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The principles upon which prophylactic inoculation against typhoid 
fever is based are unquestionably sound, and there can be no doubt 
of the fact that  the procedure has considerably diminished the inci- 
dence of the disease during the last thirty years. The instances of the 
failure of antityphoid vaccine to protect against infection are, however, 
not so rare as to preclude the possibility that some of the vaccines now 
in use are not as efficient as they should be. Practically all the vaccine 
used in this country is made from the Rawlins strain of Bacterium 
typhosum--a culture isolated by Sir Almroth Wright in 1903--al- 
though our knowledge of bacterial dissociation strongly suggests that  
such an old culture would by now have become considerably altered in 
antigenic composition. 

That rough strains of practically all the pathogenic microorganisms are inferior 
to the smooth forms as protective antigens has been demonstrated by many differ- 
ent workers. The results obtained by Weber (1) and by Arkwright (2) with 
guinea pigs actively immunized with the rough and smooth variants of typhoid and 
paratyphoid cultures indicate that this rule applies likewise to the enteric group. 
The report of the British Army Council (3) that non-virulent strains are as suitable 
as virulent cultures for making antityphoid vaccine was based on the assumption-- 
since proved erroneous--that the ability of a vaccine to produce flagellar aggluti- 
nins is synonymous with its protective efficiency. 

Whitehead (4), in comparing the Rawlins strain with a freshly isolated smooth 
culture, although observing certain cultural differences betweeu them, concluded 
that the Rawlins must be considered a smooth strain because it produced somatic 
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agglutinins when injected into rabbits. Since, however, when he tested the re- 
sistance of his immunized rabbits to the injection of a living, smooth culture, the 
three Rawlins rabbits died, whereas two of the three smooth vaccine rabbits 
lived, he expressed a doubt as to whether we are justified in using somatic agglu- 
tination to estimate the immunity conferred by a vaccine. 

The writer (5) has reported the results of comparative bactericidal tests with 
the blood of human beings before and after receiving the customary course of pro- 
phylactic inoculations with a vaccine prepared from a smooth, freshly isolated 
strain of Bacterium typhosum and with a vaccine made from the Rawlins strain. 
In these experiments, whereas the bactericidal power of the blood of those receiving 
the smooth vaccine showed a considerable increase, the bactericidal power of the 
blood of those receiving the Rawlins vaccine was slightly less after vaccination 
than before. 

The present paper gives the results of a study of a number of Rawlins 
cultures now in use in this country for making vaccine, and presents a 
comparison of the protective efficiency of these cultures with that  of a 
number of freshly isolated smooth strains. In order to do this prop- 
erly, it was necessary to carry out a preliminary study of the cultures 
employed from the point of view of dissociation, since there has been no 
generally accepted and precise definition of smoothness and roughness 
in this group and of the relationship of individual dissociation 
forms to immunizing power. 

For this purpose, twelve Rawlins cultures were obtained through 
the kindness of the directors of twelve different laboratories engaged in 
making antityphoid vaccine. These laboratories were in the main 
selected to represent those whose vaccine is most widely used, although 
all these cultures originated at  one time or another from the cultures 
maintained at the Army Medical School or at the National Institute 
of Health in Washington. Four of these strains were considered to be 
smooth in the laboratories from which they were obtained, two were 
considered as intermediate and three as rough. On three others no 
opinion was offered as to their state of dissociation. 

The twelve Rawlins cultures were compared with a number of 
freshly isolated smooth strains in respect to morphology, motility, 
colony form, nature of growth in infusion broth, growth in 10 per cent 
normal horse serum broth after 6 hours' and after 24 hours' incubation 
and stability of suspension in normal saline solution. 
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Cultural and Serological Characteristics 

Morphology.--Although the morphological differences between the smooth 
strains and the Rawlins cultures were not sufficiently distinct to differentiate one 
from the other with certainty, the Rawlins organisms did show a much greater 
tendency to appear as long, thread-like forms. Furthermore, when stained with 
a modification of the Hiss capsule stain, the bacilli of the smooth cultures gave an 
appearance resembling capsule formation which was not obtained in similar prep- 
arations of the Rawlins cultures. 

Motility.--Five of the Rawlins strains were composed predominantly of motile 
forms; four were largely non-motile, and three showed no evidence of motility in 
hanging drop preparations or in cultures in semisolid agar. 

