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INTRODUCTION.

A series of experiments was carried out in the City 
of Glasgow Pever Hospital, Ruchill, for the most part be­
tween August, 1911, and June, 1912, to elucidate, if 
possible, certain points in connection with the reactions 
of typhoid bacilli.

It is well known that typhoid bacilli, freshly 
isolated from enteric fever patients, vary in their capacity 
to undergo agglutination. The primary object of the inquiry, 
therefore, was to discover whether these differences in 
agglutinability are dependent on the stage of the disease at 
which the bacillus is isolated, or on the body substance 
from which it is obtained.

The bacilli were grown chiefly from blood, faeces, 
and urine, but also from vesicular rose-spots, and (post 
mortem) from spleen, bile,and mesenteric glands. They were 
tested by such fermentative and other methods as were con­
sidered sufficient to establish their identity as typhoid 
bacilli. An agglutinating serum was obtained by the 
inoculation of a rabbit with the stock typhoid bacillus in use 
in the hospital laboratory. For purposes of comparison the 
bacilli were tested also with the sera of rabbits immunized 
in the same way against 4 strains of paratyphoid organisms.
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In addition, reciprocal experiments were carried 
out in nearly every case with the patients' sera and 
these 5 bacilli. In most instances also in which a bacillus 
was isolated, it also was tested with the patient's serum 
and the result compared with the results of agglutination 
by the stock antisera.

Finally, the bacilli were examined according to 
the method described by Miohaelis, of agglutination by 
means of acid solutions of varying strengths.

In the course of the inquiry it was discovered that 
in 6 cases of bacilluria, the bacilli in the urine were 
neither typhoid bacilli nor contaminating organisms, but 
were different from any which have hitherto been described. 
This fact has not previously been noted in connection with 
enteric fever. The second part of my thesis, therefore, 
has been devoted to a discussion of typhoid bacilluria.
The cases which came under my personal observation are 
described, and a full account is given of the atypical 
bacilli.
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PART I .

Section I. Methods employed for isolation of bacilli.

Section II. Agglutination reactions carried out with
the sera of patients and stock bacilli, 
typhoid and paratyphoid.

Section III. Agglutination experiments on bacilli with 
artificial antisera.

Section IV. Agglutination reactions of bacilli with the 
serum of the patient from whom each was 
obtained.

Section V. Discussion of variations in agglutinability. 
Conclusions from experiments.

Section VI. Agglutination of bacilli by acid solutions 
(Miohaelis).



SECTION I .

Methods employed for isolation of ’bacilli.
The methods employed to isolate the bacilli are 

described in this section. In all bacilli were obtained 
76 times, - from blood 26 times, from faeces 19 times, 
from urine 17 times, from vesicular rose-spots 3 times, 
and, post mortem, from the spleen 7 times, from the gall­
bladder 3 times, and from a mesenteric gland, once.

Cultures from blood.
These were made as a rule on the morning after the 

patient's admission to hospital. Two methods were employed. 
First 1 cc. of blood was withdrawn from a vein at the elbow 
and added to an amount of bouillon which varied from 100 co.
. to 250 CO., though 100 cc. was the quantity most usually 
employed. This was incubated for 24 hours at 37®C. Later 
5 cc. of blood was taken, added to 10 cc. of sterilized ox- 
bile, and incubated.

The fluid of the culture medium was examined in a 
hanging drop next day. If only motile bacilli were visible, 
or no organisms, a sub-culture was made directly on agar.
In some instances where no growth was visible in the hanging 
drop, the sub-culture on agar showed that bacilli had been 
present. If, as happened on a few occasions, there was 
contamination by cocci, a sub-culture was made on the



modified Endo medium described in the paragraph on
"Cultures from faeces" (page 6), and the bouillon was
transferred thence to an agar slope.

There is a pretty general agreement among later
authors that the second method used, i.e. to add 5 c.c.
of blood to 10 c.c. of bile, or one resembling it, gives
the best results in cultures from blood. The first
investigator to make a series of successful Cultures from
blood was Kiihnau^^^ who used large quantities of blood
(10-20 c.c. ) which he mixed with bouillon;- 27^ of his

f ? )cultures were positive. Castellan! ' ' mixed a few c.c.
of blood with a large quantity of bouillon (300 c.c. ) and

(3 )obtained the bacillus in 12 out of 14 cases. Conradi 
in 1906 introduced ox-bile as a culture medium. The object 
of the use of bile was to prevent coagulation of the blood, 
and to it was added lO^ of peptone for better growth of the 
bouillon, and 10^ of glycerin to inhibit the growth of any 
contaminating organisms which might be present. Eayser^^) 
showed that the use of ox-bile alone as a culture medium gave 
excellent results. He proved also that the degree of 
success depended to a large extent on the amount of blood 
taken, the results with 2.5 c.c. being much better than with 
.5 0.0.

All authors are agreed that the cultures made in 
the first week are almost always positive, and that the 
longer after this the blood is taken, the less is the chance
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of obtaining a bacillus. My cases are too few to give 
a regular series of results, but it may be noted that the 
8 cultures made with 5 c.c. of blood in 10 c.c. of bile in 
the first fortnight were all positive.

In two instances a diagnosis of enteric fever was 
made from the blood culture on the 3rd day of illness. The 
Widal reaction in both was negative.

Cultures from faeces.
The faeces were collected from the ward vessels in 

small sterilized glass tubes by means of a sterilized 
pipette. The cultural method used was practically that 
described by Kendall and Day(^) and was as follows a

The isolating medium was a modified Endo medium 
which contained 1.5^ of agar instead of Endo's 4P/o and 
which was made just alkaline to litmus instead of strongly 
alkaline i ,zfo of acidity to phenolphthalein is said to be 
best (Russell ) ). Plates were made of this medium 
and were used fresh. A platinum loopful of faeces was well 
mixed in 10 c.c. of bouillon at incubator temperature, the 
tube was incubated for an hour, and 3 loopfuls of this 
bouillon were then spread on a plate by means of a right- 
angled glass rod. The plate was incubated over-night. After 
18-24 hours' growth the colonies of B. typhosus were 1-1.5 mm.

a Endo's medium contains lactose (1^ ) with fuchsin, decolor­
ized by sodium sulphite as an indicator. When acid is 
produced by splitting of the lactose, the red colour of the 
fuchsin appears around the colonies of organisms fermenting 
the lactose.
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in diameter, were circular and colourless, and had caused 
no alteration in the colour of the medium around them.
B. coli in 24 hours produced red colonies, about 4 mm. in 
diameter with a broad red halo in the medium. B. typhosus 
was easily recognised, and it seldom happened that a 
bacillus judged from the Endo plate to be typhoid turned 
out to be something else.

According to Kendall and Day, the preliminary 
incubation in bouillon does two things - "The clumps of 
bacteria are thrown down, leaving a more uniform suspension 
of bacteria in the supernatant fluid for inoculation, and 
the bacteria undergo a slight development in a medium
particularly suited for their growth ....  The transition
from faeces to artificial media involves a marked change in 
the nutritive environment of the bacteria, and experience 
has shown that cultures grow more readily if the transition be 
made from faeces to fluid culture media than if the change 
be made from faeces to solid media direct."

The number of colonies obtained on a plate by this 
method varied considerable, but 30-40 was common.

Cultures from urine.
These were made when bacilluria was evident to 

the naked eye. The method described for isolation of 
bacilli from faeces was used also here. A loopful of the 
turbid urine was added to 10 c.c. of bouillon at 370C, the 
tube was incubated for an hour, and then 3 loopfuls were
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spread on a modified Endo plate. This was inouhated for 
24 hours, and subcultures were made on agar slopes.

Cultures from vesicular rose-spots.
The skin was cleansed with methylated spirit, 

the vesicle ruptured, and the fluid touched with the point 
of a platinum needle, after which a bouillon tube was then 
inoculated. One patient had a single vesicular spot, and 
another had 2, and from each a pure culture of B. typhosus 
was obtained.

Gu4nires from spleen, gall-bladder, and mesenteric gland 
(post mortem)

The surface of the organ was branded with a hot 
copper spatula^and a cut made in it with a sterile scalpel.
A platinum needle was pushed into the interior, and a tube 
inoculated. The organism was obtained each time in pure 
culture.

Cultures fromobheY organs and fluids (post mortem)— ■ "  "    —■ '   I"  ■!* m  ,■ nw IWIII MIX ■■ m —.ibw iim     laimrn ii ■ mi -m i-w  w  mm

B. typhosus was obtained once from the pus of small 
kidney abcesses. A culture from the other kidney,which was 
free from abcesses, yielded only B. coll.

I failed to obtain B. typhosus from sputum, lungs, 
liver, and cerebro-spinal fluid. In the case of a typhoid 
patient who was 5 months pregnant and who died, cultures 
from the amniotic fluid, and from the foetal blood and 
foetal gall-bladder failed to shew the presence of B. typhosus
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All the bacilli were examined after isolation.
The following tests were considered sufficient to establish 
their identity as typhoid bacilli

The production of acid without gas in glucose, maltose, 
and mannite:
the production of slight permanent acidity, without 
clotting,in litmus milk:
non-fermentation of lactose and saccharose : 
non-production of indol in peptone water after 7 days' 
growth :
non-liquefaction of gelatin: 
colourless growth on potato: 
presence of motility.

100
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TABLE I.

Cultures from blood 1st Series (in bouillon)

Name Age
Days
ill.

Rose
âpois?

1 C.C.blood 
in bouillon

CjwC .
Result. Result of 

culture from 
faeces.

1. E.B. 20 8 + 150 +
2. J.T. 33 8 + 100 + +
3. G.B. 6 8 - 100 —
4. W.P. 23 9 100 - -
5. J.L. 36 9 + 100 - -
6. J.F. 10 9 + 100 + -
7. J.P. 24 10 + 100 - -
8. J.M. 31 10 + 100 +
9. P.K. 12 11 - 200 -

10. R.R. 23 12 + 125 +
11. L.P. 25 13 - 100 - -
12. E.G. 20 13 - 100 — —
13. F.B. 30 13 + 100 - +
14. G.E. 12 14 - 125 —
15. B.J. 5 14 — 200
16. W.B. 35 14 100 + —
17. C.W. 23 14 + 100 + —
18. w.w. 37 15 + 200 -
19. D.M. 20 15 + 100 + -

20. A.W. 50 15 + 100 +
21. J.R. 15 15 + 100 - —
28. A.R. 52 15 4- 100
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TABLE I .

Cultures from blood 1st Series (Contd)

Name Age Days Rose 1 c 
ill. Suofs? in

.c.blood 
bouillon 
c.c.

Result. Result of 
culture from 
faeces.

23. P. J. 29 15 + 100 -

24. D.R. 18 15 - 100 4- -

25, T.K. 20 16 + 100 - +

26. J.O. 12 16 - 100 - —
27. T.H. 18 16 + 100 - -
28. C.M. 27 17 - 150
29. M.K. 47 17 + 100 +

30. T. J. 42 17 + 100 - —
31. R.S. 21 17 + 100 - -
32. B.ÏÏ. 17 19 + 100 +
33. T.W. 35 19 + 220 +

34. H.O. 38 19 + 250 +
35. P.M. 37 21 + 100 -
36. M. J. 37 21 - 100 — —
37. M.I. 20 22 + 100 ■f

38. C.D. 35 22 — 100 —

39. aL.P. 25 22 + 100 - -
40. J.B. 19 22 + 100 - - —

41. W.M. 40 28 + 100 4-
42. F.A. 16 28 - 100 — -
43. H.J. 35 29 + 200 -
44. W.C. 19 29 + 100

a End culture.
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TABLE I .

Cultures from blood 1st Series (Contd)

Name age

45. J.8. 28
46. W.M. 40

Days Rose 1 o.o.blood Result. 
ill." Èpots? in bouillon 

0.0*
29
31

100
200

+
+

Result of 
culture from 
faeces.

1. J.B. 19 4th day -
of re­
lapse

2. M.S. 20 15th day -
of re­
lapse

100

150

Summary of Results.

Week Number + Number -
1st
2nd
3rd
4th
5th

0
6
5
2
2

0
11
13
4
2

Blood + 
Blood + 
Blood - 
Blood

Faeces + 
Faeces 
Faeces + 
Faeces

Number of cases. 
2 
5 
4 

18
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TABLE I .

Cultures from blood End Series (in bile)

Name Age Days ill. Rose! Spots. Blood in 
10 c.c.1)ile.

Result.

1. J.H. 23 3 - 5 c.c. 4-

2. N.B. 22 3 - 5 c.c. +
3. G.A. 17 7 + 5 c.c. 4-

4, J.O. 28 7 + 5 c.c. 4-
5. M.B. 57 7 + 5 c.c. 4-

6. A.B. 24 8 + 5 c.c. 4-

7. F.W. 29 13 + 5 c.c. 4-

8. U.K. 38 14 + 5 c.c. 4-
9. D.O. 23 17 + 6 0,0. -

10. T.Y. 20 21 - 3 c.c. -
11. R.K. 36 22 4* 5 c.c. 4-

12. B.O. 35 25 + 5 c.c. 4-

13. K.E. 32 29 — 5 0.0. -
14. A.L. 24 Convalescent — 5 0.0. -
16. S.N. 30 Convalescent - 6 c.c. • -

1. M.B. 57 6th day of 5 c.c* 4-
relapse.
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Cultures from blood 2nd Series (in bile)

Summary of results. 

Week Number + Number -
1st 5 0
2nd 3 0
3rd 0 2
4th 2 0
5th & 
after

Summary of results

0

(both series )

3

Week Number + Number - Percentage
1st 5 0 100^
2nd 9 11 45^
3rd 5 15 25^
4th 4 4 50^
5th & Z 5 28^
after

—

85 35
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TABLE II.

Cultures from faeoes.

Name. Age. Days ill. Result. Result of culture

1. U.K. 3 6
from blood.

2. J.T. 03 8 + +
3. G.B. 6 8 - -
4. A.B. 24 8 - +
5. I.E. 21 8 +
6. M.E. 23 a +
7. F.M. 23 8 +
8. F.J. 10 9 -4"
9. W.P. 23 9

10. J.L. 36 9 -
11. S.T. 6 9 ■ — i-
12. E.C. 11 9
13. J.F. 11 9 + 4

14. I.M. 9 9 + .

15. J.P. 24 10
16. J.M. 31 10 +
17. C.T. 4 10 +
18. T.H. 28 11 -
19. T.M. 3 11 -
20. E.M. 18 11 +
21. S.M. 13 12 +
22. S. J. 7 12 +
23. L.P. 25 13
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TABLE II.

Cultures from Faeces (Contd)

Name. Agi- Days ill. Result. Result of culture

24. E.G. 20 13
from blood.

25. F.B. 30 13 + -
26. M.G. 28 13 +
27. G.I. 40 13 -
28. F.A. 25 14 -
29. M.A. 20 14 -
30. W.B. 35 14 -
31. C.W. 23 14 + +
32. P.M. 20 15 -
33. A.W. 53 15 + —
34. J.R. 15 15 - -
35. A.R. 52 15 - -
36. B.J. 29 15 - +
37. D.R. 18 15 - +
38. J.O. 12 16 - -
39. T.H. 18 16 - -
40. T.H. 20 16 +
41. T.J. 42 17 - -
42. R.S. 21 17 - - '
43. K.C. 20 16 -
44. A.T. 22 20 -
45v M.D. 27 21 +
46. M.H. 35 21



TABLE II.
Cultures from faeces (Contd)

17.

Name. Age. Days ill. Result. Result of culture
from blood.

47. M.J. 37 21 -
48. P.M. 37 21 - —
49. G.D. 35 22 _

&
50. L.P. 25 22
51. J.B. 19 22 — —
52. M.M. 37 27 +
53. F.A. 16 28 - -
54. W.C. 19 29 - —
55. J.G. 28 29 - +
56. E.L. 30 35 -

1. J.B. 19 4th of relapse
2. E.H. 20 10th " " -
3. M.S. 20 15th " « -

a 2nd culture.
Summary of results.

Week. Number + Number - Percentage +
1st 0 1 0^
2nd 15 15 50^
3rd 3 14
4th 1 4 20^
5th 0 3 0^
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TABLE III.

Cultures from Urine (cases of bacilluria)

Name Age
Lays
ill

Lays
from

apyrexia
Albu-

Resuit.Pus? mln? Liazo.
Bacillifrown also rom.

1. M.B. 57 10 17 + — 4 4 blood.
2. J.L. 36 15 8 4 — 4 —
3. E.M. 16 17 5 + - - 4
4. J.M* 31 18 9 4 - — - faeces.
5. M.J.
6. E.B.

37
20

21
23

12
before death 

19
4
4

4
, — : blood

7. C.W. 23 25 6 4 - — - blood
8. W.P. 23 26 4 4 - -, —
9. B.O. 

a
10. W.B.

35
35

26
28

11
before death 

0
4

4

4 • 4 - blood
blood

a
11. R.S. 21 30 3 4 - - -
12. L.P. 25 55 0 4 — — —

a
13. P.M. 37 5th of normal tern,.4

a
14. A.R. 52 6th w If It 4 - - ^ -
15. T.B. 24 10th If If If 4 4

a
16. C.D. 35 10th ft If If 4

a
17. W.C. 19 16th II If tf 4

a Not B. typhosus.
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SECTION II.

Agglutination reactions carried out with the sera of 
patients and stock bacilli, typhoid and paratyphoid.'

A series of agglutination reactions was carried out 
with the sera of 51 patients, and 5 stock bacilli - a typhoid 
strain, and 4 paratyphoid strains. Where a bacillus was 
isolated from the patient, this also was tested with his 
serum along with the stock bacilli. The microscopic method 
was used for the estimation of the agglutination tests, 
which were performed as follows

Blood was taken from the ear or finger in the usual 
way in capillary tubes. These were allowed to stand for a 
little to permit the fibrin to separate, and were then 
centrifugalized. The serum was drawn directly from the 
capillary tubes into a l/lO c.c. measuring pipette and was 
the diluted to 1:12^ with normal saline solution in a watch- 
glass. Further dilutions were made by putting .05 c.c. of 
saline solution in each of a row of hang-drop slides or watch- 
glasses, adding .05 c.c. of the 1:12-^ dilution of serum to 
the first glass,mixing, adding .05 c.c. from the first glass 
to the second glass, and so on. Thus a series of dilutions 
in geometric progression was obtained, beginning at 1:12^ and 
going up to a dilution as high as was necessary to reach the 
limit of agglutination: thus

l:12i, 1:25, 1:50, 1:100, 1:200    ..
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The bacilli were used in an 18-24 hours' bouillon 
culture. A platinum loopful of the serum dilution was put 
on a cover-glass, and to it was added a loopful of the 
bouillon culture. Thus all the serum dilutions were 
doubled.

Dilution of serum. Dilution after addition
of bouillon culture7

1 : IZi 1 : 25
1 : 25 1 : 50
1 : 50 1 : 100
1 ; 100 1 ; 200
1 : 200 1 ; 400

Hanging drop preparations were made in the usual 
way by fixing the cover-glasses on hollow slides with 
vaseline. These were kept at room temperature for an hour, 
and were then examined microscopically. It was found that 
unless the laboratory was very cold, agglutination reached 
its maximum within this time. A figure was then put down 
to represent the amount of clumping present, and the re­
sults were tabulated.

The dilutions obtained by mixing the diluted 
serum with bacillary emulsion by means of loops are perhaps 
not always strictly accurate, but probably the error is not 
more than l/lO of the amount stated. The only method which
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gives quite accurate dilutions - to measure also the amounts 
of bouillon culture used and mix it with the diluted serum - 
was found to occupy too much time when large numbers of 
hanging drops (e.g. 150) had to be examined microscopically. 
The tests shown on pages 50-51 however, make it clear that 
the results are accurate, and comparable with one another.

The method of using bouillon cultures of the bacilli 
instead of emulsions of agar cultures in normal culture 
solution had with us in the hospital always given satisfactory 
results.

The following were the bacilli used for the tests
(1) B . Typhosus,a stock strain used for about 5 years 

in the Glasgow Fever Hospitals for Widal reactions, 
and obtained originally from the spleen of a patient 
who died of enteric fever. This had proved a trust­
worthy organism;, and the results of agglutination 
tests carried out over a course of years corresponded 
closely with the clinical features of the cases in 
which it was used; that is to say, it was agglutinated 
well with typhoid serum, and was unaffected by the 
sera of non-typhoid patients.

(2) B. paratyphosus A (Brion-Kayser), which I received 
along with (3) and (5) from the Glasgow Corporation 
Public Health Laboratory. These 3 strains had been 
obtained from Krai some time previously by Dr. R.M. 
Buchanan, City Bacteriologist.
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(3) B. paratyphosus A . (Schottmüller)

(4) B. paratyphosus B . (Schottmüller), obtained from
Leeds, and brought originally from Vienna by 
Professor Grunbaum.

f5) B. paratyphosus B . (Aohard)

All these organisms were actively motile and were 
not agglutinated spontaneously, or on the addition of normal 
saline solution, or by the serum of a healthy person.

The limit of agglutination was regarded as the
dilution in which the largest clumps present contained 2-4
bacilli. A trace of agglutination, as shown by a tendency
of the bacilli to adhere in pairs,was reckoned as not
agglutination.

In many cases with active sera larger clumps than
those mentioned occurred in the highest dilution in which
agglutination was present, and so the limiting dilution was
calculated as lying between this dilution and that next above
it, in proportion to the amount of agglutination present.
The degree of agglutination was originally estimated as a
fraction of 10 and this made the calculation easier. For
instance, if at 1:800 the agglutination was reckoned as 2 ,

10
and at 1:1600, it was absent, 1:1200 was considered to be 
the limit of agglutination. In the tables, however, a 
more graphic and sufficiently accurate method has been
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substituted for the figures.

The serum dilution at which complete or practically 
complete agglutination occurred varied, and bore no constant 
relation to the limiting dilution.

General remarks.
Widal reactions were carried out with the sera of 

51 patients and the 5 bacilli mentioned. In the majority 
of these cases more than one estimation was made, and in 
7 to whom an autogenous vaccine was given, the serum was 
tested several times both with the bacillus injected, and 
with the stock typhoid bacillus. In addition,37 bacilli, 
isolated from patients, were tested with the respective 
sera, but a description of these experiments is deferred to 
Section 17.

In one case only, that of a nurse, did the patient 
come under observation before agglutinins were present in 
the blood. On the 3rd day, in a dilution of 1:25, her 
serum agglutinated none of the stock bacilli, but her 
illness was diagnosed as enteric fever from a positive 
blood culture. By the 7th day agglutinins had appeared, and 
early in the 2nd week the clinical signs of enteric were 
well marked. In the 50 other cases sufficient agglutination 
was found on the day on which the blood was first examined 
to make the diagnosis certain. In every case but one, group
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agglutination was present, that is to say, one or more of 
the paratyphoid hacilli were agglutinated at 1:25, or in 
higher dilution, as well as B. typhosus. The exception 
occurred in the case of a girl of 10 (B.E. ) who was admitted 
to hospital after 16 days of an illness characterised hy 
headache, abdominal pain, diarrhoea, and slight vomiting.
She was evidently recovering, for her temperature was normal, 
and nothing abnormal could be made out by physical examin­
ation. Her serum, however, on the 17th day agglutinated B. 
paratyphosus B (Achard) to 1:6,400, while the other bacilli, 
including B. typhosus, were unaffected by the serum at 1:25. 
10 days later the Achard B bacillus was agglutinated to 
13200, while the others were unaffected as before.

In 3 other cases a paratyphoid bacillus (Brion- 
Kayser A) was agglutinated at a higher dilution than B. 
typhosus; in the remainder, the typhoid agglutination was 
predominant.

With a view to prevent relapse an autogenous 
vaccine was given in 7 cases. These injections, however, 
seemed to have little effect on the agglutinating power of 
the serum.

Agglutination of B. typhosus.
This occurred in a regular manner. There was com­

plete agglutination in the lower dilutions, and a gradual
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falling off in higher dilutions until the limit of 
agglutination was reached.

The most active sera tested agglutinated to -

1 : 30,000 (E.B. 29th day)
1 : 25,000 (W.P. 20th day)
1 ; 20,000 (D.R. 20th day)

The first patient had an attack of moderate severity, 
the second a severe attack, and the third died from toxaemia 
and heart failure. On the whole, the severe oases showed 
the most active sera,and of the 51 patients, 8 who died 
exhibited an agglutination limit of -

1:20,000, 1:15,000, 1:13,000, 1:12,000, 1:5000, 1:5000., 
and 1:400.

It may he said in general that the limit of 
agglutination tended to fall as convalescence advanced, 
and where it was estimated on the patient's dismissal from 
hospital, was found commonly to he considerably lower than 
the recorded maximum. The most striking example of this 
occurred with the serum of W.P., which on the 28th day 
agglutinated to 1:25,000, and at the end of 6 weeks* 
convalescence only to 1:100.

The maximum dilutions at which agglutination was 
present are shown on Table IT (page 26) ,
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TABLE IV.
Agglutination of B. typhosus (stock) by 

patients' sera.

Highest dilution at which 
agglutination was present.

lo agglutination
Humber of cases.

- 1:500 6
1:500 - 1:1000 7
1:1000 1:2000 11
1:2000 - 1:3000 8
1:3000 - 1:4000 . ' C'ÏTi 1 *
1:4000 - 1:5000 ' c V C; ' : t ; . 1
1:5000 - 1:6000 ' , T I 'vli "V : 2
1:6000 - 1:7000 ' 2
1:7000 - 1:8000 " to 2
1:8000 - 1:9000 1
1:9000 - 1:10,000 1
1:10,000 - 1:12,000 2
1:12,000 - 1:14,000 2
1:14,000 - 1:16,000 1
1:16,000 - 1:18,000 0
1:18.000 - 1:20,000 1
1:20,000 - 1:25,000 1
1:25,000 - 1:30,000 1

Total :- 51
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Agglutination of B. paratyphosus A (Brion-Hayser)
The tests carried out showed this to he an unreliable 

organism for agglutination purposes. It was not agglutinated 
spontaneously or with normal serum, but frequently aggluti­
nation was slight in low dilutions and increased when higher 
dilutions were used. This anomalous reaction did not occur 
at all with B. typhosus,and only once with one of the 
other paratyphoid organisms. In such cases the upper 
limit was noted^irrespective of the behaviour of the 
bacillus in lower dilutions.

Agglutination occurred with this organism in much 
higher dilutions than with any of the other paratyphoid 
organisms, the highest being 1:14,000,with agglutination 
complete at 1:3,000. B. typhosus was grown from the urine 
of this patient. One serum only failed to agglutinate the 
organism at 1:25.

An outstanding fact with regard to the agglutinat­
ive properties of this bacillus was that in 11 out of 
13 cases in which the serum was examined towards the end of 
the patient's stay in hospital^the bacillus was agglutinated 
in higher dilutions than at an earlier stage in the 
illness.



TABLE V.

Agglutination with B. paratyphosus A (Brion-Kayser) 
at 2 stages of disease.

