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I. INTRODUCTION

In the literature of the past 15 years, fragmentary
observations have appeared suggesting a serological re-
lationship between various species of Brucella and
Pasteurella, Brucella and Hemophilus, Brucella and
Pfeifferella®, and other combinations.

In 1930 Mallmann published a preliminary report of
the interagglutinability of the Brucella, Pasteurella,
and Pfeifferella genera. He observed quite marked cross

agglutination. Using Brucella gbortus and Br. suis

immune rabbit serums, he obtained as high titres with
the heterologous antigens as with the hamologous ones,
No attention was paid to the state of dissociation of the
cultures used,

It is well known that when a smooth strain of most
genera shifts to its rough form, profound antigenic
changes ocour, Very frequently the rough strain is
serologizally different fram its smooth prototype. White
(193 ) has demonstrated that the rough forms of the species
of the genus Salmonella have & caumon rough antigen that
is demonstrated serologically by marked cross agglutination.
These same species in the smooth phase are distinoctly
different serologically.
* plthough the genus Pfeifferella has been merged with
Actinobacillus in the latest edition of Bergey's "Determin-

ative Bacteriology,™ the name is retained in this thesis
80 a8 not to camfuse with other members of the Aotinobacillus

group.
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This antigenic relationship of the rough phease
of other genera may also be true of the Brucells,
Pasteurella, Hemophilus, and Pfeifferella groups.
A review of the literature of these genera would
indi cate that such might be the case. Furthermore, a
close examination of the properties and characteristics
of these genera shows a very close gimilarity.
For these reasons, a study of the Brucella, Pasteurells,
Hemophilus, and Pfeifferella groups has been made. The
work consists of morphological studies of both smooth and

rough phases of representative species of these genera.

II. HISTORICAL RESUME

A serological and physiological correlation of Brucella

and Alkaligenes bronchisepticus was reported by Evans in

(1918). In the same year Povitzky and Worth (1918) showed
a cross agglutination between Alk. bronchisepticus antigen.

They report no cross agglutinstion between H. pertussis

and H. influenzae.

Ferry and Noble (1918) found the same serological
relationship between Alk. bronchipepticus and H. pertussis;

also a cultural, morphological, and physiological similarity
which is more marked after growth for some time on an
artificial med ium,

Francis and Evans (1926) found that 37 per cent of

positive tularemias serums showed cross agglutination with
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Br, sbortus and Br. melitensis, In 3 cases the titres

were equal for all 3 of these organisms, although as a
rule the heterologous titres were lower., Burnet (1927)

also reported interagglutinability of P. tularensis and

Brucella in tularemia ard Mediterrenian fever.
Huddleson found positive cross sgglutination of

Pfeifferella mallei and Br. abortus.

In contradiction to the results obtained by Mallmamm,
Priestly (1933 ) reported no serological relationship between
the Brucella and the Pasteurella genera, Thampson (1933)
tmsted Pf, mallei serologically with strains of Br. abortus

and P. tularensis and found no evidence of cross agglutination.

III. HISTORY OF CULTURES

All of the following Brucella organisms used in these
studies are from the culture collection of Dr. I. F. Huddleson.
Br. abortus 966 was isolated in 1930 from a cow from

& Michigan herd.
Br., suis 436 was isolated in 1928 and obtained from
Crawford from Washington D. C.

Br, melitensis 316 is of human origin, It was obtained

from Dr. Burnet, Pasteur Institute, Tunis, Algeria, and
dissociated by Mallmann and Ggllo (1933).
Br, mélitensis 384 was isolated in 1929 fram a mammary

lymph node of a goat.

Br. abortus 4a was isolated in 1924 fram an aborted
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fetus from a cow from the Michigan State College experimental
herd., It was dissociated by Mallmann and Gallo (1933).
Br. suis 404 was isolated in 1922 from a premature
fetal pig fram a naturally infected sow. 1t was received
from J, W. Connaway, University of Missouri, This was
also dissocliated by Mallmann and Gallo (1933).
Br. suis 401 was isolated in 1925. The source of the
culture is not known, It was cetained from Purdue University.
Br. melitensig 219 was obtained fram Dr.K. F. Meyer,

Hooper Foundation, San Francisco, May 10, 1921,
Br. abortus 5a was in the lseboratory prior to 1916.
Pasteurellas avicida was obtained from the Michigan State

College stock culture collection.

Pasteurella tularensis 38 was a non pathogenic strain

from Dr. Francis, obtained from the Michigan State Department
of Health culture collection,

P. bovisepticus was isolated from a buffalo with

hemorrhagic septicemia, It was obtained from the Bureau
of Animal Industry, Washington, D. C.

H. pertussis was obtained from the Michigan State
Department of Health culture collection.

H. influenzae 1601 was obtained from the Michigan State
Department of Health cul ture collection. It was rough when
obtained.

Pf. mallei was obtained from the Michigan State

College stock culture collection, It was rough when obtained.
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Pf. mallei F87 was obtained from the Bureau of

Animel Industry, Washington, D. C.
IV, EXPERINENTAL

1. Bacteriological Studies of Smooth Streins.

Bergey (1930) classifies the organisms of the
Brucella, Pasteurella, Hemophilus, and Pfeifferella groups
as minute Gram negative bacteria with a tendency to bi=-
polar staining in the Hemophilus and Pasteurella genera.
All the organisms used in the following studies are non-
motile. With the exception of P. avicida all are inactive
in carbohydrate media, none of them producing acid or gas.