Colony Form.--It is evident that a number of factors influence the appearance 
of the colonies on infusion agar or on blood agar plates. Chief among these fac- 
tors are the moistness or dryness of the plates, the length of incubation time of the 
cultures and the degree of separation of the colonies on the plate. Under com- 
parable conditions of cultivation, however, two of the Rawlins cultures produced 
colonies corresponding to the classical rough type; that is, large, flat and rugose, 
with irregular edges. The other ten cultures showed colonies which were inter- 
mediate between this typical rough form and the smaller, shining, lenticular col- 
onies of the smooth cultures. 

Fig. 1 shows colonies of a freshly isolated smooth culture. The colonies in Fig. 
2 are from a culture which had been isolated 2 years previously and which, although 
showing a slight roughening of colony surface, had not altered in virulence or in 
protective efficiency. Fig. 3 shows colonies of the intermediate type from one of 
the Rawlins cultures and Fig. 4 represents a typical rough colony. 

Growth in Infusion Broth.--Smooth strains of Bacterium typhosum give a uni- 
formly turbid growth in infusion broth. Three of the less motile Rawlins cultures 
showed this smooth type of growth. Two cultures flocculated completely, leaving 
a clear supernatant fluid; i.e., the typical rough manner of growth. Seven cul- 
tures were turbid but with a heavy sediment and a distinct pellicle. 

Growth in 10 Per Cent Normal Horse Serum Broth.--In 10 per cent normal horse 
serum broth smooth cultures are uniformly turbid from the time growth becomes 
readily visible. The twelve Rawlins cultures, however, showed a flocculent type 
of growth up to about 6 hours' incubation. After 24 hours two of these cultures 
were turbid with a heavy sediment, eight were turbid with sediment and pellicle 
and two were still flocculated. 

Stability of Suspensions in Normal Saline Solution.--Eleven of the Rawlins 
strains formed stable suspensions in 0.85 per cent sodium chloride solution, as do 
typical smooth cultures. One strain, which gave the other reactions of a rough 
variant, while still suspended after 2 hours in the water bath, sedimented after 
remaining a further 12 hours in the refrigerator. 

Agglutination of the Rawlins Cultures by Anti-Smooth Sera.--Agglutination tests 
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were carried out with the twelve Rawlins cultures, using the serum of rabbits 
immunized with a motile, smooth and with a non-motile, smooth culture. With 
the anti-motile, smooth serum eight of the Rawlins suspensions showed the floccu- 
lent, flagellar type of agglutination in a dilution of 1/12,800, which was also the 
titre of this serum against a motile, smooth culture. The three non-motile cultures 
gave the granular, somatic type of agglutination in a serum dilution of 1/6,400, 
and one culture failed to agglutinate in a 1/100 dilution of this serum. The serum 
of the rabbit immunized with the non-motile, smooth culture agglutinated eleven 
of the Rawlins strains in dilutions varying from 1/200 to 1/3,200, which was the 
titre of this serum against smooth cultures. The culture which failed to aggluti- 
nate in the anti-motile, smooth serum also gave no agglutination in the anti-non- 
motile smooth serum. 

Comparison of the Virulence of the Rawlins Cultures with the Virulence of 
Smooth Strains 

T h e  v i r u l e n c e  of  t h e  t w e l v e  R a w l i n s  c u l t u r e s  was  n o w  c o m p a r e d  

w i t h  t he  v i ru l ence  of a n u m b e r  of  f r e sh ly  i s o l a t e d  s t r a ins ,  b y  d e t e r m i n -  

ing  t h e  n u m b e r  of  o r g a n i s m s  k i l l ed  b y  a g iven  q u a n t i t y  of  f resh,  def ibr i -  

h a t e d  gu inea  p ig  b l o o d  a n d  b y  v i r u l e n c e  t e s t s  in  mice .  

Baaericidal Tests.--In the bactericidal tests a series of tubes containing 0.5 cc. 
of a 1/4 dilution of fresh, defibrinated guinea pig blood was inoculated with 1 drop 
of progressive dilutions of an 18 hour broth culture of the organism to be tested. 
The tubes were then sealed and incubated in a rotating box to insure thorough 
mixing. After 48 hours' incubation, a loopful of each tube was plated out to deter- 
mine whether growth had taken place. In  such tests the 0.5 cc. of diluted fresh 
guinea pig blood failed to kill the ten or fifteen smooth organisms contained in 1 
drop of the 10-* dilution of culture. In  other words, this dilution of fresh guinea 
pig blood is not bactericidal for smooth typhoid bacilli. On the other hand, 
approximately 100,000 organisms of the Rawlins cultures contained in 1 drop of 
the 10 -3 dilution were killed by the same quantity of diluted guinea pig blood which 
had no bactericidal effect on the smooth cultures. 

