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AN EPIZOOTIC AMONG GUINEA-PIGS DUE TO A 
PARATYPHOID B BACILLUS 

Katharine M. Howell and Oscar T. Schultz 

Morris Institute for Medical Research, Michael Reese Hospital, Chicago 

Guinea-pigs are subject to spontaneous infection by a variety of 

bacteria; such infections have been studied by Holman,1 who empha- 
sized the bearing that natural infecting agents may have on experi- 
mental bacteriologic studies in which the guinea-pig is used. Besides 
the spontaneous infections which cause the death of single animals, the 

guinea-pig is subject to infections which may quickly assume epizootic 
proportions and carry off in a short time a stock which it has taken 

years to build up. The epizootics, as a rule, are of one of three types: 
respiratory disease, due usually to B. bronchisepticus (Ferry,2 Smith 3), 
but sometimes to pneumococcus (Smith4) ; a rapidly fatal disease of 
the hemorrhagic septicemia type; and a disease to which the name 

pseudotuberculosis frequently has been applied. An epizootic of the 
last named type of our stock has been studied, and the results are 

reported because it was found to be due to an organism of the para- 
typhoid B group. 

The bacteria of this group appear to be of constantly increasing 
importance in animal and human pathology, and the problem of deter- 

mining relations between the various strains which have been investi- 

gated in different parts of the world has become a most bewildering 
one. So long as we had to limit our consideration to the extremes of 
the colon-typhoid group, B. coli and B. typhosus, and to the lactose 

npnfermenting intermediates which ferment dextrose and which do or 
do not acidify milk, the classification appeared simple. Separation of 
four main species, B. paratyphosus A, B. paratyphosus B, B. enteritidis, 
and B. cholerae suis, still appeared clear enough, but with the passage 
of time there has been isolated an increasing number of strains which 
can be distinguished only by immunologic methods, and the nomen- 
clature has become so extensive that it is a difficult matter to correlate 
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2 Veterinary Jour., 1912, 68, p. 376. 
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organisms and names. B. cholerae suis, B. suipestifer, B. aertryckii, 
B. suiseptica, and B. suicida all appear to be the same organism; to 

paratyphoid A and B has been added paratyphoid C, an unfortunate 

style of nomenclature; many strains have received nonspecific names 
derived from the observer or from the locality. The alkali formers in 

milk, with the exception of paratyphoid B, were supposed to be dis- 
tributed chiefly among lower animals, and attempts have been made to 

place those which occur in rodents in a distinct group. Although many 
members of the intermediate group are identical culturally, they may 
show quite distinct immunologic differences, and the question arises 
whether such differences should constitute a valid basis for species 
differentiation in the face of biologic identities in other respects, or 
whether such differences are only temporary responses to host environ- 
ment which tend to disappear with prolonged cultivation. The possible 
relation of some of the widely distributed and more recently described 
human pathogens to the strains of animal origin is also a matter of 

importance. 
Bacteria of the Intermediate Group in Guinea-Pigs 

The earlier literature relating to the occurrence of bacteria of the colon- 
typhoid intermediate group in guinea-pigs has been reviewed by Holman.3 
They appear to be the chief, if not the sole, cause of so-called pseudotuber- 
culosis in these animals; they have also been encountered in pneumonia and 
in infectious metritis of guinea-pigs. The older writers place the guinea-pig 
organisms indiscriminately in the enteritidis or the hog-cholera groups. 
Ferry5 isolated 17 organisms which he placed in the B. enteritidis group, no 
attempt being made to identify them further; some of these were derived from 
guinea-pigs, but how many is not stated. Krumwiede, Valentine and Kohn0 
studied a number of guinea-pig strains isolated by themselves as well as 
strains received from other investigators. They found the rodent strains to 
be distinct from the suipestifer and paratyphoid B groups; from their own 
animals they isolated also some strains of the enteritidis type. Tenbroeck7 
says that most of the guinea-pig strains which he has encountered belong to 
the enteritidis group. Busson8 isolated paratyphoid organisms from two 
guinea-pig epizootics of the hemorrhagic septicemia type. The character of 
disease with which organisms of this group are associated is, therefore, quite 
varied, and the various diseases are world-wide in their distribution. In 
addition to accounts relating specifically to paratyphoid bacilli and to diseases 
caused by them in guinea-pigs, there are numerous references in the litera- 
ture which make casual mention of the interference with other work caused 
by the presence of these bacteria, and the word "ubiquitous" is frequently 
applied to them. 

5 Jour. Path. 8c Bacteriol., 1914, 18, p. 445. 
6 Jour. Med. Research, 1919, 39, p. 449. 
7 Jour. Exper. Med., 1920, 32, p. 19. 
8 Centralbl. f. Bakteriol., 1, O., 1921, 86, p. 101. 
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RELATIONS WITHIN THE INTERMEDIATE GROUP 

The question of the relation of the various paratyphoid B organisms 
of animal origin to each other and of those of human origin to those 
derived from animals is an important one, which deserves greater 
elucidation. From the standpoint of the prevention of disease among 
lower animals it is essential to know whether the members of the group 
are readily transmissible from one species to another, or whether there 
is any limitation of strains to host species in spite of cultural and 

immunologic similarities. From the standpoint of human disease it 
is important to know whether infection of human beings by strains of 
animal origin is possible in the ordinary course of events, or only as 
food infections; a further possibility exists that a strain which- has 
been derived from a lower animal might gain a foothold in the intestinal 
tract of a human being, adapt itself to its new surroundings, and, after 

spread by those channels through which typhoid is disseminated, become 

pathogenic for other human beings into which it might be introduced. 
From the purely biologic standpoint the matter of strain relations 
within the group is of the utmost interest and has a direct bearing 
on questions relating to mutation and variation among bacterial species. 

Of human strains supposedly different from the four type species, Hirsch- 
feld's9 B. paratyphosus C belongs serologically to the hog-cholera group 
according to Tenbroeck,10 although the Hirschfeld organism ferments dulcite 
and arabinose readily. Bacilli of human origin of the Voldagsen type and sev- 
eral other strains from epidemics of food infection were studied by Manteufel. 
Zschucke and Berger11 and wTere found also to belong to the suipestifer group ; 
they conclude that it is impossible to determine the human or animal origin of 
a strain from its cultural or serologic characters. 

Although B. suipestifer is the group representative most frequently encoun- 
tered in swine, Spray,12 Doyle and Spray,13 Tenbroeck7 and others have 
isolated strains like the paratyphoids A and B of human origin. 

