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Abstract:

Part I 1. Non-specific agglutinins reacting with. Eb. typhosa do occur in sera from some patients having
high fevers which apparently were not due to any organism even remotely related to Eb. typhosa6 2.
Among 27 sera examined only one serum gave a positive Widal reaction with Eb. typhosa (flagellar).
Two gave positive reactions with S. schottmuelleri. and one of these was positive to S. paratyphi, and
the other positive to Eb. typhosa (somatic).

3. Positive agglutination of non-specific high fever sera with Eb0O typhosa may be an unfavorable
prognosis.

Part II.

The results of these experiments indicate that a relationship exists between the typhoid organism, and
certain species found in polluted water as indicated by agglutination. That is, these organisms have
affinities for a common immune serum, but these affinities exist in different proportions in different
species, thus giving agglutination with different degrees of dilution* 1. The genus Escherichia is more
closely related to Eberthella than to Aerobacter according to its agglutination reactions* 2. Serological
reactions may be more important as indicators of phylogenetic relationship than those physiological
characters used as a basis for the classification made by Bergey. In any phylogenetic study of these
organisms their serological reactions should be considered along with the physiological,
morphological, and other reactions.

3. Es. vesiculiformans, Aero. aerogenes, and Pro; bombycts are not, agglutinated with antityphoid sera.
4. The microscopic and macroscopic tests correlated each other very closely.

5. According to the results of this study the organism described as Aerobacter levans should be placed
in the genus Escherichia, and should be designated as Escherichia levans Comb. new.
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INTRODUCTION AND HISTORICAL

A study has been made of the occurrence of ‘posiilziva Widal reactions
by sera f?:."om a number of caséé of non-apécifie high fevers ;)ceurring smong
patients in 'bhe Murray Hospital, Butte, B ntana, In addition, a rather de~
tailed study Was mada oi‘ the agglutination with anti—typhoicl sera of ten
organisms isolated from sewage colleeted in and gbout Bozeman, Montana.,

Stu.d‘fes upon agglutination in the colon-typhoid group of bacilli were
reported by Ishif (12) in 1921, Al of the important combributions from
1896 to 1921 seemed to have been reviewed by him, and aceording to his

gurvey of the literature on this subject, there has never been any study .

.of the agglutinating powers of antistyphoid sera on the particular organ-

isms used by the mth;or@'
There are many factors which affeet the agglutinating ébwar'so' Gouwens

(10} has obtained evide_nee thg.-t- the acid agglutination of Salmonella parea-

-

syphi end S, schiottmuelleri might be an aid in differensiation of species

‘of bacterig, . However, Stevens (16) claims that it is impossible to identifw =

all strains of," a specifie 6rgan:chsmrhy means of agglutination, A,s-étatedl
by Ishii (12}, acid inereases the agglutinating powers,

. In Kemp's (14) study of © and H agglutininé, he found that growth-
phase orgam.sma éelécted‘ for Ol'a'ggluﬁnog_en were positively agglutinated
later than is usnally found in the Widal reactiom, Alcoholized Eberthella

typhosa was used as a seurce of G agglutinogen in agglutination tests

carried out serially in six cases of typhoid fever¢, Pogitive agglutina~

tions were observed earlier than is usually observed in the Widal test,




Formolized growth~phase organisms selected for O aggiutinogen studies were
agglutinated even later them untreated growth~phase selected agglutinogen
and at mueh lower titres.; Both O and H agglutining were found in the sera
of individuals who had been given typhoidwparatyphoid vaee:tne;. These ine
dividuals did not heve O agglutining prior %o vacecination, Both O and H

agglutinins were found in the: sera of individuals suffering with acute

exacerbations in chronic arthritlse
This study of cer’ta,in broad appl:cations of the Widal test may be

divided into two defimite parts and shell be referred to as Part ¥ and Part

Ii‘;,

- -

Part Io Agglutination of Eberthells typhosa by Non-specific High Fever Sera,

Ao Materlals and M’ethods,

:l.o Ganeral Hospital Patients—w 'I‘he sere. used for thege studies were
obteined from people with high-fevers from various causes, who were patients
in the: Murray Hospital, Butte, Montana, -Every day all of the hospital
charts were stﬁdied for high~fever patients, Whenever it was pemissable
'ﬁlc.aod was taken;; Only patients with temperatures over 101.30"’ F, were re«
garded; ’ S‘oﬁatimes a patient might have had g very high temperature, but
_his condition was sueh that he could not be d’isﬁtmbed;; The };)e,?.i::t.can:[:s‘‘7
initiagls, temperatures during the height of the fever, duration of févers
oﬁer 101,0° F;; and diagnosis of each disease gre given in Table II;: Heree
aftem, patients will be referred to onty by insitials;

| 2° Pre;gara;tion_s for Widal Tests=~ Approximetely 8 ee; of bloczdl was
dravm asepﬁieally with a sterile _syringé from a vein, After the blood had
clotted, it was centrifuged and 'bha serum. whieh had Separaated was remow_red;;

As the sera were placed in sterile tubes and refrigerated, it 'was possible
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%o keep them for long pericds of time,
Twenty~four hour cultures of rejuvénated organisms were used for the

Widal Tests, Eberthella typhosa (Zopf) Weldin (flagellar), Eb, typlose

(Weu York State Lab,) (somatic), Salmonella Barétﬂhi CKaj}ser) Bergy et al.