Virulence Tests in Mice.--Preliminary virulence tests in mice with smooth 
strains of Bacterium typhosum showed that the percentage mortality decreased very 
slowly as the dose was reduced; namely, 0.1 cc. of an 18 hour broth culture killed 
95 per cent, 0.01 cc. killed 60 per cent and 0.001 cc. killed 20 per cent of the mice 
injected. I t  was impossible with any degree of accuracy, therefore, to express the 
difference in the virulence of various strains as a difference in the minimum lethal 
dose. The percentage mortali ty resulting from the injection of the 0.1 ce. dose 
was, therefore, used to express the difference in virulence of the Rawlins and the 
smooth cultures. In  such tests five mice were injected with each of the twelve 
Rawlins cultures. Each mouse received intraperitoneally 0.1 cc. of an 18 hour 
broth culture so diluted that the dose was contained in 0.5 cc. Of the 60 mice used 
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in this test only two, or 3.3 per cent, died. In  contrast to this, six smooth cultures 
killed all but two of the 40 mice similarly tes ted--a  mortality of 95 per cent. 

Active Immunization of Mice 

Three preliminary experiments were carried out to test the immunity developed 
in mice following active immunization with vaccines prepared from one of the 
Rawlins cultures and from a smooth culture. The method of immunization em- 
ployed in these three experiments varied somewhat and the test doses were given 
in both 0.1 cc. and 0.01 cc. amounts. As the results, however, were essentially 
similar, they may be summarized as follows: Of sixteen control mice, fourteen, or 
87 per cent died; of thirty-two Rawlins vaccine mice, twenty-eight, or 87 per cent 
died; while of thirty-one mice receiving the smooth vaccine, only one, or 3 per cent 
died. 

Since the results of these mouse protection tests agreed with the previously 
reported experiments on the effect of the Rawlins and the smooth vaccine on the 
bactericidal power of human blood (5), mouse immunization was considered a fairly 
adequate and simple method of comparing the protective efficiency of different 
strains of typhoid bacilli. Five mice were therefore immunized with each of the 
twelve Rawlins strains, and the mortality following the injection of a living, smooth 
culture compared with that of a number of control mice immunized with smooth 
vaccines. 

The procedure was as follows: Each mouse was given two injections at  5 day 
intervals of 0.1 cc. of a 24 hour broth culture killed by heating at  56°C. for i hour. 
10 days after the second injection, they received as the test dose 0.1 cc. of an 18 
hour broth culture of a smooth strain----a dose which, as previously noted, resulted, 
in untreated mice, in a mortality of 95 per cent. Of the 60 mice vaccinated with 
the twelve Rawlins vaccines, 55, or 91.6 per cent died, whereas of thirty-seven 
mice similarly vaccinated with six different smooth cultures and tested as controls, 
only two, or 5.4 per cent died. 

In addition to the twelve cultures of the Rawlins strain used in the above studies, 
one laboratory sent in, as the culture they are now using for vaccine, a strain isolated 
from the blood of a typhoid patient in Nov., 1931. This strain gave all the cul- 
tural and serological reactions of a motile, smooth typhoid bacillus. I t  grew out 
in the 1/4 dilution of fresh, defibrinated guinea pig blood through the 10 -6 dilution; 
0.1 cc. of an 18 hour broth culture killed the five mice tested, and in the mouse pro- 
tection test four of the five mice survived. (The fifth mouse did not appear well 
at the time the test dose was given.) 

As a final comparison of the Rawlins and the smooth vaccine, five mice were 
given two intraperitoneal injections, each at  an interval of 5 days, of 0.1 cc. of the 
vaccine prepared by one of the laboratories from what was considered by them 
to be a smooth Rawlins culture. Five mice were given two similar injections each 
of the vaccine prepared by the laboratory using the recently isolated smooth cul- 
ture. 10 days after the second injection these ten mice each received 0.1 cc. of an 
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TAB~ 

Cultural, Serological and Immunological Reactions of Thirteen 

Culture 

A 
Rawlins 

B 
Rawlins (smooth) $ 

C 
Rawlins (smooth)$ 

D 
Rawlins (rough) 3~ 

E 
Raw[ins (intermediate):~ 

F 
Rawlins 

G 
Rawlins (rough)~: 

H 
Rawlins (smooth)~: 