28

game. Day, Limit Limit

1. J.T. 8th 1:200 42nd of normal temp. 1:1600
2. S.M. 13th 1: 50 If n II n 1:4000
3. D.M. 14th , 1: 50 39th ” n n 1: 400
4. A.W. 15th no agglutination 42nd ” If If 1: 50
5, E.B. 17th 1:400 If If II II 1:3500
6. P.M. 21st 1:400 37th " n M 1: 700
7. J.B. 22nd no agglutination 40th n II 1:1000
8. J.P. 23rd 1:120 42nd ” n If 1: 25
9. C.M. 24th 1: 40 If II n ft 1: 25

10. W.C. 28th 1: 25 34th ” II If 1:1600
11. W.P. 28th 1:500 42nd " II ft 1:3000
18. G.U. 30 th no agglutination 20th n If 1: 25
13. E.B. 9th of 1:100 42nd II If 1:1600

normal temp.
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TABLE VI.

Agglutination of B. paratyphosus A 
(Brion-Kayser) by patienta * sera

Highest dilution at which 
agglutination was present. Humber of c

Ho agglutination 1
- 1:100 10

1:100 - 1:200 6
1 1:200 - 1:300 3

1:500 - 1:400 3
1:400 - 1:500 0
1:500 - 1:600 2
1:600 - 1:700 1
1:700 ~ 1:800 4
1:800 - 1:900 0
1:900 - 1:1000 2

1:1400 - 1:1500 1
1:1500 - 1:1600 6

1:1700 - 1:1800 2

1:1900 - 1:2000 1

1:2500 - 1:3000 2
1:5000 - 1:3500 2



TABLE VI (Gontd)

30,

Agglutination of B. paratyphosus A (Brlop-Kayser ) hy patients sera.

Highest dilution at which 
agglutination was present.

1:3500 - 1:4000
Humber of oases

1:5000 - 1:6000 
1:6000 - 1:7000

2
1

Total 51
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Agglutination of B. paratyphosus A (Schottmuller)

With this organism the agglutination limit was 
commonly considered lower than with Brion-Kayser A, nor did 
it tend tô ûse as convalescence advanced. The highest 
dilution at which agglutination was found was 1:1000, hut no 
other occurred above 1:500, and many were under 1:100. In 
2 oases there was no agglutination.

TABLE VII.
Agglutination of B. paratyphosus A fSchottmuller)

hy patients' sera.
Highest dilution at which 
agglutination was present. Humber of cases.

Ho agglutination. 2

1:100 24
1:100 - 1:200 15
1:800 - 1:300 4
1:300 - 1:400 4
1:400 - 1:500 1
1:500 — 1:600 0
1:600 - 1:700 0
1:700 - 1:800 0
1:800 - 1:900 0
1:900 — 1:1000 1

Total 51
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Agglutination of B. paratyphosus B (Schottmuller)

The agglutination of this organism resembled that 
of Schottmuller A and of Achard B. The highest dilution 
in which agglutination occurred was 1:1000, in the same 
case as with the preceding organism, but it failed to be 
agglutinated in a larger proportion of cases (8),

TABLE VIII.
IfAgglutination of B. paratyphosus B (Schottmuller) 

by patients' sera.
Highest dilution at which 
agglutination was present.

Ho agglutination
Humber of cases 

8
. — 1:100 17

1:100 - 1:200 9
1:200 - 1:300 6
1:300 — 1:400 7
1:400 - 1:500 2
1:500 - 1:600 0
1:600 ■ — 1:700 0
1:700 - 1:800 1
1:800 - 1:900 0
1:900 1:1000 1

Total 51



33.
Agglutination of B. paratyphosus B (Aohard)

As has been mentioned, one serum agglutinated this 
organism in a dilution of 1:6400,while not affecting the 
other bacilli at 1:25. Apart from this, the highest dilution 
at v/hich agglutionation occurred was 1:1600. Agglutination 
shewed a tendency to fall off more quickly as higher dilutions 
were reached than with any of the other bacilli. In one case, 
agglutination was complete at 1:50, and quite absent at 1:100, 
and the same result was obtained in 3 successive tests. This 
bacillus was acted on by every serum employed.

TABLE IZ.
Agglutination of B. paratyphosus B (Achard) 

by patients^ serai
Highest dilution at which
agglutination was present. Humber of cases.

- 1:100 17
1:100 - 1:200 17
1:200 - 1:300 2
1:300 - 1:400 7
1:400 - 1:500 2
1:500 - 1:600 0
1:600 - 1:700 0
1:700 - 1:800 3
1:800 - 1:900 0
1:900 - 1:1000 1

1:1500 - 1:1600

- Î:64ÔÔ
Total : - 51
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Agglutination by the serum of a person vaccinated with 
B. typhosus.

A note may be added here on the difference found 
between the serum of a person artificially inoculated with 
dead typhoid bacilli, and that of a patient suffering from 
enteric fever. The strain use by the R.A.M.G. for their 
prophylactic inoculation (B.typhosus (Rawlings)) was obtained 
from the R.A.M. College and a vaccine was made to inoculate 
a member of the hospital staff. He was given 2 subcutaneous 
injections (1) of 500,000,000 dead bacilli, grown for 36 
hours in bouillon and killed at 53*̂ 0. (2) 10 days later,
1,000,000,000 bacilli similarly prepared.

It was found that this serum,when in its most 
active condition 10 days after the second injection, aggluti­
nated the stock typhoid bacillus in a much higher dilution 
than the serum of any of the enteric patients tested. The 
most powerful enteric fever serum had an agglutinative limit 
of 1:30,000, while the serum of the inoculated person 
agglutinated practically completely at l:25pOp,,and had its 
limit at 1:200,000. In addition to this, it was more specific 
than any of the enteric sera, for at 1:25 it agglutinated 
none of the paratyphoid bacilli. When tested four months 
later, however, the agglutinative power of B. typhosus had 
fallen off greatly (to 1:1600), and there was now slight 
agglutination with 3 of the paratyphoid bacilli, - with
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Brion-Kayser A to 1:50, and with Schottmuller A and 
Achard B to 1:25. 11 months after the inoculation the
condition was practically the same as at the end of 4 
months.

In this case the Widal reactions were carried out 
with the stock typhoid bacillus, and not with the bacillus 
used for the inoculation. The latter organism was clumped 
to some extent spontaneously and was unsuitable for 
agglutinative experiments.

It is known that if an animal is inoculated repeated­
ly with typhoid bacilli at the usual intervals of 10 days, 
group agglutinins are produced to a greater and greater 
extent; that is to say, agglutination of paratyphoid 
bacilli occurs in an increasing degree. This suggests that 
the difference between this artificial serum, which did not 
agglutinate the paratyphoid bacilli^and the serum of a 
typhoid patient, which commonly does, even early in the 
disease, may be due to the fact that in one case agglutinins 
were called forth by 2 definite injections of bacilli, 
whereas in the disease, a continual immunization is going on.
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TABLE X .

Agglutination of B. Typhosus by serum of person inoculated 
with this organism.

S m m R Y  0? RESULTS.

May 17. 
22.

" 25.
« 28.
June 1. 
” 2* 
” 3.
" 5.
" 8. 
" 12.

Oct.24

Ho agglutination.
500.000.000 bacilli injected subcutaneously. 
(36 hours* growth in bouillon,killed at 530Q) 
Ho agglutination.
Limit of agglutination 1 ; 50 

” " " 1 : 25,000
1.000.000.000 bacilli injected subcutaneously. 
Limit of agglutination 1 : 100,000

" ** " 1 : 50,000
” " ” 1 : 200,000
" " ** 1 : 100,000

(Ho agglutination with paratyphoid strains)
Limit of agglutination with B.typhosus 1

” Brion-Kayser A.l
** Schottmfiller A.l

" " « Achard B. 1
Ho agglutination with Schottmuller B.

n
tt

1600
50
25
25

ja-f /̂JUL <Leje_
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TABLE XI.

Summary of results of Widal réactions.

Explanation of symbols in the table.

H 4 means 4th day of normal temperature

R 4 means 4th day of relapse.

R^9 means 9th day of second relapse.

400 means that complete agglutination occurred in
édOÔ a dilution of 1:400 : and the limit of

agglutination in a dilution of 1:3000

means that agglutination was not complete 
5d at 1:25 and that the limit of agglutination

occurred at 1:50

? means that the limit occurred at 1:3200, but
3200 that the dilution at which complete aggluti­

nation occurred was not investigated.

0 means that there was no agglutination in a
dilution of 1:25.

(For full table see Appendix B)
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Hame .Age. Baysill. Bac. 
Ixôm

Bac.
from.

B . typh­
osus.

. Br-Kja% 
A

Schott
A

1 Schott 1 A d  
B B

1. J.H. 23 4 Blood 0 0 0 0 0
7 25 100 50 50 50255 loô lôoô 400 360 3o5
8 Î55 25

VfE
100355 30T73 75

200
30155

9 30
VT5

10 50T35
11 50155
12 50373

2. J.T. 41 8 Blood 2003505 50355 25355 35 50173
23 25255 50355 20015ÔÔ 2573 25

100
50335

26 ? ? (2 days after vaccine)
400 3000

28(H1) ?355 ?
12000

H. 42 35- 200355 100165Ù 15 0
5073

5. H.M. 16 10
Urine 50355 1600 33 0 355

R.2l(H.O) 100
6o0O

800ôôôô 1000 loo T35 100355



39
TABLE ZI (Contd)

B. paratyphosus

41 (H.4) 

H.7 

H.8 

H.10

Hame.Age. Days
ill

Bac. Bac. 
from from

B. typh­
osus

Br-Kia'» Schott. SchottLAch: 
A A B B

4. M.D. 27 12
Faeces

0
400

150Ô
100355 0 35 50

200

5. I.E. 21 13 1600600Ô 335 33 irô 50155

6. S.M. 13 13 Faeces 400
30Ô0 35 73 2 ^ Trô

25 100155 100355 33 0 73 135
H.42 30

400
200
600

400
400Ô 73 Î55 35

7. E.M. 18 14
Faeces
160(5
6400

1600
7000

100
1600 355 35155 100355

8. D.M. 20 14 Blood 200“T~ 35 0 0
200

28 100
4000

1600
640Ù Î55 400T355

36
16ÔÔ ?6200

1&

1Ù5

155

8&

7555 

3555
2000
__ ?_
1500

(Vaccine on 36th day)

(Vaccine on H.7)
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Hame.Age.

TABLE ZI. (Contd)
_______ B. paratyphosus.

Days Bao. Bao. B.typh Br-Ea. Schott .Schott .IcË 
ill from from osus A A B B

8. D.M.
(Gontd)

H.IE

H.15

H.19

H.39

?
400
?

1ÜÜ
200

i m

50
155

1000
8000
1T655
400H55
4003555

?355 ?355 ?
400

2755

^  W " ■ wm  5013Ü 5ÜÏÏ 35Ü IÜÏÏ

9. A.B. 84 14
Blood

800 1600 50
18000 18000 ÏÏÏÔÔ

85 30 100
W 3  2Ü5 500

10. A.W. 53 15

83(H.8)
Faeces

235

50355
155
50335

35

35 100

500 355
?355
50To5 355

11. J.R. 15 14 100 — 25 — —3555 355 135 T35 155

12. E.G. 11 15 FaecesÏ55"T355 2001355 2003355 155 50T55 135

13. M.F. 25 15 Spleen
355 25155 655 Too 35~ 50
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TABLE ZI (Contd)

Maine Age

14. W.A. 8 15

Days
ill

Bac. 
Itô l̂

Bac. 
from

B .typh­
osus .

B. paratyphosus. 
Br-Ka.Sohott.Schott.Àch 

A A B B

15

23

1001200
B . typh­
osus (A.W) ?3ÔÜ

35 0 0 35 
?T55

46(8.20) 100ÏÏ5Ü 1001000 — — — 25 155 155 800 T35
H.21 ?

805
?355 (Vaccine on lo.20)

H.23 400355 400
looô

H.25 ?
lôoo

4001000
H. 29 155 916ÔÔ (Vaccine on 1.27)

1.32 155 ?355
1.38 ?355 16Ô0
1.40 155 ?1000 (Vaccine on 1.38)

1.42 ?4ÔÔ l6Ô0
1.68 100355 200

3&0Ù
50 100 25 33 Ï555 T555 T55

15. L.P. 25 1515
Urine

?155 100
9

56(1.1) 33 25
l60Ô 25 0 155 25

120
1.18 ?

400 0
9

Î55
9

îôô
?

400
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TABLE XI. (Contd)
B.paratyphosus.

Same Age 

16. A.R. 52

Days
ill
16

Bao.
from

Bac.
from

a
Urine

B.typh­
osus

25355

Br.Ka.Schott 
A A
50355 35

.Schott.Ach 
B B

0 33
1 .4 2

50
100
800

100 
1000 25 35 75

17. T.K. 20 16 R-spot Faeces 800
3500 33 75 0 33

24 800 25 800
idddo 555 Gddd

27 ? ? ? (Vaccine on 25th day)
Good Sod 4ddo

29 ?
6ddd

?
3000

1600
400Ô

35 ?
9dod l2Ôd

9
Godd

37(140) ?
6dod

?
Èodo

9
Gdod

(Vaccine on 35th day)

1 .2 9
6ddd

?
..8dd

?
éôdo

1.42 200
1000

25350 50
250 25 0 0 0

18. B.B. 10 17(1.0)
0 0 0 200 

0 6400

•
1.10 0 0 0 100 0 1200

19. J.L, 36 17

26(1.3)

Urine
2dd

3ddo

155

4001600
355

33 0 0 35

a lot B. typhosus.
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TABLE XI. (Contd)

(Contd)

20. F.B. 30

Days
ill

Bac. 
îîôm.

Bac. 
from

B.typh­
osus

28(R.2)
T O lôôû

R.3 lüô
R.4 7ÜS
R.5

■güü
R.6 siü 755
R.7 Ï5Ô
R.8

2Ô0
R.9

2ÜÜ 355

17
Faeces

200
Ï20Ô0

6000
éoôoo

29(1.0) ?
è'sooû

?
&0000

1.1 ?
20Ô6Ô ?

12000
1.2

ïêôôb Ï2ÔÔ0
1.4 ?

üüooo
?

§5000
1.5 ?

ÏÔ6ÙÔ 12Ô0Ô
1.6 9

Ï2Ô00 ?
lOOÔÔ

1.7 ?
lôoôô

?
35000

A A B B
(Vaccine on R.l)

(Vaccine on R.6)

25

(Vaccine on 1.0)

(Vaccine on 1.4)
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TABLE ZI (Oonta)

B. paratypihosus .
lame Age Days

ill
Bac. 
from

Bac. 
from

B . typh­
osus

Br-rEa. Schott. S 
A A

►chott.Ach 
B B

20. F.B. 
(Contd)

1.8 ?
16000

9
ÏOÔOO

1.9 ?
ôoôô

?
5000

(Vaccineon 1.8)

1.10 9
ïéodo

?
4000

1.11
Idôoô

?
50ÔÔ

1.42 400 800 mm 35 25353ddd 12000 366S 86

21. I.K. 9 17(1.0)
Faeces.

400 50 25 50
l6dO 1400 555 §50 §6o 4ÔÔ

Faeces
22. G.T. 4 18 100

13ÔÔ
200

lloô 555 75 W 2535
23. S.T. 6 19 200

lèôô
50

16ÔÔ 35 0 35

24. E.H. 17 19 Blood 800
“T "

50
? 0

1.42 SO
16Ô0

800
2000

25335 155 335 25355

25. M.a. 28 19 Faeces
4Ô0
6Ù00

600016Ô00 100
ëddo

25
200

25135 100355

26. J.M. 31 20 Urine
§00ÏÏÜ5 200755 T35 IÛU ÏÏ5 25“35
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TABLE ZI (Contd)

_______B. paratyphosus
lame Âge Davs Bac. Bac • B • typh— Br —Ka • Schott • Schott .Ach 
—  fFÔm ffôm osusT" A A B B

bloodîT
27. D.R. 18 20 800

18000
3000

20000
2002555 50

200
50

400
50

180

28. M.E. 23 20(1.0)
Faeces

26
4Ô0Ô

1600
loddô 655 25155 25155 50235

29. A.T. 22 21 ' 400
§500 T35 35 25 50

220

30. P.M. 37 21
a

Urine 65 50155 0 0
2535

1.37 255 200
120Ù

200755 T§5 235 25

31. P.M. 23 21
Faeces

lOd
1600

200
3000 455 15 0 155

32. J.B. 19 22 - 235 0 loôo 35 135
1.40 50

600 lôoo 15 i m
50255

33. J.F. 10 23
Blood

?555 ?555 125 0 0 255
1.42 200T555 200

looo 23 23 35- 25T5Ü

34. R.R. 23 24 Blood ?T55 ?T55
1.42 155 T35 155 0 0 0

a lot B. typhosus.
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TABLE XI. (Contd)

B. paratyphosus. 
lame Age Lays Bac. Bac. B .typh-!- Br-Ka .Schott .Schott .AcH.

ill from from, osus A A B B

râ râ 0 4

Tüü ïï§ 0 lü

36. T.H. 18 24 800  -, -, 200■gSÜÜ 5Ü0Ü SÜ5 ÏÏ5Ü TÜÜ5

37. M.H. 35 25 gggg iü ÏÜ 3ÏÏ

38. O.W. 23 27 Blood Hrine
= - 800 50 50 50 50

W Ô  3Ô55 6000 200 %5Ô 200 TSÜ

39. W.C. 19 28 ürinf 100 - - 25 25  SOÜ 25 I5Ô 2G5 30
N.34 - 100 100 - - 50

70 500 TOGO 000 000 ISO

Urine
40. W.P. 23 28 ÔOÔ 7000 25 25 50 50

Ï20o6 25000 3Ü0 500 355 255
1.42 - 25 400 - - -120 155 3555 135 120 60

Blood
41. J.G. 28 29 1600 1600 1600 25 50 100T3550 Î3555 2555 125 125 255
42. G.A. 11 30 - 50 _ 5035 0 T  35 "t

1.20 100 - - 50 251255 23 125 255 200
a lot B. typhosus.
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TABLE ZI. (Oontd)

B. paratyphosus.
lame Age Bays Bao. Bac. 

ill. from froma
Blood Urine

B.typh­
osus

§r-Ka. 
A

Schott
A

.Schott.Ach 
B B

43. W.B. 35 30 200 100 
3355 2555

200
3500 255 255

50

44. M  M. 37 30
Faeces

50
35ÔÔ

1600
14005

2004o5o 25 25 55

45. M.J. 37 32
Urine

50 3000 loo
25 8000 14000 §00 4oo 455

46. R.8. SI 32
a

Urine
§00
255

800
1855

50255 ' m 355 25
125

47. E.H. 20 101(R29) 200
255 255 55“ 55 25125

48. J.F. 11 1.5
Faeces

100
255

100
1Ô0

100T55 ÎÏ5 TÎ5 50

49. T.B. 24 1.24
Urine
ÔÔÔ

300Ô
400
3005

400
1850 255 50T55 25

50. M.K. 47 1.42
Blood
'§00255 200

255 T55 35 0 25

51. E.B. 20 1.4

1.9

Blood
455

800
7500

1655
?

T55

Ï550

255
1.42 800 800 50 mm 25

H lot B. typhosus.
léoô 2000 1600 60 50 400
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SECTIOl III.

Agglutination experiments on bacilli with artificial 
antisera.

Agglutination experiments on the majority of the 
bacilli isolated were carried out by means of antisera to 
determine

(1) whether the time of isolation exercised any
influence oh the power of the bacilli to under­
go agglutination:

" ̂ (2) whether bacilli obtained from different body
substances, such as blood, faeces, and urine, or 
from different parts of the body, reacted 
differently:

(3) whether a bacillh^was acted on in the same way as 
the stock typhoid bacillus by the serum of the 
patient from whom it was isolated, and the 
antityphoid serum:

(4) whether any facts could be ascertained with a 
bearing on non-agglutinability of bacilli.

Antisera were prepared from the stock typhoid 
bacillus and the 4 paratyphoid bacilli used for the Widal 
reactions, according to the following method :-
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A 5 0.C. tTite of bonllloa was inoculated with the 
bacillus to be injected and incubated for 24 hours. It 
was then sterilized by heating to SSOQ. for an hour, and 
1 c.c. of this bouillon culture was injected into the 
peritoneal cavity of a rabbit. 10 days later, 2 c.c. of a 
similar culture was given in the same way, and after a 
further interval of 10 days, 4 c.c. The rabbit was killed 
and its blood withdrawn 10 days after the 3rd injection.
The blood was allowed to stand over-night, and then the 
serum which had separated was drawn up into sterilized 
quill tubes. The tubes were sealed and were immersed in a 
water bath at 55®C for 30 minutes as an additional safe­
guard against contamination.

All 5 sera were obtained and treated in precisely 
the same manner, and 3 of the rabbits used (for B,typhosus, 
Brion-kayser A, and Achard B) belonged to the same litter.

With a view to eliminate any inhibitory action 
which the isolating medium might exercise on the agglutin­
ability of the bacilli, each strain was sub-cultured 6 
times on agar, and the bacilli examined were those of the 
6th sub-culture. The following experiment showed that this 
procedure did not lower the power of a bacillus to undergo 
agglutination when this was good.

Two strains were tested, one isolated from blood in 
bouillon, and the other from faeces on a modified Endo 
plate.
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1. B. typhosus (W.M. ) isolated from blood in bouillon 
and transferred to agar.
(a) first culture on agar.
(b) 6th sub-culture on agar.

2. B. typhosus (M.G.) isolated from faeces on a modified 
Endo plate and transferred to agar.
(a) first culture on agar.
(b) 6th sub-culture on agar.

A patient's serum was used. ^

Serum
dilution.B.typhosus(Stock) W.M.1st W.M.6th M.G.1st M.G.6th
1 : 26 + + + 4- 4- 4* 4* 4- 4- 4- 4- 4- 4" 4- 4"

1 : 60 + 4- + 4- 4- 4- 4- + 4- + 4- 4- 4* 4- 4-

1 :100 + + + 4- 4- + 4- 4" 4” 4- 4* 4- 4- 4- 4-

1 :200 + + + 4- 4- 4- 4- 4- 4- 4> 4- 4- + 4*
1 :400 + + + 4- 4- 4" 4- 4- 4- 4- 4"
1 :800 + + 4- 4> + 4- + 4* 4" 4-
1 :1600 + - - 4* 4"
1 :3200

In the 6th sub-culture no deterioration had occurred 
in the capacity of the bacilli to undergo agglutination.

The following test showed that growth on the modified 
Endo medium did not affect agglutinability. The stock
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typhoid strain was grown on Endo's medium and a sub-culture 
from this in bouillon was agglutinated side by side with 
an ordinary sub-culture in bouillon. A patient's serum 
was used.

Serum typhosusfStock) Same after growth on
dilution. Endo * s medium.

1 : 25 + + + + + +
1 : 5 0  + + + + + +
1 : 100 4- 4* + 4-4-4-
1 : 200 4-4-4- 4-4-4-
1 : 400 4-4-4- 4-4-4-
1 I 800 -f- + 4"
1 : 1600 4- 4-
1 : 3200

These 2 experiments showed also that the method 
used for estimating agglutination was to be relied on for 
giving comparable results.

46 strains of B. typhosus were tested -
From blood ........   17

" faeces ........  14
" urine ........  8
" vesicular rose-

spot . 1
" spleen  .......  4
" gall-bladder....  1
" mesenteric gland. 1

Total :
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The 46 bacilli were isolated from 42 patients.
In 3 instances more than one bacillus was grown. In the 
first, a bacillus was obtained from blood and from urine, 
in the second from a rose-spot and from faeces, and in the 
third from the spleen, from the gall-bladder, and from a 
mesenteric gland.

In addition^each of the 5 stock bacilli, and also a 
strain of B.coli from urine were agglutinated with the 
5 antisera.

In the study of the results obtained, attention was 
paid not only to the day of the disease on which a bacillus 
was isolated, and to its source, but also to the length of 
time which elapsed between its isolation, and the days on 
which thé tests were made. Certain observers have report­
ed variations in agglutinability dependent on this 
circumstance, and bacilli found to be non-agglutinable,or 
only slightly agglutinable on isolation^have sometimes 
become completly agglutinable after standing for 2 or 3 
months.

Agglutination by antityphoid serum.
The limit of agglutination of the stock typhoid 

bacillus with its own antiserum occurred at 1 : 80,000.

The 46 typhoid bacilli from patients were divided
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into 3 Glasses -
(1) Those agglutinated approximately as well as the 

stock typhoid bacillus (limiting dilution 1:80,000 - 
1:45,000)

(2) Those in which there was moderate agglutination 
(limiting dilution 1:25,000 - 1:1600)

(3) Those in which agglutination was slight (limiting 
dilution 1:100 - 1:25), or absent at 1:25.

Class(l)inelude 22 strains
« (2) w 17 It
n (g) It 7 n

Of the 22 bacilli in class (1), 5 were agglutinated quite 
as well as the stock typhoid bacillus. One of these was 
grown from a vesicular rose-spot, 1 from blood, 1 from the 
spleen, and 2 from faeces. 2 bacilli showed no agglutination 
at 1:25, one from blood, and the other from the spleen.

In the 1st week 1 bacillus was isolated - 
Glass (3) includes 1

In the 2nd week 17 bacilli were isolated - 
Class (1) includes 11 

« (2) ” 4
" (3) ” 2



54.

In the 3rd week 19 bacilli were isolated - 
Class (1) includes 9 

" (2) " 8
" ( 3 ) »' 2

In the 4th week 6 bacilli were isolated - 
Class (1) includes 2

« (2) n 3

(3) " 1

In the 5th week and after 3 bacilli were isolated 
Class (1) includes 0 

” (2) " 2  
" (3) " 1

There was thus a distinct tendency for the earlier 
isolated bacilli to be agglutinated better than those 
obtained later. The earliest bacillus, however, grown on 
the 3rd day,was not agglutinable.

Prom the blood 17 bacilli were grown 
Class (1) includes 6 

” (2) ” 7
" (3) " 4

From the faeces 14 bacilli were grown 
Class (1) includes 11

" (2) ” 3
” (3) » 0
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From the urine 8 bacilli were grown - 
Class (1) includes 2 

n (2) « 5
" (3) " 1

Glass (1) incgludes also 2 bacilli from spleen and the
bacillus from a rose-spot.

Glass (2) ” the bacillus from the gall-bladder, and
the bacillus from a mesenteric gland.

Class (3) ” 2 bacilli from spleen.

A striking difference was evident between the 
agglutinability of the bacilli from faeces, and those from 
blood and urine, the bacilli from faeces being agglutinated 
much better than those from the two other sources.

The resemblance in respect of agglutinability 
between the bacilli from blood and those from urine 
suggests that the former come from the blood into the urine 
(which is the accepted view), and do not pass directly 
from the intestine to the bladder, as has been suggested 
by Blumer^"^ ).

It is worthy of note that in the case where 3 
strains were obtained from one individual after death, 
the bacillus from a mesenteric gland was agglutinated to 
1:25,000, that from the gall-bladder to 1:15,000, and 
that from the spleen not at all.
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The length of time which elapsed between the 
isolation and the testing of the bacilli appeared to have 
a slight influence on those obtained from blood. The 
average number of days in this period for the 17 bacilli 
from blood was

in class (1) (6 bacilli) 139 days.
It " (2) (7 " ) 120 "
It '» (3) (4 " ) 79 ”

In the case of the 14 bacilli from faeces the
average number of days was

in class (1) (11 bacilli) 61 days
« " (2) ( 3 " ) 70 "

The bacilli in the other groups were too few to 
give comparable results.