H.influenzae, H, pertussis, P. tularensis, P. equi-

septicus, and the Brucella group are aerobes. P. avicida
and Pf.malleli are facultative aerobes.

All organisms used produce small grayish colonies.
Pf, mallei liquefies gelatin very slowly. No other organigms
of these groups liquefy gelatin.

There is, thus among all of these genera a close
moryhological and physiological similarity of organisms.

Table I on the following page gives the characteristics
of these bacteria as found in Bergey's manual of Determin-

ative Reacteriology, (1933).
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At the beginning of these studies all cultures were
plated and 8 colonies fished. A chicken infusion medium
was used for culturing all organisms throughout this work.
For about 3 months stock cultures of H. pertussis and H.

influenzae were held upon blood chicken infusion agar, and

P, tularensis upon chicken infusion agar containing 0.1

percent cystine. However, the colonial appearance of the
cultures remained the same upon chicken infusion agar
without the blood or cystine and these ingredients were
omitted from the stock medium.

All organisms were checked morphologically and
physiologically with Bergey's classification of these genera.
The size of the rods of the same culture varied. Sometimes
they appeared as cocci and at other examinations the organisms
were definitely bacilli. However, they were never long
rods when in the S colonial state.

Bipolar staining was not noted in the organisms with
an 8 colonial appearance. All of the colonies were small,
gray, glistening and moist with smooth edges and surface.

P. avicida although tested several times, at no time
produced acid in 0.5 percent sucrose chicken infusion broth
with Andrade's indicator,

P. tularensis grew in milk. This is contrary to Bergey.

This may have been due to the fadt that this was an o0ld culture
accustomed to growing upon artificial media. The reactions
of all of the other cultures in litmus milk were the same as

Bergey's
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Pf. mallei S was lost before it was checked for
its ability to liquefy gelatin in a stab culture. Pf.
malleli R did not liquefy gelatin. No other organism of these
groups attacked gelatin which was also true saccording to
Bergey.

The following table 11 shows the morphological and

physiological characteristics of the cultures used.
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2. Methods of Dissociation Used,

Br. melitensis 384, Br. gbortus 4a, Br. suis 404

and Br. melitensis were dissociated to their R strains by

repeated 48 hour transfer in 10 percent homologous serum broth

at 37°C. Br. suis 404 R and Br. melitensis 316 R were

dissoéiated back to their 8 prototypes by Mallmann and Gallo,
(1933). None of the other dissocisants have been reverted.

P. avicida R was dissociated by holding the culture in
the ice-tox for several months. During this time the culture
became a mixed R and S form. Typical S colonies were fished
several times, but after being held for sometime as stock,
during which time the culture was transferred only occasionglly,
the R type arpeared when plates were streaked.

Attempts were made to dissociate P. tularensis and H.

pertussis by repeated 48 hour transfer at 37°C., but each

time the organisms died before typical R colbnies were obtained.
It had been noted that when the S organisms were grown upon

1l per cent dextrose chicken infusion agar, which had been

used for holding stock strains, the cultures tended toward the
R type. When grown upon chicken agar without dextrose, the
culture remsined more typically S. Concluding from this

that it was perhaps the carbohydrate producing this change

from 8 toward R, these organisms were grown in 1 per cent
sucrose broth and dissociated to their R types by repeated

48 hour transfers at 327°C.
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H. influenzae was an R form when received. Attempts

to revert this organism to the S type by animal passage

were unsuccessful, A mouse was given an intraperitoneal

injection of 1 ce. of H. influenzae culture, containing the
organisms from 1 slant. Within 24 hours the mouse died. The
culture was rnot recovered. In second and third attempts the
mice d4id not die.. At 72 hours they were killed,but the
injected culture was not recovered.

Pf. mallei was also an R strain when received., It had

been held as a stock culture for many years.

d. Bacteriological Studies of R strains.

As with the S forms of these organisms, morphological
and physiological studies were made of the R types. At
gsane time during the period in which they were being observed
for the following studies all R forms were Gram posit ive.
This was not contamination for the same culture later after
several transfers decolorized and took the counter stain,
then azain returned to Gram positive. Also Gram positive
and Gram negative organisms were often present in the same
slide prepmration. All R cultures at sane time during their
use in azglutinin absorption studies showed barred and bipolar
staining with methylene blue.

The R colonies were more opaque, larger, duller and

flatter than the 3 type, with a granular and wrinkled appearance.
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An exception was found in the P. avicida colonies, in which
case the S and R colonies were much the same in size., The

R forms were not flattened,but posséssed the typical R surface
and opgqueness.,

Some of the organisms acquired motility in their
change to the R type. P. avicida d4id not change its reaction
toward litmus milk. H. pertussis lost its ability to produce
an alkaline reaction in litmus milk.

The R forms of the Brucella genus retained their inactivity
toward carbohydrates. P. avicida in its R form still did not
produce acid in 0.5 per cent sucrose chicken broth and the
reaction of this organism for the other sugars remained the
same as in the S form. H. pertussis R by dissociation had
gained the ability to produce acid in all the sugar medis
used, althouzh in its 8§ form mno acid was produced in any
sugar medium.

The ability to ligquefy gelatin was not acquired by any
organism by dissociation.

Table III, on the following page gives the morphological
end physiological properties of the R forms of these groups

of organisms.
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4, Bacteriological Comparison of the S and R Forus.

From the studies of the morpvhologicel and the cultural
properties of the S and R types, a varying degree of change
in the di fferent organisms is seen., The R type in each case
was determined only by colonial appearance. Fram the data
shown in the preceding tables there appeared to be an increase
in the ability of all R organisms to become Grem positive.
All R organisms had increased in size, also there was an
increased tendency to barred or bipolar staining. Motility
in several cases was found in the R form of the bacteris.