Krumwiede, Valentine and Kohn,6 who concluded that the strains of rodent 

origin form a distinct group, found 13 of their 15 guinea-pig strains, 2 of 
4 mouse strains, 1 rabbit strain and 1 cat strain to be identical and different 
from B. suipestifer and human B. paratyphosus B. The series of organism^ 
studied by them did not, however, include any of the so-called paratyphoid B 
strains from other animal sources, so that the possibility of affinity with such 
strains is not excluded. The tendency to consider the bacteria associated with 

pseudotuberculosis in rodents a distinct group is apparent in the older literature 

relating to this subject, in which the name B. pseudotuberculosis rodentium is 
applied to the organism. Klein14 has recently reported a study in which he 

9 Lancet, 1919, 1, p. 296. 
io Jour. Exper. Med., 1920, 32, p. 33. 
" Centralbl. f. Bakteriol., 1, O., 1921, 86, p. 214. 
12 Jour. Infect. Dis., 1920. 26, p. 340. 
13 Ibid., 27, p. 245. 
" Centralbl. f. Bacteriol., 1, O., 1921, 86. p. 564. 
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compared a strain, isolated from an epizootic of pseudotuberculosis among 
guinea-pigs in Cologne, with an original culture of B. pseudotuberculosis 
rodentium and one of B. paratyphosus B of human origin. His own strain 
and the original pseudotuberoulosis strain did not ferment dextrose. The original 
strain was not agglutinated by human para B antiserum, whereas his own wTas 
agglutinated by this serum. He concludes that the organisms causing pseudo- 
tuberculosis in guinea-pigs belong to the paratyphoid B group and that the 
strain isolated by himself is intermediate between B. pseudotuberculosis rodentium 
and human B. paratyphosus B. Whether the inability to ferment dextrose, if 
this is a fixed character, warrants the placing of these organisms in the colon- 
typhoid intermediate group appears questionable. Litch and Meyer 15 

accept the 
existence of a rodent group, in which they place the organism isolated by them 
from an epizootic among rabbits. However, their own agglutination results 
hardly seem to warrant such a definite conclusion, since the relation between 
their rabbit strain and 1 guinea-pig strain, on the one hand, and 3 avian strains, 
2 swine strains and 1 human paratyphoid B strain on the other, appear closer than 
the relation of 3 other guinea-pig strains, 1 rabbit strain and 1 mouse strain to 
their rodent group. The organisms causing hemorrhagic septicemia in guinea- 
pigs have usually been placed, together with the bacteria of hemorrhagic 
septicemia in other animals species, in the nonmotile pasteurella group of 
Lignieres, but Busson's8 study indicates that this is not a homogeneous group; 
furthermore, the organisms isolated by him from 2 epizootics among guinea-pigs 
separated by a time interval of 5 years and characterized by the anatomic lesions 
of hemorrhagic septicemia, belonged to the paratyphoid group. His strains 
from the 2 epizootics gave only slight cross agglutination, and one formed gas 
in dextrose while the other did not. Plasaj and Pribram1" have studied the 
bacteria of the hemorrhagic septicemia group in the Krai collection. They also 
find that this group includes a heterogeneous variety of organisms, some of 
which are nonmotile, others motile. For some of the latter, like B. cuniculicida, 
B. cavisepticum, B. suisepticum, B. suicida, the close relation to or identity 
with members of the colon-typhoid intermediates is admitted, yet they are 
retained in the hemorrhagic septicemia group under the subheading B. multo- 
septica. The tendency to name bacterial species according to the diseases of lower 
animals with which the bacteria may be associated is a regrettable one, and the 
bewildering confusion to which it may lead is well illustrated by the hemorrhagic 
septicemia bacteria. An organism which in the beginning of an epizootic 
causes the more chronic lesions of pseudotuberculosis, may, as the epizootic 
reaches its height and the bacteria increase their virulence, cause typical hemor- 
rhagic septicemia. 

The organisms from rats and mice are usually placed in the enteritidis group, 
rather than in a possible rodent para B group. In a comparative study, Bahr, 
Raebiger and Grosso 17 found the ratin bacillus to be distinct from B. enteritidis 
and B. paratyphosus B. The work of Krumweide, Valentine and Kohn 6 indicates 
that some, at least, of the mouse strains have a closer relation to the so-called 
animal paratyhoids than to B. enteritidis. The organism isolated from infectious 
diarrhea of calves by Meyer, Traum and Roadhouse18 was considered by them 
B. enteritidis, and strains from horses were placed by Graham, Reynolds and 

15 Jour. Infect. Dis., 1921, 28, p. 27. 
18 Centralbl. f. Bakteriol., O., 1921, 87, p. 1. 
17 Ztschr. f. Infektionskr. d. Haustiere, 1909, 5, p. 295. 
18 Jour. Am. Vet. Med. Assn., 1916, 49, p. 17. 
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Hull18 in the same species. Zeller20 found that strains isolated by himself from 
calves had a closer relation to human paratyphoid B than to enteritidis. 

Of the avian strains, B. psittacosis is placed by Jordan21 in the enteritidis 
group. Litch and Meyer's work, however, indicates closer relations to the 
guinea-pig strains studied by them. B. pullorum and B. sanguinarum, usually 
termed avian paratyphoid bacilli, were found by Mulsow2-' to be antigenically 
related to B. typhosus, B. enteritidis and B. abortus-equinus, but not related to 
B. paratyphosus A, B. paratyphosus B and B. suipestifer. In spite of relations 
to species so distinct as B. typhosus and B. enteritidis, the propriety of including 
these 2 avian species in the colon-typhoid intermediate group appears doubtful, 
since both are nonmotile. Motility is a fundamental biologic character which 
should have weight in determining relationships equal to that given to immuno- 
logic or cultural reactions. Spray and Doyle"3 found 22 of 23 strains isolated 
from chicks with white diarrhea and from hens to be B. pullorum, while one 
strain was like human paratyphoid B culturally, but distinct from the latter 
agglutinatively. 

It is possible that the difficulty in determining relations among the members 
of the group which diverge from the four main species may be due to instability 
of biologic characteristics, resulting in altered immunologic properties when 
strains become transferred from one species of animal to another, or in loss or 
acquisition of fermentative powers when cultivated. Smith and Reagh24 have 
held that a change from one host species to another might possibly change 
serologic characters. Fletcher25 and Thjotta and Eide26 have isolated capsulated 
paratyphoid variants. Jordan27 has studied several strains which split off variants 
whose fermentation reactions differed from the parent strains. Two statements 
made by Jordan in this study are of fundamental significance: "Agglutinative 
reactions . . . in the paratyphoid-enteritidis group especially are to be 
accepted only guardedly as criteria of relationship." "Variations both in nature 
and in artificial test-tube cultures are exceedingly common throughout the 
paratyphoid-enteritidis group. These variations affect agglutination and fermen- 
tation characters, as well as less fundamental qualities/' 

To variations which actually occur within species and to the use of unauthentic 
strains of the four main species of the group in the comparative study of other 
strains, we believe that much of the present confusion is due. 

Description of the Epizootic 

The epizootic among our animals began in the spring of 1920 and manifested 
itself at first simply by a slightly progressively increasing death rate among 
the animals. By the middle of the summer the death rate had increased to 
such an extent that study of the disease became imperative if the rearing of 

guinea-pigs was to be continued. The results of the postmortem examinations 
at this time were so uniform as to indicate that we had to deal with an epizootic 
disease. 