The average time between the isolation and the 
examination of the bacilli from the blood was 117 days, and 
of the bacilli from the faeces 63 days. If then agglutina­
bility developed with the lapse of time, the difference in 
the agglutination reactions of these 2 groups of bacilli 
must originally have been even greater, for the bacilli 
from the faeces, which were more agglutinable, had been 
kept a shorter time.

The average age of all the bacilli in class (1) was 
88 days, of those in class (2) 93 days, and of those in 
class (3) 72 days.
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Agglutination by antiparatyphoid A (Brion-Eayser) serum.

This serum was much less active than the others and 
showed the limit of agglutination for its own bacillus at 
1:3000. As has been mentioned the organism gave unreliable 
results in Widal reactions.

The stock typhoid bacillus was not affected at 1:25.

The highest dilution in which agglutination was 
present with a patient's bacillus was 1:100. 31 bacilli
were unaffected at 1:25.

The 46 typhoid bacilli isolated from patients were 
divided into 3 classes

(1) those with the limit of agglutination between 1:100
and 1:50

(2) n u n  n n n n 1:40
and 1:25

(3) those showing no agglutination at 1:25.

Class (1) includes 1 
" (2) " 14
" (3) " 31

In the 1st week
Class (2) includes 1

In the 2nd week
Class (1) includes 1

” (2) ” 7
(3) " 9
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In the 3rcL week
Class (1) includes 0 

ti (2) w 5
« (3) ” 14

In the 4th week
Class (1) includes 0 

" (2) " 1
" (3) " 5

In the 5th week and after
' Class (1) includes 0

" (2) " 0
« (3) " 3

Here again there was a tendency for the earlier 
isolated bacilli to be better agglutinated.

Of 17 bacilli from the blood 
Class (1) includes 0 

" (2) " 3
” (3) " 14

Of 14 bacilli from the faeces 
Class (1) includes 1 

" (2) " 8
" (3) " 5
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Of 0 bacilli from the urine 
Class (l) includes 0 

” (2) " 1
n ( 3 ) » 7

Class (l) includes also 1 bacillus from spleen and that from
a mesenteric gland.

n (2) " 3 bacilli from spleen, that from a rose-
spot and the bacillus from the gall­
bladder.

As with the antityphoid serum, the bacilli from 
faeces were better agglutinated than those from blood or 
from urine, and the bacilli from urine again resembled those 
from blood rather than those grown from faeces.

The results were independent of the age of the 
bacilli. The average age of the bacilli in class (1) 
was 33 days, of those in class (2) 93 days, and of those in 
class (3) 100 days.

Agglutination with antiparatyphoid A (Schottmuller ) serum.
This serum agglutinated its own bacillus in a limit­

ing dilution of 1:200,000.
The stock typhoid bacillus was agglutinated at 1:60.

The highest dilution in which agglutination was 
present with a patient’s bacillus was 1:350. 6 bacilli were
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not affected at 1:85.

The 46 bacilli were divided into 3 classes -
(1) those with the limit of agglutination between 1:350 and1:200
(2) M If n If If n n 1:190 and

1: 50
(3) n n n n n if " 1: 40 and

1: 25
and those showing no agglutination at 1:25.

Class (1) includes 6 bacilli 
” (2) " 28 "
" (3) ” 12 ”

It will be seen from the table that the degree of 
agglutination was independent of the time of isolation of 
the bacillus.

Of 17 bacilli from the blood 
Class (l) includes 0 

" (2) " 9
(3) " 8

Of 14 bacilli from the faeces
Class (1) includes 3 

” (2) " 10
" (3) " 1

Of 8 bacilli from the urine 
Class (1) includes 1
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Class (2) includes 4
ti (3) n 3

Class (1) includes the bacillus from the gall-bladder and
that from the mesenteric gland.

» (2) « all 4 bacilli from the spleen and the
bacillus from a rose-spot.

With this serum also,the bacilli from faeces were 
agglutinated considerably better than those from blood.

The time between the isolation and the testing of 
the bacilli in class (1) was 82 days, of those in class (2)
97 days, and of those in class (3) 133 days. Agglutinability 
seemed to be diminished rather than increased with increase 
in the age of the organism .

Agglutination by antiparatyphoid B (Schottmuller) serum.
This serum was the most active obtained,and 

agglutinated its own bacillus to 1:800,000.
The stock typhoid bacillus was agglutinated to 1:150.

The highest dilution in which agglutination was 
present with a patient's bacillus was 1:400. 2 bacilli were
unaffected at 1:25.

The 46 bacilli were divided into 3 classes
(1) those with the agglutinativS limit between 1:400 and 1:200
(2) w n n „ n " 1:190 and 1:5q
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(3) those with the agglutination limit between 1:40 and1:26

and those not agglutinated at 1:25

Class (1) includes 8 bacilli
 ̂ (2) " 32 "
« (3) ” 6 "

Of 37 bacilli isolated in the first 3 weeks 
Glass (1) includes 8

" (2) " 26
tf (3) ti 3

Of 9 bacilli isolated in the 4th week and later 
Class (1) includes 0

" (2) " 6
« (3) " 3

The bacilli obtained in the first 3 weeks were agglutinated 
better than those grown later.

Of 17 bacilli from blood 
Class (1) includes 2 

” (2) " 12
” (3) " 3

Of 14 bacilli from faeces
Class(1 )includes 3

" (2) " 10
" (3) » 1
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Of 8 bacilli from urine 
Class (1) includes 1 

" (2) " 5
" (3) " 2

Class (1) includes also 1 bacillus from spleen, and the
bacillus from a mesenteric gland,

w (2) ” 3 bacilli from spleen,ËEHâi the bacillus
from a rose-spot^and the bacillus from 
the gall-bladder. •

The bacilli from faeces were agglutinated in some­
what higher dilutions than those from blood, but the 
difference was not so marked as with the 3 preceding bacilli.

The average age of the bacilli in class (1) was 91 
days, of those in class (2) 111 days, and of those in Class
(3) 138 days. Agglutinability thus did not increase with 
age.

Agglutination by antiparatyphoid B (Achard) serum.

This serum agglutinated its own bacillus in a limits 
ing dilution of 1:70,000.

The stock typhoid bacillus was agglutinated to 1:400. 
This was also the highest dilution in which agglutination 
occurred with a patient's bacillus. Some agglutination was 
found in every case at 1:25.
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The bacilli were divided into 3 classes -
(1) those with the limit of agglutination between 1:400 and1:200

(2) If Tt n If n Tf w 1:190 and
1: 50

(n\ If tf n ff ff w " 1: 40 and
1: 25

Class (1) includes 11 bacilli.
tt (2) " 28 "
ff (3) If 7 "

Of 37 bacilli isolated in the first 3 weeks 
Class (l) includes 10 

" (2) " 23
tf (3) It 4

Of 9 bacilli isolated in the 4th week and after 
Class (1) includes 1 

" ( 2 ) " 5
" (3) " 3

The bacilli isolated in the first 3 weeks were 
agglutinated somewhat better than those obtained later.

Of 17 bacilli from blood 
Class (1) includes 4 

" (2) " 9
” (3) " 4
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Of 14 bacilli from faeces 

Glass (l) includes 4
n (2) « 9
" ( 3 ) ” 1

Of 8 bacilli from urine
Class(1)includes 1 

" (2) " 5
« (3) ” 2

Glass (1) includes also the bacillus from a rose-spot and
that from a mesenteric gland.

Glass (2) " 4 bacilli from spleen and the bacillus
from the gall-bladder.

The bacilli from faeces were agglutinated a little 
better than those from blood, but the difference was too 
slight to justify any conclusions.

The average age of the bacilli in class (1) was 95 
days, of those in class (2) 84 days, and of those in 
class (3) 122 days. Agglutinability did not increase with 
the age of the organisms.
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general oonolusions from the results of the experiments with
antisera.

(1) The haoilli which were isolated earlier in the disease 
tended to he agglutinated better by artificial anti­
sera than those isolated later, the difference being 
most marked between those obtained in the first 3 
weeks, and those grown after the end of that time.

(2) The bacilli isolated from faeces were agglutinated 
much better by antityphoid serum, and somewhat better 
by antiparatyphoid serum, than those grown from blood.

(3) The bacilli isolated from urine resembled those grown 
from blood rather than those from faeces.

(4) The length of time which elapsed between the isolation 
of the bacilli and their examination exercised no 
appreciable influence on their power to undergo 
agglutination.
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Agglutination by antityphoid serum.

67.

(Limit of agglutination of B.typhosus (stock) 1:80,000 

WAfik of Aeel. good Aggl.moderate. Aggl. slight

)

isolation (1:80,000 - 
of bac. 1:45,000)

(1:25,000 - 
1:1600)

or absent 
(1:100 and less) Total

1st 0 0 1 1
End 11 4 2 17
3rd 9 8 2 19
4th 2 3 1 6
5th 0 1 0 1

8th 0 1 0 1

2nd of conv.O 0 1 1
Total. 22 17 7 46

Source of bac.
blood 6 7 4 17
faeces 11 3 0 14
urine 2 5 1 8
rose-spot 1 0 0 1
spleen 2 0 2 4
g. bladder 0 1 0 1
mes.gland 0 1 0 1

Total 22 17 7 46
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TABLE XII (Conta)

Source of 
bacillus.

(Lays between isolation and testing)
Aggl.good. Aggl.moderate. Aggl.slight 
(1:80,000- (1:25,000- or absent.

go. days go. days go. days
blood (6) 139 (7) 120 (4) 79
faeces (11) 61 (3) 70 (0) -
urine (2) 85 (5) 80 (1) 7
rose-spot (1) 96 (0) - (0) -
spleen (2) 86 (0) - (2) 90
gall-bladder (0) - (1) 63 (0)
mes. gland. (0) — (1) 63 (0) -

Average ... (22) 88 (17) 93 (7) 72

'li.
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TABLE XIII.

Agglutination by antiparatyphoid A (Brion-Kayser) serum. 
(Limit of agglutination of B.paratyphosus A 

(No agglutination of B.typhosus (stock) )
Week of 
isolation
of bac. 1 :100

Limit of agglutination 
- 1:50 1:40 - 1:25 No aggl' Total.

1st 0 1 0 1

2nd 1 7 9 17

3rd 0 5 14 19

4th 0 1 5 6
5th 0 0 1 1

8th 0 0 1 1

2nd of cony. 0 0 1 1
Total .... 1 14 31 46

.Source of bac.
blood 0 3 14 17
faeces 1 8 5 14
urine 0 1 7 8
rose-spot 0 0 1 1
spleen 0 1 3 4
gall-bladder 0 0 1 1
me sen.gland 0 1 0 1

Total .... 1 14 31 46
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TABLE XIII ( ContcL )

Lays between Isolation and testing.

Limit of agglutination 
Source of bacillus. 1:100 - 1:50 1:40 - 1:25 No agglutination

days. No. days. No. days.
blood (0) - (3) 122 (14) 127

faeces (1) 35 (8) 80 (5) 68
urine (0) — (1) 71 (7) 83
rose^spot (0) - (0) - (1) 106
spleen (0) - (1) 147 (3) 79
gall-bladder (0) - (0) - (1) 70
mesenteric gland (0> - (1) 70 (0) -

Average .... (1) 33 (14) 93 (31) 100
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TABLE ZIV.

Afffflutination by antiparatyphoid A( Schottmuller ) serum.
-  --------  '■ .... ' ........................................................ ......................................... -

(Limit of agglutination of B.paratyphosus A (Schottmuller)1 1200,000)
( w « ” ” B.typhosus(stock) 1:60)

Week of 
isolation Limit of agglutination Totalof bac. 1:350 - 1:200 1:190 - 1:50 1:40 and less.

1st 0 1 0 1
2nd 3 10 4 17
3rd 2 13 4 19
4th 1 2 3 6
5th 0 1 0 1

8th 0 0 1 1

2nd of conv. 0 1 0 1
Total ... 6 28 12 46

Source of bac.
blood 0 9 8 17
faeces 3 10 1 14
urine 1 4 3 8
rose-spot 0 1 0 1
spleen 0 4 0 4
gall-bladder 1 0 0 1
me s.gland. 1 0 0 1

Total ... 6 28 12 46



72.
TABLE XIY(Contd)

Pays between isolation and testing.

______________ Limit of agglutination

No. days. No. days. No. days.
blood (0) - (9) 125 (8) 143
faeces (3) 81 (10) 77 (1) 116
urine (1) 91 (4) 72 (3) 112
rose-spot (0) - (1) 113 (0) -
spleen (0) - (4) 104 (0) -
gall-bladder (1) 79 (0) - (0) —
mesenteric gland. (1) 79 (0) - (0) —

Average .... (6) 82 (28) 97 (12) 133
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TABLE XV.

Agglutination by antiparatyphoid B (Schottmuller) serim^
Tf(Limit of agglutination of B.paratyphosus B(Schottmuller)serum1:800,000)

( n tf If n B.typhosus (stock) 1:50 )

Week of
of bac. 1:400 - 1:200 1:190-1:50 1:40 and less Total

1st 1 0 0 1
2nd 3 13 a 17
3rd 4 13 2 19
4th 0 4 2 6
5th 0 1 0 1

8th 0 0 1 1

2nd of conv. 0 1 0 1
Total ... 8 32 6 46

Source of bac.
blood 2 12 3 17
faeces 3 10 1 14
urine 1 5 2 8
rose-spot 0 1 0 1
spleen 1 3 0 4
gall-bladder. 0 1 0 1
mes. gland 1 0 0 1

Total ... 8 32 6 46
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TABLE Z7 (Gontd)

Pays Between isolation and testing

Source of bacillus
of lox̂

. 1:400 - 1:200 1:190 - 1:50 1:40 and less
Fo. days. Eo. days. days.

blood (2) 74 (12) 150 (3) 150
faeces (3) 77 (10) 85 (1) 123
urine (1) 104 (5) 82 (2) 127
rose-spot (0) — (1) 120 (0) -
spleen. (1) 160 (3) 93 (0) -
gall-bladder (0) - (1) 84 (0) -
mesenteric gland. (1) 84 (0) - (0) -

Average ... (8) 91 (32) Ill (6) 138
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TABLE Z7I.

(limit of agglutination of B.paratyphosus B (Achard) 1:70,000)
{ n M tf Tl B.typhosus (stock) 1:400 )

Week of 
isolation Limit of agglutination
of bao. 1 :400 - 1:200 1:90 - 1:50 1:40 and less total

1st 0 1 0 1
2nd 5 10 2 17
3rd 5 12 2 19
4th 1 3 2 6
5th 0 1 0 1

8th 0 0 1 1

2nd of oonv. 0 1 0 1
Total 11 28 7 46

Source of bac.
blood 4 9 4 17

faeces 4 9 1 14
urine 1 5 2 8
rose-spot 1 0 0 1
spleen 0 4 0 4
gall-bladder 0 1 0 1
mes. gland. 1 0 0 1

Total ... 11 28 7 46
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TABLE XVI (Gontd)
Pays between isolation and testing.

Source of bacillus., 1:400 -- 1:200 1:190 - 1:50 1:40 and less
Ho. days. Ho. days. Ho. days

blood (4) 145 (9) 106 (4) 131
faeces (4) 53 (9) 70 (1) 105
urine (1) 82 (5) 64 (2) 109
rose-spot (1) 102 (0) (0) -
spleen (0) - (4) 92 (0) -
gall-bladder (0) - (1) 66 (0)
mesenteric gland (1) 66 (0) - (0)

Average .... (11) 95 (38) 84 (7) 122

day# .
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TABLE X7II.

Summry of resultà of agglutination by antisera.

Explanation of symbols, etc.

H 4 means 4th day of normal temperature.

E 4 ” 4th day of relapse.

400 means that complete agglutination occurred in a
3000 dilution of 1:400, and the limit of agglutination 

in a dilution of 1:3000.

means that agglutination was not complete at 1:25, 
and that the limit of agglutination occurred at 
1:50.

0 means that there was no agglutination in a dilution
of 1:25.

The column "age of bacilli when tested" shows the time which 
elapsed between the isolation of each bacillus and its 
being tested with the antityphoid serum. The tests with 
the other sera were performed at intervals of about 6 
days.

(For full table see Appendix G )
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SEOTIOU IV.

Agglutination reactions of bacilli with the serum of the 
patient from whom each was isolated.

The results of the agglutination reactions carried 
out with the patients* sera and the respective bacilli 
come now to be considered.

37 bacilli were investigated in this way, -
from blood ........ 13

" faeces ....... 14
" urine ........ 8
** rose-spot .... 1
" spleen ....... 1

In this series of experiments no fixed standard of
comparison in respect of a limiting dilution was available,
as the sera varied in activity. The results obtained were
therefore compared quantitatively with the results of
agglutination tests with the same sera and the stock typhoid
bacillus. It a few instances it was found that the patient's
bacillus was agglutinated rather better than the stock 

bybacillus Gff his own serum, but the difference was so slight 
that I found it convenient to regard the result of aggluti­
nation with the stock bacillus as the maximum in each case.

In these cases the tests were carried out within a 
few days of the isolation of the bacilli.
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The 37 hacilli were divided into 3 classes

Class fl) includes these bacilli which were agglutinated
approximately as well as the stock typhoid bacillus.

Class (2) those which were agglutinated distinctly less well 
than the stock typhoid bacillus.

Class (3) those which were agglutinated much less well than
the stock typhoid bacillus, or were not agglutinated

In Class (1) the ratio of the agglutination limit of 
the autogenous bacilli to the stock bacillus was from a little 
above 1 to

, In Class (2) the ratio was from 1 to 1

In Class (3) the ratio was below 1 .
• 16

Class (1) includes 26 bacilli.
« (2) " 8 "
" (3) " 3

Glass (1) includes 1 bacillus isolated in the 1st week

Of 17 bacilli isolated in the 2nd week 
Class (1) includes 13.

If (2) " 4
It (3) w 0
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Of 13 bacilli isolated in the 3rd week 
Class (1) includes 10 

" (2 ) " 1
" (3) " 2

Of 6 bacilli isolated in the 4th week and after 
Class (1) includes 2 

" (2) " 3
" (3) " 1

From a consideration of the tables it is evident 
that the capacity of the bacilli to undergo agglutination 
was independent of the time of isolation.

Of 13 bacilli isolated from blood 
Glass (1) includes 12.

" (2 ) " 1.
" (3) " 0.

Of 14 bacilli isolated from faeces 
Class (1) includes 8 

n (2) " 5
" (3) ” 1

Of 8 bacilli isolated from urine 
Class (1) includes 4

tt (2) tf 2
tf ( 3 )  tf 2
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Class (1) Includes also the bacilli from rose-spot 
and spleen.

The bacilli isolated from blood were very much better 
agglutinated than those from either faeces or urine.

Results of agglutination tests with the patients* sera and 
the artificial serum compared.

The 37 bacilli tested with their respective patient's 
serum were included in the 46 tested with the artificial 
sera. A comparison of the results of agglutination tests on 
the bacilli with the 2 kinds of serum, the patient's and the 
antityphoid, shows strking differences.

With regard to the time of isolation, as has been 
seen, the antityphoid serum agglutinated bacilli isolated 
in the earlier stages of the disease much better than those 
obtained later; whereas with the patients' sera no such 
difference was found to exist. No connection could be made 
out in the latter instance between the time of isolation of 
the bacillus and the degree of agglutination present.

A consideration of the bacilli from the point of 
view of their origin showed the following results. The 
classes were arranged as before ( see pages 53 and 84)

Class (1) includes bacilli agglutinated approximately
as well as the stock typhoid 
bacillus.
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Class (2) includes 'bacilli agglutinated distinctly
less well than the stock typhoid 
bacillus.

Class (3) includes bacilli agglutinated much less
well than the stock typhoid 
bacillus, or not at all.

Of 13 bacilli isolated from blood
with the antityphoid 

serum.
Class (l) includes 
" (2 ) "
" (3) w

3 
6
4

with the patient's 
serum.
12
1
0

Of 14 bacilli isolated from faeces

Class (1) includes 
(2) "
(3) "

n

with the antityphoid 
serum
11
3
0

with the patient's 
serum
8
6
1

Of 8 bacilli isolated from urine

Class (1) includes 
" (2 ) ”
" ( 3 ) "

with the antityphoid 
serum

with the patient's 
serum

4
2
2
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Class (1) includes also the bacilli from rose-spot and 
spleen.

While with the antityphoid serum the bacilli from 
blood were less well agglutinated than those from faeces, 
with thç serum of the respective patients they were 
agglutinated very well indeed; and very much better than 
those from faeces. The latter responded less well indeed 
to the agglutinative action of the autogenous serum than 
to that of the antityphoid serum. Have Vv>e baciHx ^vou»y>
•^yowv "W jo s e  obboLvxiexi \> jo o d  v a V h e v  (-vow^

fc v e c tç » ^  s e v u x v , d e c l d e d U j  b -tW « V

bho\d SCYUxri.

- - !

i/th
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General conclusions from result of experiments with patients' 
sera.

(1) With the patient's serum no connection could he made 
out between the time of isolation of a bacillus and 
the degree of agglutination present.

(2) The bacilli from blood were agglutinated very well 
indeedjand very much better than those from faeces.

Summary of comparison of results of experiments with antityphoid 
serum and with patients' sera.

(1) With the antityphoid serum, the bacilli isolated 
earlier in the disease were agglutinated much better 
than those obtained later; with the patients' sera, 
no such difference was found.

(2) With the antityphoid serum, the bacilli from faeces 
were agglutinated much better than those from blood.
With the patients' sera the bacilli from blood were 
agglutinated very much better than those from faeces. 
These results were obtained with the same strains of 
bacilli.

(3) The bacilli from faeces were agglutinated rather less 
well by the patients' sera than by the antityphoid 
serum.
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TABLE XVIII.

# patient's serum.

Week of 
isolation 
of bac.

As well as 
B.typh.(Stock) 
Ratio 1 -

Less than 
B.typh.(Stock) 
Ratio 1 - 1

Much less than 
B.typh.(Stock) 
Ratio 1 & lessIS

Tot 
. al

1st 1 0 0 1
2nd 13 4 0 17
3rd 10 1 2 13
4th 0 3 0 3
5th 1 0 0 1

8th 0 0 1 1
2nd of conv. 1 0 0 1

Total ... 26 8 3 37

Source of bac
blood 12 1 0 13
faeces 8 5 1 14
urine 4 2 2 8
rose-spot 1 0 0 1
spleen 1 0 0 1

Total ,.. 26 8 3 37



TABLE ZIZ. 91.

Agglutination by antityphoid serum and respective 
patient's serim.
( Cross table )

Antityphoid serum
Agglutin­ Week of isolation Agglutinationation. of bac. Good moderate slight or absent

1st 1End 7 3 23rd 5 5 1Good 4th
5th 1
8th

2nd of conv. 1Total ... 12 9 5

1st
2nd 3 1

Moderate 3rd 1
4th 1 1 15th
8th

2nd of conv.
Total ... 4 3 1

1st
2nd

Slight 3rd 2
or 4th

absent 5th
8th 1

2nd of conv.
Total ... 2 1 0
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TABLE ZIX (Contd)

Agglutination by antityphoid serum and respective 
patients serum

Antityphoid serum

0m
m

I*riI

Serum Source of bacillus. Good moderate slight or absen"
blood 3 5 4
faeces 7 1 •PWB

Good urine - 3 1
rose-spot 1 -

spleen. 1 - —

Total ... 12 9 5

blood 1
faeces 3 1 1

Moderate urine 1 1 -

rose-spot - - -

spleen - -

Total ... 4 3 1

blood
Slight or faeces 1 - -

absent. urine 1 1 -

rose-spot - - —
spleen. - - -

Total 2 1 0
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SECTION V.
Discussion of variations in agglutlnability.

Facts from the literature.

It is known that under certain circumstances bacilli
which normally are well agglutinated by an appropriate serum,
may become non-agglutinable^®). One of these circumstances
is the passage of the bacillus through the body of man or

( 9 )an animal. According to Forges and Prantschoff ,"lessened 
agglutinability is chiefly observed in cultures freshly 
isolated from the body, or passed through animals: in
bacilli from exudates: and in bacilli which have been passed
through media containing agglutinins."

The cause of this phenomenon has been variously 
regarded. Porges^^^^showed that typhoid bacilli which had 
been rendered completely non-agglutinable by heating to 
80*̂ 0 had their agglutinability restored by washing in 
normal salt solution. He supposed that the nuclein split 
off the nucleo-protein of the organisms was the substance 
which inhibited agglutination, and that when this was removed 
by washing, the bacilli again became agglutinable. The 
capsulated bacteria such as Friedlander's bacillus are 
normally non-agglutinable, and Porges and Prantschoff^ 
attributed this to increased formation of protein. In 4 
non-agglutinable strains of typhoid bacilli, isolated from
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spleens, these observers thought they could detect the 
presence of a capsule.

Another suggestion which has been made (Palt a u f ^ ^  
is that certain strains of typhoid bacilli are really 
composite strains containing both agglutinable and non- 
agglutinable members. Under certain circumstances, the 
latter strain may come to predominate.

Culture in agglutinin - containing media brings 
about non-agglutinability. Sacquepée^^^^caused strains of 
typhoid bacilli to become less agglutinable by growing them 
in collodion sacs in the peritoneal cavity of rats immunized 
against B. typhosus. The change, however, took place slow­
ly, and it was only after treating a series of subcultures 
in the same way that the agglutinability at the end of 5 
months was reduced to l/6 of its original standard. He 
concluded that non-agglutinable strains were produced in man 
by growth of the organism in an infected or immunized body.

Numerous observers have recorded the isolation of 
typhoid bacilli which were agglutinated only slightly, or not 
at all, (Horton Smith/^^^, Remy^^^\ Sacquepee^^^\ Cambier^^^) 
Emeryfl?), Nicolle and Trenel^^®h. These bacilli have 
fulfilled all the other tests for typhoid bacilli, and in 
certain oases it has been found that animals immunized against 
feebly agglutinais strains resulted in the production of
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a serum which agglutinated laboratory strains.

According to Paltauf ̂®,̂ not infrequently agglutination 
is lessened with the patient's serum as well as with an 
artificial antityphoid serum.

A slow rise on the part of these bacilli to a normal 
standard of agglutinability has been described by most 
authors as taking place, either after a certain number of 
sub-cultures, or simply by the lapse of time, without sub­
culture (Cambier^^^ ̂ , Smery^^*^^, Porges and Prantschoff \ 
Lipschutz^^^M Porges and Prantschoff found that 4 non- 
agglutinable strains from spleens were agglutinated as well 
as stock bacilli after about 15 sub-cultures on agar, and 
Lipschutz noted a similar rise in the case of 3 typhoid 
strains isolated from urine. In the latter instance,these 
3 strains were not definitely agglutinated in a dilution 
of 1:200 by an active serum(agglutinating to 1:20,000, ), 
whereas, 3 months later, without sub-culturing,they were 
agglutinated by the serum to 1:20,000.

A change in the characters of an organism by its 
presence in an animal body is referred to by Besredka ^20) 
in a criticism of work done by Aronson on streptococci. 
Aronson^Bl) had endeavoured to prove the identity of 
streptococci from various sources by means of experiments 
on animals. He immunized horses with a streptococcus which
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he had rendered extremely virulent hy passage through a 
series of mice, and found that streptooocci from other 
sources, also rendered virulent hy passage through mice, 
were acted on hy the serum of these horses equallywith the 
original strain used for immunization. From this he con­
cluded that all the streptococci used were essentially the 
same. Besredka criticised Aronson's conclusions on the 
ground that all his streptococci had been modified by their 
passage through mice, and that each strain had become what 
he called "un streptocoque de passage."