H. pertussis,R, an organism non-active in carbohydrate
media, had acquired by dissociation the gtility to produce
acid in all the sugars used, dextrose, sucrose, mannite,
levulose, and maltose. No other organism showed any change
in activity toward the sugars used,

There appeared to be no correlation between the R and
S types in their reaction in litmus milk. Some had became
more active, others less active. Br. abortus 966 S, Br.

suis 426 S and Br. melitensis 384 S gave an alkaline reaction

in litmus milk. Br. suis 404 R, Br. melitensis 316 R and_Br.

melitensis 384 R had become more active toward 1li tmus milk
by dissociation, reducing the litmus as well as first showing

the alkaline production characteristic of the S prototypes.
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5. Rabbit Immunization with the S and R Forms of All

Organisms Studied.

Rabbits were immunized with both the smooth and rough
dissociants of each organism in which both forms were available,
The immune serums for Br. sabortug 966 3, Br. suis 436 S and

Br. melitensis 384 S were produced by 1 intravenous injection

of the unkilled cultures. One cc of a suspension with a
density corresponding to tube No. 3, McPFarland's nephelometer,
was used, About 3 weeks later the animals were bled aseptically
from the heart.

Antigens of all other cultures were killed by heating
at 60°C for 1 hour and with 1 exception all were injected

intravenously. An intraperitoneal injection of H. influenzae R

was made because spontaneous agglutination produced clumps
in the bacterin too large for safe intravenous injection.

The bacterins were given every 3 to 4 days in 1 cc
amounts of a suspension, with a density corresponding to
tube No. 3, McFarland's nephelometer., At this density about
1,000,000,000 organisms per cc were present. An average of
about 7 injections were made before the titre was sufficiently
high to bleed the rabbits. The blood was collected under
sterile conditions from the heart and all serums were preserved

with 0.5 per cent phenol.
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6. Methods Used for Agglutination Tests and the Reading

of Titres.

All antigen suspensions used in the azglutination tests
were made in 0.1 per cent salt solution containing 0.1 per
cent phenol., A density comperable to tube number 2 McFarland's
nephelometer standards was used.

The seru) serial dilutions were also made in Q0.1
per cent salt solution containing 0.1 per cent phenol., Each
tube contained 0.5 cc., of the serum dilution. To each was
added from a dropper 1 drop of the ant izen suspension. This
gave a density corresponding to atout 3/4 the density of
McFarland's standard tube number 1., A control tube was made
for eazh test by omitting the serum, using only the saline
solution plus antigen. After adding the antigzen suspension
the tubes were shaken and incubated for 48 hours at 37°C.

At the end of this period the titres were read over a étudent
reading lamp, held against a dark back ground. The shade was
turned in such a way that the bottom edge was perpendicular

to the table, and the shade tetwcen the reader and the light.
The tube containing the agzlut inated suspension was held agdnst
this perpendicular edge above the light. All readings were
made with a hand lens, for the clumps in many cases were too
small to be seen with the unaided eye. After this intial

read ing the tests were placed in the ice box over night and

read again.
The titres of the immune serums for their hamologous

antigens are given in the following table 4.
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After determining the titre of each antiserum with
its homologous antigen, the titres of &ll immune serums
with all heterologous antigens were tested with the following

results. Table V.
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TABLE V.

CROSS AGGLUTINATION OF ALL R AND S ANTISERULS WITH ALL

R AND S HOMOLOGOUS AND HETEROLOGOUS ANTIGENS

N Irmune Seruus
n|n P
313 tn -t n |n

n Wl J| ™ 2 N ERE o

Slefalalala] 194 o 8]0
N HEEHBE B NS e

Antigens gggggggqm“dmgg’ag
o FEYS T + -l-’rdrdﬂ)a)ﬂ)gq)r'l
]l ol wlw] Q] fjR2 ) AlAa]O Jo | K Sjo
O.H.HHHPO'HHOO’H*‘”"’HE
HH AN EEHEHEEEBEEEEE
| ojo | 8|15 51518 |2 | 5] 35
. . e | o ..CD ol ° * . . .‘.°
Elal sl sl &l el &la]a] alala |a]a] o
Br. abortus 966 S 8l 4|2 48] 5] 6] 114]3|518[5]5 S
Br. suis 436 3 gl 6]8]7]18]3]8]2]112 (1141341511 £
Br, melitensis 384 S|8] 6|6 [2]e[ 58] 2J 111431212 ¢
Br, abortus 4a R 41515 41 51 6 412316 6 |31 1 £
Br. suis 404 R b13 1|5 41 5 4161|2412 (3|2 {:
Br, melitensis 216 R] | 4 3 5] © 517 |13 15163153 4¢
Br. melitensis 284 R[2] 2|2 |2 2l 41 4/4jo 1111141 ]2]Ud¢E
P, avicida 3 [ 4|2 |61 3| 4] 4|2 4a]Rr|bl a3 |4 8]d¢
P, avicida R 2l 4111214111 8] 5]5]b]J6e]7]Ib]o5]8187:¢
P. bovisepticus S 4 3 b 6 514131113 ]3 [
P. tularensis S olb ]b 0 41512 14 21o11d"
P. tularensis R 414 ]4 5] 6 412316351413 ]3 ¢
H. pertussis S o]l 414 J4]5] 6] 7 41416485 ]5[7dAT
H. pertussis R 21 413 ]414] 4] 3] 4141213 ]4]6]3[4]6 ¢
Pf. mallel R 21 613 3] 41 8 6|6 [2 |4l 731412 /
. mallei S Sl L2 12131 2] 7] 514123 J413]41}31]3 <

The figures represent the number of the tube of greatest dilution

showing an sgglutination of a turbidity of 2 or greater.