I 
Rawlins (smooth)~ 

J 
Rawiins (intermediate) 

K 
Rawlins 

L 
Rawlins (mugh)$ 

M§ 
Freshly isolated smooth 

(smooth)$ 

Motili W 

Non-motile 

Predominantly 
motile 

Non-motile 

Non-motile 

Predominantly 
non-motile 

Predominantly 
motile 

Predominantly 
motile 

Predominantly 
motile 

Predominantly 
non-motile 

Predominantly 
motile 

Predominantly 
non-motile 

Predominantly 
non-motile 

Predominantly 
motile 

Colony form 

Intermediate 

Intermediate 

Intermediate 

Intermediate 

Intermediate 

Intermediate 

Intermediate 

Intermediate 

Intermediate 

Intermediate 

Rough 

Rough 

Smooth 

Growth in broth 

Turbidity with pellicle and 
sediment 

Turbidity with pellicle and 
sediment 

Uniform turbidity 

Uniform turbidity 

Uniform turbidity 

Turbidity with pelilcle and 
sediment 

Turbidity with pellicle and 
sediment 

Turbidity with peUicle and 
sediment 

Turbidity with peUicle and 
sediment 

Turbidity with pellicle and 
sediment 

Completely flocculated 

Completely flocculated 

Uniform turbidity 

Growth in 10' 

6h~. I 

Completely 
flocculated ~ 

Completely 
flocculated 

Completely 
flocculated 

it 
Completely 

flocculated! 
i 

Completely 
flocculated 

Completely 
flocculated 

Completely 
flocculated 

Completely 
flocculated 

; 

I Completely 
r flocculated 

Completely 
flocculated 

I 

Completely 
flocculated 

i Completely 
flocculated 

Uniform tur- 
bidity 

* 10 -1 indicates that growth took place only in the tube inoculated with 1 drop of the 10 -1 dilution of 
10 -2 indicates that  growth took place in the tube inoculated with 1 drop of the 10 -l dilution and in ! 
10 -6 indicates that growth took place in all tubes, including that inoculated with 1 drop of the 10-6 dill 
t See text for method. Five mice used in each test. 
:~ Opinion of laboratory submitting culture. 
§ Five other recently isolated cultures gave reactions s~mil~,r to Culture M~ 
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:Strains of Bacterium typhosum Used 

normal horse serum broth Suspension 
in normal 

saline solution 
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~or Vaccine Production 

Agglutination Growth in 
normal guinea 

Anti-MS serum [ Anti-NS serum pig blood* 
i 

Virulence 
for micet 

Turbidity with peUicle and 
sediment 

Turbidity with pelUcle and 
sediment 

Turbidity with sediment 

Completely flocculated 

Turbidity with pellicle and 
sediment 

Turbidity with peUicle and 
sediment 

Turbidity with pellicle and 
sediment 

Turbidity with pellicle and 
sediment 

Turbidity with peUicle and 
sediment 

Turbidity with sediment 

Completely flocculated 

Turbidity with pellicle and 
sediment 

Uniform turbidity 

Stable 

Stable 

Stable 

Stable 

Stable 

Stable 

Stable 

Stable 

Stable 

Stable 

Unstable 

Stable 

Stable 

1/6,400 
Granular O 

1/12,800 
FloccutentH 

1/6,400 
Granular O 

1/6,400 
Granular 0 

1/12,800 
FlocculentH 

1/12,800 
FlocculentH 

1/12,800 
Floccu~ntH 

1/12,800 
Flocculent H 

1/12,8oo 
FlocculentH 

1/12,800 
FlocculentH 

Negative 

1/12,800 
Flocculent H 

1/12,800 
Flocculent H 

1/3,200 
Granular O 

1/soo 
Granular O 

1/3,200 
Granular O 

1/3,200 
Granular O 

1/4oo 
Granular O 

1/800 
Granular O 

1/800 
Granular O 

1/2oo 
Granular O 

1/800 
Granular O 

1/400 
Granular O 

Negative 

1/1,600 
Granular O 

1/3,200 
Granular O 

10-z 

10-1 

10-1 

10-t 

10-1 

10-1 

10-9 

No growth 
in 10 -t 

10-t 

10-1 

10-z 

10-1 

10-6 

5 survived 

5 survived 

5 survived 

5 survived 

5 survived 

5 survived 

3 survived 

5 survived 

5 survived 

5 survived 

5 survived 

5 survived 

0 survived 

913 

[ Mouse 
protection 

testt 

5 died 

5 died 

5 died 

4 died 

4 died 

5 died 

5 died 

5 died 

3 died 

4 died 

5 died 

5 died 

1 died 

.n 18 hour broth culture. 
~at inoculated with 1 drop of the 10 -2 dilution of an 18 hour broth culture. 
ition. 
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18 hour broth culture of a heterologous smooth strain. Three of the mice immun- 
ized with the Rawlins vaccine died, while the five smooth vaccine mice survived. 