Conclusions from personal observations.
From what has been said it is plain that when 

typhoid bacilli circulate in the blood they sometimes under­
go a change which manifests itself in diminished agglutinability. 
The results of my experiments seem to show that the bacilli 
in the faeces are less changed from the original agglutinable 
type, than those in the blood, which are acted upon to a much 
greater extent by the body fluids. But the explanation that 
the bacilli become non-agglutinable by growth in the body of 
a person whose blood contains immune substances, does not 
account for the fact that the bacilli isolated from blood 
were practically all agglutinated by the serum in which they 
were circulating as well as was the stock typhoid bacillus.
It may be that after the orgahisms have been modified by
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the action of the serum, some alteration in the serum it­
self is called forth hy the change in the hacilli, and this 
might account for the fact that the hacilli grown from 
faeces were agglutinated rather worse by their respective 
patient's serum than by the artificial serum.

As has been shown, the bacilli isolated earlier in 
the disease were agglutinated better than those obtained 
later, and this, so far as it goes, is in favour of 
Saoquepee's theory that non-agglutinability is produced by 
growth in a body containing immune substances. It is to 
be noted, however, that a bacillus (J.H.) isolated from 
the blood on the 3rd day of illness was unacted on by the 
antityphoid serum at 1:25. On the day on which the bacillus 
was obtained, the patient's serum caused no clumping of the 
stock bacillus at 1:25. The non-agglutination of this 
bacillus, therefore, must have been due to some other cause 
than growth in an agglutinin-containing medium.
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SECTION VI.

Agglutination of ‘bacilli by aoid solutions (Micbaelis)

Another method was employed in the attempt to 
differentiate the bacilli which had been already tested 
by antisera.

ÎÆLchaelil^^ ̂ pointed out that many strains of 
bacteria are agglutinated by acids, and that a fixed degree 
of acidity corresponds to the maximum of agglutination.
This maximum, he said, is characteristic for individual 
strains of bacteria, and can be used as a help in their 
identification.

The test is carried through as follows
The bacillus to be examined is grown on agar 

slopes for 34 hours and is then emulsified in distilled 
water, the emulsion being rather denser than that used 
for a Widal reaction. The following 6 solutions are 
required Distilled

Normal sodium hydrate. Normal acetic acid, water
1 .....  5 c.c. 7.5 c.c. 87.5 c.c
S .....  5 " 10 " 85 " 3 .....  5 « 15 " 80 "
 4 .....  5 n 25 " 70 "
 5 ....  5 " 45 " 50 "
6   5 ” 85 " 10 "

1 c.c. of each of these solutions is put into each of a 
series of 6 test tubes, ;and to each tube is added 3 c.c. of 
the bacterial emulsion. The tubes are then shaken up and
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put in the inouhator at 37^0. When the first agglutination 
appears, the row of tubes is taken from the incubator and 
left at room temperature for some time. In any case,the 
tubes are not kept at 37°C for more than an hour.

According to Michaelis, with typhoid bacilli 
agglutination occurs only in tubes 3,4 and 5, as a general 
rule. It is commonly most marked in tube 3, though occasion­
ally in 4, and in 2 and 5 is much slighter, if it occurs 
in these at all. Tube 3 is therefore reckoned as the 
optimum for B. typhosus.

B. paratyphosus has its optimum in tubes 5 and 
6, but the A and B strains cannot be distinguished from 
one another.

B. coli is usually not agglutinated.

Rost^^^) applied the test to 8 strains of B.typhosus, 
a paratyphoid A strain, a paratyphoid B strain, and other 
organisms. The results he obtained with typhoid bacilli, 
agreed with those of Michaelis; with the paratyphoid B 
there was marked agglutination in tube 6, and with the 
paratyphoid A, no agglutination. He concluded that the 
method is "a valuable addition to our resources for diagnos­
ing typhoid”.

A later investigator, Jaff^^^^), has criticised the
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method. He tested 41 strains of B. coli, 40 of B. typhosus, 
11 of B. paratyphosus A, 3 of B. paratyphosus B, 3 of B. 
typhi murium, with unsatisfactory results. 11 of the 
B. coli strains showed agglutination#, and the test gave 
no assistance in the differentiation of the atypical 
members of the B. coli group. With B. typhosus the results 
were no more certain. In the 40 strains the optimum 
occurred in tubes 2 and 3. In 22 agglutination was present 
only in 1 or 2 tubes, in 5 from tube 2 to tube 6, and in 1.
in all 6. (It was found that this last bacillus was
agglutinated by distilled water). In the case of 4 of the 
bacilli no agglutination occurred.

Of the 11 paratyphoid B strains, 2 showed agglutin­
ation in tubes 4 and 5, 8 in tubes 4, 5, and 6, and 1 from 
tube 3 to tube 6. The optimum varied. Of the 3 para­
typhoid A strains, 2 were agglutinated in tubes 4, 5, and 6,
and in tubes 3 to 6. Here also the optimum varied.

This method was applied to the 46 bacilli tested 
by means of the antisera, with the exception of W.B. (blood) 
which had died out; to 2 stock typhoid strains, the labora­
tory bacillus, and the R.A.M. 0. strain; to the 4 para­
typhoid strains; and to a strain of B. coli.

By accident, a bacillus (A.W.) was tested twice
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on different days, and this was discovered only when the 
results were tabulated. The figures obtained were precise­
ly the same on each occasion. This points to a constancy
of the results obtained by the method.

With regard first to the stock typhoid bacilli, 
both were agglutinated in tubes 3 to 6, the laboratory 
strain having its maximum in tube 4, and the R.A.M.G. strain 
in tubes 3 to 5. With the 4 paratyphoids, the maximum 
occurred in each case in tube 6, agglutination in the case 
of Brion-Eayser A being slight, and present only in this 
tube, while with the 3 others there was some agglutination 
also in tube 5. B. coli was unaffected.

The agglutination which took place in the case of
the 45 bacilli from patients varied in extent and degree,
but the maximum was found to occur as follows

In tube 1 ............ 0 times.If If 2 ........... 0 If
If If 3 ........... 23 If
If If 4 ........... 3 If
If If 5 ........... 4 If
If If 6 ........... 5 If
ff ff 4,5, and 6 ... 1 If
ff If 5, and 6 1 If

and no agglutination . 8 If

Total .... 45"

That is to say, in half the cases the maximum of 
agglutination occurred in tube 3,which Michaelis regarded 
as typical for B. typhosus.
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On reference to the table (Z2. p. 104)it will be 
seen that the place of occurrence of the maximum was inde­
pendent of the time of isolation, and also that the only 
difference in the bacilli from the point of view of their 
origin was that the bacilli from urine seemed to be less 
"typical" in reaction than those from blood or faeces.

With regard to the number of tubes showing a reaction 
in each case, agglutination was found more frequently in 
the combination of tubes 3 to 5 than in any other. In 4 
instances irregular agglutination was present, but in each 
of these the maximum occurred in tube 3. In 9 cases 
agglutination was of Michaelis' "paratyphoid type". In 
4 of the latter agglutination was present only in tubes 5 
and 6. In one case in which it was found in tubes 4-6, and 
in 4 others with agglutination in tubes 3-6, the maximum 
occurred in tube 5 or tube 6.

A cross table is given (Table XXII, page 106 ) to 
contrast the agglutination of the bacilli with antityphoid 
serum and with acids. The organisms were classified as 
before as regards antityphoid serum, and 3 classes were 
made from the results of the Mchaelis* test.-

Class (l) includes those bacilli with which the maximum
agglutination occurred in tube 3.

" (2) those with which the maximum occurred
elsewhere then in tube 3.
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Class (3) those with which no agglutination occurred,

Any correlation which may exist between the 
results of the 2 tests is slight.

The bacilli showing the ’paratyphoid reaction’ 
with acids were not better agglutinated than the others 
by the antiparatyphoid sera.

From these results it seems that the test is of 
interest rather than value in the examination of typhoid 
bacilli.
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TABLE XX.

Agglutination of bacilli by acid solutions (Michaelis)

Week of 
isolation 
of bac. Miaximum agglutination found in tube

1st — - - - 1 - — —
2nd - - 9 - 1 3 - - 3
3rd - - 10 3 2 - - 1 3
4th - - 2 - - 2 1 - 1
5th - - 1 - - - - - -

8th - - 1 - - - - - -

2nd of conv.
Total .... - - 23 3 4 5 1 1 8

Source of bac.
blood - - 10 1 2 - 1 1 1
faeces - - a - 1 3 - - 2
urine - - 2 - 2 — - 4
spleen — - 2 1 - - — - 1
rose-spot - - - 1 - - - - -
gall-bladder - - - - 1 - - - -
mes.eland 1 — _ - — —

Total .... - - 23 3 4 5 - 1 8
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TABLE XXI.

Agglutination of bacilli by acid solutions fMichaelis)

Week of 
isolation
of bac. 3 3 & 4 3-5 3-6 4-6 5 & 6 6 3 & 6 Ho aggl

1st - - 1 - - - - —
2nd 3 1 - 6 - 2 1 - 3
3rd 1 2 2 10 - — - 1 3
4th 2 - - 1 1 1 - - 1
5th - - - 1 - - - - -

8th - - - 1 - - - - -

2nd of conv. 1
Total ... 6 3 3 19 1 3 1 1 8

Source of Bac.
Blood 2 2 1 8 - 1 - 1 1
faeces 4 1 1 4 - 1 1 - 2
urine - - 1 1 1 1 - - 4
rose-spot - — — 1 "" - - - -
spleen - - — 3 - - - — 1
m. gland - - - 1 — - - - -
bile 1 — —

Total .,. 6 3 3 19 1 3 1 1 8

Total ..... 45.
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TABLE XXII.

Agglutination of bacilli by antityphoid serum and by
acids ( Michaelis )ac.
(Cross table) 

Antityphoid serum

Agglutin­ Week of isolation Agglutinationation. of bac. Good Modérai:e Slight or absent
Maximum 1st 0 0 0aggl. 2nd 6 1 2in tube 3rd 7 3 03 4th 1 1 05th 0 1 0

8th 0 1 0
2nd of conv. 0 0 0

Total ... 14 7 2

Maximum 1st 0 0 1aggl. 2nd 3 1 0not in 3rd 2 2 2tube 3. 4th 1 2 05th 0 0 0
8th 0 0 0

2nd of conv. 0 0 0
Total ... 6 5 3

1st 0 0 0
2nd 2 1 0

Ho aggl. 3rd 0 0 0
4th 0 0 1
5th 0 0 0
8th 0 0 0

2nd of conv. 0 0 1
Total ... 2 4 2
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TABLE XXII (Conta)

Agglutination of baoilli by antityphoid serum and by 
acids.( Michaelis

.......  Antityphoid serum .......

Agglutin­
ation.

Source of bacillus
Good

Agglutination

i
om
y•H

Maximum blood 6 2 2aggl. faeces 5 3 0In tube urine 1 1 03. rose-spot 0 0 0 .
spleen 2 0 0
gall-bladder 0 0 0
mesenteric gland 0 1 0

Total .... 14 7 2

îsdaximum blood 0 3 2
aggl. faeces 4 0 0
not in urine 1 1 0
tube 3. rose-spot 1 0 0

spleen 0 0 1
gall-bladder 0 1 0
mesenteric gland 0 0 0

Total .... 6 5 3

Ho blood 0 1 0
aggl. faeces 2 0 0

urine 0 3 1
rose-spot 0 0 0
spleen 0 0 1
gall-bladder 0 0 0
mesenteric gland 0 0 0

Total .... 2 4 2
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TABLE XXIII.
Agglutination of bacilli by aoid solutions

The bacilli are numbered as in 'Table X7II fp* 78)

Agglutination in ■tube
Bacillus Source 1 2 3 4 5 6
B.typhosus (stock) - - 7 9 2 1

" R.A.M.G. — - 10 10 10 7
1. J.H. blood — - 1 2 4 -
2. J.T. ft - - 2 1 - -
3. E.B. It ' - - - 6 5
4. M.E. faeces - - 4 2 1 3
5. F.M. It ' “* - 1 - - -
6. A . B . blood - - 3 2 1 1
7. I.M. faeces - - - - -
8. F.J. ft - - 1 3 5 6
9. B.C. If - - 7 4 3 3

10. J.F. blood - - 8 6 6 6
11. G.T. faeces - - 3 - — -
12. E.M. It - - - - 2 4

13. R.R. blood - - 3 2 1 1
14. &.Q. faeces - - - - - -
15. C.W. blood - - - - - -
17. F.B. faeces - - 2 - - -

18. S.M. tt - - - - - - 4

19. P.M. blood - - 3 - - 2
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TABLE m i l  (Conta)

Bacillus. Source 1 2 3 4 5 6&
20. A.W. faeces - - 2 1 - -
21. J.L. urine
22. D.R. blood - - 8 5 4 7
23. T.E. faeces - - 3 2 1 -
24. H.M. urine - - - - - -
26. M.E. blood - - 3 4 2 1
26. M.l. spleen - - 7 4 5 6
27. J.M. urine
28. P.J. spleen - - 2 6 3 1
29. P.J. gall-bladder - - 2 5 9 8
30. P.J. mesenteric gland - - 8 7 5 1
31. E.H, blood - - 2 4 6 6
32. H.O. w - - 1 - - -
33. T.W. n - - 2 1 - -
34. T.E. rose-spot - - 9 10 8 6
35. J.P. spleen - - 5 2 2 2
36. M.J. urine - 5 4 3 -
37. M.D. faeces - — 1 2 0 4 1
38. M.I blood - - 9 10 10 10
39. E.M. spleen - - - - - -
40. C.W. urine - - - - 6 7
41. W.P. rt - — - 1 2 4

42. M.M. faeces - - 1 - - -

43. W.M. blood - - 3 - - -

s Tested twice with same result .
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TABLE XXIII (Gontd)

Bacillus Source 1 2 3 4 5 6
fi

44. W.B. urine - - - - - -

45. J.G. hlood — 3 2 1 1
fi

46. R.S. urine - 5 7 8 10 10
47. L.P. tt — .. 4 3 2 1

fi
48. P.M. n - - 1 - - -

fi
49. O.P. n - - - - —

fi
50. A.R. Tî - - — - - -

51. T.B. tf - - - - - -
fi

52. W.G. n - - - - - -

B.paratyphosus A (Brion-Eayser) - - - - - 1
n ( Schottm^[ller ) - - - - 1 2

B. " B( Schottmlller ) - - - - 2 3
Tt (Achard ) - - - - 7 10

B, coli urine - — - - -

fi Hot B. typhosus



. .  ' S of  the h&# i
-.. .-' apparent s,n lapo.\r%&% ff

: ^;/yhoiü b&3lll%ri& haa hi%b:&rte pv»

b w i l l l  whleh '0;̂ pe;^r i'ji %he '%rl%'i 

:' ^ 5- #f  19 unsalecte/

/ Cf 0T4U^.

. s ,  P  A  R  $ "-I -I.' ' ' -

b# typhoid

\Lr oi b&L^ir^ri& 1i#r
, . ■_ ,
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PART II.

IHTRQDIJCTIOH.

In the course of the work which has just been 
described, it became apparent that an important fact with 
regard to typhoid bacilluria has hitherto been overlooked, 
namely, that the bacilli which appear in the urine are not 
always typhoid bacilli. In 6 out of 17 unselected cases 
of bacilluria in enteric fever,it was found that the bacilli 
were atypical members of the typhoid-coli group. With the 
exception of organisms occasionally present as contaminations, 
the bacilli in the urine in enteric fever have always been 
proved or regarded to be typhoid bacilli.

The question of typhoid bacilluria is discussed in 
the following sections

I. The facts as recorded in the literature: and
personal experiences.

II. The occurrence of atypical bacilli in the urine in
enteric fever. Discussion of their nature.

III. Further experiments on the atypical bacilli.

IV. A note on bacilluria in female patients with
enteric fever.
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SEOTIOH I .

The facts as recorded in the literature.

In a certain number of typhoid patients (about 25^), 
large numbers of bacilli suddenly appear in the urine, 
usually late in the course of pyrexia, or early in con­
valescence. Their presence is easily recognised by the 
so-called opalescence or shimmer of the urine, and by the 
formation of visible waves in the depths of the fluid on 
shaking. As a general rule they are present in large 
numbers - 172,000,000 per c.c. (Eetruschky
500,000,000 per c.c. (Gwyn^^^M - but have been found also 
in a few cases in small numbers in apparently clear urines 
(Gonnell^^^), B u c h a n ^ B a c i l l u r i a  is commonly 
unassociated alâo with the occurrence of pus or albumin 
in the urine.

The bacilli persist in the urine for a variable 
period, often for several weeks, and then commonly disappear 
spontaneously, but in some instances they last for years,
9 years in a case recorded by Liebetrau^^^, 5 years in a 
case mentioned by Gwyn^ ^, and in oases under the super­
vision of the Glasgow Public Health Authorities, for 4 
to 6 years.

OonnelfB?^collected the cases from the literature 
and found, between 1897 and 1909, 150 instances of
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bacilluria in 621 cases of enteric fever. In all these 
cases, the bacilli were proved bacteriologically to be 
typhoid bacilli. To this list may be added 17 instances 
of bacilluria in 30 cases (Buchan^^®h, and 26 in 100 
cases of enteric fever studied by McCall in the City of 
Glasgow Fever Hospital, Belvidere. These figures show 
that bacilluria occurred in 25^ of 751 cases of enteric 
fever.

The cause of typhoid bacilluria has been variously
regarded. The fact that it comes on comparatively late
in the disease^while bacilli are present in the blood in
greatest numbers in the early stages, makes it unlikely
that they are excreted directly from the blood. Horton
Smith/^O) found the blood sterile in 4 cases of bacilluria
and Connell in 2 cases. Eon ja Jeff ) held that bac te Aria
indicated the presence of lymphoid nodules in the kidneys,
for in Sections of these nodules he had sometimes seen
bacilli present. Suppurative foci in the kidney have been
described by Flexner^^^ ̂ , and by Brownlee and C h a p m a n (33).
These small kidney abscesses, however, are not very common,
for in 289 post-mortem examinations Horton Smith found them
only once, though they have been commoner than this in the

( 7 )experience of the City of Glasgow Hospitals. Blumer was 
of opinion that the urine was infected by direct passage 
of bacilli from the rectum to the bladder.
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That the bacilli are sometimes confined to the 
bladder was shown by Horton Smith, who at a post-mortem 
examination of a patient in whom bacilluria had been present, 
isolated B. typhosus from the bladder and not from the 
kidney, and by Gwyn^^^) who caused bacilluria to terminate 
in 3 cases, by washing out the bladder with a weak per- 
chloride of mercury solution.

The commonly accepted view of the aetiology of 
bacilluria is that the urine becomes infected by a stray 
bacillus at an early stage in the disease, while organisms 
are numerous in the circulating blood, and that the bacilli 
multiply in the urine later when the reaction of the urine 
becomes favourable. During the earlier part of an attack 
of enteric fever, the urine is quite acid, and typhoid 
bacilli grow best in fairly aoid media. Later in pyrexia, 
or in early convalescence, the urine loses its high acidity, 
and thus becomes a suitable culture medium. The presence of 
residual urine has been looked on as of importance in
harbouring germs.

pg^y^(34) ̂ Horton Smith and others made experiments
on the growth of typhoid bacilli in urine. BuchanE noted
that the bacilli would not grow if the acidity of the urine
rose above K .but he found them present, though not 

W
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multiplying, in urine with acidity as high as H . In 
experiments made by Connell, the bacilli grew well in 
urine of acidity below H ; when the acidity lay between
H and _H, they were inhibited in varying degrees, and OT 25
in the highly acid urines, growth was slight. He observed 
that the degree of inhibition did not bear a constant 
relation to the degree of acidity, and experimented with 
urine originally of low acidity, artificially acidified 
by various substances. He was a b ^  to determine that a 
comparatively high acidity with acid sodium phosphate was 
required to inhibit growth, while acetic and lactic acids 
absolutely stopped growth when the acidity reached H , and 
even at H exercised some inhibition. He concluded thatBÜÜ
the inhibitory factors normally present were the organic 
acids of unknown nature which Folin (35)g&yg are the cause 
of a varying amount, sometimes more than half ̂ of urinary 
acidity.

It is supposed that bacilluria passes off by the 
washing of the bacilli out of the bladder by urine, after 
this has ceased to be a suitable medium for growth.

Bacilli other than B.typhosus have been found in 
the urine in enteric fever. Blumermentions 8 cases 
in which bacilli were present. From 6 a pure culture of 
B, coli was obtained, from the 7th, B. coli and B. typhosus, 
and froin the 8th, B. typhosus alone. He does not mention&a
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whether or not these patients were females. Connell 
describes the occurrence in typhoid urines of "colon 
bacilli, proteus, hay bacilli (?), and mixed bacilli."
One of the cases of colon bacilluria in a male was chronic. 
In every other instance, he says, he was able to satisfy 
himself that the colon, protests, and mixed bacilli were 
contaminations, and that their presence was traceable to 
previous catheterization. J a c o b i o b t a i n e d  B. coli 
from the urine of several out of 30 cases of enteric fever, 
but does not say whether the patients were male or female^ .

Personal experiences of typhoid bacilluria.
My experiences of the phenomena of typhoid bacilluria

agreed in the main with those which have been quoted.
58 male patients were observed throughout the course

of an attack of enteric fever, and bacilluria visible to the 
naked eye was found to occur in 17 cases. The bacilli were 
isolated from the urine according to the method described 
on page 7, and were subjected to the routine tests, with 
results which are set forth later.

In every case bacilluria occurred as a casual 
phenomenon, and was unassociated with symptoms. A rise of 
temperature to 100®F took place in one patient on the first 
2 evenings on which bacilli were present in the urine, but
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in no other case was there pyrexia, or other disturbance 
attributable to this cause. The features of all the cases 
were the same. Without warning and without apparent pause, 
bacilli suddenly appeared in the urine, and produced a 
turbidity corresponding to, roughly^the presence of from
150,000,000 to 500,000,000 per c.c. This turbidity sometimes 
persisted for days, sometimes disappeared spontaneously,or 
under treatment, and sometimes reappeared as suddenly as 
it had originally come, but in no instance became chronic.

The bacilli appeared first in the urine at the 
following times

Time of first appearance of bacilluria

Time No. of 
oases

Time No.of 
cases

1st week of pyrexia 0 3rd week before apyrexia 2
2nd n  n  »t 1 2nd II n  If 3
3rd tt ft tf 3 1st II II II 6

4th II II II 5 1st II of oonvalesence 2

5th n  II II 1 2nd II n  w 3
3rd M n  m __1

8th week of pyrexia 1 Total 17
1st ’’ " oonvalesence 2
2nd II II n 3
3rd II II n

Total
JL
17
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The earliest oases ooourred on the 10th day of pyrexia and 
the latest on the 16th day of convalescence.

Pus was present with the bacilli in 2 cases only, 
and a little albumin in these 2 and in 2 others. In 
another casera little pus appeared for a day sometime after 
the bacilluria was established. The diazo reaction was
positive in only 2 instances, the first and the third of 
the series.

With regard to the duration of bacilluria, some of 
these cases were notable for the quite short time during 
which it was present. In 3 cases it last^for 1 day only, 
in 3 for 2 days, and in 1 for 3 days. In these 7 patients 
the condition passed off without treatment, and did not 
recur. In another case it disappeared on the 2nd day, 
and recurring on the 3rd day, persisted until urotropin 
was given on the 10th day. In the other cases the urine 
cleared up after the administration of from 20 to 50 grains 
of urotropin by the mouth, within 36 hours of the institution
of the treatment, bacilluria having lasted for periods 

* varying from 2 to 15 days. It recurred in one patient for
2 days, in one for 3 days, and in a third for 1 day on 3 
occasions, but in all these^ disappeared without any drug 
treatment.
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The reaction of the urine was estimated in the
case of M.B. from the 30th till the 50th day, (See
appendix E , case 1). The primary pyrexia here lasted
for 27 days, and the temperature was elevated during a
relapse from the 35th till the 55th day. Bacilluria
appeared first on the 10th day and persisted till urotropin
was given on the 25th. Thereafter it was present on 3
single days, - 30th, 37th, and 46th. It is to be observed
that on these days the reaction of the urine was _N, N .

22 25
and N. On other days when the reaction of the urine was

35
less acid, and presumably more suitable for growth, they 
did not appear.

It must be said that the explanations of the
occurrence of bacilluria offered by the writers on the 
subject are unconvincing. Where abscesses have formed 
in the kidney it is reasonable to suppose that the bacilli 
come from these abscesses, but pus cells also would 
necessarily be present in the urine. In one of my patients 
who died, multiple small abscesses, from which B. typhosus
was obtained in pure culture, were present in the left 
kidney, and a small amount of pus,which also gave a pure 
growth of B . typhosus, had collected in a diltltation. of 
the ureter,just before its entrance into the bladder. Pus

a Phenol-phthalein was the indicator used.
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was present in the urine in considerable quantity. The 
ordinary cases of bacilluria, however, in which no pus was 
present in the urine cannot be explained on the assumption 
that such a pathological condition exists in the kidney.

As has been pointed out (pages 55j the results of 
agglutination tests by artificial sera are in favour of 
the idea that the bacilli in the urine are derived from 
the blood, and do not pass directly from the intestine to 
the bladder.

The evidence brought forward for infection of the 
bladder alone, without involvement of the kidney,is scanty, 
but so far as it goes, it shows that this may sometimes 
occur.

If, as issupposed, bacilluria disappears by the 
washing of the bacilli out of the bladder, then the view 
cannot at the same time be held that the organisms enter the 
urine early in the disease,and remain there for days without 
multiplying, until the reaction of the urine becomes suitable 
for their growth. In such a case, these organisms would 
be washed out in the same way.

However the infection occurs, it is certain that 
growth does not take place in the urine in the simple way 
described. A patient often passes every 4 hours for days^ 
urine of such turtidity from the presence of bacilli as can 
be obtained by growth in a fluid medium only after 15-18
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hours’ incubation. It is difficult to obtain a growth of 
more than 750,000,000 bacilli per c.c. in bouillon or 
urine at 37^0 in 36 hours, and urine with 400,000,000 in 
each c.c. is often passed in cases of bacilluria.

A more feasible explanation is that the bacilli 
grow on the wall of the bladder, as they would on a solid 
culture medium, and that some are constantly washed off 
into the urine. This conception of their growth on the 
mucous membrane is compatible with their growing only in 
contact with urine of a suitable acidity.

':'0. 11
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SECTION II.

The oooTirrenoe of atypical bacilli in the urine In enteric fevei

The 17 bacilli isolated from the urine of male 
patients were examined by the methods of growth and ferment­
ation which were applied to all the bacilli with which 
experiments were made. Of these 17. 11 showed the follow­
ing characteristics, and were therefore regarded as typhoid 
bacilli

production of acid, without gas, in glucose, maltose 
and mannite ;

production of slight permanent acidity^without clotting, 
in litmus milk : 

non-fermentâtion of lactose and saccharose : 
non-production of indol in peptone water after 7 days’ 

growth :
non-liquefaction of gelatin : 
colourless growth on potato : 
presence of motility.