¥ Positive serum from a naturally infected cow.

The dilutions are designated as (1) 1-20, (2) 1-40,
(4) 1-160, (5) 1-320, (6) 1-640, (7) 1-1280, (8) 1-2560.

(3) 1-80,
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There is marked cross a..glutinstion between the BErucells,
Pasteurella, Hemophilus and Pfeifferella genera as shown in
the preceding table., The Brucella immune serums agglutinated
all antigens, usually giving a slightly higher titre for their
specific antigens.

Pf. Mallei S antigen did not give a positive titre in
8 dilution greater than 1 to 80 with smooth immune serum.
With rough immune serums a slightly hizher titre was produced
and positive abortus serum from naturally infected cow agglu-
tinated Pf. mallei S in as high dilutions as it did its
homologous antigens.

Some of the species antiserum of each of the other genera
used agglutinated some species of all genera in dilutions
as high as 1 to 1,280,

The agglutinating titres of Br. sbortus and H. pertussis
S antigens, with all serums were more nearly psarallel, than
either antigen showed with other members of its own group,
although Br. gbortus and H. pertussis S antiserums d4id not
azglutinate equally with all antigens. H. pertussis S serum
agglutinaied P. avicida S and R strains in dilutions equal to
its homologous antigens. P. avicida S serum showed only
slightly less agglutination for H. pertussis S but only
one half this titre for H. pertussis R.

Pf. mallei R serum gave a low titre for P. avicida S
and R, the titre being approximately equal for both strains.

P. avicida S serum gave a low titre for Pf. mallei S and R
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antigens. P. aviclda R serum asglutinated both in a slightly
higher dilution.

Tables VI and VII contain the agzlutinstion data for the
rough immune serums., The R serums gave a higher titre for
the specific R antigens than for the homologous S antigens.
However for the heterologous agglutination, scmetimes the
titre was higher for an R serum and an R antigen, sometimes
for an R serum and S entigen, and in some cases the same
titre for both S and R was shown. 1In general the Brucella
R serums gave a rather hizher titre for heterologous S
antigens than homologous S antigens., ILikewise the S8 Brucella
antigens seemed to show more agglutination for the heterologous

R serums than those of their own group.
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TABLE VI.

CROSS AGGIUT INATION OF R IMMUNE SERUMS WITH HQIOLOGOUS
AND HEETEROLOGOUS R ANTIGENS.

R serum
|2 =1
O
—
~ 9} ”
Q|xon
< o ()]
<l o|ed
goq N
Antigens g Il ed 1 IR0 b
M olA] A S~
Ol Of [
ol Slo] Al H| D
djajgl k] ald
-\ IR
L:‘:F—:.l."l-:
(0o} Waa] fas] §=FiRaa] (N}
Br. sbortus 4a R A EIE
Br., suis 404 R 4lol 2] 813
Br. meli tensis 316 R bl71 3 -4
Br. melitensis 384 R 41412]1]12]5
P, avicida R _ 5]5]5]7] 712
H. pertussis R 41412]4]6]4
Pf. masllei R olo] 4] 317

TABLE VII.

CROSS AGGIUTINATION OF R IMMUNE SERULS WITH HAIOLOGOUS
AND HETEROLOGOUS S ANTIGENS.

R serums
[a
O
| o
~
alee|o
< o o
o 3|21 8l
Antigens slt|o]|d] g~
++ Lol o
(] O] S|~
al=lgelEl
Slalg|-l sl 8
alalal o o«
(s fas} ool [o¥] B 4o
Br, abortus 966 S 1141 25]8] 6] 6
Br. suis 456 S 21 112]4] 114
Br., melitersig 384 5 2] 111]3] 4] 5
P. avicida S 41314]5] 3|2
P. bovisepticus S 41 4] 4
P. tularensis $ ol4{ o] 7
H. pertusiss 3 41414] 517
PT, mallel S b 214 11 &
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The picture for the interactions of the S antiserums
with homologous and heterologous antigens was much the
same as for the R antiserums. Tables VIII and IX show
these data, Higher titres for specific antigens and
antiserums were shown with & varying relati onship of the
heterologous serums and antigens. The H. pertussis S
immune serum with Bg. abortus 966 S antigen gave a higher
titre than with the Br. sbortus 4a R antigen. H. pertussis
S immune serum with P. tularensis S and R antigen gave
a higher titre for the R antigen, practically none being
shown for the S strain, 2P. avicida 8 and R cultures have
a large and equal amount of agglutination for their specific
antiserums and for H. pertussis S immune serum.

The data for positive abortus serum fram a naturally
infected cow were interesting., For same cultures demon-
strating twice as high a titre for the S strain as for
the R and for others twice as high a titre for the R as
the S strain,

In the Pasteurella genera, aside from the specific

azglutination of P, avicida S seruwm and 2. tularensis S

serum with their specific antigens, the agglutination titres

of the S Pasteurella serums were higher for the R antigens,
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All the antigens of each orgarism studied have been made
with cultures with the same colonial appearance, either typical
S or R colonies. But these antigens made up on different dates,
although apparently in the same stage of dissociation, will
give varying titres with the same serum. Not only is the agzlu-
tinating antigen a cause of varied results, but the state of
dissociation of the cultures used for immunization will, of
course, control the amount of S or R azzlutinin in the antiserum
produced. Some of the cultures used in these studies have been
held in stock for several years as evidenced by the culture
histories. Thus they are likely of different serological
canposition than recently isolated organisms. McKenzie,
Fitzgerald and Irons (1933) in studies of S and R variants

of 8 schotmulleri, S morgani and Shigells paradysenteriae

(Flexner), state that their "results appear to demonstrate
that serological, morphologiéal and physiological characters
are capable of independent variation during the dissociative
processes.” A dissociation apparent only serologically may
have taken place.