19 Ibid., 1920, 56, p. 378. 
ao Ztschr. f. Infektionskr. d. Haustiere, 1909, 5, p. 361. 
21 General Bacteriology, 1914, p. 275. 
22 Jour. Infect. Dis., 1919, 25, p. 135. 
28 Ibid., 1921, 28, p. 43. 
24 Jour. Med. Research, 1903, 9, p. 270. 
25 Lancet, 1918, 2, p. 102. 
26 Jour. Bacteriol., 1920, 5, p. 501. 
27 Jour. Infect. Dis., 1920, 26, p. 427. 
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Our guinea-pigs are kept on the second floor of a separate, brick animal 
house which is well lighted and ventilated. The floors are of concrete. The 
breeding animals are kept in a series of open pens 3 by 4 feet in a room 14 by 24 
feet. Inoculated animals are kept in small cages in a separate room. How the 
infection entered is unknown. No new guinea-pigs had been placed among our 
stock, which had been bred from carefully selected animals for a period of about 
3 years before the epizootic developed, until which time the stock had been 
exceptionally healthy and strong. The animals are fed on hay and oats stored in 
the animal house and on fresh vegetables and stale bread received daily from 
the hospital kitchen. It is probable that the infection was introduced with some 
of the green food. In the spring of 1920 our stock consisted of about 150 
breeding females, from which about 100 young per month were being received. 
There were, in addition, about 150 young animals of both sexes which had been 
removed from the mothers and from which the supply of breeding animals was 
replenished as the animals matured. There were, further, about 100 males, about 
three-fourths grown, which had been separated from the other animals and which 
were used for bleeding, inoculation, etc. While an exact census of the number of 
guinea-pigs on hand previous to the epidemic cannot be given, 500 is a close 
estimate and this number was being increased by about 100 young per month. 
When the epidemic was brought under control, at the end of the summer, there 
were left only about 30 breeding females, and all the young animals on hand at 
the beginning of the epizootic and those born during its course had died. Our 
breeder estimates the number of young animals, which did not reach breeding 
age and which were lost during the epizootic, at about 500. The older males 
suffered much less severely. Throughout the epizootic the greater susceptibility 
of the females was striking, and pregnancy and parturition were important 
predisposing factors. Many of the females gave birth to dead young prematurely; 
when the young were born alive both the mother and the young frequently died 
within a few days after delivery. The greater suspectibility of female guinea- 
pigs in the different kinds of epizootic infections has been repeatedly referred 
to by others. 

Symptoms 

Often a peculiar cough was the first thing which called attention to a sick 
animal. In other cases the attitude and the appearance indicated that the 
animal was ill; it sat quietly huddled in a corner and the coat was rough. 
Emaciation was a marked feature. When the epizootic was at its height the 
animals died without having previously shown any symptoms which called 
attention to their condition. Diarrhea was absent; although the infection was 

probably intestinal in origin, the symptoms indicated freedom of intestinal 

involvement, which was borne out by the postmortem findings. In a small 
proportion of the animals the hind legs became paralyzed shortly before death. 

Pathologic Anatomy 

The most striking and constant lesions occurred in the spleen. This organ was 

enlarged to several times its normal size; the largest encountered measured 
5x3.5x1.5 cm. Beneath the capsule and in the substance of the spleen were 

multiple, opaque, yellowish round areas which usually measured from 0.5 to 1 mm. 

in diameter and bore a close resemblance to tubercles. These were usually 
sharply defined and surrounded by a narrow zone of congestion. The splenic 
tissue between the nodules had a grayish-red color. In the largest spleen, 
mentioned in the foregoing, the areas were up to 1 cm. in diameter; as in the 



522 K. M. Howell and O. T. Schultz 

smaller lesions, the opaque necrotic material was dry and friable. The liver 
was usually moderately enlarged, pale and fatty. In addition to these changes, 
the tissue frequently contained indistinct, poorly defined, opaque areas of necrosis 
or more sharply defined and more opaque abscesses like those present in the 
spleen. There was no change in the lungs, except the atelectatic areas which 
occur so frequently in the lungs of the guinea-pig. The gastro-intestinal tract 
was uniformly negative, even in animals that died suddenly without spleen or 
liver lesions. In females that had had young and that died within a period 
varying from 1 day to 3 weeks following parturition, the uterus at times 
contained one or more abscesses, or without definite localized abscesses pus 
might be present in one or both horns. In a few instances the pleura was 
thickened and the pleural cavity filled with thick friable pus, and in about an 
equal number of cases the peritoneal cavity was the seat of similar changes. 
The left pleura was more frequently involved than the right, and both pleural 
and peritoneal involvement usually appeared to be the result of a spread of the 
inflammatory process by direct continuity from the spleen. At times the lesions 
of the pleura, peritoneum and spleen had the appearance of having been present 
for a relatively long time; other organs, such as the stomach and intestine, 
might be firmly united to the spleen or the abdominal wall by fibrous adhesions. 
When the epizootic was at its height, the animals apparently died acutely, 
without characteristic lesions; the internal organs were congested, but in no 
case were there any of the lesions characteristic of hemorrhagic septicemia; 
heart blood cultures from such cases were positive. In some of the animals 
that became paralyzed shortly before death, the central nervous system was 
examined, without, however, revealing any gross changes. 

In the microscopic examination of the splenic lesions, the similarity to 
tubercles was almost as striking as in the gross. Each lesion was made up of a 

relatively large center composed of necrotic material, derived largely from 

fragmented leukocytes and lymphocytes. About the center was a narrow zone 
in which the tissue was better preserved; there was slight proliferation of the 
stroma cells and moderate infiltration by leukocytes and lymphocytes. The spleen 
pulp between the abscesses was somewhat congested and contained moderate 
numbers of large oval cells, apparently proliferated endothelium or stroma; this 
diffuse proliferative reaction was not nearly so marked as in the human spleen 
in typhoid fever. Some of the liver lesions were sharply defined abscesses like 
those present in the spleen. More frequent were the poorly defined areas of 
necrosis ; microscopically, the smaller of these had an appearance identical with 
that of the focal necroses of the human liver in typhoid. The intervening liver 
tissue was usually markedly fatty. The gross lesions of the other organs had the 
same necrotic and purulent character as those of the spleen and liver. No 

changes were seen in the central nervous system which would account for 
the paralyses. 

In animals with definite lesions the anatomic characteristics were those of 
a disease of rather prolonged duration. In other cases at the height of the 

epizootic, the absence of definite lesions, the presence of bacteria in the blood, 
and the clinical manifestations indicated that the disease had run a rapid course. 

Bacteriology 

Between July 24 and Aug. 15, 1920, necropsies were made on 31 guinea-pigs. 
Three were males and had been used for inoculation with suspected tuberculous 
material; the other 28 were females from the breeding stock. A culture was 
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made from the heart blood of each guinea-pig and, in addition, cultures were 
made from the trachea, spleen, liver, pleura, uterus and tubes, peritoneal and 
pleural fluids, as indicated by the gross lesions. 

A gram-negative bacillus was obtained from 26 of the 31 heart blood cultures 
and from all of the lesions from which cultures were taken. Two of the negative 
heart cultures were from guinea-pigs inoculated with tuberculous material. One 
negative culture was from a female guinea-pig with no definite symptoms or 
lesions. Another negative culture was from an emaciated, pregnant female 
guinea-pig that had been sick a year, but which had no typical lesions at 
necropsy. The fifth negative culture was obtained from the heart blood 
of an emaciated female guinea-pig that had a typical spleen from which a 
positive culture of gram-negative bacilli was obtained. 

Microscopically, the organism isolated in this epizootic was a gram-negative 
bacillus, somewhat inclined to be pleomorphic, since there were coccus-like forms 
and longer, slender bacilli in the same culture. The bacillus was slowly motile. 
No capsule could be demonstrated by special staining methods. 