8 of these 11 typhoid bacilli formed a section of the 46 
bacilli which were investigated with regard to their 
agglutinability, and tested by means of acids. The results 
of this enquiry have already been described and discussed in
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Part I,

The remaining 6 bacilli showed the reactions which m
we give below

TABLE XXIV.

Reactions of atypical bacilli (Feb. 1912)
Time of growth 10 days.

Litmus Milk Indol
<D 0 0 0 54W 03 -P m aO O oo -P d 43 003 O cxn3 1 1 4 15 Lique. in

1 day.3 days.days, of peptone Mot-
B.typhosus A A A - A A A - -

1. W.B. A A + - - A A Aik. - -

2. W.C. A A A - - A A Aik. - -

3. A.R. A A 4- - - A A Aik. - -
4. R.S. A A A - - A A Aik. - -
5. G.D. A A 4 A 4 A A A.G, - 4

6. P.M. A A 4 A A A.G. A.G. A.G. — 4

+

+
4

4

9

(all gas formation slight)
A = formation of acid.
+ - n TT and gas.
0 % ” " clot.

With the exception of G.D. they all formed an abundant 
brownish yellow growth on potato. The bacillus G.D. grew on

w For the fermentation tests, Durham's tubes were used, 
with litmus as an indicator. 1^ of the various sugars 
(in the case of glucose .5̂ ) was dissolved in peptone 
water.
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potato as a translucent streak, like B. typhosus.

On the modified Endo medium used^they all formed in 
24 hours colourless translucent colonies, 1-1.5 m.m. in 
diameter. In the case of G.D. and P.M. these colonies 
within 36 hours showed a red centre^and within 48 hours, 
a red halo was appearing in the surrounding medium.

The 6 bacilli were considered to belong to 2 types
(1) a type not fermenting lactose and saccharose, forming

alkali in milk, and showing abundant brownish yellow 
growth on potato.

(2) A type fermenting lactose, forming acid at least in 
saccharose, and acid and clot in milk.

The bacilli W.B., W.C., A.R., and R.S. were classi­
fied under the first type, the differences among them being 
slight. W.B. produced a little gas as well as acid,in mannite, 
and R.S. was of doubtful motility^

The bacilli G.D. and P.M. were attributed to the second 
type. G.D. produced a bubble of gas in saccharose as well as 
acid, and took several days to clot milk, while P.M. brought 
about coagulation of milk within 24 hours. They differed 
as regards their growth on potato, but this is now usually 
considered to be an unreliable criterion. (MaoConkey^®*^^ )
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Type 1 resembled most nearly the paracolon bacillus
which forms acid and gas in glucose and maltose, and does not 
ferment lactose and saccharose. The bacilli of Type 2 were 
thought to be allied to the B. coli A group,which produces 
acid and gas in glucose, maltose, lactose, and saccharose, 
lîone of the 6 bacilli, however, was typical, for gas pro­
duction was commonly absent, and where present, was slight 
in amount. It is to be observed that the bacilli of 
Type 1 showed the same reactions as B. typhosus in tests 
with glucose, maltose, lactose, saccharose, gelatin and 
peptone water,while differing markedly in litmus milk and 
on potato. It is possible that such bacilli in enteric 
fever urines have previously been overlookc^through the 
application of tests insufficient to ensure identification.
The use of litmus milk as a test medium for bacilli from the 
urine seems advisable.

Agglutination reactions of the atypical bacilli.
The agglutination reactions of these 6 atypical 

bacilli were investigated by the same methods as the typhoid
bacilli isolated -

I. by antisera,
II. by the serum of the patient, and
III. by acid solutions.
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I. Agglutination of the atypical bacilli by antisera 
With the 5 antisera agglutination was absent or 
slight.

fa) With the antityphoid serum, G.D. showed the aggluti­
nation limit at 1:80, P.M. at 1:50, and the others were 
not agglutinated at 1:25.

(b) With the antiparatyphoid A (Brion-Kayser) serum, P.M. 
was agglutinated to 1:100, W.B. and R.S. to 1:25, and 
the others were not agglutinated at 1:25.

(c) With the antiparatyphoid A (Schottmuller) serum, W.G. 
was agglutinated to 1:50, W.B., G.D., and P.M. to 1:25, 
and the 2 others were unaffected at 1:25.

(d) With the antiparatyphoid B (Schottmuller) serum, P.M. 
was agglutinated to 1:60, W.B. at 1:25, and the others 
not at 1:25.

(e) With the antiparatyphoid B (Aohard) serum, P.M. was 
agglutinated to 1:250. G.D. to 1:100, and the others 
were not affected at 1:25

It will be seen that the extent of agglutination
throughout was trifling.



127.

P.M. showed most agglutination of the 6, and was 
acted on by all the antisera, the limit of 1:250 to which 
it was agglutinated by the anti-Aohard B serum being the 
highest of any. A.R. was unaffected by any of the sera.
R.S. and W.C. were agglutinated each by 1, and W.B. and G.D. 
by 3. It will be noted that P.M. and C.D., the bacilli which
least resembled B. typhosus in the fermentation tests,and 
the only 2 which formed indol, showed most agglutination.

II. Agglutination of the atypical bacilli by 
patient's serum.

5 of the bacilli (the exception being G.D.) were 
tested with the serum of the patient from whose urine they 
were isolated. The results were very different from those 
with the artificial sera.

(a) The bacillus W.B. which was unaffected by the anti­
typhoid serum at 1:25 was agglutinated by the patient 
W.B.'8 serum to a limit of 1:6400, whereas the stock 
typhoid bacillus was agglutinated less well (to 1:3000)

(b) The bacillus R.S., which was not agglutinated by the
antityphoid serum at 1:25, was agglutinated by the 
patient R.S.'a serum to 1:600 (limit with stock 
typhoid bacillus, 1:1800)
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(o) The bacillus P.M., which was agglutinated to 1:50 
with the antityphoid serum, was agglutinated by 
P.M. *8 serum to 1:200 (limit with stock typhoid 
bacillus 1:1200)

(d) The bacillus W.C., which was unaffected by the anti­
typhoid serum at 1:25, was agglutinated by W.C.'s
serum to 1:70 (limit with stock typhoid bacillus
1:500)

(e) The bacillus A.R., which was unaffected by the anti­
typhoid serum at 1:25, was agglutinated by A.R.'s
serum to 1:50 (limit with stock typhoid bacillus 
1:800)

TABLE XXV
Agglutination of the atypical bacilli

Days after Limit with Limit with Limit of 
Same Day of test. iso.of bac. antityphoid patient's agg.ofwhen tested, serum. serum. stock bac

with pat­
ient's 
serum.

W.B. 30th 2 So agg. 1:6400 1:3000
R.S. 32nd 2 ft n 1:600 1:1800
P.M. 37th of normal temp.

32 1:50 1:200 1:1200
W.C. 34th " " 18 Wo agg. 1:70 1:500
A.R. 42nd " 32 n It 1:60 1:800
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The agglutination of these bacilli from the urine
with the patient's serum and not with the antityphoid serum 
would seem to point either to some relationship between the 
bacillus from the urine and the typhoid bacillus which caused 
the fever, or to a double immunization, both with typhoid 
and this bacillus. The bacilli, however, were isolated
on the first day of their appearance in the urine, and in 
the 2 instances in which the serum reaction was most active, 
the test was carried out on the second day after the bacillus 
first appeared. As agglutininins on organisms are not pro­
duced to any extent until the 6th day, it is evident that 
if a double immunization took place,the bacilli which appear­
ed in the urine must for at least some days previously have
been exercising an immunizing influence on the patient.

III. Agglutination of the atypical bacilli by 
acid solutions (Michaelis)

In Michaelis' acid test 2 of the bacilli showed 
agglutination.

P.M. was slightly agglutinated in tube 3 ("typhoid" 
type) and R.S. showed agglutination in tubes 2 to 6, 
agglutination being complete in 5 and 6. The latter bacillus 
was the only one tested which gave any reaction in tube 2.
The 4 other bacilli were unaffected.
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TABLE ZXYI.

Agglutination of the atypical ‘bacilli by aoid solutions
(Michaelis)

(Complete agglutination is represented by 10J

________Agglutination in tubes.___________
Bame.

1. W.B* — — - — — «
2 . B.C. — — — — — —
3. B.R* » — — — — ~
4. R.S. - 5 7 0 10 10
5. G.D.
6. P.M.

Remarks on the cases in which the artificial bacilli were found 
The cases in which these bacilli were found in the 

urine presented no points of difference from the ordinary 
type of typhoid bacilluria. It is to be noted, however, that 
the bacilli appeared in the urine rather later in the disease 
than in the cases of typhoid bacilluria (see Table III
"Cultures from urine" page 18).

In the earliest cases (P.M.) the bacilli appeared 
on the 21st day, but the temperature had then been normal 
for 5 days. In the others, bacilluria occurred respectively 
on the 28th day (1st of normal temperature - W.B.), 30th day 
(last but one of pyrexia - R.S.), 38th day (6th of normal 
temperature - A.R.), 49th day (16th of normal temperature -
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W.C.), and the 57th day (10th of normal temperature - G.D.)

The ’bacilluria was commonly of short duration, 
lasting in 3 instances 1 day (W.B., A.R., P.M.), in 1 
instance 2 days (C.D.), in one 3 days (W.G.), and in the 
6th instanoe(R.S. ) lasting for 10 days with a day's 
on the 2nd day, until it disappeared permanently after the 
administration of urotropin.

As the facts tabulated below will show, there was 
no doubt that the patients from whose urine these 6 bacilli 
were isolated suffered from enteric fever, although the 
cultures from blood and faeces were negative^except in the 
case of the blood of W.B.

Facts to show that the patients from whose urine atypical 
bacilli were isolated suffered from enteric fever.

1. W.B. Pyrexia lasted 28 days.
Rose-spots present.
Pulse comparatively slow (Temp.103.6®pulse rate 84)
Diarrhoea present.
B. typhosus grown from blood.
Widal reaction + (limit 1:3000)

2. W.C. Pyrexia lasted 33 days.
Rose-spots present.
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2. W.C. Pulse comparatively slow (temp.101.6°, pulse 
fContd.) rate 84)

Spleen palpable.
Widal reaction + (limit 1:500)

3. A.R. Pyrexia lasted 32 days.
Rose-spots present. ,
Pulse comparatively slow (temp.1 0 3 . pulse

rate 96)Diarrhoea present.
Widal reaction + (Limit 1:800)

4. R.S. Pyrexia lasted 33 days.
Rose-spots present.
Pulse comparatively slow (temp.l03.60, pulse

rate 92)
Diarrhoea present.
Widal reaction + (limit 1:1800)

5. G.D. Pyrexia lasted 47 days.
Pulse comparatively slow (temp.102.20, pulse

rate 84)
Diarrhoea present with peasoupy motions. 
Spleen enlarged.
Widal reaction +

6. P.M. Pyrexia lasted 16 days.
Rose-spots present.
Pulse comparatively slow (temp.103.8°, pulse

rate 94)
Widal reaction + (limit 1:1200)
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SBCTIOB III.

Further experiments on the atypical bacilli.

The fermentation and other tests to which the 
atypical bacilli were subjected were carried out after their 
isolation between Bovember 1911 and February 1912. They 
were kept in an ice-cupboard for a year on agar slopes at 
a temperature of from 5® to 7^ c. and were sub-cultured 
at most twice. They were examined again subsequently to 
February 1913, when the range of tests was extended and the 
organisms grown in various other fermentable substances.
The final results as shown in Table XXVII, together with 
the results of the tests with B. typhosus in the same media.

The bacilli showed certain features in common. They 
were all Gram negative; all formed acid in glucose, and 
acid and gas in maltose, mannite, saccharose, galactose, 
laevulose, rhamnose, glycerin and inulin. B. typhosus does
not ferment saccharose, rhamnose or glycerin^and pro­
duces no gas in any of the media employed. All 6 failed
to ferment erythrite, adonite, dulcite, and dextrin, none 
liquefied gelatin, and Vosges and Proskatter's reaction 
was negative in each case.
a For this test,'the organisms are grown for 3 days in 

solution of eosin.
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TABLE 

Reactions of the

00 0 0 0  0 0  pio r a r a 0 © r a + >  p| .h0 0 0 0 f H O O O 0 O * H 0 0 * H  H d
(Q m + >  ra 0  +3 r4 d o  d d +3 +3 d d 0 *ho o *H o ,d o d *H d *H 'td *h »h 0 *h »d J4043 543 O 0 P r Q S * H - p d O O H & D 4 3

H a O O H  O « j a  <H k  g H k  g b MH

%
H0 00 43 d0 •H 0 0 •Hd fj 43 43 u d•H •rd •H •H 0 •H

Ï! ■&
d0 0p4 S» da d •d d r4 d

« M <4 A. 0 H

B. typhosus A A A - - A A A A — -
W.B. A 4 4 — 4 4 4 4 4 ~ - - - + 4 — -
W.C. A 4 4 — 4 4 4 4 4 4 4 - -

A.R. A 4 4 — 4 4 4 4 4 4 4 — -
R.S, A 4 4 4 4 4 - 4 - - - - 4 4 - -
G.D. A 4 4 4 4 4 4 4 - - “ - 4 4 — —

P.M. A 4 4 4 4 4 4 4 4 4 A -

A r formation of aoid, or in the last 
column, presence of motility.

+ - formation of acid and gas.
0 # " « « or clot,

Aik. , " " alkali.
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XXVII
atypical bacilli.

Litmus milk.
Indol in Lique. 
peptone of

Vosges & 
ProskasLer *8 
reaction.

Gram's
stain. Mot­1 day. 3 days.15 days. water. gelatin, ility.

A A A - - - - +
A A Aik. - - - - +
A A Aik. - - - - +
A A Aik - - - - +
A A Aik - — - -
A A Aik. — , — +
A.G. A.C. AtC. 4 - - +

J A.af:'V

. fr >:

-  i v i

i"*'
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P.M. was distinctly in a class by itself. It alone 

fermented lactose, raffinose, and amygdalin, forming acid 
and gas in the E former, and acid in the last; and it was 
the only bacillus to produce indol, and to form acid and 
clot in litmus milk.

The 5 other bacilli showed that they were closely 
allied to one another, and 4, W.3., W.C., A.R., and C.D. 
gave identical results in all the tests used. Perhaps the
most characteristic feature of the 5 was the production of 
alkali in litmus milk after a few days' growth. This sharply 
distinguished them from the typhoid group, which produces 
permanent acidity in this medium, and from P.M.^which pro­
duced acid and clot.

As has been said, W.B. , W.C., A.R., and C.D. ultimate­
ly gave the same results. In the first culture in inulin, 
however, C.D. formed acid without gas, but in a sub-culture 
from this ,produced also gas. W. C. at first formed acid 
without gas in galactose and laevulose, but when a fresh 
culture was made from the agar tube a month later, gas also 
was produced. Similarly at first A.R. produced no gas in 
saccharose, but in a fresh culture after E months produced 
gas as well as acid. R.S. showed a greater divergence.
It was non-motile, and did not ferment arabinose, in which 
all the others produced acid and gas. A subsequent culture
a month later yielded the same result.

The result of the tests in 1913 yielded
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important differences from those carried out a year earlier, 
and showed that the "bacilli were in a somewhat unstable 
condition as regards fermentative powers.

The change in the characters of the bacillus C.D. 
is difficult of explanation except on the supposition that 
originally it included 2 strains, one resembling P.M. and 
the other, the 4 other bacilli, and that the former strain 
died out. Originally G.D. fermented lactose, formed indol, 
and produced acid and clot in milk. A year later it did 
not ferment lactose, did not produce indol, and formed alkali 
in milk.

The changes in the other bacilli were all in the 
direction of greater fermentative powers, though they had 
been cultivated simply on ordinary agar. Whereas at first 
they all formed acid only in maltose, a year later gas as 
well as acid resulted from their growth. All now also 
produced gas as well as acid in mannite, whereas formerly 
W.C. and R.S. produced only acid. A marked change took 
place with regard to their action on saccharose.

In the original tests in saccharose (1912) P.M. 
produced acid, C.D. acid with a bubble of gas, while the 
other bacilli left the sugar unchanged, \7hen the tests 
were repeated in 1913, P.M. produced gas as well as acid,and 
C.D. and R.S. produced acid. Gas production with P.M.
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and acid production with E.S. wore new characters, and 
therefore successive sub-cultures were made with all the
bacilli to test whether further action on saccharose
resulted. A 2nd series of sub-cultures was made from the
1st at the end of 10 days, and a 3rd from the 2nd at the
end of a further 10 days.

W.B. and W.C. in the 1st sub-culture were unchanged;
in the 2nd they formed acid, and in the 3rd aoid and gas.

C.D. and R.S. in the 1st sub-culture formed acid,
and in the 2nd aoid and gas.

A.R. in the 1st sub-culture was unchanged, and 
in the 2nd, 3rd, and 4th formed acid, without gas.

The bacillus A.R. was kept for 2 months longer on
agar at 50-6°, and at the end of that time was found to
produce gas as well as acid in the first sub-culture.

It was found also that acid tended to be produced
more rapidly and gas in greater volume by all the organisms
with successive sub-cultures. For instance R.S. in the 
first sub-culture produced acid at the end of 10 days, 
in the 2nd acid and some gas at the end of 4 days, and in 
the 3rd, acid after 2 days, and subsequently a larger
volume of gas

These results are shown in the subjoined table:-
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TABLE XZVIII.

Reaction of the atypioal bacilli in saccharose 

( 10 days * growth at 37®C)

Peh.1912 February, 1913.
1st sub 
culture

- 1st sub­
culture .

2nd sub­
culture 
(after 
10 days)

3rd sub- 4th sub­
culture culture 
(after (after 
10 days) 10 days)

1st sub­
culture

l.W.B. — - A +
2.W.G. - - A 4-

3.A.R. - - A A A +
4.R.S. - A + +b
6.G.D. +a 1 A
6.P.M. A I + +b

A s formation of acid.
+ - ” M IT and gas.

a = gas formation very slight,
b = more gas than in previous subculture,

In the tests with glycerin in peptone water) an
increase of fermenting power developed in the 2nd sub­
culture. At the end of 5 days no change was visible in the
colour of the litmus with any of the bacilli. After 10
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days, however, all except P.M. showed a tendency to form 
acid, the litmus having become of a purple tint. In the 
next subculture (made from the 1st) all except P.M. pro­
duced slight acid and a little gas. P.M. showed no 
tendency to bring about fermentation. In the 3rd sub­
culture, however, P.M. produced slight acid and a little 
gas at the end of 10 days.

The results of the tests with glycerin are shown 
in Table XXIX.

TABLE XXIX.

(10 days' growth at 37oc) 

1st sub-culture. 2nd sub -culture. 3rd sub-
B. typhosus - — -
W.B. A (slight) '+ 4-
W.G. A " 4- 4-

A.R. A " + +
R.S. A + 4-

G.D. A (slight) + +

P.M. - 4"

As has been mentioned, the bacilli were considered 
at first to belong to 2 types -

(l) one resembling B*paracoli 
(E) one resembling B. coli A.
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The power which the bacillus P.M. developed of 
forming gas as well as acid in saccharose brought it into 
conformity with the latter type, which, according to Wulff^^G), 
produces acid and gas in lactose, glucose, maltose, and 
saccharose, and also’in galactose, xylose and mannite.
He differentiates several subgroups of which 2 do not ferment 
glycerin, adonite or dulcite. P.M. at first corresponded to 
these subgroups, but was easily trained to ferment glycerin.

As regard the other bacilli, their development of 
the power to ferment saccharose made their classification 
as paracolon bacilli doubtful, as B. paraooli is not a 
saccharose fermenter. If they were paracolon bacilli, then 
they were developing new characteristics. The possibility 
that they were modified typhoid bacilli is unlikely, but 
their sudden appearance in large number in typhoid urines was 
in any case a curious phenomenon. If they were not altered 
typhoid bacilli, then it is practically certain that their 
origin was the intestine, and the fact that they were aggluti­
nated by the patient’s serum, though not by the antityphoid 
serum, seemed to point to etn immunizing action of the bacilli 
themselves or their toxins on the body.

The question of changes in the character of micro­
organisms is an important one, and the work on the subject 
within the last few years has altered our views with regard
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to the distinctions which exist among species of bacteria.

In 1906 Massini^^^^obtained a bacillus from a case
Q.of en&tritis which formed colourless colonies, like B. 

typhosus, on Endo’s medium (laotose-sulphite-fuchsin-agar), 
On the 3rd day of incubation, however, small red papillae 
appeared in the originally colourless colonies. Cultures 
made from these papillae fermented lactose rapidly, like 
B. coli, while cultures from the unstained parts of the 
original colonies produced similar unstained colonies, 
which also on the 3rd day showed red papillae. Two types 
of bacilli were thus produced, a lactose-fermenting type, 
which in sub-culture retained this characteristic,and could 
not be made to lose it, and a non-lactose-fermenting type, 
which tended constantly in sub-culture to produce both 
races. Massini called this bacillhSB. coli mutabile.

Twort^^^^showed that some typhoid-coli organisms 
acquired the power of fermenting certain sugars by long 
growth in them. For instance, he trained B. typhosus to
ferment lactose and dulcite.

R. Mullerf^^)showed that B. typhosus behaved towards 
rhamnose as B. coli mutabile towards lactose, and considered 
this to be the surest cultural method of recognising B. 
typhosus.
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Thaysen^^^^isolated 8 races of typhoid-coli bacilli.- 

4 of these fermented dextrose, maltose, and lactose, but 
not saccharose. They could, however, be trained to ferment 
saccharose. One fermented dextrose and maltose, not 
saccharose or lactose, but it came to ferment also the 
latter, and thus resembled B, coli mutabile. Two others 
resembled the preceding,but acquired the power of ferment­
ing saccharose. The 8th fermented dextrose, maltose, and 
saccharose, but not lactose. It was trained to ferment 
lactose.

Burri^"^®^ isolated a race of organisms which did not 
ferment lactose or saccharose, but which acquired the power 
of fermenting the latter. To this mutant he gave the name
B. perfectum.

Arkwright isolated a bacillus of the B. acidi 
laotici group several times from the urine of an old man.
This organism he found to exist in 2 varieties,which differed 
only as regards gas formation, the first forming acid and 
gas from certain sugars and alcohols, the second only acid. 
The two varieties gave identical serum reactions, and that 
which did not produce gas was induced to do so by preliminary
growth in a medium containing sodium formate.

It will be seen from these references that bacilli 
have sometimes been trained to ferment certain sugars by
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lomg growth in them. Twort's experiments were of this 
nature, and some of the changes which took place in my 6 
bacilli. The changes in the latter were of 2 kinds

(1) those which took place as a result of training and
(2) those which occurred spontaneously. Of the former

kind were the power of A.R. to form acid and of W.B. and 
W.C., acid and gas in saccharose;»fC.D. to form gas in
inulin; and of P.M. to form acid and gas in glycerin. But 
it is to be noted that the production by all of gas in 
maltose, by W.C. and R.S. of gas in mannite, by P.M. of 
gas in saccharose, and by R.S. of aoid in saccharose were 
new characteristics which developed during the year the 
bacilli were stored on agar slopes at a temperature of 
50-70C, and without any contact with the sugars. The 
bacillus A.R. also, which failed to produce gas in sacchar­
ose in a series of 4 sub-cultures made at intervals of 10 
days, developed this power when kept for 2 months longer 
on agar at a temperature of about forming gas as well
as acid in the first sub-culture. Similarly W.C. acquired 
the power of forming gas in addition to acid in galactose 
and laevulose when left for another month at 6 C.

Reference has been made (see page 96) to the 
development of agglutinabi1ity by a non-agglutinable typhoid 
bacillus kept without sub-culture for 3 months (Lipschutz^  ̂̂ 
and others); but change in fermentative properties has
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usually been recorded as occurring after a course of 'train­
ing'. Sorensen, however, has described a case of glycos­
uria in which an organism B. pneumaturiae, was isolated 
from the urine. This bacillus produced gas in the bladder 
and also in artificial culture in media containing glucose, 
lactose and saccharose. After 2 years, gas ceased to be pro­
duced in the bladder, and it was found that the organism 
had lost the power of forming gas in sugar-containing media.
A year later the bacillus in culture suddenly re-acquired the
power of forming gas, and shortly afterwards the patient 
began to suffer again from pneumaturia. These changes 
took place spontaneously.

While it is unlikely that the atypical bacilli which
I have described are altered typhoid bacilli, a mutation
form of B. typhosus has been described. In 1907 Mandel-
baum^'^^^isolated from the faeces of a typhoid-carrier a
bacillus closely allied to B. typhosus, while he called
B, metatyphi.,. Between 1907 and 1912 he obtained it 50
times from blood and f a e c e s . T h i s  organism differed 
from B . typhosus chiefly in forming acid in the presence
of glycerin, instead of alkali, and was considered by 
Mande lb aum to be a mutation form of B. typhosus produced 
by growth in the body. He found that on glyoerin-agar 
plates, some colonies of B. metatyphi produced papillae
of typical B. typhosus.



146.

Morphological changes were brought about in 
typhoid bacilli by Alraquist^who cultivated them in 
various decaying materials such as watery extracts of 
dung. Growth was allowed to take place for some weeks at 
room temperature, and when sub-cultures were made on agar 
and grown for a week, a production of spore forms was 
found to have taken place. These spores became typhoid 
bacilli after 2-6 hours' incubation in a fresh sub-culture. 
Almquist does not mention whether or not any change occurred 
in the fermentative powers of the bacilli. This experiment
suggests the possibility of alteration in micro-organisms 
by growth in the faeces.
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SECTION 17.

A note on bacilluria in female patients with, enteric fever.
The 17 cases of bacilluria which have been described 

occurred in men. I had afterwards an opportunity of examin­
ing the urine of a few women suffering from enteric fever.

Bacilli were found to be present in large numbers 
in the urine of 7 women, the physical characters of the 
urine being such as have been described for typhoid bacilluria.
In 5 cases bacilli were present on the day in convalescence 
on which the urine was first examined. In the 6th case
bacilluria was known to exist at the onset of the fever, 
and in the 7th case, (M.A.), the bacilli appeared first in
the urine on the 27th day.

In the first 6 instances the bacilli,which were 
motile, formed aoid and gas in glucose, maltose, mannite, 
and lactose; acid and clot in litmus milk; indol in 
peptone water, and a yellowish brown growth on potato, They 
did not ferment saccharose nor liquefy gelatin. These are 
the reactions of a typical B. coli.

In the 7th instance bacilli appeared first in the
urine on the 27th day (6th of normal temperature). This 
patient was recovering from a severe attack of enteric 
fever, the Widal reaction was positive, and B. typhosus
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had been grown from the blood of her daughter who was 
ill at the same time. The baoilli were motile, and 
fulfilled the routine tests which have already been describ­
ed for B. typhosus. With the bacilli were found cocci 
which occurred in pairs and short chains. The bacteriuria 
passed off in 2 days without treatment.

The contrast between the results of cultures from 
male and from female urines is striking. In-17 cases of 
baoilluria in men who suffered from enterio fever, B. 
coli did not occur; in 7 oases in women, the micro­
organism isolated in 6 was B. coll.