While there can be no doubt of a marked serological rela tion
between these groups of arganisms the state of dissociati on
influences this interagglutinability. This may explain the
inability of sane to find cross agglutination of these groups
or organisms. For this reason sgglutinin absorption studies
have been made to determine whether the S arglut inogens of
one organism are the same as the R asglutinogens of another
or whether same apparently S organisms are more R than S or

80 called R strains are more S than R.
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8. Agglutinin Absorption Studies.

Agglutinin absorption studies of each immure serum
were made of all antigens showing a positive cross agzlutination
in dilutions of 1 to 40 or over., For egzglutinin absorption
all serums were diluted 1 to 50 with 0.1 per cent salt solution
containing 0.1 per cent phenol. To avoid dilution the growth
was washed fram 1 slant culture with 2.5 cc. of diluted
serum, This was absorbed at 37°C for 1.5 hours. This supser-
natant solution was decanted to'another slant, absorbed the
same length of time at 37°C., again centrifuged, and finally
titrated against the absofbing antigen. This was sufficient
absorption for some of the serums. Those which were not
completely absorted were incubated with another dose of antigen,
for 1.5 hours and held over night in the ice box to completely
remove the specific agglutinins,

For still other serums it was necessary to dilute
the immunt serum with rhysiological saline. This made the
azglut inin absorption less specific. Otherwise it was im-
possible to campletely absorb the agzxlutinins with one antigen,
for another antigen cf the same organism, but grown at a
different time. That is, unless the &absorbing antigen and the
antigen used for testing canplete abscorption for specific
agglut inins were not made up at the same time the result was
the same as though two different organisms had been used,

For the absorption in physiological saline & dilution
of 0.1 cc. of serum in 0.6 cc., of 0.86 per cent saline was
used. After absorption sufficient distilled water was added

(diluted 8 times) to make an spproximately 1 to 50 dilution






which at the same time produced a 0.1 per cent salt solut ion
for titrations, the same serum and salt dilution which had
been used in the other titrations., The absorptions with the
R Brucella antigens were made in this way.

After the immune serums had been absorbed the sgzlutination
titre of each was tested azain with each antigen which had
previously shown & positive cross a>zlutination in dilutions
of 1 to 40 or over.

The followinz tables show the results of sgglutinin
absorﬁtion and the cross asglutination titres after absorption
compared with cross apglutinastion results before absorption.

The first column for each serum in these tables are the
original titres of the unabsorbed serums with the hamologous
and heterologous R and S antigens. These titres are represented
by the number of the tube of greatest dilution showing am
agglutination of a turbidity of 2 or greater. The dilutions
are designated as (1) 1-20, (2) 1l-40, (3) 1-80, (4) 1l-160,

(5) 1-320, (6) 1-640, (7) 1-1280, (89 1-2560, (9) 1-5120,

The second column for each serum presents the titres
of the absorbed serums with the homologous and heterologous
S snd R antigens., The dilutions are designated as (1) 1-50,
(2) 1-100, (3) 1-200, (4) 1-400, (5) 1-800, (6) 1-1600, (7)
1-3200.
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CROSS AGGLUT INATION OF S AND R IMMUNE SERUMS, ABSORBED BY BR. ABORTUS
966 S ANTIGEN, WITH HOMOLOGOUS AND HETEROLOGOUS S AND R ANTIGENS.

w—

R

da R

suis 436 3
tularensis S

abortus 4a R
suis 404 R
melitensis 384
r, melitensis 384

melitensis 384
avicida S
tularensis R
rertussis 8
ertu

mallei S
mallei R

\'A

8. and R. antigens

Br,
Br.
Br,
Br,
Br.
P.
P,
P,
H.
Pf.
Pf,
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S Immune Serums
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The data for seruus gbsorbed by Br. gbortus 966 §
(page ), showed that positive abortus serum fram a naturally i
infected cow still asglutinsted Er. suis 426 S antigen in 1
to 800 dilution =s comcared to the orizirul titre of 1 to

~

2,560. Br. melitersis 219 S absorbed by Br. gbortus 966 3

antigen, azglutinated Br. sbortus 4a R antigen in a higher
dilution than telore absorption, but showed no rerovel of
azzlutinin for its specific antigen. Er. abortus 966 S
antizen rexoved none of the asslutinin fran Pf. mallei irmune
geruz for Er. shortus 4a R entigen or 2f, meallei R antigen.

However, Pf. mallei R immune serum, gbsorbed by Br. abortus

4a R entigen showed no azzlutination for its specific antigen,

Pf., mallei R.

Br., melitensis 216 R immune serun showed no absorption

by Br. sbortus 966 S entigen for its specific antigen. The
agzlutinin which P. avicida R irmune serum contuained for
P, evicida 3 antigen was not removed by absorption with Br.
abortug 966 S antizen, but much of the azzlutinin for P.
avicida R wes remcved. Br. abortus 966 S immune serum un-
absorbed by any sntigen gave & slightly higher titre for Z.

avicida S than R.