The first cultures were made in dextrose broth, ascitic dextrose broth, plain 
agar, and blood agar, and they were grown anaerobically as well as aerobically. 
However, a good growth was obtained in plain broth and agar under aerobic 
conditions in 24 hours, so the other cultural methods were not used as a routine. 
In most instances, the gram-negative bacillus was obtained in pure culture. In 
two of the heart blood cultures a gram-positive coccus was isolated in addition 
to the gram-negative bacillus, and in one uterine culture a gram-positive bacillus 
was also obtained which did not grow in subcultures. 

Broth cultures of the gram-negative bacillus were diffusely cloudy. The 
colonies on agar plates were elevated, moist, 1 to 3 mm. in diameter, rather 
opalescent, and with a smooth or slightly indented edge. On blood-agar plates 
the colonies were more moist and larger, but no hemolysis took place. On 
Endo's medium the colonies were faintly pink. Russell's double sugar medium 
had acid and gas in the lower part of the tube, and a trace of acid in the upper 
part of the medium. Growth on potato was not characteristic. Gelatin was 
not liquefied. Lead acetate medium was darkened in 24 hours. Litmus milk 
showed a faint trace of acid 24 hours after inoculation, then became increasingly 
alkaline until the milk was dark blue after 3 or 4 days. The alkalinity persisted 
for 8 weeks, at which time the cultures were discarded. There was in no instance 
any peptonization of the milk. There was no production of indol in 2-day, 7-dfty 
or 14-day cultures. The sugar reactions of all the strains were as follows: 
acid and gas were formed in dextrose, levulose, galactose, maltose, mannite, 
dulcitol, arabinose, and xylose; in lactose, salicin, saccharose, and inulin, there was 
no production of acid or gas. Cultures were made in the sugars and in litmus 
milk after 6 months' cultivation of the strains, and again after 1 year. The 
reactions in the sugars and in litmus milk remained the same. 

The more important differential cultural reactions are given in table 1. In 
this and in the succeeding tables and throughout the rest of this communication, 
the guinea-pig organism under investigation is referred to as A 5. This was 
a pure strain isolated from a single colony derived from the heart blood culture of 
one of the animals that died early in the epizootic. 

Virulence 

Three half-grown normal guinea-pigs were injected with salt suspensions of 
living A 5 bacteria. The first guinea-pig was injected intraperitoneally with Ice 
of a suspension which contained one-fourth of a 24-hour growth from a plain 
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agar slant. The next morning, the guinea-pig was found dead. At necropsy, 
a small amount of cloudy fluid was found in the peritoneal cavity. The 
blood vessels on the injected side of the peritoneum were very congested, 
although the point of inoculation could not be determined. The blood vessels 
of the omentum, intestine and stomach were also very congested. The spleen, 
liver and kidneys were large and congested. The lungs and pericardium were 
slightly congested. The bacillus was recovered from the heart blood culture. 

The second guinea-pig received less than 0.1 c c of the same suspension 
intravenously. It died on the second day. At necropsy, there was a slightly 
increased amount of fluid in the pleural and peritoneal cavities. All the blood 
vessels were congested. The omentum was very congested. No gross lesions were 
found. A 5 bacillus was isolated in pure culture from the heart blood. 

The third guinea-pig received subcutaneous injections into the lower right 
quadrant of the abdomen, with 0.5 c c of the same A 5 suspension. This guinea- 
pig also died on the second day. The blood vessels at the site of inoculation 

table i 
Cultural Reactions 

Dex- Arab- Litmus Milk Lead 
Lactose trose Xylose inose Dulcitol Acetate 

24 Hours 1 6 Weeks 24 Hours 

B.paratyphosusA 0 AG 0 AG 1 AG 1 A A 0 
(Army) 

B.paratyphosusA 0 AG 0 AG AG A A 0 
(Jordan) 

B.paratyphosusB 0 AG AGs AGs AGs Alk.s Alk. Dark 
(Army) 

B.paratyphosusB! 0 AG AG AG AG Alk. Alk. Dark 
(Jordan) ! 

B. suipestifer 0 AG AG AGs AGs Alk.s j Alk. 0 
i i 

B. enteritidis 0 AG AG AG AG Alk.s Alk. Dark 

A 5 0 AG AG AG AG Alk.s Alk. Dark 

A zz: acid; G ^ gas; s rr slight; Alk. i^ alkaline. 

were very congested. Apparently the infection traveled through the abdominal 
wall, for there was an acute plastic peritonitis. The pleural cavity was also 
invaded. There was general congestion of all the organs, but there were no 
gross lesions. A 5 organisms were recovered from the peritoneal fluid and 
from the heart blood. 

Two guinea-pigs were fed on 3 consecutive days with an A 5 culture. This 
was done by pouring a 24-hour broth culture of A 5 bacteria over the bread 
and lettuce leaves fed to the guinea-pigs. On the second day the guinea-pigs 
were apparently affected by the feedings, since there was a loss of appetite and 
an appearance of weakness. However, in a few days they appeared normal. On 
the tenth day after the first feeding, the guinea-pigs coughed considerably. 
One guinea-pig became emaciated, and on the twenty-fifth day after the first 
feeding, the hind legs were partially paralyzed, and the animal appeared almost 
dead. It was killed and necropsy examination performed. The positive findings 
were a large fatty liver with numerous abscesses from 1 mm. to 2 cm. in 
diameter, large and congested spleen, and congestion of the upper lobes of the 
lungs. Films from the abscesses contained gram-negative bacilli. Bacilli typical 
of the epizootic were isolated from a liver abscess and from the heart blood. 
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Several cc of blood were taken from the heart for an agglutination test. This 
serum did not agglutinate A 5 or several other guinea-pig strains. The second 
guinea-pig which had been fed A 5 bacteria apparently recovered from the 
infection. After about 6 weeks, it was killed. No lesions were found at 
necropsy, the blood cultures remained sterile and the serum did not agglutinate 
A 5 bacteria. 

A half-grown rabbit was inoculated subcutaneously with 0.1 cc of a 
suspension of A 5 bacilli similar to the one used in the guinea-pig virulence tests. 
The rabbit stopped eating after one day. It was very limp and obviously ill 
on the second day, and it died that night. A typical A 5 bacillus was recovered 
from the heart blood. No lesions were found at necropsy. 

Necropsy examination was performed on the rabbit that was bled to death 
for immune A 5 serum. The positive findings were a large and congested spleen 
and a liver with several abscesses varying from 1 to 5 mm. in diameter. Cultures 
from the heart blood of this rabbit were sterile, but those of the liver lesions 
yielded the organism. 

While rabbits were quite susceptible to artificial inoculation, they were 
apparently not very susceptible to spontaneous infection. Our stock of rabbits 
is kept on the first floor of the building in which the infection occurred among 
the guinea-pigs; a few rabbits were also kept on the same floor with the guinea- 
pigs. None of the rabbits developed the infection spontaneously. 

White mice were readily susceptible to artificial infection. A mouse, inoculated 
intraperitoneally with V* million organisms, died in 18 hours, and one each with 
1 million and 1 billion died in 36 hours. A mouse which received XU million lived. 
These inoculations were made after the organism had been under artificial culti- 
vation for 14 months. A half-grown white rat was not killed by an intra- 
peritoneal inoculation of ^ million bacteria; when given a second intraperitoneal 
injection of the growth on one agar' slant, it died in less than 18 hours. 