 ̂ j-r-' Of sate;



149.

REGAPITliLATIOU OF BESULTS.

(1) Typhoid bacilli were isolated from a series of
patients suffering from enteric fever, chiefly from 
blood, faeces, urine, and (post-mortem) the spleen. 
These were identified by fermentative and other re­
actions, and were then submitted to agglutination 
tests. In most instances also the blood of the 
patient from whom a bacillus was obtained was examined, 
|oV 4^% '̂fesex-)ce .

(8) The serum of every patient from whom a typhoid bacillus 
was obtained agglutinated the stock typhoid bacillus 
well. In the tests with the sera of patients and the 
stock typhoid and paratyphoid bacilli, group aggluti­
nation (that is, agglutination of allied, here para­
typhoid, organisms) was found to be present in almost 
every case: but the serum of a person artificially
immunized by inoculation with dead typhoid bacilli 
did not at first agglutinate any of the paratyphoid 
organisms. After a few months, slight group aggluti­
nation was present. This artificial serum was much more 
active than any obtained from 50 cases of enterio 
fever.

(3) In the tests with artificially prepared antityphoid
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and antiparatyphoid sera, and typhoid bacilli isolated 
from the body, the bacilli which were isolated earlier 
in the disease tended to be agglutinated better than 
those obtained later. The bacilli isolated from 
faeces were agglutinated much better by antityphoid, 
and somewhat better by antiparatyphoid serum than 
those grown from the blood. The bacilli isolated 
from urine resembled those grown from blood rather 
than those from faeces.

(4) In the tests with the baoilli and the serum of the 
patient from whom each was obtained, no connection 
could be made out between the time of isolation and 
the degree of agglutination present. The bacilli from 
blood were agglutinated very well, and much better than 
those from faeces. The bacilli from faeces were 
agglutinated rather less well than by antityphoid 
serum.

(6) Examination of the baoilli by acid solutions of vary­
ing strengths according to the method of Miohaelis 
gave unsatisfactory results, only half of them showing 
the supposed 'typhoid reaction*. Such uncertain 
results made the test of little value in the recog­
nition of the typhoid bacillus, and its differentiation
from other organisms.
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(6) It was found during the investigation of baoilluria 
in men suffering from enteric fever, that in 6 cases 
out of IV^the baoilli were not typhoid bacilli, but 
members of the typhoid coli group, not previously 
described. It has always been supposed that the
organisms present in 'typhoid* baoilluria are typhoid 
baoilli, or some contaminating organism, such as B. 
coli. B. coli did not occur in any of the 17 oases. 
In #7 instances of baoilluria in women with enterio 
fever, on the other hand, the bacillus present was 
found in all but one to be B. coli.

(7) These atypical bacilli appeared in the urine on the 
average rather after the usual time for typhoid 
baoilluria, and persisted for quite a short time,
in 3 instances for 1 day only. Their appearance was 
not attended by any constitutional disturbance, and 
in general, the cases resembled the ordinary oases 
of typhoid baoilluria.

(8) The baoilli, though practically unaffected by the 
artificial antityphoid serum, were agglutinated in 
varying degrees by the serum of the patient from whom 
each was isolated, in one case to a greater extent 
than was the stock typhoid bacillus by the same serum.
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(9) The 6 bacilli were stored on agar slopes at a temper­
ature of about 6°C, and on re-examination a year later 
were found to have acquired greater fermentative powers 
with regard to certain sugars. This property has 
usually been described as developing by continued 
growth and sub-culture of an organism in a solution 
of the sugar, but with these baoilli the power, though 
afterwards increased by sub-culture, developed in many 
instances spontaneously.
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A P P E N D I X  A.

Agglutination of B. typhosus (stock) by 
serum of person inoculated with dead 

typhoid bacilli.
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Widal réactions in person inoculated with 
B. typhosus.

17/5/12. No agglutination of B. typhosus (Stock) at 1:25.

22/5/12. 500,000,000 bacilli injected subcutaneously,
(36 hours' growth in bouillon, killed at 53^0. 
750,000,000 in 1 c.c.)

25/5/12. B.typhosus. 28/5/12 B. typhosus. 1/6/12 B.typhosus
1
1
1
1
1
1

25
50

100
200
400
800

1 :1600 
1 :3200 
1 :6400 
1 :12800 
1 :25600 
1 :51200

+ + 
+

•f + + 
+ + + 
+ + + 
■f +  +  

+  +  +  

+  +  +  

+  +  +  

+  +  +  

+  +  +  

+  +  

+



159.

2/6/12. Vaccine 1000,000,000 bacilli.

3/6/12 B.typhosus. 5/ô/l2 B.typhosus. 8/6/12.B.typhosus.
1 : 2 5 +  + + + + + + + +
1 : 50 + + + + + + + + +
1 :100 + + + + + + + + +
1 :200 + + + + + + + + +
1 :400 + + + + + + + + +
1 :800 + + + + + + + + +
1:1600 + + + + + + + + +
1:3200 + + + + + + + + +
1:6400 + + + + + + + + +
1:12800 + + + + + + + + +
1:25600 + + + + + +
1:51200 + + + _  J" . + +
1:102400 + +
1:204800 4''
1:409600 +



160.
B.paratyphosus A B.paratyphosus B 12/6/12. B.typhosus. Br.-Ka. Sohoti. Sohott. Achard.

1 : 25 + +: :+
1 ; 50 + + +
1 :100 + + +
1 :200 + + +
1 :400 + + +
1 :800 + + +
1:1600 + + +
1:3200 + + +
1:6400 + + +
1:12800 + + +
1:25600 + + +
1:57200 + +
1:102400 +
1:204800

24/10/12.
1 : 25 + + + +
1 : 50 + + + +
1 :100 + + +
1 :200 + +
1 :400 + +
1 :800 +
1:1600 +
1:3200



151.

8/5/13. B .paratyphosus A. B.paratyphosus B 
Bityphosus. Br-Ka. .Sohott Sohott. Aohard.

1 : 25 + + + + + 1 +
1 : 50 + + + + - +
1 : 100 + + + - -
1 : 200 + +
1 ; 400 + +
1 : 800 +
1 :1500 +
1 :5200



ull fror. 3

A P P E N D I X B.

Tables showing agglutination of 
stock baoilli and autogenous baoilli 

by patients' sera.

"h- 4



162.
1. J.H.

Day Serum Bac. B. para-
of dilu- B.ooli from B.typh- B.paratyphosus A . typhosus B

4th 1 : 25 - — - -

7th 1 : 25 + + + + + + + + + + + + + + + +
1 : 50 + + + + + + + + + + + + + + +
1 :100 + + + + + + + + + + +
1 :200 + - + + + + + +
1 :400 - + + -

1 ;800 + - -
1:1600
1:3200

8th 1 : 25 + + + + + + + + + + + + + + +
1 : 50 + + + + + + + + + + +
1 :100 + + + + + + + + +
1 :200 - - + + + +
1 :400 + - - ii
1 :800 + 1

1
1:1600 —

9th 1 : 25
1 : 50 + + ■

1 :100 +

1 :200 +
1 :400 -



163.1. J.H. fContd)

Day Serum Bac. B.para-
of dilu- B.ooli from B.typh- B.paratyphosus A. typhosus B. 

test, tion. (urine)blood. osus. ‘̂ r-Ka. Sohott. Sohott.Aohard
10th 1:25 + + +

1:50 + + +
1:100 + +
1:200 +
1:400 —

n t h  1:25 + + +
1:50 + + +
1:100 + + 
1:200 +
1:400 +
1:800

12th 1:25 + + +
1:50 + + +
1:100 + + 
1:200 +
1:400 +
1:800



2. J.

Day
of
test.

T. '

Serum
dilu­
tion.

Bao. 
from 
blood.

B.typh­
osus.

164.

B.paratyphosus A.B.paratyphosus B
Br-Ea. Sohott Schott. Achard.

8th 1:25 + + + + + + + + + + + + + + +
1:50 + + + + + + + + + + +
1:100 + + + + + + - + +
1:200 + + + + + -
1:400 + + — —
1:800 + +
1:1600 + +
1:3200
1:6400 -

23rd 1:25 + + + + + + + + + + + + + + + + + +
1:50 + + + + + + + + + + + + +
1:100 + + + + + + + + +
1:200 + + + + -
1:400 — - + + -
1:800
1:1600 +
1:3200 -

24th Vaccine 250,0001,000 (bacillus from blood)



2. J,T. (Contd) 165.

Day
of

test.
Serum
dilu­
tion.

Bao. 
from 
blood.

B.typh- B.paratyphosus A. B.paratyphosus B. 
osus. Br-Ea. Schott. Schott.Achard

26 th
1:100

......

1:200 + . . +. +
1:400 + + +
1:800 - +
1:1600 +
1:3200 +
1:6400 - *

2 8 t h ....
(E.l)

1:100 + +
1:200 + +
1:400
1:800 + + +
1:1600 - + +
1:3200 + +
1:6400 + •
1:12800
1:25600 —



g. J.T. (Gontd) 166.

Day Serum Bac.
of dilu- from B.typh- B.paratyphosus A., B.paratyphosus B.

test. tion. hlood. osus. Sr,-Kh. Sohott. Sohott. Aohard
N.4E 1:25 + + + + + + + + + + - + +

1:50 + + + + + + + - + +
1:100 - + + + + + + -
1:200 + + + +
1:400 + + +.
1:800 + +
1:1600 - +
1 :3200
1:6400 — .- ■■■■'- -'- 'r.. ..
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5. H.M.

Day Serum Bao.
of dilu- from B.typh- B .paratyphosus A . B

test. tion. urine, osus. Sr-JSa. Soho11.
hosus B. 
Achard

10th 1:25 + + + + + mm + +
1:50 + + + - + +
1:100 + + + + +
1:200 + + +
1:400 + + -
1:800 + +
1:1600 - +
1:3200 +

22nd 1:25 + + + + + + + + + + + + + +
1:50 + + + + + + + + + + + +
1:100 + + + + + + ' + + + + + +
1:200 + + + + + + - - + +
1:400 + + + + + . t t
1:800 + + + + + f

1:1600 + + + -
1:3200 + +
1:6400 + +
1:12800 - +
1:25600 -



168
4. I.E.

Day Serum Bac.
of dilu- from B.typh- B .paratyphosus A . B.paratyphosus B.

test. tion. faeces, osus. Br-Ea. Sohott. Bohoit Aohard
13th 1:25 + + + + + + + + +

1:50 + + + + + - + + + + +

1:100 + + + 4 4 + +
1:200 + + +
1:400 + + + — + +
1:800 + + + - -
1:1600 + + +
1:3200 + +
1:6400 +
1:12800 -

5. M.D.
12th 1:25 - + + + + - 4 4 4

1:50 + + + + + + + +

1:100 + + 4. 4 4 ' .. ---  ... . . . . .  . . +

1:200 + + + + +

1:400 + + + + + -

1:800
1:1600 +
1:3200 -



6. S.M. 169.
Day Serum Bac.
of dilu- from B.typh- B.paratyphosus A . B.paratyphosus B

13th 1:25 + + + + + + + + + + +
1:50 + + + + + +
1:100 + + + - - + +
1:200 + + + + -
1:400 + + -
1:800 +
1:1600 +
1:3200 +
1:6400

25th 1:25 + + + - + + +
1:50 + + ■ + + - + + +
1:100 + + + + + - +
1:200 + + + -
1:400 + , +
1:800 — —

E.42 1:25 + + + + + + + + +
1:50 + + + + + + + + +

■ 1:100 + + + + + + + — + -
1:200 + + + + + +
1:400 + + + + +
1:800 - - + +
1:1600 + +
1:3200 + +
1:6400 -



7. E.M. 170.
Day Semm Bao.
of dilu- from B.typh- B.paratyphosus A . B.paratyphosus B

test. tion. faeces, osus. Ër-Ka. Schott. Schott. Achard .
14th 1:25 4-4-4- 4- 4- 4- ' 4- 4- -4" 4- 4- 4- -I- 4- 4-

1:50 4-4-4- 4- 4- 4- -4- -4- 4- 4- -4- 4- -f- -4- 4-

1:100 4- ■+■ -f- 4- 4- 4- 4-4-4- -4- 4- -4- 4- -4- 4-

1:200 4-4-4- 4- 4- 4- 4- 4" 4- 4- 4- 4-

1:400 ■f -{■ + 4- -4- 4- -4- -4- - 4- 4-

1:800 -4- -4- -4- 4- 4- — -

1:1600 4-4-4- 4- 4- 4- -4-

1:3200 4- -4" -4- -

1:6400 •4- 4-

1:12800
8. D.

14th
M.

Bao. 
from 
hlood.

1:50 4- -4* 4- -4- - - 4- 4- 4-

1:100 4- 4- 4- 4- 4- 4-

1:200 -4- 4- 4- -4- 4- -4-

28th 1:25
1:50
1:100
1:200
1:400
1:800

-4-4-4- 

-4- -4- -i- 4- 4- -4-

4-4-4- 4- 4- 4- 4-

4-4-4- 

-4- -4- 

4- 4-

4- 4- 4-

-4- 4- 4"

4- -f 4- 4-

1:1600 4- 4- -f- 4- 4- — - 4-

1:3200 4- 4- -t- -

1:6400 - 4-
1:12800 -



8. D.;
Day
of
test.

Ü. (Gontd)
Serum Bao, 
dilu- from 
tion. blood.

B.typh- 
. osus.

B.paratyphosus A. 
Br-Ka. Schott.

171.

B.paratyphosus I 
Ëchott. Achard,

14th
1:50 4-4-4- 4 — 4 4 4

1:100 44 - 4- - 4 4 4

1:200 -4* 4 4- 4 4 4

28 th 1:25 + + +
1:50 + + + 4  4 4

1:100 4- +  + 4 4  4 4

1:200 4" 4* 4* • . . . • 4 4  4

1:400 4* 4- 4 4 4

1:800 4- 4* 4  4 4 4

1:1600 4- 4- 4 4 4 4

1:3200 4- 4 4 —

1:6400 - 4

1:12800 -

36th ..... .....
1:1600 4" 4

1:3200 - 4

1:6400 -

36th Vaccine 250,000,000 (bacillus from blood)



172.

8. P.M. (Gontd.)
Day Serum Bac.
of diln- from B.typh- B.paratyphosus A . B.paratyphosus B

test, tion. hlood. osus. Br-Ea. Schott. Schott. Achard
41st
(a.4)

1:200 +
1:400 4
1:800
1:1600 4 4
1:3200 4
1:6400 4
1:12800

N.7
1:200 4
1:400 4
1:800 - ....
1:1600 4
1:3200

E.7 Va'ccine 250,000,000 (bacillus from blood)

B.IO
1:200 t . . . . .
1:400 4 4 4 4
1:800 - 4 4
1:1600 —



8. D.M. (Gontd) 173.

Day Serum Bac.
of dilu- from B.typh- B .paratyphosus A . B.paratyphosus B

U.12
1:100 4 4 4 4 4
1:200 4 4 4 4 4
1:400 4 4 4 4 4 - 4 4 4
1:800 - 4 4 4 4 - -
1:1600 4 4 -
1:3200 4
1:6400 4
1:12800 —

B.15
1:200 4 4
1:400 4 '
1:800 -
1:1600 4
1:3200

B.19
1 :200 + 4 4
1:400 4 4 4 4 4
1:800 4 4 4
1:1600

N.39 1:25 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1:50 4 4 4 4 4 4 - 4 4 4 4 4 4 4
1:100 4 4 4 4 4 4 4 4 4 4 4 4
1:200 4 4 4 4 4 4 4 -
1:400 4 4 4 4 4 - -



8. D.M. fGontd). 174.

Day Serum 
of dilu- 

test- tion.
Bao. 
from 
blood. B.typh»

OSUS.
uB. para typhosus A. B.i 
Br-Ka. Schott. Sol

paratyphosus B 
bott. Achard.

U.29(Gontd)
1:800 - 4 4 -
1:1600 4 4
1:3200 -

9. A.B.

14th 1:25 4 + + 4 4 4 4 4 4 4 4 4 4 4  4 4 4

1:50 4 4 4 4 4 4 4 4 4 4 4 4 4  4 4 4

1:100 4 4 4 4 4 4 4 4 4 4 4  4 4 4

1:200 4 4 4 4 4 4 4 4 4 — 4  4

1:400 4 4 4 4 4 4 4 4 - 4
1:800 4 4 4 4 4 4 4 4
1:1600 4 4 4 4 4 -■ 4.1.

1:3200 4 4 4 4 .L 4,

1:6400 4 4
1:12800 4
1:25600



10. A,
Day
of

test.
Serum
dilu­
tion.

Bao. 
from 
faeces.

B.typh- B.paratyphosus A. 
osus. Br-Ka. Schott.

175.

B.paratyphosus B 
échott. Achard.

15th 1:25 ...... 4 4 4
1:50 4 4 4 — 4 4
1:100 —
1:200
1:400
1:800 4
1:1600 -

23rd
(ÎÎ.2)

1:100 4 4
1:200 ..... 4
1:400 4 -
1:800

H.42 1:25 + + 4 4 4 4 4 4 4 4 4 4 4
1:50 + + 4 4 4 4 4 4 4 4 4 4
1:100 + + 4 4 4 4 4 4 4
1:200 4 4 — ' . — 4
1:400 - -



11. J.R. 176.
Day Serum Bao.
of dilu- from B.typh- B»paratyphosus A * B.paratyphosus B

15th 1:25 4 4 4 4 4 4 4 4 4 4 4 4
1:50 4 4 4 4 4 4 4 4
1:100 4 4 4 4 4 4 4 4
1:200 4 4 4 - - —
1:400 4 4 -
1:800 4 4
1:1600 4
1:3200 4
1:6400 -

12. E .0. '

15th 1:25 + 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1:50 4 4 4 4 4 4 4 4 , 4 4 - 4 4 4 4
1:100 4 4 4 4 4 4 4 4 4 4 4 4
1:200 4 4 4 4 4 4 4 4 4 - —
1:400 4 4 4 4 4 4 4
1:800 4 4 4 4 -
1:1600 4 4 4
1:3200 - - 4
1:6400 — '



13. M.P.
Day Serum 
of dilu- 

test. tion.
Bac.
from
spleen.

B.typh­
osus. B.paratyphosus A. 

Sr-Ea. Schott.

177.

B.paratyphosus B 
Schott. Achard.

15th 1:25 + + 4 4 4 — 4 4 4
1:50 + 4 4 4 - — 4
1:100 4 4 4 4 4 -
1:200 4 4 4 —
1:400 4 4 4
1:800 4 - -
1:1600

14. W.A. Bao. ■
(A.W.)
faeces.

15 th
1:50 4 4 4 4 — 4
1:100
1:200
1:400 .....
1:800 4
1:1600 '

23rd
1 :100 ..... . . . .

1:200 .....
1:400
1:800 4

1:1600 — ,



178.
14. W.A. (Conta)
Day
of

test.
Serum
dilu­
tion.

Bac. 
(A.W. ) 
faeces.

B.typh- B.paratyphosus A. B.paratyphosus B 
osus. Br-Ka. Schott. Schott. Achard.

46th 1:25 
(E.20)

1:50
+ + + 
+ 4 +

4 4 4 
4 4 4

4 4 4 4 4 4 
4 4 4 4 4

1:100 4 4 4 4 4 4 4 4 4 4 4
1:200 4 4 4 4 — — 4 4 —
1:400 4 4 4
1:800 4 4 4
1:1600 - 4 4
1:3200

N.20 Vaccine 100,000,000 (bacillus from father's faeces)

35T.21
1:400 4 4
1:800 4 4
1:1600 _

I.S3
1:400 4 4 4 4 4 4
1:800 4 4
1:1600 —

U.25 « • ft • •

1:400 4 4 4 4 4
1:800 4 4
1:1600

H. 27 Vaccine 100,000,000 (bacillus from father's faeces)



14. W.A. (Gontd) 179.
Day Serum Bac.
of dilu- (A.W.) B.typh- B.paratyphosus A . B.paratyphosus B

test, tion. faeces, osus. Br-Ka. Schott. Schott. Achard.
U.S9

N.32

#.38

#.40

1:400 + + +
1:800 - +
1:1600 +
1:3200_________________ ^

1:200 4 + ....
1:400 4 4 4
1:800 - 4
1:1600_________________ 2.

1:200 4' 4
1:400 4 4 .4
1:800 - 4
1:1600 4
1:3200

#.38 Vaccine 100,000,000 (bacillus from father's faeces)

1:200 4 4  .....'
1:400 4 4 4
1:800 - 4
1:1600



180,
14. W.A. (Conta)
Day
of

test.
Serum
dilu­
tion.

Bao.
(A.W.) B.typh- 
faeces. osus.

B.paratyphosus A. 
Br-Ka. Schott

B.paratyphosus B 
Échott. Achard.

#.42
1:200 + 4
1:400 4 4 4
1:800 - 4
1:1600 4
1:3200 -

#.68 1:25 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1:50 4 4 4 4 4 4 - 4 4 4 4 4 4 4 4
1:100 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1:200 4 4 4 4 4 4 4 4 4 4
1:400 4 4 4 4 4 4 4 4
1:800 4 4 4 4 4
1:1600 - 4 - —
1:3200 4
1:6400

15. L

56th
(#.1)

.P.

1:25
1:50

Bac. 
from 
urine.4 4 4 4 

4 4
4 - 
4

4 4 4 4 
4 4 4

1:100 4 4 4 4 4
1:200 4 4 - — —
1:400 4 4
1:800 4
1:1600 4
1:3200 -



15. L.P. (Gontd)
181.

Day Serum Bac. a
of dilu- from B.-typh- B .paratyphosus A . B.paratyphosus B

test. tion. urine, osus. Br-Ka. Scho tt. Schott. Achard
#.18 .....

1:100 - 4 4 —
1:200 - - -
1:400 4 4

1:800
16. A.R.
16th 1:25 4 4 4 - 4 - 4

1:50 4 4 4 4  4 4 -
1:100 4 4 4 4 -
1:200 4 4 4
1:400 - 4
1:800 4
1:1600 « .

#.42 1:25 + 4 4  4 4 4 4 4
1:50 + 4 4 4 4 4 4
1:100 - 4 4 4 4 4 4 - -
1:200 4 4 4
1:400 4 4 4 4
1:800 4 4
1:1600 - -

B #ot B. typhosus



182.

17. T.K,

_  ̂ ^ B.para- B.para-2 SeiTim  ̂Bac. from typhosus A. typhosus B.of dilu- Rose- B.typh-
 s_pot. Faeces, osus. Br-Ka. Schott. Schott .Achard

16th 1 % 25 + + + + + «. 4-
1:50 4- + + — 4- —
1 :100 4* 4- 4- —
1:200 4- 4- 4-

1:400 4- 4- 4-

1:800 + + +
1:1600 + +
1:3800 +
1:6400 -

1:25 4- 4- 4- 4- 4- 4- 4" 4- 4"

1:50 4- 4- 4- 4- 4" 4- 4- 4-

1:100 4- 4- 4- 4* + 4* 4- 4-

1:200 4" 4- 4" 4- 4" 4- 4- 4-

1:400 4- 4- 4- 4- 4- 4- 4- 4*

1:800 4- 4" + 4- 4- 4- +
1:1600 4- 4- 4- - 4- 4*

1:3200 4- 4" 4- 4
1:6400 4- 4-

1:12800 -

25th Taooine 250,000,000 (haoillus from rose-spot)



183.
17. T.K. (Contd)

Day Serum Bao. from B.para- B.para-
of dilu- rose- B.typh- typhosus A. typhosus B

27th
1:400 + .....

1:800 + .....

1:1600 .....

1:3200 + + +

1:6400 +
1:12800

29th
1:400 + + .. •..

1:800 4* + .....

1:1600 4-4- 4-4-4-

1:3200 + + +

1:6400 + - " ..... -..... .... .' y.- .. .... _
1:12800

35th
1:400 4-4- .....

1:800 4- .....

1:1600 + + — 4-4-

1:3200 + + 4- 4-

1:6400 + 4"

1:12800 - -

35th Vaooine 250,000,000 (bacillus from rose-spot)



IS .2

184.
17. T.K. (Contd)
Day S emm Bao from B.para- B.para-
of diln- rose- B.typh- typhosus A. typhosus B.

test, tion. spot, faeces, osus. Br-Ka,SohotT. Sohopt. Aohard
37th .....

1:800   + ......
1:1600   + .....
1:3200 + + — + +
1:6400 + +
1:12800   -   __

1:800   + ......
1:1600    .. ..
1:3200 4* + 4"
1:6400 4- +
1:12800 - -

#•42 1:25 4'4*4* 4-4-4- 4- -f" -4 -4 4 —
1:50 4-4--I- 4-4- 4-4-4- 4-
1:100 4-4-4- 4-4- 4--f- - '
1:200 + 4-4- + +
1 :400 + + «. —
1:800 . +
1:1600



185.
18. B.E.
Bay Serum Bao.
of dilu- from B.typh- B.paratyphosus A . B.paratyphosus B
test, tion. urine, osus. Br-Ka. Sohott. Sohott. Aohard.
17th 1:25 — — — — + + +

1:50 + + +
1:100 + + +
1:200 + + +
1:400 + +
1:800 + +
1:1600 +
1:3200 " +
1:6400 ■ ’ +
1:12800

27th ..... — —
1:50 '■ nri.ne ; - + + +
1:100 + + +
1:200 + +

1:400 + +
1:800 +
1:1600

19. J.L.
17th 1:25 + + + + + + + — — +

1:50 + + + + + + +
1:100 + + + + + +
1:200 + + + + + +
1:400 + + + + +



186.
19. J.Ii. (Conta)
Day Serum 
of dilu- 

test. tion.
Bac. 
from 
urine. B.typh- B.paratyphosus A. B.paratyphosus B 

osus. Br-Ka. Schott. Schott. Achard.
17th (Contd)

1:800 + + + +
1:1600 + + +
1:3200 +
1:6400

2 6 t h....
(#.3
R.0)1:100 + +

1:200
1:400
1:800 - +
1:1600

R.l Vaccine 100 ,000,000 (bacillus from urine)
.....

R.2 1.200 + +
1:400 + + +
1:800 + +
1:1600 •M

H.3 ...
1:400
1:800 + +
1:1600 —

R.4 __
1:400 + + +
1:800 - -



19. J.L. (Gontd)
Day Sertun Bac.
of dilu- from B.typh- 

test, tion. urine. 08U@.

187.

B .paratyphosus A . B.paratyphosus B 
Br-Eh. Shhott7 Schott. Aohard.

R.5.
1:400
1:800

R.5 Vaccine 100,000,000 (bacillus from urine)

R.6 .
1 100 + +
1 200 +
1 400 + +
1 800 -

R.7
200
400
800

R.8. .
1
1
1
1

100
200
400
800

+ + 
+

R.9
100
200
400

+ +



188.
20. P.B.
Day Serum Bao.
of dilu- from B.typh- B.paratyphosus A . B.paratyphosus B

test, tion. faeces, osus Br-Ka. Schott.
17th 1:25 + + + + + + + + + + + + + +

1:50 + + + + + + + + + +
1:100 + + + + + + + + + + —
1:200 + + + ' + + + + + + +
1:400 + + + + + + - -
1:800 + + + + + -
1:1600 + + + + +
1:3200 + + + + +
1:6400 + + +
1:12800 + ' ' .......  .. ■ • '
1:25600 . f ̂ #8; '

29 t h......
(#.0)

1:1600 + + +
1:3200 + +
1:6400 + + + + +
1:12800 + + + +
1:25600 + +
1:51200 —

#.0. Vaccine 50,000,000 (bacillus from faeces)

#,1.........
1:12800 + ■

1:25600 - -



189.
20. F.B. (Conta)
Day
of

test
Serum
dilu­
tion.