Er. snis 404 R imnmune serun gsglutinin for P. tulorencsis
S was nuot absorbed by Br. atortug 966 S antigen. H. pertussis
S arzlutinin was absorbed and H. pertussis R agglutinin was
not. The H. pertussis R &glutinin was sbsorbed from Er.

melitersis 219 § immune serum. Br. suis 404 R immune serum

agglutinin for its specific antigen was removed. The agglu-

tinins for Pp tularensis S and H. pertussis R were removed
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from Br. melitensis immune serum by absaption with Br.

abortug 966 3 antigen.

In the cross azzlutination studies wi th unebsorbed serus,
the arglutinating titres of Br. gbertus and H. pertnesis §
antigens with all serwns were more nearly rarallel than
either antigen showed with other members of its ovm group.
After aszlnutinin absorption cof all serums the titres with
these two antigens are the sume in the majority of cases,
@althoush not as nearly parallel as before absorption. BEr.
suig 401 S immune serun sbsorbed by H. pertussis S antigen
showed rno decreuse in arglutination titre for Br. abortus

966 3 antizen, Dr. suis 404 R irmune serum absorbed by

—

P. tulcrensis S antigen showed no decrease in titre for

e

H. pertuseis S, tut the titre of Br. suis 404 R immune serun

absorbed by 2. tularensis S antigen was regative for Br.
abtortus 966 S antizen (page ).
The immune serums &€ the Brucella orzsnisms, Br. abortus

5a S, Br. swvis 401 S, Br. melitensis 319 S, and Br. meliten-

sis 2316 R, which were absorbed by Br. suis 404 R antigen,
showed no removal of gzglutinin fcr Br. atortus 966 S antigen.
The absorbed serums agzlutinated H. pertussis S antigen

in a2 1 to 50 dilution, with this exception, Br. melitencis

216 R ebsorbed immune serwa, agzlutinated H. pertussis 3

antigen with the saome titre as the unabsorbed Br. meliternsis

R serum. Br. suiz 404 R unabscrbed immune serum axglutinated

both Br. gbortus 966 S antigen and H. pertussis S antigen
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in 1 to 160 dilution. DBr. ghortus 5a S absabed by Br.

meli tersis 2316 R antigen removed much of the azglutinin for

Br. abortus 966 3, The titre of this serum for H. pertussis

S antigen was higher than befare absorption. P. tulsrensis S

immune serum absorbed by H. pertussis R antizen did not azglu-
tinate Br. szbortus 966 S antigen. No removal of agzlutinin
for 4. pertvszis S was shovn,

The H. pertnssis S unabsorbed serun axzlutinated 2.
avicida S and R antigens in dilutions equel to its homologzous
antigen, H. pertussis § immune serumn absorbed by H. pertussis
S antigen showed btut slizht removal of P. avicida S &gzglutinin.
P. avicida R azglutinin was caupletely removed. H. pertussis
S immune serum absorbed by P. avicida R antigen azglutim ted
P. avicida S antigen in a slightly lower titre themn before
absorption, but H. pertussis S antigen was azglutinated in
1 to 50 dilution as compered to 1 to 1280 dilution, the
original titre of the unabsorbed serum.

Every attempt to show an absolute serological simils rity
between any two orzanisms has resulted in just svch date as
shown above, cauplete absorontion or the absence of absorption
when the oprosite migzht be expected. Liany of the tests which
gave varying results which could be guestioned as error, have
been repeated with the same sabsorbed serum and the same antigen.

The same titre was found each time.



R 4



-45-

The cross azzlutinstion studies of these 4 genera
have shown apperently inconsistent msults. The results of
the agglutinin absorption studies were dcubly varied, for
instead of one varieble factor there were two, the azglutin-
ating antizen ard the absorbing antigen. The antigens for
titration of absorbed serums were made up in quantities
sufficient to last several weeks., The absorbing organisms
were freshly transferred gnd cul tured each time that they were
used. This probably in same cases explains the difficulty
found in completely absorbing the specific asglutinins.
Althouzh bacteriolozically avvarently the same antigzens
were used for absorbing sand for the azglutira ting check on
sufficient absorption of the snecific gpzlutinins, two

serologically different organisms may have develoned.






O
Ve DISCUSSION

The cross agzglutination studies mmve shova that there
is interagzzlutinability of these genera end the agzlutinin
abscrption results have emphasized this fact, It hes salso
emphasized the fact that srglutination titres are influenced
by the state of dissociation of the cultures wed as antigens.
In many ims tances the lack of correlation between members
of the same gerera in the qusntity of axzlutiuin produced
and the azzlutinogen is as great as the variation between
ne:bers of ditferent gernera,

Previous reports of dissociation and serological
clessification of each of these zroups demonstrate this

seme irregularity of results. Lvans (1918) found EBr.

gbortus and Br. melitersis to be slike mornuologically,
culturally, biochemically end serclogicelly. She found

thet Br. gbortus antiserums with Er. atortus or Br.meli tensis

antizens gave the scme titre, but Br. melitensies antigen

with Br. sbortus and Er. melitensis serums gave a different

titre for each., Sne concludes that Er. abortus and Br.

ne li tensis antiserums contain more thun one axglutinin, that

the azglutinin in the two antiserums are alike in kind

but differ in proportion and that the corresponding
agzlutinogens are present in the antigens in corresnrouding
variation,

Feusier and Leyer (1920) divided the abortus and
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melitensis streins into 4 grougs by azzlutinin abscrption
tests, ZIvens (1922) divided the Brucella organisms into
7 grours by azzlutinin absorption tests wnd Burnet (1925)
also by &>zlutination end a-zlutinin ebsorption tests
divided them into 2 types.