Immunologic Reactions 

Rabbits were immunized with the following bacterial strains: guinea-pig 
strain A 5; B. paratyphosus A; B. paratyphosus B; B. suipestifer; B. enteritidis. 
Guinea-pig strain A 5 was isolated at necropsy from the heart blood of a 
guinea-pig that had had typical symptoms of the infection and that had the 
characteristic lesions of the liver and the spleen. The strain was bacteriologi- 
cally similar to the other gram-negative bacilli isolated in the epizootic. Para- 
typhoid strains A and B were obtained from the Army Medical School, Wash- 
ington. The B. suipestifer and B. enteritidis strains were obtained from Prof. 
E. O. Jordan of the University of Chicago. 

Agglutinins.?The macroscopic agglutination method was the one used for 
these tests. To varying serum dilutions (starting with undiluted serum and 
stopping with 1: 10,000 serum dilution) was added an equal amount of an 
opalescent suspension of killed bacteria in physiologic salt solution. The tests 
were incubated in the hot-water bath at 56 C. for one hour, and the readings were 
made at once. Each immune serum and a normal rabbit serum was tested for 
agglutinin with each bacterial suspension. In addition to the bacterial 
suspension of the bacilli used for immunization were 3 suspensions of animal 
paratyhoid B strains 240, 244 (guinea-pig strains) and 245 (rabbit strain), 
which were obtained from Professor Jordan after the 5 rabbits had been 
immunized. The results of the agglutination tests were very clear-cut (table 2). 
There was no spontaneous clumping of the bacterial suspensions, and even 
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undiluted normal rabbit serum failed to agglutinate any of the bacterial sus- 
pensions. A 5 serum in 1: 10,240 dilution agglutinated A 5 suspension; in 
1:5,120 dilution, No. 240 suspension; in 1:2,560 dilution, No. 244 suspension; 
in 1: 1,280 dilution, No. 245 suspension ; in 1: 20 dilution, B. enteritidis suspen- 
sion ; and in 1: 10 dilution, B. paratyphosus A suspension. Undiluted A 5 serum 
failed to agglutinate B. suipestifer and B. paratyphosus B suspensions. B. 
suipestifer serum agglutinated the homologous suspension in 1:5,120 serum 
dilution and B. enteritidis suspension in 1: 1,250 serum dilution. This serum 
did not agglutinate A 5, B. paratyphosus A, B. paratyphosus B, 240, 244, or 245 
suspensions. B. enteritidis immune serum in 1: 5,120 dilution agglutinated B. 
enteritidis suspension, and in 1: 1,280 dilution agglutinated B. suipestifer sus- 
pensions. This serum failed to agglutinate the other suspensions. B. para- 
typhosus A serum agglutinated B. paratyphosus A suspension when it was 
diluted 1:5,120; and B. paratyphosus B and B. enteritidis suspension when 

TABLE 2 

Agglutination Reactions 

Serums 

Suspensions 

B. para- 
typho- 

i sus A 
i (Army) 

B. para- 
typho- 
sus B 

(Army) 

B. sui- B. enter- 
pestifer itidis 

0 1:10 

0 0 

1:5120 1:1280 

1:1280 1:5120 

0 1:20 

0 0 

0 0 

A5 No. 
240 

No. 
244 

No. 
245 

B. paratyphosus Aj 1:5120 (A) 
j(Army) 

B. paratyphosus B; 1:10 (A) 
(Army) 

B. suipestifer.... 

B. enteritidis.. 

A5 

Normal 

None , 

0 

0 

1:10 

0 

0 

1:10 

1:2560 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1:10240 

0 

0 

0 

0 

0 

0 

1:5120 

0 

0 

0 

0 

0 

0 

1:2560 

0 

0 

0 

0 

0 

0 

1:1280 

0 

0 

it was diluted 1:20. The other bacterial suspensions were not agglutinated 
by this serum. B. paratyphosus B serum agglutinated B. paratyphosus 
B suspension in 1 :2,560 serum dilution; and B. paratyphosus A in 
1: 1,010 dilution. The other organisms were not clumped by this immune serum. 

The agglutinin titer of A 5 serum was so high for Nos. 240, 244, and 245 
bacterial suspensions that it was considered unnecessary to immunize animals 
with these strains in order to perform the reverse tests (immune serum with 
A 5 suspensions), since the relation between the bacterial strains w&s already 
clearly established. The agglutination tests also showed the close relation 
between B. suipestifer and B. enteritidis, and to a lesser degree between the 
2 human paratyphoid strains; but they did not place the A 5 strain or the 3 
known animal paratyphoid B strains with either group. Agglutination tests 
were made, using A 5 immune serum with each of the bacteriologically similar 
strains isolated in the epizootic. With the exception of 2 strains, A 20 and A 22, 
all agglutinated with this serum. The agglutinin titer varied from 1: 160 to 
1: 5,120. 

Absorption Tests.?One c c of undiluted A 5 immune serum and 1 c c of a 
heavy, killed suspension of A 5 bacteria in normal salt solution were placed in a 
large bottomed test-tube and incubated in a hot-water bath at 56 C. for one 
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hour. The mixture was centrifugalized and the clear supernatant fluid removed. 
The supernatant was again incubated with a heavy A 5 suspension, and the 
process was repeated until A 5 serum had no agglutinin for A 5 bacteria. A 5 
immune serum was treated in a similar way with No. 240 bacteria until there 
was no agglutinin for No. 240. Serum A 5 (table 3), after A 5 agglutinin had 
been absorbed, clumped No. 240 suspensions in 1: 30 serum dilution and sus- 
pensions of Nos. 244 and 245 in serum dilutions of 1: 60. Serum A 5 after No. 
240 agglutinin had been removed, agglutinated A 5 suspension in 1: 40 serum 
dilution, but it did not clump No. 244 or 245 suspensions. 

TABLE 3 

Agglutinin Absorption 

Suspensions 
Serum A 5 Absorbed with : 

A 5 No. 240 1 No. 244 | No. 245 

A5 0 1:30 1:60 1:60 

No. 240 1:40 0 0 () 

The absorption tests show that strain A 5, though clearly related to the 
known paratyphoid B animal strains, is not identical with any one of them. 

Opsonins.?The opsonic content of A 5 immune serum to the bacteria A 5, 
B. suipestifer, B. enteritidis, the human paratyphoids A and B, and the animal 
paratyphoids 240, 244 and 245 was measured by the opsonic index method. For 
comparison, the opsonins of B. suipestifer immune serum were determined 
for the same bacteria. 

TABLE 4 

Opsonic Index 

( B. para- B. para- j 
Immune A 5 No. No. No. typho- typho- B. enter- B. sui- 
Serums 240 244 245 sus A sus B itidis j pestifer 

(Army) (Army) 

A 5 7.0 4.1 6.8 6.0 j 2.0 2.0' 1 1.5 ; 1.7 

B. suipestifer 2.5 | 1.5 1 1.8 1.3 0.75 | 2.0 1.9 4.7 

The technic was as follows : One part of the serum under examination, one 
part of a faintly cloudy suspension of killed bacteria, and one part of washed 
rabbit leukocytes were thoroughly mixed in a capillary pipet and were incubated 
for 15 minutes at 37 C. Films were made from the mixture and stained, 50 
leukocytes were examined, and the number taking part in phagocytosis was noted. 
The number of phagocytic leukocytes in the immune serum divided by the 
number of phagocytic leukocytes in the normal serum constituted the opsonic 
index. 