Table I shows the cultural, serological and immunological reactions of the twelve 
Rawlins cultures compared with those of smooth strains. 

DISCUSSION 

The changes which take place in morphological and cultural char- 
acteristics owing to bacterial dissociation are of great theoretical inter- 
est; but it is the alterations in virulence and in antigenic composition 
which are of major practical importance. 

The Rawlins strain of Bacterium typhosum isolated by Sir Almroth 
Wright in 1903 is almost universally employed for making vaccine in 
this country as well as in England, and has almost attained the status 
of an official typhoid culture. There is no doubt that this culture was 
originally and still is a typhoid bacillus; but this does not mean that  
thirty years of life on artificial media have not led to a degree of disso- 
ciation which has materially altered its antigenic constituents. 

The present study, which was undertaken to determine the dissocia- 
tion form of the cultures actually in use for vaccine production in this 
country and to compare the protective efficiency of these strains with 
that of freshly isolated, smooth cultures, showed that one of these repre- 
sentative Rawlins strains corresponded in cultural and serological 
characteristics to the classical rough variant. The remaining eleven 
cultures gave cultural reactions intermediate between this typically 
rough strain and typically smooth cultures. In the stability of their 
suspensions in normal salt solution and in their agglutinability in the 
serum of rabbits immunized with non-motile, smooth antigens--  
criteria on which Arkwright lays great stress--they corresponded to 
the smooth phase; but as judged by the more significant tests of re- 
sistance to the bactericidal action of normal blood and by their virulence 
for mice, they should be considered rough. 

Since these twelve representative subcultures of the Rawlins strain 
all differed materially from the smooth cultures with which they were 
compared, it would seem safe to assume that any laboratory using 
this organism for vaccine production is not using a typical smooth 
typhoid bacillus. From the point of view of vaccine production, how- 
ever, it is of much more practical importance to determine the degree 
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of protection against typhoid fever conferred by the Rawlins strain 
than to discuss whether it is a smooth, intermediate or rough variant. 

Three practicable methods are at hand for testing the antigenic 
potency of a vaccine: namely, agglutination by the serum of vacci- 
nated animals or man; bactericidal tests with human blood following 
vaccination, and protection tests with actively immunized animals. 
The direct test of protection in man is of course out of the question. 

I t  has been demonstrated by many workers that the heat-labile, 
flagellar H antigen is the same in the smooth and the rough phase, and 
that  the flocculent H agglutinins are not a measure of protection. 
Nevertheless, it is still a common practice, when such tests are made, to 
assess the potency of a vaccine by its ability to induce the formation of 
this H type of agglutinin, and to judge the protection of vaccinated 
individuals by the same test. 

I t  has been maintained by numerous workers in this field that  the 
heat-stable, somatic O substance is characteristic of the smooth vari- 
ants, and that O agglutinins develop pari passu with bactericidal and 
protective antibodies. On this basis, one would assume any culture 
giving the somatic type of agglutination with anti-smo0th serum to be 
a smooth culture, and that the presence of 0 agglutinin in a serum was 
evidence of immunity. The present study shows, however, that cer- 
tain intermediate forms of the Rawlins strain, while giving the somatic 
type of agglutination with anti-smooth sera, were in cultural charac- 
teristics and in virulence quite different from the smooth form. Fur- 
thermore, the human immunization experiments previously reported 
and the mouse protection tests here presented show that these cultures, 
while inducing the formation of O agglutinins in man and rabbits, did 
not increase the bactericidal power of human blood, nor protect mice 
against subsequent infection with smooth cultures. 

Agglutination, therefore, of neither the flagellar nor the somatic 
type can be used as a test of the protective power of a vaccine. 

The bactericidal test, while obviously open to the objection that  it 
deals only with the serum antibodies 1 and leaves out of consideration 
the possibly very important changes in fixed cell reaction following 
prophylactic vaccination, offers the most direct practicable method of 

i We know from other experiments that the circulating leucocytes play little o r  

no r61e in intravascular protection against Bacterium typhosum. 
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testing the effect of immunization in man. Compared by this method 
a vaccine prepared from a Rawlins strain which was considered to be a 
smooth culture in the laboratory using it for vaccine production proved 
far inferior to a vaccine made from a freshly isolated strain in its ability 
to induce the formation of bactericidal antibodies, although it pro- 
duced a decided rise in the 0 agglutinins. 