Orcutt (1926) working wita 6 strainrs fcund rno serological
distinction., Two melitensis strains were found to be identicel
with the bovine and swine struins bty meuns of arzlutinetion
end gsglutinin ebsorption studies. Carpenter and Boak
(1929 ) because of the serolozical difference shown between
the R variants suggested a division of the Br. gbortus
strains into 2 groups.

‘'he reason for this kaleidoscopic appeararnce of tile
cross sgglutinction and arglutinin sbsorption results of the
Brucella group seens to be given by Zdrodowsxi, Brern and
Voskressinski (1920) who state thet the R ard S forms
gshowed distinct serological differentiation. The or ganisms
cnarnzed their serologzical and bacteriologicul posi dous
according to their state of dissociation.

Also 2lestridge end LicAlpine (1932) divided the abortus
and melitensis organisms into 5 serologicel groups. Evidence
of variation in serological properties of the genus Erucelle,

especielly Br. melitensis under aginary laboratory con-

ditions has been noted and discussed from the standpoint
of explaining the lacx of agreenelnt in results reparted by
various investigatars. 7“he strains are not correlated

into the same groups serclogically and btiologically.
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These reports would seem to show a serological differ-
ence when a cultural, morpholozical, and physiological
varietion was not visible. 1In the present attempt to
correlate the Brucella, Paesteurella, Hemophilus, arnd Pfeiffer-
ella groups the only characteristic used to determine the
R or 3 tyve of orgenism has been its colonial ancearsaice.
Mackenzie, Fitzgerald and Irons (1922) in a study of the
indeperdent variation of the biological characteristics
of tacteris &as a recsult of dissociation, state that the
"axzlutinative, a;glutogenic ebsorrtive qualitieg" wvary
independently of each other, 1In the reversion of the
R cultures bacs to the S typecs not once wus complete
reversion of &ll characteristics observed. Thus an orgenism
rnay bte smooth accord nr to more coucepnts, but rougn to
others. A scerclogical examination of orzanisms will
detect character changes not biochemicully or mor phologically
noted, thus the irregularity in serologicul classificetion,

A review of worx done upon the Pasteurella genera
shows the same picture, vuaried serologicul titres fram
different states of dissociation, varied classification
of anpmrently identical cultures.

Tekruif (1¢21) found the coexistence of organisms
of different degrees of virulence in cultures of the
Tacillus of rabbit septicemia. He called the virulent
bacteria tne D form andt the less virulent the G form

Aggintinest ion tests chowved & marked serological difference



in these two tyces of culture. Thel vere morpholozically
indistinsuishable in form ea:d possessed like fermentation
reactions. The G forma flocculeted racidly in fluid media
and forried translucent btluish colonies of low viruvlernce,

Lal (1927) has sumarized previous work in the correlation
of the Pasteurells geriers, in purt &g follows:

Gocnenour (1¢924) was unctle to distinzuish the strain
isclated from the tissues of & buiffalo fran other rasteur-
ella or:unisms by ewploying culturzl, serologiczl arnd
animal protection methods., ‘“enaka (1926) stuted taat 3shere
is not suificient diffsrence between the maibere ol the
group in wrslutine sion, fermentation, or cauplerent
fixavion woperties to te of diggrostic value. Soxze
investigators daivided the rroup into two or tnree distinct
types, each consisting of a few organisms indistinguish-
acvle from ezch other, slthoush cderived from different
animal hosts. Koske (19%04) reports P, cvicida indis-
tinguishable ffcm Zr. suis by e:zlutinction reactions,
Rodericx (1¢%22) studied tiie morphclsocel, cultursl,
tiocnemical and immunolozicul propserties of the Pasteurella
genera snd @ivided it into 2 groups, (1) a bovine swire
tye a@.d (2) an ovine evian-rztbit-cavia type. ‘lasser-
mann and Ostertaz (1904), Hutyra ard l.erex (1912) found
that the izmune sera szainst one orgunism was protective
asainst the ncmolojous infection, but not azainst the

neterolo~ous bacteria of this group. Joest (1906) reports

-
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that btlood serun strongly immuiized sgainst one mauber
of this group will be found protective., Lal concluded
from his work thut the Pasteurella przanisms tested by
complement rfixation snowed & certain emcurnt of group specific

reaction, an excenstion Leinz P. lepisevticum., Homologous

stre iris showed & nizh dezree ci specific fization, Althourn
rot easily distingsuisnatle the orgenisms were a distincet
species.

Hugnes (1¢20) by reciprocal azzlutination tests with
geversal stains of P. gvicida showed & close serological
relstionsiip. .jebster (1l¢20) on the besis of colony
formstion divided 2. svicidg into three groups. a
"fluorescent" colony of nizh virulence, statle in susvnension

found in severe epidemics, a "tlue" colony unstable in

suspensions associuted with erdemtics and an "intermediate"

ct

X
v
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The Hemophilus genera, probebly because of its
greater instatility on artificial medis, more thuon eny of
the others showed varying serclogzical results. Particularly
was this true of the H. influenzae orzanisms, a culiure
wnich very reuadily becomes dissociated when held in stock
and is very difficult to revert to its originel form.
Pittman (1931) reported that sconsareous conversion of .

influenzae from its S5 to R type readily tcok place in

artificial culture media. It iay te delgyed by certain
culturcl proceaures or mstened by growth in type specific
antigerum. The artificial conversion of R strains to the S
form has becn observed, but this chanse is carried out only

with difficulty.
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Bordet and Sleeswyck (1910) found in freshly isoleted
d. pertussis organisms grown on chocolate ezgar and
plein agar, a serological difference. 01d stock strains
did not snow this difference. Xrumnwiede and iishulow (1923)
in stwdies of & series of strains of . pertussis of typical
morghological end cul tural cheracteristics, divided them
into two zroups by agglutinin sbsorpgtion tests.

