey 
produced the disease when inoculated into a guinea-pig. The relations 
between the blood culture and the severity of the disease can be noted 
both in animal experiments and in human cases; and is very suggestive 
that the bacillus is the cause of the disease. As to the relationship 
between the blood culture and the stage of the disease at which the 
blood is taken, it was found that the blood cultures taken twenty-four 
to seventy-two hours after the onset were positive in fifty per cent 
of animals. In the majority of the animals the fever reached its 
highest point on the second or third day. The finding of the bacilli in 
the blood of a guinea-pig twenty-four to thirty-six hours after the crisis 
was in accordance with the results of Nicolle and Oonseil, and Anderson 
and Goldberger, who found the blood of a typhus case to be infective 
for animals twelve to thirty-two hours after the crisis. 

It was found that the strains of the typhus bacillus when subcultured 
repeatedly, or when kept on artificial media for more than three or four 
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weeks, completely lose their virulence for animals. When inoculated 
into guinea-pigs only a transient rise of temperature was observed during 
the first twenty-four hours after the inoculation, apparently due to the 
action of the endotoxins. 

This rise of temperature is completely done away with if the organisms 
are suspended for a half to one hour in a 1 in 20 to 1 in 100 dilution of 
typhus-immune serum. 

On cultivation on artificial media for more than one month all strains 
lose this toxic action as well. In spite of repeated passage through mice 
and guinea-pigs it was found to be impossible to restore the virulence 
after it had once been lost. 

Experiments on six strains of endemic typhus show that they lose 
their virulence more quickly than do strains from cases of the epidemic 
form of the disease. 

At least two of the observations made in the preceding studies, i.e., 
(1) the fact that the organism is a bacillus, (2) and that it occurs in 
relatively small numbers in the blood, have a considerable bearing on 
the question of louse transmission. The presence of the few bacilli must 
render it relatively difficult for the lice to become infected, and this has 
been found by experiment. Lice only become infective five to six days 
after the first feeding, and the most probable explanation is one 
originally suggested by Wilder, that during this period the bacilli in the 
louse are undergoing an increase in numbers and virulence. 

The authors also state that monkeys which bave been exposed to 
the bites of infected lice may subsequently develop an immunity without 
having had fever or any other sign of the disease. This corresponds with 
the two cases mentioned before of individuals who developed agglutinins 
and complement-fixing antibodies after having been in contact with typhus 
cases without actually contracting the disease themselves. 

From. these experiments the authors have come to the following 
conclusions :-

(1) That a bacillus, identical with that recovered from patients with 
typhus, can also be isolated from the blood of animals in which the 
disease has been reproduced by the inoculation of typhus blood. In such 
animals the frequency of the bacillus in the blood is directly proportional 
to the severity of the disease. It is greatest at the height of the pyrexial 
period. 

(2) That it is possible to produce the disease with the bacillus 
isolated from cases of typhus. 

(3) That typhUS blood is only infective if it contains a sufficient 
number of these bacilli. H. G. G. 
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