Bao., 
from 
faeoes.

B.typh­
osus.

B.paratyphosus A. B.paratyphosus : 
Br-Ka. Schott. Ôchott, Achard

#.2
1:6400 + + +
1:12800 + +
1:25600 _

#.4
1:3200 + + + +
1:6400 + + + +
1:12800 + +
1:25600 + + .
1:51200 —

# .4 Vaooine 75 ,000,000 (haoillus from faeces)

#.6
1:6400 + +
1:12800 - +
1:25600 _

#.6
1:6400 + +
1:12800 t -
1:25600

N.7
1:6400 + + + + +
1:12800 + + +
1:25600 - +
1:51200 -



20. F.B. (Gontd) 190.
Day Serum Bao.
of dilu- from B.typh- B.paratyphosus A . B.paratyphosus B

test, tion. faeces, osus. Br-Ka. Schott. Sohott.Aohard
N.8........

1:6400   +
1:12800 +
1:25600________:__________________________________________

#.8 Vaccine 100,000,000 (bacillus from faeces)

N.9 ......
1:3200 + +
1:6400________ 2________:___________

# . 1 0 .....
1:3200 + + +
1:6400 + -
1:12800 +
1:25600________:________________________________________ _

#.11 ......
1 :3200 + + + +
1:6400 +
1:12800 -    ' ■
1:25 + + + + + + + + + + + + + + +
1:50 + + + + + + + + + + + +
1:100 + + + + + + + + - - -
1:200 + + + + + + +
1:400 ■ + + + + + + + +
1:800 + + + + + + + •



20. F.B.(Contd) 191.
Bay Serum Bac.
of dilu- from Bvtyph- B.paratyphosus A. B.paratyphosus B

test, tion. faeces, osus. Br-Ka. Schott. Schott. Achard.
#.42 (Gontd )

1:1600 + + +
1:3200 + + +
1:6400 - + —
1:12800 +
1:25600

21. I.M.
17th 1:25 + + + + + + + + + + + + + + + +(#.0)

1:50 + + + + + + + + + + + +
1:100 + + + + + + + + + + +
1:200 + + + + + + + + + +
1:400 + + + + + + - - +
1:800 + + + -
1:1600 - ■■ —
1:3200

22. G.f.
18th 1:25 + + + + + + + + +

1:50 + + + + + + + + - +
1:100 + + + + - -
1:200 + + + + + + +
1:400 + + + + +
1:800 + +

. 1:1600 - - -



23. S.T. 192

Day Serum Bac.
of dilu- from B.typh- B.paratyphosus A . B.paratyphosus B

test. tion. blood, osus. Br-Ka. Schott. Schott. Achard.
19th 1:25 + + + + + — 4-

1:50 + + + + + + - -

1:100 + + + + +
1:200 + + + +

1:400 + + + +
1:800 + +
1:1600 + +
1:3200 _

24. E. 
W.42

.S.
1:25 + + + + + + + + + + + + + + +
1:50 + + + + + + + + + + + + + +

1:100 + + + + + + + + + +

1:200 + + + + + + - + +

1:400 + + + + + ' + - -
1:800 + + + + -

1:1600 + +

1:3200
25. M.G. 
19th 1:25

Bac.fm. 
faeces. 
+ + + + + + + + + + + + + + + + +

1:50 + + + + + + + + + +

1:100 + + + + + + + + + + + + + +

1:200 + + + + + + +

1:400 + + + + + + + -

1:800 + + + + + +

1:1600 + + + + + + +



25. M.G. (Contd) 193.

Bay Serum Bac.
of dilut- from B.typh- B.paratyphosus A .B.paratyphosus B 

test. ion. faeoes. osus Br-Ka. Schott. Schott. Achard.
19th (Contd)

1:3200 + + + +
1:6400 + + +
1:12800 - + -
1:25600

26. J.M. 
20th 1:25

Bac 
from 
urine. 
+ + + + + + + + + + + + + +

1:50 + + + + + + + + + + + + +
1:100 + + + + + + + - -
1:200 + + + + + + - -
1:400 + + +
1:800 + —
1:1600

27. D.R. 
1:25

Bao
from
hlood.
+ + + + + + + + + + + + + + + + +

1:50 + + + + + + + + + + + + + + + +
1:100 + + + + + + + + + + + + + + +
1:200 + + + + + + + + + + -
1:400 + + + + + + + + - +
1:800 + + + + + + + + -
1:1600 + + + + + +
1:3200 + + + + -
1:6400 + + + +
1:12800 + + +
1:25600 _



28. M.E. 194.
Day Serum Bao.
of dilu- from B.typh- B .paratypho sus A . B .parat ypho sus

test, tion. faeces. osus. Br-Ka. Sohott. Schott. ÂchardTT
20 th 1:25 + + + + + + + + + + + + + + + +

1:50 + +  + + + + + +  + +  + + +
1:100 + + +  + + + +  + + +  + +
1:200 + + +  + + + +  + + +
1:400 + + + + + + +
1 :800 + + + + — — -»
1:1600 + + + +
1 :3200 + + +
1:6400 — + +
1:12800

29. A.f.
21st 1:25 + + +  + + + + + +

1:50 + + + ' + + + + + +
1:100 + + + + - - + +
1:200 + + + - +
1 :400 + + +
1:800 !+ + +
1:1600 + +
1:3200



30. P.M. 195.

Pay
of

test.
Serum
dilu­
tion.

Bao. 
from s 
drime^;.

B. typh­
osus.

B.1aaratyphosus A. 
3r-Ka. Scixott.

B.paratyphosus B 
Sobott. Aohard.

F.37 1:25 + + + + + 4- 4- 4- 4-4-4- 4- 4- 4- 4-

1:50 + + + 4- 4-4- 4-4- 4- 4-

1:100 + + + + ■4" 4-4- 4- -4- —

1:200 + + + + 4- 4- -4- — -4- -4-

1:400 - + + + 4- 4- 4-

1:800 + + 4- 4-

1:1600 — -

&  Not B . typhosus.

31. P 
21st

.M.
1:25

Bao. 
from 
faeoes. 
+ + + 4“ + + 4- •+• 4- 4-4-

1:50 + + + 4-4-4" -4- -4- — 4-

1:100 + + + -4- -h '+ + 4- 4-

1:200 + + 4-4" 4* 4- —

1:400 + + 4- 4. +

1:600 + + + -
1 :1600 + 4-

1:3200 4-

1:6400 —



32. J
Pay
of
test.

.B.
Serum
dilu­
tion.

Bac.
from
blood.

B.typh­
osus.

196.

B.paratyphosus A. B.paratyphosus B 
Br-jEa. Sohott. Schott. Aohard.

22nd 1:25 + + — 4" 4" 4" 4- 4-

1:50 +  + 4" 4- 4- 4-

1:100 4- 4- 4- 4-

1:200 4- - —
1:400

N.40 1:25 4- 4- 4- — 4" 4-4' 4-4-4-

1:50 + + + — — 4* 4* •+• 4- -f"

1:100 4- 4* + + + 4-

1:200 4- 4" 4" — 4-

1:400 4" 4-

1:800 - 4*

1:1600 —

33. J.P.
23rd 1:25 — — — -

1:50 +  +  + - -

1:100 4- -

1:200 - 4-

1:400 4" 4* 4-

1:800 + 4- 4-

1:1600 - -
-  ̂ -....... ■ ■ - ■...■■■;" -



33. J.P. fContd) 197.
Pay Serum Bac.
of dilu- from B.typh- B.paratyphosus A . B.paratyphosus B

test. tion. hlood. osus. Br-Ka. Schott. ScSdtt. Achard.
N.42 1:25 4-4-4" •4- -V -+- 4- 4- 4- 4-4-4-

1:50 4-4-4- 4* 4" -+- - - 4-

1:100 4- 4- 4- -H -f 4-

1:200 4- 4- 4-4-4- -

1:400 4- 4- 4- 4-

1:800 -f- 4-

1:1600 - “*

34. R.R.
N.42 1:25 4- 4- 4- 4- — — —

1:50 4- 4- 4- 4-

1:100 4- 4- 4-

1:200 - — 4-

1:400 4-

1:800 —

35. C.M.
N.42 1:25 4- + 4- 4- — -t-

1:50 4- 4- - -f- -f- -f-

1:100 4- -
1:200 -



36. T.H.
198

Pay Se rim
of dilu- 

test. tion. B.typh- B.paratyphosus A . B.paratyphosus B 
osus. Br-Ea Sohott. Sohott. Aohard.

24th 1:25 + 4- 4- 4- 4- 4* 4- 4“ 4"

1:50 + 4- 4- 4- 4* 4- 4- 4- 4- 4-

1:100 + 4- 4- 4- 4“ 4* 4- 4- 4- 4- 4-

1:200 + 4- 4- 4- 4- 4- 4- 4- 4- 4-

1:400 + 4* 4- 4* 4* - 4" 4- 4-

1:800 + 4- 4- 4- 4- 4" 4-

1:1600 + 4- + 4- 4- - -
1:3200 4- 4- 4-

1:6400 4-

1 :12800
37. M.H.
25th 1:25 + 4* 4* + 4- 4- 4- 4-

1:50 4- 4- 4- -» - 4- 4-

1:100 4* 4- 4- - 4-

1:200 4- 4- 4- -
1:400 4* 4-

1:800 4-

1:1600 4"

1:3200 4-

1:6400 -
'



38. C.W. 199.
Day
of

Serum
dilu- Bao .from B-typh-

test. tion. blood, urine
B.para- B.para-

typbosus A. typhosus B. 
Br-Ea. Sohott. Sohott.Aohard

27th 1:25 + + 4- 4* 4* 4* 4" 4" 4- 4- 4- 4* 4- 4-4-4- -+• 4- 4"
1:50 + 4" + 4- 4- 4" 4* 4- 4- 4- 4" 4- 4- 4" -4- -+■ 4- 4- •+•
1:100 + + + 4- 4- 4- 4- 4- 4* 4- 4- 4-

1:200 + + 4- 4- 4" 4- 4- + 4- 4- -
1:400 4" 4- 4" 4- 4" 4" — 4" -
1:800 + 4- 4- 4- 4- -
1:1600 - 4- 4- 4-
1:3200 4- 4- 4-

1:6400 - 4-
1:12800 •m

39. W.C.
28th 1:25 4- 4- 4- 4* 4- 4- -4- 4" -1- 4- 4- 4-

1:50 4- 4- 4- ■ 4- 4- 4- 4- 4- 4- 4-

1 :100 4- 4- 4" + 4- 4- -
1:200 4- 4- — - 4-

1:400 4- -

1:800 •«.
N.34 1:25

a
4- 4* 4- 4- 4* 4- 4- + 4- 4- 4- 4-

1:50 4* 4- 4" 4- 4- 4" 4" 4- 4- 4- 4- 4- 4- 4-

1:100 - 4- 4- 4* 4- 4- 4- 4- 4- 4- 4- 4-

1:200 4- 4- 4- 4- 4- 4- —

1:400 4“ 4- 4- - 4-

1:800 - 4- 4-

1:1600
1:3200

4"
a Not B.typhosus



40. W.P. 200.
Day Serum Bac.
of dilu- from B.typh- B »paratyphosus A . B.paratyphosus B

1:25 + 4- 4- 4- 4- + 4-4-4- 4-4-4- 4-4-4- -r -4" 4-

1:50 -f 4* 4- 4- 4- 4- 4- 4- 4- 4- 4-4-4- -4- -f- -|-

1:100 + 4* 4* 4- 4- 4* ■+• 4- 4- •4- -4- 4- 4-

1:200 + 4- 4- 4" 4- 4- 4- 4- 4- 4- 4- 4-

1:400 + 4- 4- 4* 4- 4- 4- 4- 4- 4-

1:800 + 4- + 4" 4- 4* - - - 4-

1:1600 Hh 4- 4” t 4* 4- -
1:3200 4- 4- 4- 4- +

1:6400 4- 4- 4- 4- 4-

1:12800 4" 4- 4-

1:25600 — 4*

1:51200 —

N.42 1:25 4 4* 4- 4- 4” 4- 4- 4- -f- -̂ 4- 4- 4- 4-

1:50 4* 4- 4* 4" _ 4-4-4- 4- 4: 4- 4-
1:100 4- 4- ■+* -f 4- 4- -
1:200 - - 4-4-4- - -
1:400 4-4-4-

1:800 4- 4-

1:1600 4-

1:3200 4-

1:6400 4-

1:12800 -



41. J.G. 201.
Day Serum Bac.
of dilu- from B.typh- B.paratyphosus A . B.paratyphosus B

test. tion. hlood. osus. Br-Ea. Sohott. Schott. Aohard.
29th 1:25 + + + + + + 4" 4- 4- 4-4-4- 4- -f- 4- 4- - f 4-

1:50 + + + + + + -4- 4- 4- 4- 4- 4- -Î- 4- 4- 4- 4-

1:100 + + + +  +  + 4- 4- 4- 4- 4- 4- 4- 4- -K 4-

1:200 + + + + +  + 4- 4" ■4- - - 4- 4-

1:400 + + + + 4* + 4- 4- 4- + 4-

1:800 + + + 4- 4" 4" 4- 4- ■4- 4-

1:1600 + + + 4* 4" + 4- 4- 4- -

1:3200 + + 4- 4- 4-

1:6400 + + 4- 4-

1:12800 + 4-

1:25600
42. G.Ü.
N.20 1:25 4-4-4' 4- 4- 4- 4- 4- 4- 4- 4" 4-

1:50 4-4-4- 4- 4- 4- 4- 4- ■f 4- 4-

1:100 4-4-4- 4- 4- 4- -k 4- -4- 4-

1 :200 4- 4- 4- - 4- 4-

1:400 4- 4- - -

1:800 4- 4-

1:1600 4-

1:3200 -



43. W.B. 202.
Day Serum 
of dilu- 

test. tion. Bao from B.typh* 
hlood. urine? osus.

B.para- 
t ypho sus A.

B.para- 
typhosus B

30th 1:25 + + + + + + + + + + + + + + + + +

1:50 + + + + + + + + + + + — + + + + +
1:100 + + + + + + + + + + + + +
1:200 + + + + + + + + + + -

1:400 + + + + + + — -

1:600 + + + + +

1:1600 + +

1:3200 + + +

1:6400 - ■¥ -

1:12800 _ a Not B. typhosus.
44* M. M.

1:25

Bac. 
from 
faeces. 
+ 4-4- + + + + + + +

1:50 + + + + + + + + +

1:100 + + + + + + + - -
1:200 + + + + + + + +
1:400 + + + + + + +
1:800 + + + + + + + +
1:1600 + + + + + +
1:3200 + + + +
1:6400 - + + -
1:12800 +
1:25600 -



45. M.J. 203.
Day Serum
of dilu-

test. tion.
Bac.
from B.typh- B.paratyphosus A.B.paratyphosus 
urine, osus. Êr-Ea. Sohott. Sohott. Aohard.

B

32nd 1:25 + + + + + + + + + + + + + +
1:50 + + + + + + + + + + + + +
1:100 - + + + + + + + + + + +
1:200 + + + + + + + +
1:400 + + + + - + +
1:800 + + + + + - —
1:1600 + + + +
1:3200 + + + +
1:6400 *• + + '
1:12800 +
1:25600 -

46. R .S.
a

32nd 1:25 + + + + + + + + + + + + + + + +
1:50 + + + + + + + + + + + + + + +
1:100 + + + + + + + + + + + + +
1:200 + + + + + + + + + -
1:400 + + + + + — - -

1:800 - + + +
1:1600 +
1:3200 -

a Not B. typhosus



47. E.E. 204.

Day Serum 
of dilu- 

test. tion.
Bac.
from B.typh- B.paratyphosus A .B.paratyphosus B

1st.. 
r 29. 1:25 + + + + + + + + +

1:50 + + + + + + + +
1:100 + + + - - +
1:200 + + + + -
1:400 + + +
1:800 + *
1 :1600 —

48. J.P.
N.5 1:25 + + + + + + + + + + + + +. + +

1:50 + + + + + + + + + + + + +
1:100 + + + + + + + + + + +
1:200 + - — "■ - -
1:400

49. T .B. Bac. 
from

N.24 1:25 urine. 
+ + + + + + + + + + + + + + +

1:50 + + + + + + + + + + + + + + + +
1:100 + + + + + + + + + + + -
1:200 + + + + + + + + + + -
1:400 + + + + + + + +
1:800 + + + + + +
1:1600 + + +
1:3200 + - -
1:6400 -



205.
50. U . K .
Day Serum Bac.
of dilu- from B.typh- B.paratyphosus A .B.paratyphosus B

test. tion. hlood. osus. Br-Ea. Schott Schott. Achard.
N.42 1:25 + + + + + + + + - +

1:50 + + + + + 4 -
1:100 + + + + + + +
1:200 + + + + + + -
1:400 + + + +
1:800 + +
1:1600 - —

H.42 1:25 + + + + + + + + + + + + + +
1:80 + + + + + + + + + + +
1:100 + + + + + + + + - - + +
1:200 + + + + + + + +
1:400 + + + + + + + +
1:800 + + + + + + +

' 1:1600 + + +
1:3200 - - -



A P P E N D I X C.

Tables showing agglutination of haollli by the 5 antisera

Serum.

(1) Antityphoid

Limit of aggluti­
nation of its own 
 bacillus.

1:80,000

(2) Antiparatyphoid A (Brion-Kayser)

(5)

(4)

(5)

A (Schottmuller)

B

B (Achard)

1:3000

1 :200,000

1:800,000

1:70,000



206.
B. Typhosus (Stock)

Days ill
when Serum  Anti___________

isolated, dilution. Antityphoid.Br-Ea.A.Sch.A . Sch.B. Ach.B

+ + + + + +
+ + + + +
— + + + 

- + 

+

1:25 + + +
1:50 + + +
1:100 + + +
1:200 + + +
1:400 + +
1:800 + + ■'
1:1600 + +
1:3200 + + + "
1:6400 + + +
1:12800 + +
1:25600 + +
1:51200
1:102400

+ +



207.
B. paratyphosus Brlon-Kayser A .

Days ill
when Serum  Anti_____

isolated, dilution. Antityphoid. Bf^Ka.A. Soh.A. Sch.jB. Aoli.B.
1:25 + + + + + + + + + + + +
1:50 + + + + + + + + + + +
1:100 + + + + + + + + + + + +
1:200 + + + + + + + + +
1:400 + + + + + + + + + + +
1:800 + + + + + + + + + + -
1:1600 + + + + + + + +
1:3200 - + - + + + + +
1:6400 - + + + + +
1:12800 + + + + +
1:25600 + + + +
1:51200 + + +
1:102400 - +
1:204800 T —



208

B. paratyphosus Schottmflller A .

Days ill
when Serum Anti

Isolated, dilution. Antityphoid. Br-Ka.A. Soh.A. Soh.B. Ach.B.
1:25 + + + + + + + + +
1:50 + + + + + + + +
1:100 + + + + + + + +
1:200 + + + + + + + + +
1:400 + + + + + + + + +
1:800 • + + + + + + + +
1:1600 + + + + + + +
1:3200 - + + + t + +
1:6400 + + + + + +
1:12800 + + + + +
1:25600 + + + +
1:57200 + + +
1:102400 + +
1:204800 + -
1:409600 -



209.

B. paratyphosus Sohottmliller B .

Days ill
when Serum   Anti___________

isolated. Dilution. Antityphoid. Br-Ka.A. Soh.A. Sch.B. Aoh.B
1:25 — + + + + + + + + + —
1 150 + + + + + + + + +
1 1 loo + + + + + + + + +
1 :200 + + + + + + + + +
1:400 + + + + + + + + +
1 :800 + +  + + +  + + +
1 :1600 + + + + + +
It 3200 + + + + +
1:6400 + + + +
1:12800 + + + +
1:25600 + + +
1:51200 + +
1:102400 + +
1:204800 +
1:409600 .+
1:819200 +
1:1638400



210.
B. paratyphosus Aohard B.

Days ill
when Serum Anti

1:25 + + + + + + + + + + + + +
1:50 + + + + + + + + + + + +
1:100 + + — + + + + + + +
1:200 + + + + + + + +
1:400 + + + + + + +
1:800 + + - + + +
1:1600 + + + + +
1:3200 - 4" + + l-
1:6400 + + +
1:12800 + +
1:25600 + +
1:51200 +
1:102400 -

B. eoli fFaeces) "

1:25 — — — + +
1:50 - -



211
1. J.H. (blood) 

Days ill
when Serum 
isolated, dilution. Antityphoid. Br-Ea.A.

Anti
Soh.A. Soh.B. Ach.B

3 1:26 + + + + + + + +
1:50 - + + + + + +
1:100 + + + +
1:200 - + —•
1:400 -

2. J.T. (blood) •

8 1:25 + + + — + + + + + + + + +
1:50 + + + + + + + + + +
1:100 + + + t + + +
1:200 + + + - + +
1:400 + + + - -
1:800 + + +
1:1600 +. + +
1:3200 + + +
1:6400 + +
1:12800 + +
1:25600 +
1:51200 +
1:102400 -



3. E.B. (blood) 212.

Days ill 
when Serum Antiisolated, dilution . Antityphoid. Br-Ka .A. Soh.A. Soh.B. Ach. B*
8 1:25 + + + + + + + + + +

1:50 + + + + + +
1:100 + - + - +
1:200 + -
1:400
1:800 +
1:1600 +
1:3200 + '

1:6400
4. M.E. (faeces)

8 1:25 + + + + + + + +
1:50 + + + - + + + +
1:100 + + + + -
1:200 + + + —
1:400 + + +
1:800 + + +
1:1600 + +
1:3200 + +
1:6400 + +
1:12800 +
1:25600 +
1:51200 +
1:102400 -



213
5. F.M. (faeces)

Days ill 
when Serum

Antityphoid.
Antiisolated . dilution. Sr-Ea.A. Boh .A, Soh.B. Ach.B

8 1:25 + + + + + + + + + + + + +
1:50 + + + + + + + + + + + +
1:100 + + + + + + + +
1:200 + + + + - +
1:400 + + + - -
1:800 + + +
1:1600 + + +
1:3200 + + +
1:6400 + +
1:12800 +
1:25600 +
1:51200
1:102400 —

6. A.B. (blood)
-

8 1:25 + - +
1:50 - -



7. I .M. (faeces)
214.

Days ill
when Serum  Anti______ ____

isolated, dilution. Antityphoid. Er^Ea.A. Sch.A. Sch.B. Ach.B
1:25 
1:50 
1:100 
1:200 
1:400 
1:800 
1:1600 
1:3200 
1:6400 
1:12800 
1:25600 
1:51200 
1:102400

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 

+ + 
+ + 
+

+
+

+ + + 
+ + 
+ + 

+

+ + 
+

8. F.J.(faeces) 
9 1:25

1:50 
1:100 
1:200 
1:400 
1:800 
1:1600 
1:3200 
1:6400

+ + + 
+ + +
+ + + 
+ + + 
+ + + 
+ + + 

+ + 
+ + 

+

+ + + + + + + + + + + +
+ + + + + + + + + + +
+ + + + + + +  + + 

+ + + +
—  +  —



8. F.J, (faeces) (Oontd) 215.

Days ill
when Serum Anti

: 9 1:12800
1:25600
1:51200
1:102400

+

9. E.G. (faeces)
9 1:25 + + + + + + + + + + + + +

1:50 + + + — + + + + + + + +
1:100 + + + + + + + +
1:200 + + + — — +
1:400 + + + -
1:800 + + +
1:1600 + + + '
1:3200 + +
1:6400 + +
1:12800 + +

’ 1:25600 +
1:51200 +
1:102400 —

10. J.P. (blood)
9 1:25 — + + + + + +

1:50 + + —
1:100 * +
1:200 -



11. G.T. (faeces)
Days ill
when Serum Anti

216.

10 1:25 + + + + + + + + + + + + +
1:50 + + + - + + + + + + +
1:100 + + + + +■ + + +
1:200 + + + - - +
1:400 + + + —
1:800 + + +
1:1600 + + +
1:3200 + + +
1:6400 + +
1:12800 + +
1:25600 +
1:51200 +
1:102400 —

12. B.M. Tfaeces)
11 1:25 + + + + + + + + +

1:50 + + + + + + +
1:100 + + + - - +
1:200 + + +
1:400 + + +
1:800 + + +
1:1600 + + +
1:3200 + + +
1:6400 + + +
1:12800 + + +
1:25600
1:51200
1:102400

+ +
+



13. E.E. (hlood) 217.
Bays ill

when Serum Anti
isolated, dilution. Antityphoid. Br-Ea.A. Soh.A. Soh.B. Aoh.B

12 1:25 + + + + + + + + + + +
1:50 + + + + + + +
1:100 + + + - + +
1:200 + + + - -
1:400 + + +
1:800 + + +
1:1600 + + +
1:3200 + + +
1:6400
1:12800 + +
1:25600 +
1:51200 +
1:102400 . . .

14. M.G.(Faeoes) 
13 1:85 + + + + + + + + + + + +

1:50 + + + — + + + + + +
1:100 + + + - + +
1:200 + + + - -
1:400 + + +
1:800 + + +
1:1600 + + +
1:3200 + +
1:6400 + +
1:12800 + +
1:25600 +
1:51200
1:102400

+



15. C.W. (blood)
Days ill

when Serum 
isolated, dilution. Antityphoid. Br-Ka.A. Anti 

Soh.A.

218. 

Sch.B. Aoh.B
14 1:25 + + + + + + + +

1:50 + + + + + +
1:100 + + + +
1:200 + + + —
1:400 + + +
1:800 + +
1:1600 + +
1:3200 + +
1:6400 +
1:12800 +
1:25600 +
1:51200

16. W.B. (blood)
14 1:25 + + + %" + + + + + +

1:50 + + + + + +
1:100 + + + + +
1:200 + + + - —
1:400 + + +
1:800
1:1600 + +
1:3200 + +
1:6400 + +
1:12800 + +
1:25600 • +
1:51200 —



17. P.B. (faeces) 219

Days ill
when Serum 

isolated, dilution. Antityphoid. Br~Ka.A. Soh.A. Sch.B. Aoii.B
14 1:25 4- + — 4- 4- 4- 4- 4- 4-

1:50 + + 4- •+■ 4-
1:100 + + — 4- -

1:200 + + —
1:400 ' + +
1:800 + +

1:1600
1:3200 + +

1:6400 + +
1:12800 +

1:25600 +

1:51200 —is. S.M. (faeoes)
14 1:25 + + + + 4- -t- -J- 4-4-4- 4-4-4-

1:50 4- + + — 4- 4- 4- 4- 4- +

1:100 4-4-4- •f 4- -I-

1:200 4- 4- 4- - - -

1:400 4- 4- 4-

1:800 4-4-4-

1:1600 ■+■ 4- 4- .