Leslie and Gardner (192Z1) by cross egzglutinetion and
azglutinin absorption divided <& strains of H. pertussis
into four serological groups. A4ll freshly isolated orgenisms
fell into ome zroup. By growth on various media ell
cultures have teen changed to £11 into g1l four types.

Roos (1919) concluded that the various strains of
influenzae do not diifer in kind as indicated by cross
agglutination and szzlutinin absorption tests, Valentiue
ard Cooser (1919) reported that their results indicated
that under the term "B. influenzae" they were dealing with
8 group of orgunisms which were heterogenous in character
as determined by immunclogiceael reactions, cross zgglutination,
and sgglutinin abtsorption tests.

Povitzky and Deimy (1921) found 4 to 7 influenzal
meningitis strains, isolated jears apart, proved by a:zlutinin
absorption, to be of one type. Fran the respiratory cases
5 strains from different irndividuals were obtained which
were of the same type. No other groups of more 2 members
were obtainsd. In general they found that strains of the

same immunologzical characteristics had the same cultural
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properties, tut there were some exceptions.

Jordan and Sharp (1922) found that &s a rule each
strain of H. influernzae possessed « serological indivisuality,
Occasionally strains from different sources were serologically
identical., Repetition of azglutination tests witn the sane
strain entigen =nd serun did not give idernticel results.
At saine time almost every serun a glutinated every antigen,
although at other times the results were negsative. They
found cross azzlutinstion vetwcen H. pertussis ard i.
influenzne., iive streins of d. pertussis agglutinated in
dilutions of 1 to 50 or 1 to 100 with scruwis ottained from
two different rattits immunized azainst an influenzae
strain, The scrwis of two other influenzese immunized
rabbits did not show esglutination. <“Yhese entiserums

azeinst 6 strains of Llk. bronchiseovticus gave negative

titres. 2ittuwan (1921) by means of ceross precipitation
and agzlutination reactions divided 15 5 strains into 2
serolozical grougs.

Qovitziky (1918) showed thut Pf. mallei zsuve vuriable
serologi:al reactions under airferent conditions of zrovwth,
Only 1 strain oat of 15 in the stock collection @ coved

constunt in serological reactions, and thet only when great

care wes exercised in the prewmration of the culture nediunm.
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VI. SULLARY.

70 show the relationship betwcen the Brucella, 2asteur-
ella, Hemophilus and the Pfeiiferella genera, bacteriolozical,
mornhologzicul, cultural, physiologzical armd serclo:siceal
(cross arglutination and gsgluitinin avsorpiion) studies hzve
been nade oi these orzanieus in their smooth and rough
forms, “ae dissociation stete of these bacteris has been
determined b colonial unpeurance alone.

Cultures which lave beern held in stock for many years
have been used as well as mcre recently isoclated strains.
Tnese argalieis &re alike moryvnolozicually =nd physiologically.

Immune serum wuas prouuced ty ratbit injection witn
totn smooin and rouzh strains, Cross gzzlutination tests
shaved interagglutinability of &ll genera used. In elmost
every case irmmune seruils showed the hizhest titres with their
specific antizens. Roush serums of the Brucella gerus have
shown hizner titres for a snooth neterolosous entigens than
the smooth types of thelr own genus.

No closer relution was found amonz the rough forms
than amoni the smooth, either tacteriologically or serolozi-
cally. aAn S immune serun often demonstrated higher
azglutinability for same 3 anvigens, soume R antigens, and
sanetimes the saize titre for botn 3 end R heterologous
arntigens. The reciproeal a:;glutination snd grzlutinin
absorption tests oiten varied. This hus Tteen explained
by the intermediste stetes ol dissoci: tion oi culiures used.
Althouzn the colonial anvearsnce of the cultures in tnese

tesis were checlzed corstunily for definite 3 or R types,
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changes brouszht sbout by sliynht difference in medaium
canposition, temnperature of incutator ana freguency of
transfer over a pericd of sezveral months, can be detected
only throurh serological examination and have trought
about the results shown. 7The orgarisms can not be divided
into the sume groups bty tiologiceul axd serologicul
classification.

The literature shows a murged lack of azreement of
serologicel classifications of &ll these groups iundividuelly.
These studies have rnot only saovm the irmregularity of
serologiceal results within each group of organisms, tut tie
the same dissimilarit; exists between croupns as within
groux .+ This dissimilerity does not detract from the

proof of relationsnip of these gencra tut rather adds to it.
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VII. ClL JLUSIOLS3

(1) “he Brucella, Pasteurella, demoprilus and Pfeifferella
genera are closely related morpholozically, physioloiricelly

ant serologically.

(2) The degree or their intera-glutinability denerds upon
the state of dicssociction o1 the culitures used for the

serological studies,

(3) izzlutinirn abscarption siudies demonstrate the sane
irrezular seroloziczl esinmilarity between genera wnich is

shown within geners.

(4) Cultures soparently ider.ticel b morsholosicul aund
physiolosical properties are found to te vuriantis ty

serological examination.
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