Although due consideration must be giveu the possibility of error in 
applying directly to man the results of animal experimentation, pro- 
tection tests in actively immunized mice can be used to supplement the 
human bactericidal tests, since by this method we can determine the 
effect of the vaccine on the complete body mechanism of resistance. 
Such protection tests in mice comparing the antigenic efficiency of the 
twelve Rawlins cultures with that of six different smooth strains agreed 
with the bactericidal experiments in showing the inferiority of the 
Rawlins vaccines. The bactericidal test with the blood of vaccinated 
human beings and the mouse protection test together undoubtedly con- 
stitute a more valid measure of the prophylactic value of a vaccine than 
does agglutination; and the mouse protection test alone appears to 
offer a simple and adequate method of assuring the potency of any lot 
of vaccine. 

There is no valid reason to believe the Rawlins strain antigenically 
superior to other typhoid cultures. Our knowledge of bacterial disso- 
ciation would lead us to suspect that this very old culture had by now 
assumed other than the smooth form. This suspicion is borne out by a 
study of the cultural characteristics and virulence of twelve subcultures 
of the strain. Bactericidal tests with the blood of vaccinated human 
beings and protection tests with mice indicate that the Rawlins culture 
is far inferior to smooth strains as a protective antigen. 

I t  might seem that  difficulty would arise in the selection and main- 
tenance of a suitable smooth culture for use in vaccine production. 
From the report of Weber (1), however, on cross-protection tests with 
smooth strains, and from the results of similar tests with six different 
smooth cultures iu the present series, it would appear that the typhoid 
bacillus is a homogeneous organism--so far, at least, as its protective 
antigens are concerned--and it is therefore a matter  of small impor- 
tance what strain is selected, as long as it is strictly smooth. Further- 
more, since this organism shows relatively little tendency to dissociate 
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into the rough variant, there is no need to resort to frequent fresh iso- 
lations, or to animal passage in order to insure the use of a smooth cul- 
ture. We have in our laboratory a strain which has been kept on agar 
slants and transferred every 2 weeks for 3 years without loss of viru- 
lence or protective efficiency. 

Since the use of smooth cultures for vaccine presents no serious diffi- 
culty and since the most direct practicable tests of their protective 
value indicate their decided superiority, while tradition alone supports 
the use of the Rawlins strain, it would appear practically certain that 
the use of smooth cultures would very considerably increase the pro- 
phylactic efficiency of antityphoid vaccines. 

CONCLUSIONS 

A study of the subcultures of the Rawlins strain of Bacterium typho- 
sum used by twelve different laboratories for vaccine production 
showed that they all differed from recently isolated smooth strains in 
cultural characteristics, virulence and protective efficiency. 

Eleven of these Rawlins cultures gave both the flagellar and the 
somatic type of agglutination in anti-smooth rabbit serum, and the one 
culture so tested produced both flagellar and somatic agglutinins when 
injected into rabbits and man. 

Agglutination of neither the flagellar nor the somatic type can, 
therefore, be used as a test of the smoothness of a culture or as an index 
of immunity. 

Since the Rawlins strain differs from the smooth phase of Bacterium 
typhosum in cultural characteristics and in virulence, and is much less 
efficient than smooth strains as a protective antigen; and since the 
selection and maintenance of smooth cultures suitable for vaccine pro- 
duction present no serious difficulty, it would seem but  logical to sub- 
stitute virulent, smooth cultures for the very old Rawlins strain, if we 
are to expect the maximum protection from antityphoid vaccination. 
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EXPLANATION OF PLATE 50 

All colonies are from 12 hour cultures on 5 per cent horse blood agar. 
The photographs were taken by Dr. C. V. Seastone. 
Flo. I. Smooth colonies from a freshly isolated strain of Bacterium typhosum. 

X 14. 
Fio. 2. Slightly rough colonies from a culture of Bacterium typhosum which had 

been under artificial cultivation for 2 years. Except for the slight roughening of 
the colony surface, this culture was still smooth. X 14. 

FIo. 3. Intermediate type of colony from a culture of the Rawlins strain. X 14. 
FIG. 4. Colony from a typical rough culture of the Rawlins strain. X 14. 
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