1:3200 4- 4- '

1:6400 + +

1:12800 4- 4-

1:25600 4-

1:51200 4-

1:102400 -



19. D.M. (Blood) 220.
Days ill

when Serum Anti
isolated, dilution. Antityphoid. Sr-Ka.A. Soh.A. Sch.B. Ach.B

15 1:25 + + 4- - 4 4 4 4 4 4 4
1:50 4* 4" 4* 4 4 4 4
1:100 4- 4* 4* 4 4 4 4
1:200 4- 4- 4- - - 4
1:400 4-4-4-
1:800 -4 4-
1:1600 -4-4-4
1:3200 -4 -4
1:6400 4-
1:12800 4-
1:25600 4-
1:51200

20.A.W. (faeces) 
15 1:25 4- 4- -4 4 4 4 4 4 4 4 4 4 4

1:50 4-4-4- - 4 4 4 4 4 4 4
1:100 -4-4-4 - 4 4
1:200 4 4 4 4 -
1:400 4 4 4 -
1:800 4 4 4
1:1600 4 4 4
1:3200 4 4 4
1:6400 4 4
1:12800 4 4
1:25600 4
1:51200 4
1:102400 -



81. J. L. (urine) 221.
Days ill 

when Serum Antiisolated. dilution. Antityphoid. Br-Ka.A. Soh.A. Sch.B. Ach.:
15 1:26 + + + 4 4 4 4 4 4 4 4

1:50 + + 4 4 4 4 4 4 4
1:100 4 4 4 4 4 4 —
1:200 4 4 4 - -
1:400 4 4 4
1:800 4 4
1:1600 4 4
1:3200 4 4
1:6400 4
1:12800 4
1:25600 4
1:51200 —

22.D.R .(blood)
15 1:25 4 4 4 4 4. 4 4 4 4 4 4

1:50 4 4 4 4 4 4 4 4
1:100 4 4 4 4 4
1:200 4 4 4 - -
1:400 4 4 4
1 :800 4 4 4
1:1600 4 4 4
1:3200 4 4 4
1:6400 4 4 4
1:12800 4 4
1:25600
1:51200

4 4



23. T.E. (faeoes) 222.

Days ill 
when Seiurn Antiisolated. dilution. Antityphoid. Br~Ka.A. Soh.A. Sch.B. AoH.B
16 1.25 + + + «. 4 • 4 4 4

1 150 + + — - -
1:100 + +
1:200 + +
1:400 +
1:800 +
1:1600 +
1:3200

24. H.M. (urine)
17 1:25 + + — 4 4 4 4 4 4

1:50 4 + 4 4 4 4
1:100 + - 4 -
1:200 4 4
1:400 4 ' -
1:800 4
1:1600 4
1:3200 4
1:6400



25. M.K. (blood) 223.

Days ill
when Serum 

isolated, dilution. AntiAntityphoid. Sr-Ka.A. Sob.A. Soh.B. Aoh.;
17 1:25 + + + ». 4 4 4 4 4 4

1 :50 + + + 4 4 4
1:100 + + + - -
1:200 4 + 4
1:400 4 4 4
1:800 4 4 4
1:1600 4 4
1:3200 4
1:6400 4
1:12800

26. M.P. (spleen)
17 1:25 4 4 4 + 4 4 4 4

1:50 4 4 4 4 4 4
1:100 4 4 4 ' -
1:200 4 4 4
1:400 + 4 4
1:800 4 4 4
1:1600 4 4 4
1:3200 4 4 4
1:6400 4 4
1:12800 4 4
1:25600 4 4
1:51200 4
1:102400 -



27. J.M. (urine) 224.

Days ill
when Serum Anti
isolated, dilution. Antityphoid. Br~Ka^A. Sch.A. Soh.B. Aob.B

18 1:25
1:50
1:100
1:200
1:400
1:800
1:1600
1:3200
1:6400
1:12800
1:25600
1:51200

+ + + 
+ + + 
+ + + 
+ + 4 
4 4  4 

4 4 4 

4 4 

4 4 

4 4 

4 

4

4 4  4 4 4  4 4 4  4 4

4  4 4 4  4 4 4  4 4

— 4 4 4

28. P.J. (Spleen) 
18 1 :25 - 4  4\ 4 4 4  4 4  4  4

1:50 4 4 4  4  4 4  4 4

1 :100 4 4  4 4 4

1:200 — - -



29. P.J. fbile)
Days ill

when Serum 
isolated. Dilution. Antityphoid. Ér-Ea.A.

Anti
Soh.A.

225.

Soh.B. Ach.B
18 1:25 4 4-+ — 4 4 4 + 4 4 4 4

1:50 4 4 4 4 4 4 4 4 4 4
1:100 4 4 4 4 4 4 -
1:200 4 4 4 4 -
1:400 4 4 4 -
1:800 4 + 4
1:1600 4 4
1:3200 4 4
1:6400 4
1:12800 4
1:25600 i.

30. P.J. (mesenteric f?land)
18 1:25 4 4 4 4 4 4 4 4 4 4 4 4 4

1:50 4 + 4 — 4 4 4 4 4 4 4 4 +
1:100 4 4 4 4 4 4 4 4 4 4
1:200 4 4 4 4 4 4
1:400 4 4 4 - - 4
1:800 4 4 4 -
1:1600 4 4 4 / '
1:3200 4 4 4
1:6400 4 4
1:12800 4
1:25600 4
1:51200 -



31. E.H. (blood) 226.

Days ill 
when Serum Antiisolated. dilution. Antityphoid. Br-Ea.A. Soh.A. Soh.B. Ach.B
19 1:25 + 4 4 4 4 4 4 4

1:50 - 4 4 4 4 4
1:100 — — 4 4
1:200 4
1:400 ' -

32. ÏÏ.O. (blood)
19 1:25 4 •m  4 4 4 4 4

1:50 4 4 4 4 4
1 :100 4 - 4 4
1:200 ■ 4 4
1:400 -
1:800 4 4
1:1600 4 4 . ■ ■■

1:3200 4 4
1:6400 4 4
1:12800 4
1:25600 4
1:51200 4
1:108400



33. T.W. blood.
227.

Days ill
when Serum Anti___________

isolated, dilution. Antityphoid. Br^ka.A^. Soh.A. Sch.B. Ach.B
19 1:25 

1:50 
1:100 
1:200 
1:400 
1:800 
1:1600 
1:3200 
1:6400 
1:12800 
1:25600 
1:51200 
1 :102400

+ 4 + 
4 4 4 
4 4 4 
4 4 4 
4 4 4 
4 4 4 
4 4 4 
4 4 4 
4 4 
4 4 
4 
4

34. T.E. (rose-spot)
20 1:25 4 4 4

1:50 4 4 4
1:100 4 4  4
1:200 4 4 4
1:400 4 4 4
1:800 4 4 4
1:1600 4 4 4
1:3200 4 4 4
1:6400 4 4 4
1:12800 4 4 4
1:25600 4 4
1:51200 4
1:102400

4 4 4 4 4 4 4
4 4 4 4

4 4

4 4 4 4 4 4 4 4 4
4 4 4 4 4 4
4 4 4
— — 4

4



35. J.P.(spleen)
Days ill

when Serum Anti
isolated, dilution. Antityphoid. Br-I&.A. Soh.A. Soh.B. Ach.B

20 1:25 + + + 4 4 + 4 4 4 4 4 4 4
1:50 + + + — 4 4 4 4 4 4
1:100 + + + 4 4 4 4
1:200 + + + — 4 -

1:400 + + 4
1:800 4 4 4
1:1600 4 4 +
1:3200 + 4 4
1:6400 4 4
1:12800 4 4
1:25600 4 4
1:51200 4
1:102400

36. M. J, ( urine )
21 1:25 4 4 4 4 4

1:50 4 4 4 - -
1:100 4 4 4
1:200 4 4 4
1:400 4 4 4
1:800 4 4 4
1:1600 4 4 4
1:3200 4 4
1:6400 4 4 .

1:12800 4 4
1:25600 4
1:51200 
1 102400

4



229.37. M.D. (faeces)
Days ill

when Serum Anti
isolated. dilution. Antityphoid. Br-Ea.A. Soh.A. Soh.B. Ach.B

21 1:25 + 4 + — 4 4 4 4 4 4 4
1:50 4 4 4 4 4 4 4 4
1:100 + 4 4 - 4 +
1:200 4 + 4 - -
1:400 4 4 4
1:800 4 4 4
1:1600 4 4 4
1:3200 4 4
1:6400 4 4
1:12800 4 4
1:25600 4 4

• 1:51200 4
1:102400

38. M.I. (blood)
22 1:25 4 4 4 - 4 +

1:50 4 4 4 - -
1:100 4 4 4
1:200 4 4 4
1:400 4 4 4
1:800 4 4 4
1:1600 4 4 4
1:3200 4̂
1:6400 4
1:12800



SSL- h.M., ,(spleen)
230.

Days ill 
when Serum Antiisolated. dilution. Antityphoid. Br-Ea.A. Sch.A. Soh.B. Ach,;
23 1:25 4 —’ 4 4 4 4 4

1:50 4 4 4 4
1:100 4 - - 4
1:200 - —

40. O.W. (urine)
25 1:25 4 4 4 — 4 4 4 4

1:50 4 4 4 - 4 4 4
1:100 4 4 4 - 4 4
1:200 4 4 4 4
1:400 4 4 4 -
1:800 4 4 4
1:1600 4 4
1:3200 4 4
1:6400 4 4 -7-
1:12800 4 4 -
1:25600 4
1:51200



41. W.P. (urine) 231.
Days ill 

when Serum Antiisolated dilution. Antityphoid. Br-Ea.A. Sch.A. Soh.B. Ach.B
26 1:25 + 4 + 4 4 4 4 4 4 4

1:50 4 4 4 4 4 4 4
1:100 4 4 4 4 4 -
1:200 4 4 4 4 -
1:400 4 4 4 -
1:800 4 4 4
1:1600 4 4
1:3200 4 4
1:6400 4 4
1:12800 4 4
1:25600 4
1:51200 4
1:102400 —

42. M.M. 
27

(faeces ) 
1:25 + f 4 4 4 4 4 4
1:50 4 — 4 4 4
1:100 4 . 4 4 . -
1:200 + —
1:400
1:800 4',
1:1600 4
1:3200 4
1:6400 4
1:12800 4
1:25600 4
1:51200 —



232.
43. W.M. (blood)
Days ill

when Serum Anti

28 1:25 + + + 4 4 4
1:50 + + + — — -
1:100 + 4 +
1:200 + 4 4
1:400 4 4 4
1:800 4 4 4
1:1600 4 4 4
1:3200 4 4
1:6400 4 4
1:12800 4 4
1:25600 4 4
1:51200 4 4
1:102400 -

45« J.G. (blood)
29 1:25 4 4 4 — + 4 4 4 4 4 4

1:50 4 4 4 4 4 4 4 4
1:100 4 4 4 4 4 4
1:200 4 4 - -
1:400 4 4
1:800 4
1:1600 4
1:3200 -



233
47. L.P. (urine)

Days ill
when Serum Anti

55 1:25 + + + — — ; , 4
1:50 4 4 4 -
1:100 4 4 4
1:200 4 4
1:400 4 4
1:800 4 4
1:1600 4 4
1:3200 4 4
1:6400 +
1:12800 4
1:25600
1:51200 -

51. T.B. (urine)
10 1:25 4 — 4 4 4 4 4 4 4 4

normal.
1:50 4 4 4 4 4 4 4
1:100 — - 4 4
1:200 - -



A P P B JJ D I X D.

Tables showing agglutination 
of

atypical bacilli isolated from urine



1» Agglutination of bacillus W .B. by antisera. 234. .

Bays ill antipara- antipara-
when Serum typhoid A. tvphoid B

isolated, dilution, antityphoid. Br-^ü Schott. Schott.' Ac hard
28 1:25 - 4 + + _

1:50

Agglutination by patient's serum(W.B.)(30th day) 
Serum B.typhosus
dilution._______(stock)__________Bacillus W.B.
1:25 4 4 4 4 4 4

1:50 4 4 4 4 4 4

1:100 4 4 4 4 4 4

1:200 4 4 4 4 4

1:400 4 4 4 4

1:800 4 4 4

1:1600 4 4

1:3200 4 1 4

1:6400 4



235.
2. Agglutination of bacillus W.C. by antisera.

Days ill anti- anti-
when Serum paratyphoid A paratyphoid B

isolated, dilution. Antityphoid. Br-Ea. Schott. Schott. Achard
16^%f nor­
mal temp 1:25 - - + -

1:50 +
1:100

(6 weeks convalescent) 

Serum dilution. B.typhosus (stock) Bacillus W.G
. 1:25 + + + 4

1:50 4 + 4 4

1:100 4 4 4 -
1:200 4 4

1:400 4

1:800 -



236.
3. Agglutination of bacillus A.R. by antisera.

Days ill anti- anti-
when Serum paratyphoid A paratyphoid B

isolated, dilution. Antityphoid. Br-Ka. Schott. Schott. Achard
10th of
normal 1:25
temp.

Agglutination by patient ’s serum.(A.R. )
(6 weeks convalescent)

Serum dilution. B.typhosus (stock)______Bacillus A.R.
1:25 + 4 4 4

1:50 + 4 4 4

1:100 4 4 4 -
1:200 4 4

1:400 4 4

1:800 4

1:1600 - ,



237.
4. Agglutination of bacillus R.S. by antisera.

Days ill anti- anti-
when Serum paratyphoid A paratyphoid B

30 1:25 
1:50

- 4  — — -

Agglutination by patient's serum(R.S. ) (32nd day)

Serum dilution. B. typhosus (stock. Bacillus R.S.
1:25 4 +  4- 4 4 4

1:50 4 4 4 4 4 4

1:100 4 4 4 4 4 4

1:200 4 4  4 4 4  4

1:400 4 4  4 4 4

1:800 4 4  + —
1:1600 4

1:3200 -



238.
5. Agglutination of bacillus G.D. by antisera.

Days ill anti- anti-
when Serum paratyphoid A. paratyphoid B

9th of 1:25 4 4 4 4  4
normal
temp. 1:50 4 - 4

1:100 - 4

1:200 —

,r, A.

A- -V

4- r ■;■

1 f 4 4 .

; . ' :+ '

/O : 4
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6. Agglutination of bacillus P.M. by antisera.

Days ill 
when 

isolated.
Serum
dilution. Antityphoid

anti- anti­
paratyphoid A paratyphoid B 
Br-Ea. Schott. Schott. Achard

5th of 1:25 4 4 4  4  4 4  4normal
temp. 1:50 4 4  - 4 4 4

1:100 - 4  4

1:200 - 4

1:400 -

Agglutination by patient's serum (P.M.) 
(37 days convalescent)

Serum dilution. B.typhosus (stock)_____ Bacillus P.M.
1:25 
1:50 
1:100 
1:200 
1:400 
1:800 
1 :1600

+ + +
+ + +
4 4 4-

4 4 4

4 4 4

4 4

4 4 

4 

4 

4



/ 3. 5%.

%a#t&4 Iv d&ys: à/
: ' . \. ' Nyy^vr - -: ; :̂:Cv(

3. : : :̂r/; ''?.. '.'./.V -OU O'U 7^4 3%^:/.
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Case 1. M.B. aged 57.

Admitted to hospital on 6th day.
Pyrexia lasted 27 days: relapse for 20 days from 37th.
Typical and severe attack.
B. typhosus grown from blood on 7th day.
Widal reaction positive.
Urine contained albiunin, but no pus: diazo reaction

positive.
Bacilluria on 10th day (B. typhosus); no pus.

Day of
illness. State of urine

Special treat- 
Reaotion of urine. ment, if any.

6th-9th clear
10th-25th bacilluria

26th-29th

30th
31st

32nd

33rd

34th

35th

36th

clear

bacilluria
clear

pus

clear

n
22

45
«I44
H

104

a
m

w

on 25-26th urotropin 
gr. 50.

on 29th potass, 
citrate gr.60 daily 
begun.
Potass.citrate 60 gr\
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Day of
illness. State of urine

Reaction of Special treatment, 
urine.__________ if any._______

37 th 

38th 

39th 

40th 

41st 

42nd 

43rd 

44th 

45th 

46th 

47th 

48th 

49th 

50th

bacilluria

clear

slight pus 

clear

bacilluria

clear

R

R
ÏÏ2
R
Vf
R

34

'â

R
26
R

’ÏÏE

R
20
R

w

w

Potass.citrate gr.60

acid sod.phosph.gr.60

61st-dismissal
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Case 2> J.L. aged 36.
Admitted on 8th day.
Pyrexia lasted 23 days: relapse 17 days from 27th.
Severe attack; rose-spots: palpable spleen: diarrhoea

deafness: consolidation at base of left Ixuig:
femoral thrombosis. Slow pulse rate (temp.103.2^.

P.R. 90)
Urine contained a considerable amount of albumin: 

diazo reaction positive, but slight.
Widal reaction positive (1:3000)
On 14th day bad abdominal pain and a sudden drop 

in temperature (? separation of sloughs)
Baoilluria on 10th day (B. typhosus): no pus.

Day of Reaction of
illness. State of urine. urine. Special treatment,
 ____________________________  if_any.___
8th-14th clear None

15th bacilluria
16th-dismissal clear.
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Case 3 . H.M. aged 16.

Admitted to hospital on 8th day.
Pyrexia lasted 22 days.
Attack of moderate severity: rose-spots: constipation:
Slow pulse rate (temp. 102^: P.R. 80)
Widal reaction positive (1:6000)
Urine contained no albumin: diazo reaction positive.
Bacilluria on 17th day (B. typhosus): no pus.

Day of Reaction of Special treatment,
illness. State of urine.______ urine.___________ if any.______
8th-16th clear

17-24th bacilluria On 23rd-24th daysurotropin gr. 40.
25th“dismissal clear.
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Case 4. M.J. aged 37.

Admitted to hospital on 21st day.
Was transferred from a general hospital to which he was 

admitted as a case of acute cystitis and prostatitis
Pyrexia lasted till he died on 33rd day.
Was very ill on admission, and had consolidation at 

the hases of both lungs. Became gradually worse 
till he died.

Widal reaction positive (1:3000)
Urine contained a few pus cells, no albumin, and many 

bacilli. Diazo reaction negative.
Bacilluria from day of admission (B. typhosus)

Day of Reaction of Special treatment,
illness. State of urine.______urine._________ if any._______
Elst-33rd
(day of death) baoilluria Bone.
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Case 5. E.B. aged 20.

Admitted to hospital on 7th day.
Pyrexia lasted 42 days: relapse for 9 days from 43rd.
Severe attack: rose-spots: meteorism with diarrhoea:

incontinence of urine and faeces: distension of
bladder: slow pulse rate (temp. 102o; P.R. 80)

B. typhosus grown from blood (8th day)
Widal reaction positive (1:2000)
Urine contained a trace of albumin: diazo reaction •

positive.
Bacilluria on 23rd day (B. typhosus): no pus.

Bay of illness. State of urine. Special treatment, 
________ if any.

7th-22nd
23rd-33rd

35th-24th of normal 
temp.

clear
bacilluria.

clear

On 32nd-33rd urotropin
gr.50

25th of normal temp.-27th « " M bacilluria

28th of normal temp.- 
dismissal clear.



246

Case 6. C.¥. aged 23.

Admitted to hospital on 13th day.
Pyrexia lasted 31 days.
Was very ill with moderate pyrexia: rose-spots:

palpable spleen: much bronchial catarrh, and
considerable hypostatic congestion of lungs:

Diarrhoea, meteorism incontinence of faeces:
slow pulse rate (temp 102°: P.R. 90)
Widal reaction positive (1:6000)
Urine contained a trace of albumin: diazo reaction

markedly positive.
Bacilluria on 25th day (B. typhosus): no pus.

Day of Reaction of Special treatment,
illness. State of urine. urine. if any._______
13th-24th clear
25th-29th bacilluria On 28th-29th urotropine

gr.50.
30th-dismissal clear
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Case 7. W.P. aged 23.

Admitted to hospital on 8th day.
Pyrexia lasted 30 days.
Rather severe attack; rose-spots; diarrhoea: 

palpable spleen: slow pulse rate (temp.104.2°:
P.R. 82)

Widal reaction positive (1:25,000)
Urine contained no albumin: diazo reaction faintly

positive.
Bacilluria on 26th day (B. typhosus): no pus.

Day of illness 
8th-25th 
26th-27th 
28th-di smi s sal

State of urine. 
clear 

bacilluria. 
clear.

Special treatment.if any,
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Case 8 . B.Û aged 35.

Admitted to hospital on 24th day.
Pyrexia lasted till death on 37th day; was very ill 

throughout.
B. typhosus grown from blood (25th day)
Widal reaction positive.
Urine contained much albumin: diazo reaction negative.
Bacilluria on 26th day (B. typhosus): pus present.

Day of illness. State of urine. Special treatment.if any. 
24th-25th pus
26th-32nd bacilluria and pus. On 31st-32nd urotropin

gr.50.
33rd-37th(day of

death) pus

Post-mortem. Right kidney congested: cortex narrow: some
fat in pelvis. Pure culture of B. ooli from 
substance.
Left kidney atrophied; evidently an old condition 
numerous small abscesses, with pus exuding into 
the pelvis of the kidney. Both ends, of ureter 
dilated, there being a kind of pocket just 
before its entrance into the bladder. Mucous 
membrane of ureters healthy. Pure culture of 
B. typhosus from pus.
Gall-bladder contained 30 c.c. of bile, with 
680,000,000 bacilli per c.c. Pure culture
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Case 8 (Gontd)
of B. typhosus from bile. Mucous membrane of gall­
bladder healthy.
Spleen. Pure culture of B. typhosus.
Cerebro-spinal fluid sterile.

b & a lllu r i
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Case 9. W.B. aged 35.

Admitted to hospital on 13th day.
Pyrexia lasted 28 days.
Moderately severe attack: rose-spots: slightdiarrhoea: slow pulse rate (temp.103.60;

P.E. 84)
deafness; a few fine moist rales at bases of 
lungs; became very thin.

B. typhosus grown from blood (14th day)
Widal reaction positive (1:3000)
Urine contained albumin: diazo reaction markedly
positive.
Bacilluria on 28th day (not B. typhosus): no pus.

Day of illness. State of urine. Special treatment, if any 
13th-27th clear none

28th baoilluria
29th-dismissal clear
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Case 10. R.S. aged 21.

Admitted to hospital on 16th day.
Pyrexia lasted 33 days.
Severe attack: rose-spots: diarrhoea; great
meteorism: hypostatic congestion at bases of
lungs: cyanosis: delirium: abscess of thigh
(staphylococcus grown): slow pulse rate 
(temp.103.6®: P.R. 92): Erysipelas of face in 
convalescence.

Widal reaction positive (1:2000)
Urine contained no albumin: diazo reaction positive.
Bacilluria on 30th day (not B. typhosus): no pus.

Bay of illness. State of urine. Special treatment.if any.
16 th-29 th clear

30th bacilluria
31st clear

32ad-39th bacilluria On 39th-40th urotropin gr.
30.

40th-dismissal clear.
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Case 11. L.P. aged 25.

Admitted to hospital on 12th day.
Pyrexia lasted 55 days.
Moderately severe attack: rose-spots, erythematous

rash, yellow skin, diarrhoea, deficient respiratory 
murmur : loss of flesh:

Widal reaction positive (1:1600)
Urine contained no albumin : diazo reaction negative. 
Bacilluria on 55th day (B. typhosus): no pus.

Day of illness. State of urine. Special treatment, if any

12th-54th clear
55th-57th(2nd of baoilluria On 2nd-3rd of normal temp,
normal temp.) urotropin gr. 50.
3rd-13th of normal

temp. clear
14th-15th of normaltemp. bacilluria
16th of normal temp.-dismissal. clear.
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Case 12. P.M. aged 37.

Admitted to hospital on 9th day.
Pyrexia lasted 16 days.
Mild attack: rose-spots: constipation: a few
hhonohi in chest.

Widal reaction positive (1:1000)
Urine contained no albumin: diazo reaction negative.
Bacilluria on 5th day of normal temperature (not 

B . typhpsus): no pus.

Day of illness._______State of urine. Special treatment,if any
9th-4th of normal temp. clear
5th of normal temp. bacilluria
6th of normal temp.-dismissal. clear
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Case 13. A.R. aged 52.

Admitted to hospital on 14th day.
Pyrexia lasted 32 days.
Moderately severe attack: rose-spots: diarrhoea:

fine moist rSles at bases of lungs: breathing at
times slightly cyclical.

Widal reaction positive (1:800)
Urine contained albumin: diazo reaction positive.
Bacilluria on 6th day of normal temperature (not 

B. typhosus): no pus.

Day of illness. State of urine. Special treatment, if
.................  -any.

14th-5th of normal 
temp.

6th of normal temp.
7th of normal temp.- 

dismissal.

clear
bacilluria.

clear.

none.
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Case 14. T.B. aged 24.

Admitted to hospital about 21st day, just over an 
attack of enteric fever.

Bo pyrexia when under observation.
Widal reaction positive (1:3000)
Urine contained no albumin: diazo reaction negative.
Bacilluria on 10th day of normal temperature (B. typhosus) 
pus present.

Day of illness.______ State of urine. Special treatment.if any.
1st of normal temp.-
9th ” ” " clear
lOth-llth of normal bacilluria On 11th of normal temp.

temp. and pus. urotropin ge. 20.
12th of normal temp.-

dismissal clear
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Case 15. C.D. aged 35.

Admitted to hospital on 21st day.
Pyrexia lasted 47 days.
Moderately severe attack: diarrhoea: pea-soupy

stools: some distension of abdomen; occasional
incontinence: slow pulse rate (Temp. 102.2® _

P.R. 84)
Widal reaction positive.
Urine contained no albumin: diazo reaction negative
Bacilluria on 10th day of normal temperature (not B. 

typhosus): no pus.

Bay of illness._______State of urine. Special treatment.if any

21st-9th of normal temp. clear
lOth-llth " ” " bacilluria.
12th of normal temp. -dismissal. clear.
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Case 16. J.M. aged 31.

Admitted to hospital on 9th day.
Pyrexia lasted 27 days.
Moderately severe attack: rose-spots: diarrhoea:

pleural effusion: femoral thrombosis: slow pulse
rate (temp. 102.2®: P.R. 88)

Widal reaction positive (1:800)
Urine contained albumin: diazo reaction markedly

positive.
Bacilluria on 18th day (B. typhosus): no pus.

Day of illness. State of urine. Special treatment, 
______ if any._____

9th-17th 
18th-20th
21st-13th of normal 

temp.
14th-18th If n

clear
baoilluria.

clear.
bacilluria On 18th-19th of normal 

temp, urotropin gr. 30.
19th of normal temp 

dismissal. clear.
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Case 17. W.C. aged 19.

Admitted to hospital on 28th day.
Pyrexia lasted 33 days.
Moderately severe attack: rose-spots: erythema^

and yellow staining of skin: palpable
spleen: constipation: a few rhonchi in chest: 
slow pulse rate (temp 101.6®. P.R. 84)

Widal reaction positive (1:400)
Urine contained albumin: diazo reaction faintly 

positive.
Bacilluria on 16th day of normal temperature (not 

B. typhosus): no pus.

Day of illness. State of urine. Special treatment.if any
28th-15th of normal

temp. clear none.
16th-18th " " bacilluria
19th of normal temp.-

dismissal. clear.
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