The opsonic index of A 5 immune serum (table 4) to A 5 bacteria was 7; 
to B. paratyphosus A, 2; to B. paratyphosus B, 2; to B. suipestifer, 1.7; to B. 
enteritidis, 1.5; to No. 240, 4.1; to No. 244, 6.8, and to No. 245, 6. The opsonic 
index of B. suipestifer immune serum to A 5 bacteria was 2.5 ; to B. paratyphosus 
A, 0.75; to B. paratvphosus B, 2; to B. suipestifer, 4.6; to B. enteritidis, 1.9; 
to No. 240, 1.5; to No. 244, 1.8; and to No. 245, 1.3. 



528 K. M. Howell and O. T. Schultz 

The results of the opsonic index point to a close relationship between the 
guinea-pig A 5 strain, and the animal paratyphoid B strains 240, 244 and 245. 
However, from the opsonic indexes with serum B. suipestifer, A 5 would seem 
to be closer than the other animal paratyphoid strains to that bacterium. 

Complement-Fixation.?Bacterial complement-fixation tests were made, using 
each immune serum, and a normal serum with all the antigens. Some difficulty 
was encountered in devising a method of antigen preparation which would 
prove satisfactory for each bacterium. Simple suspensions of either living or 
killed bacteria in normal salt solution gave good antigens for all the bacteria 
except A 5 and B. suipestifer. These two antigens were nonspecific in that they 
fixed complement to some extent with all the immune serums, and with several 
normal serums even when the amount of antigen used in the test was only 
a small fraction (^64) of its anticomplementary unit. After trying various 
methods of antigen preparation, a fairly specific A 5 antigen was obtained by 
boiling a faintly cloudy suspension of bacteria in salt solution for 5 minutes. 
The resulting antigen was opalescent and of uniform density. Antigens of the 
other bacteria were similarly prepared, and they proved to be fairly satisfactory. 
Each antigen was standardized so that 0.1 c c of antigen equaled one-fourth of 
the anticomplementary unit of that antigen. 

The bacterial complement-fixation tests were made according to the original 
Wassermann test (one-tenth method). The antigen and complement were kept 
constant, 0.1 c c. of each, and the inactivated serums were used in the following 
amounts: 0.04 cc, 0.02 cc, 0.01 cc, and 0.005 cc. Serum, antigen, and com- 
plement were incubated 45 minutes in a hot-water bath at 37 C, then sheep 
corpuscles and antisheep amboceptor were added to the contents of each tube, 
and the whole was incubated for 30 minutes at 37 C, in the hot-water bath. 

When there was complete inhibition of hemolysis in the tube containing 
0.005 c c serum, the result was considered 4- H- -j- ?4- . Similarly, when 0.01 c c 
serum was the least amount which inhibited, 4- 4-; and when 0.04 c c inhibited, 4" . 
When there was complete hemolysis in all the tubes, the result was regarded 
as negative. 

The results of the complement-fixation tests (table 5) were not as clear-cut 
as were those in the agglutination tests (table 2). Serum A 5 gave a 4- 4* 4" 4" 
fixation with A 5, No. 240 and No. 244 antigens, a 4- 4- 4- fixation with B. 
suipestifer antigen, a 4- fixation with B. paratyphosus B, and B. enteritidis anti- 
gens and no fixation with B. typhosus A antigen. Antigen A 5 was less specific than 
the A 5 serum, since it gave a 4" 4- 4- fixation with B. paratyphosus A, B. 
paratyphosus B, and B. suipestifer serums, and a 4" 4- fixation with B. enteritidis 
serum. However, the close relation between A 5 and the 3 animal paratyphoid B 
strains was again demonstrated. 

Preventive Immunization 

Although preventive immunization by means of killed bacteria is generally 
considered to yield poor results in the diseases of animals due to the paratyphoid 
group, it was decided to make use of this procedure as a final resort in an 
endeavor to overcome the infection. A vaccine was prepared, using 12 typical 
strains of the gram-negative bacillus that had been isolated in the epizootic. 
Eighteen-hour growths on plain agar sants were washed off with sterile 
salt solution, heated at 56 C. for 30 minutes, and standardized by Wright's 
method. On Aug. 6, 1920, a test group of 16 guinea-pigs was vaccinated. Three 
inoculations of the vaccine were given at 2-day intervals. The first dose 
contained one-half billion bacteria; the second, one billion; and the third, 
two billion. 
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There were no fatalities after the first dose. One guinea-pig died after the 
second injection. At necropsy, the liver had typical abscesses and the gram- 
negative bacillus was isolated from the heart blood. Since the death rate was 
not increased by the vaccination, the entire stock was vaccinated. One guinea- 
pig from the first vaccinated group died on October 4, and another on October 25. 
Both had typical liver and spleen lesions, and a bacillus was isolated in each 
case from the heart blood that was bacteriologically similar to the organisms 
isolated in the summer. Jan. 3, 1921, a fourth pig in this group died. There 
were no typical lesions found at necropsy, and the heart blood cultures remained 
sterile. The death rate became normal within several weeks after the vaccine 
had been given to the guinea-pig stock. 

Agglutinins in Vaccinated Guinea-Pigs.?A group of 4 vaccinated guinea-pigs, 
including a young animal, 2 half-grown ones, and a full-grown one were bled 
several times, and their serums tested for agglutinin. Eight days after the 

TABLE 5 

Complement-Fixation 

Antigens 

Serums B. para- B. para- 
typho- typho- B. sui- B. enter- A 5 No. No. No. 
sus A sus B pestifer itidis 240 244 245 

(Army) (Army) 

B.paratyphosusA +-}- + + i + 0 I ++ + + + ! + + + ' + 0 
(Army) 1 i I i 

B.paratyphosusB + l + + + 0 + + + + + + + + | + + + + + + + + 
(Army) 1 

B. suipestifer .0 0 + + + + + + + + +-f+ 0 0 + + 

B. enteritidis 0 0 + + + + + + + +++00 

A5 0 + ++ + . + + + + + + + + + + + + + + + 

Normal 0 ri 00 0 0 0 0 

+ + + + n: Inhibition of hemolysis in 4 tubes (0.005 cc serum). 
+ + + = Inhibition of hemolysis in 3 tubes (0.01 cc serum). 

+ + zr Inhibition of hemolysis in 2 tubes (0.02 cc serum). 
+ = Inhibition of hemolysis in 1 tube (0.04 cc serum). 
0 ^ Complete hemolysis. 

third dose of vaccine, serum from guinea-pig 1 agglutinated the polyvalent sus- 
pension that had been used for vaccination in 1: 5 dilution; this serum agglutin- 
ated A 5 suspension also in 1: 5 dilution. Guinea-pig 2 serum agglutinated A 5 
bacteria in 1:20 lilution, and the polyvalent suspension in 1:40 dilution. 
Guinea-pig 3 serum agglutinated A 5 suspension in 1: 5 dilution, and the poly- 
valent suspension in 1:20 dilution. Guinea-pig 4 agglutinated A 5 in 1:5 
dilution and the polyvalent suspension in 1: 10 dilution. Fifteen days after 
vaccination, the results of the agglutination tests with A 5 bacteria were as 
follows: Guinea-pig 1 serum did not agglutinate; guinea-pig 2 serum aggluti- 
nated in 1:160; guinea-pig 3 serum in 1: 40; guinea-pig 4 serum in 1: 20. The 
results of the agglutination tests with a polyvalent suspension at this time were 
agglutination in 1: 20, 1: 80, 1: 40, 1: 40 serum dilutions, respectively. Twenty- 
four days after vaccination, the serums agglutinated A 5 bacteria as follows: 
With guinea-pig 1 serum there was no agglutination; with guinea-pig 2 serum 
there was agglutination in 1: 40; with guinea-pig 3 serum, in 1: 20; and with 
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guinea-pig 4 serum, in 1: 160. Agglutination experiments with the polyvalent 
suspension were not performed at the 24-day period. The results of these 
experiments on the vaccinated animals are given in table 6. 

Protection Experiments.?The 4 guinea-pigs used for the agglutination 
experiments just described were given living, virulent A 5 bacteria in order to 
test the protective power of the vaccine. Twenty-seven days after the third 
dose of vaccine, guinea-pig 1, which had no agglutination for A 5, and guinea- 
pig 2, which had agglutinin for A 5 in 1: 160 serum dilution were each injected 
subcutaneously with 250,000 live virulent A 5 bacteria. Guinea-pig 1 developed a 
red indurated mass about 1 cm. in diameter at the point of the injection, but 
it was not apparently ill. Guinea-pig 2 showed no ill effects from the inoculation. 
Five days later guinea-pigs 1 and 2 were inoculated subcutaneously with 0.5 cc 
of a heavy suspension of living A 5 bacteria. Both guinea-pigs developed red 
fluctuating masses at the point of the injection, which opened within a week 
and discharged pus for several days. The abscesses appeared clean and started 
to heal as soon as the pus was discharged. Guinea-pig 1 lost weight rapidly 
after the second inoculation of virulent bacteria, and it did not appear well. 

TABLE 6 
Agglutinins of Vaccinated Guinea-Pigs 

Number of Days After Third Vaccination 

?Guinea-Pig 8 15 24 

A 5 Polyvalent A 5 Polyvalent A 5 
Suspension Suspension Suspension Suspension Suspension 

1 ; 1:5 1:5 0 1:20 0 

2 ; 1:20 1:40 1:160 1:80 1:160 

3 ; 1:5 1:20 1:40 1:40 ; 1:10 

4 1:5 1:10 1:20 1:40 1:160 

Guinea-pig 2 showed no systemic symptoms. The local ulcerated lesions healed 
quickly and completely. The smaller animal, which had become emaciated, 
regained its weight; it was killed 3 months after the inoculation; there were 
no lesions, and the blood culture was negative. The other animal has remained 
apparently well since its recovery from the local effects of the inoculation. 

Guinea-pig 3, whose serum agglutinated A 5 bacteria in 1: 10 dilution, and 
guinea-pig 4, whose serum agglutinated the same organisms in 1: 160 dilution, 
were fed on consecutive days 2 large doses of living, virulent A 5 bacteria. 
Neither animal showed any ill effects from the feedings and both have since 
remained well. 

DISCUSSION 

The infection with which we had to deal apparently made headway 
slowly at first, but increased in severity as it gained momentum. At 
the beginning of the epizootic the disease ran a more protracted course 
and was characterized by chronic tubercle-like abscesses of the spleen 
and liver, together with focal and larger necroses of the liver. At 
the height of the epizootic the animals died quickly, without lesions 
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and without definite clinical manifestations. The readiness with which 
the same organism was cultivated from the infected animals and its 
almost uniform isolation in pure culture was striking. All of the 
strains isolated were culturally identical. The degree to which they 
were agglutinated by the monovalent serum made against one of the 
strains isolated in the beginning of the epizootic varied from 1: 160 
to 1: 5,120. 

Motility, morphology and fermentative reactions place the organism 
in the colon-typhoid intermediate group. In its reactions on xylose, 
arabinose, dulcitol, litmus milk, and lead acetate agar it is identical with 
the Jordan strains of B. paratyphosus B and B. enteritidis used for 
comparative study (table 1). 

The organism is one of that increasingly large group of bacteria 
which are considered to be paratyphoid B bacilli of animal origin. A 

relationship close enough to the strain of human B. paratyphosus B 
used by us in the immunologic studies reported in the foregoing to 
warrant calling the organism a paratyphoid bacillus is not apparent. 
Immunologically our organism is no more closely related to the human 
paratyphoid B strain used than to any of the other members of the 

group on which table 2 is based; the only relations which appear in 
that table are between the guinea-pig strain isolated by us and the 2 
guinea-pig strains and 1 rabbit strain received from the Jordan collec- 
tion. The human paratyphoid B strain obtained from the Army 
Medical School and used by us in our comparative study is not a 
typical strain, in that it does not ferment xylose, arabinose and dulcitol 
at all or only slightly and slowly (table 1). The determination of a 
possible closer relationship to a more typical paratyphoid B strain 
appeared to be of sufficient importance to warrant further investigation, 
since we have felt that much of the confusion that exists today in the 
colon-typhoid intermediate group depends on the use of irregular 
strains of the 4 fixed species for comparative study. After the work 
described in the foregoing had been completed and while the manu- 
script was in preparation, strains of human paratyphoid A and B were 
received from Professor Jordan and were used for the preparation of 
immune serums. These strains react typically on the differential 
mediums (table 1) and conform to the criteria which Jordan and his 
collaborators 28 have laid down in an important series of investigations. 
The Jordan paratyphoid B immune serum, which gave marked agglu- 
tination of its homologous organism in a serum dilution of 1 : 10,240 

2S Ibid., 1917, 20, p. 456; 1917, 21, p. 554; 191*, 22. p. 511. 
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(the dilutions were not carried further than this), agglutinated our 
organism in a dilution of 1:160, and the Jordan animal strains 240, 
244 and 245 in dilutions of 1: 320, 1: 640 and 1: 2,560, respectively 
(table 7). The relations of our organism, and of" the other guinea-pig 
and rabbit strains which we had, to human B. paratyphosus B is now 
more apparent. Furthermore, the irregularity of the first strain of 

paratyphoid B used by us is evident; the Jordan antiparatyphoid B 
serum agglutinated the Army Medical School organism in a dilution 
of only 1: 1,240, and the latter organism was agglutinated by the 
Jordan antiparatyphoid A serum in a dilution of 1: 320 (table 7). 

The agglutinin and opsonin experiments indicate a close affinity of 
our organism with the 2 guinea-pig and the 1 rabbit strain received 
from another source. Absorption of the agglutinins of the A 5 serum 

TABLE 7 

Agglutination Reactions with Antiparatyphoid A and B Serums (Jordan Strains) 

Suspensions 

Serums 1 B. para-1B. para-f B. para-1 B. para-, B. sui-j B. en-1 1 ( i 
typho- typho- typho- typho- pesti- teri- A 5 No. No. No. 
sus A sus A sus B sus B fer tidis 240 244 245 

(Jordan) (Army) j (Jordan' (Army) 

B. paratyphosus A 1:10240+ 1:320 . 0 1:320 looololoo 
(Jordan) | - 1 ' ? i 

B. paratyphosus B 0 | 1:20 1:10840+1 1:1280 0 0 1:160; 1:320' 1:640 1:2560 
(Jordan) 

Normal ; 0 0 0 j 0 OOjOiOlOjO 

None : 0 0 0 | 0 ooloiojoo 1 ( 1 1 i i 1 

by the homologous organism did not remove completely the agglutinins 
for the other 3 strains; for the latter the titer was reduced from 
1: 5,120, 1: 2,560 and 1: 1,280 to 1: 30, 1: 60 and 1: 60, respectively. 
A 5 serum absorbed with strain No. 240, one of the 2 Jordan guinea- 
pig organisms, lost its agglutinins for the 3 heterologous strains but 
still agglutinated our organism in 1: 40 dilution (table 3). This may 
be accepted as evidence of slight differences between our strain and 
the 3 other animal strains; the latter, all derived from the same labor- 

atory, are apparently more closely related to each other than to our 
strain. Although these 3 strains-and our strain are closely rekted, we 
are unable to offer any conclusive evidence of the existence of a distinct 
rodent strain because of the small number of such strains that were 
available for study; the American Museum of Natural History 
informed us that they had no strains of rodent origin in their collection. 

While the small number of such strains that we had for comparison 
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does not permit us to reach any conclusion as to the occurrence of a 
distinct rodent group of paratyphoid B bacilli, the work of others 
indicates that members of the intermediate group, other than those 
which may be supposed to constitute a rodent subgroup, occur fre- 

quently in rodents. The rodent origin of a given strain is not, therefore, 
in itself sufficient proof that the strain belongs to the rodent group. 
Immunologic study must establish that it has no close affinities with 

paratyphoid B, suipestifer and enteritidis. And then still further study 
is required to show that the strains of rodent origin, which are not 
related by their serologic reactions to the species mentioned, are closely 
enough related to each other to constitute a homogenous subgroup. 
If, as appears probable, such a distinct rodent subgroup can be estab- 
lished, it should receive species rank equal to that of the 4 members 
of the intermediate group at present recognized as distinct species. 

In the complement-fixation reactions, our organism yielded some 

unexpected results. The fresh suspension was markedly anticomple- 
mentary and inhibited hemolysis in the presence of normal rabbit 
serum; our strain of B. suipestifer had this property to a less marked 

degree. By boiling the suspension and using the supernatant, this 

anticomplementary action could be overcome. Such a boiled antigen of 
the guinea-pig organism, however, gave strong fixation, not only with 
its homologous serum but also with the immune serums against the 
4 fixed species (table 5). Used as an antigen for complement- 
fixation, our organism was, therefore, markedly nonspecific. This 

nonspecific action did not apply to the immune serum against the 

organism; the serum fixed complement completely in the presence of 
its homologous antigen, but did not bind complement at all when B. 

paratyphosus A was used as antigen, and fixed slightly in the presence 
of B. paratyphosus B, B. enteritidis and B. suipestifer. It fixed com- 

plement strongly with the 3 other rodent strains (table 5). The 

variability with which certain members of the intermediate group are 

agglutinated and fix complement before and after boiling has been 
observed by several investigators. 

Immunization of the guinea-pigs by means of a killed polyvalent 
suspension appeared to bring the epizootic quickly under control. We 
make this statement with some trepidation, since it is generally held 
that immunization against the animal paratyphoid B organisms is 
without demonstrable effect. Previous to vaccination the death rate 

among our animals had been high and many of the animals were dying 
with acute rather than with chronic lesions or with no evident lesions. 
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During the course of the immunization 1 guinea-pig died with typical 
chronic lesions, and during the second month after the vaccination was 

completed 2 other animals died with typical abscesses of the spleen and 
liver. We believe that these animals were infected before the immuni- 
zation was begun. A fourth animal died still later, but was free of 
lesions, and cultures were negative. The sudden decrease in the death 
rate we believe is to be ascribed to the immunization. It is possible, 
of course, that the infection may have run its course as the result of 
such sanitary measures as were undertaken and as the result of deple- 
tion of the stock. We do not feel, however, that these were the main 
or even important factors in the decrease in mortality, since they had 
been in operation for some time without noticeable effects. The loss 
of animals had been a progressive one and ceased rather sharply with 
immunization. A small group of guinea-pigs which was especially studied 
with regard to the results of immunization developed agglutinins in 
titers varying from 1: 20 to 1: 80 on the 24th day after completion 
of the vaccination (table 6). Inoculation and feeding of these animals 
with living suspensions established that they were protected against 
infection; even after subcutaneous inoculation of a large dose there 

developed only local purulent lesions which healed quickly. 
The protection afforded by the immunization appears to have per- 

sisted. The death rate increased again in May, 1921. A necropsy 
examination was made of every guinea-pig dying, and a culture was 
made from the heart blood in each instance, and also from any suspicious 
lesions. The positive findings were usually gastro-intestinal in nature, 
and it was thought that this might be an early stage of the previous 
epizootic disease. The necropsy findings were similar to those of the 

preceding summer in only one guinea-pig. This was an emaciated 
female with a few suspicious areas on the spleen. However, cultures 
from the heart blood and from the spleen were negative, and the blood 
serum did not agglutinate A 5 bacteria. A large variety of bacteria 
was isolated during this second summer, i. e., B. coli, staphylococci, 
diplococci, yeasts, B. proteus and various gram-negative bacilli. Only 
one of the latter was culturally similar to the strains isolated in 1920. 
This strain agglutinated with A 5 immune serum in 1: 320 dilution. 
Four other gram-negative bacilli resembled the A 5 strain, but on 
further investigation did not prove to be the same bacillus. 

The organism was highly virulent for nonimmunized guinea-pigs 
when fed or when inoculated subcutaneously, intraperitoneally or intra- 

venously. It was also virulent for rabbits on inoculation, but rabbits 
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kept in contact with infected guinea-pigs during the epizootic were not 

spontaneously infected. White mice were susceptible; after more than 
a year of artificial cultivation the organism was still fatal to a white 
mouse in 18 hours in a dosage of one-half million bacteria. White rats 
were more resistant. 

SUMMARY 

An infectious disease which developed among our guinea-pigs 
during the summer of 1920 was characterized by the occurrence of 

multiple tubercle-like lesions of the spleen and of the liver. The disease 
was of the type to which the name pseudotuberculosis has been applied. 

The infection quickly assumed epizootic proportions and led to the 
death of more than 500 animals before it was brought under control. 
At the height of the epizootic many of the guinea-pigs died without 

typical lesions but with positive blood cultures. Females were much 
more highly susceptible to spontaneous infection than males, and 
pregnant females were especially susceptible. In the pregnant animals 
purulent metritis was not infrequent. 

From the infected animals there was isolated a gram-negative, 
motile bacillus which had the cultural characteristics of the colon- 
typhoid intermediate group. It fermented xylose, arabinose and dulcitol 
readily, quickly formed alkali in milk, and darkened lead acetate agar 
within 24 hours. The bacillus was isolated, usually in pure culture, 
from the lesions and from the heart blood. 

Immunologically the organism was distinct from the representatives 
of the 4 fixed species of the group, namely, B. paratyphosus A, B. 
paratyphosus B, B. enteritidis and B. suipestifer, which were used for 
comparative study; it was agglutinated in low dilutions (1: 160) of a 
serum against the Jordan strain of human paratyphoid B. It was 
closely related to, although not absolutely identical with, 2 guinea-pig 
and 1 rabbit strain received from another source. 

It was virulent, on artificial inoculation, for guinea-pigs, rabbits, 
white mice, and white rats. 

The epizootic was apparently brought under control by immunization 
of the guinea-pig stock with a killed polyvalent suspension of the 
organism. 
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