end Se schottmelleri (Winslow et al,) Bergy et al, were cultured in

-

stanriard bouillon,

Hereafter Eberthells iyphosa (flagellar), Eb, typhoga (somatic),

Salmonells paratyphi end S, schobtmuelleri shall be. referred to in the

tables as Eb, typhosa (flagellar), Eb. typhosa (scmatic), S, paratyphi,

end S, sehottmuelleri, respactively,

" The glass slides used were ordinary microseope slideso: Three three-
fourthé inch rimgs vere plaeced on each: slide; It was necessary to use four
slides for each sarumc; The first rou of rinés ﬁas uzed for the 1:40 dilue
tion and the sscond row for the 1:80 d‘ilution; Tro rings, one of each
dilution, were used for each organism end the eantrols.; To clean the
slides they were rubbed with Bon Ami, dried and wiped off with a clean
elothv-; . ‘ i

3; Technic used for Widal Testsw- A white-blood counting pipette
vas used for making the ﬁilt;tioné of the aera; The serum was dram o
the mark 0;5 of the pipette; then physiological éaliné m;Ls drawm to the
mark 11, This gave a dilution of 1é205.; One loopful of the diluted serum
mixed uith ong loopful of a boullion culture of 1}9_0 typhosa gave a diluw '
tuion of 1:40; One loopful of the 1:20 diluted serum o three loopfuls

of the bacterial cultures gave a dilution of 1:80, These dilutions vere
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msde in the vaselined 'rin'g's; Cover glasées were placed on these and they
were ineubated at 37° fo:c one hour before being exammed with the high
power dry objective of the mie:mscopeo A second reading was taken at the
end of two hou::s.; This ‘same procedure ugs used fgr the Ebo tnhosa (somatie),
So paratyphi, S, sch@tmellem., and the control.so The 1:40 control con- “
sisted of one loopful of serum’ %o one. loopful of phyéiblogiqal S&lil_l&; .
The 1:80 contr;{l eonsisted of one loopfa.l of serum to thréef' loopfuls of
physiological salinet;-

The tests were interp::eted. by the amount of c¢clumping or agglntination
that taok placeo The amount of clumping was estimated as + (complete},

+ (partial), £ (very slight}d; and 0 (no clumping),

B Experimental Data.,

Of the 27 sera tested only that from one ease (Bo LoDo) gave g posi-
tive Widal ‘reaction with Eho typhosa in the 1:40 dilntions, but not in the
1:80; therefore, this result could not tie interpreted; _as wholly po__sitivao

This seme serum gave partially positiwe results with So schobimuelleri and

Ebo Maa (somatich, There was one serum (90 B, Wo) that egglutinated

both So par _'Ighi and S, seho*i;‘tmr.:.elt.le::.'i° All of 'bhe rest of the sera were

enf::irely negat:.veg The Widal tests are recorded in Table Ie, The yistories

corresponding to the numbers and initials of Table I may be found in Teble

-

| IL

It wes plammed in each case t0 take serum and run a Widal test during

the height of the fever and afteg recovery, but both patients that gave




T

pogitive tests died before the fever subsided, No patient included in
this study gave a history of having had typhoid fever or of having been

vaccinated against ifg




Lat Hour

2nd Hour

Lst Hour

2nd Hour

dwo. iiour

Eb. typhoea

Jilution”™ (flagellar)

1:40
1:80
1:40
1:80

1:40
1:80
1:40
1:80

1:40
1:80
1:40
1:80

1:40
1:80
1:40
1:80

0
0

0

-8.

Table 1.

S. para-
typhl

0
0
0

2. N.

0
0
0

0

. N. 105.®

T. = ©

3. K G 103.®

G. 106.®

S. schott-
muellerl

0
0
0

Eb. typhosa
(somatic)

0
0
0

Control
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Table I - (continued)

Ebe typhosa Se para— Se schott— Ebe typhosa

Time Dilution (flagellar) typhi muelleri (somatic)  Control
Lst Hour 1:40 0 0 0 0 0
1:80 0 0 0 0 0
ond Hour  1:40 0 0 0 0 0
1:80 0 0 0 0 0
ii. Ee Te 103.®
1:40 0 0 0 0 0
1:80 0 0 0 0 0
1:40 0 0 0 0 0
1:80 0 0 0 0 0

I> G Ce 108.2®

1:40 0 0 0 0 0
1:80 0 0 o 0 0
1:40 0 0 0 0 0
1:80 0 0 0 0 0

7, & Je 104®

1<% Hotur 1:40 0 0 0 0 0
1:80 0 0 0 0 0
ond Hour m 1:40 0 0 0 0 0
1:80 ,, 0 0 0 0 0

9, B. W 105 ©
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Table | - (continued)

Zb. typhosa S. para- S. schott- Zb. typhosa

Tima Dilution (flagellar) typhi muelleri (somatic) Control
1:40 * o) % 0
1st Hour ) 0
1:80 0 0 0 0 0
| +
1:40 0 * 0
+
1:80 0 0 0 0

8. I* D. 103<g°

1st Hour 1:40 0 0 0 0 0
1:80 0 0 0 0 0
ond Hour ~ 1:40 0 0 0 0 0
1:80 0 0 0 0 0

10. B. 3. 103.2i®
1st Hour 140 0 0 0 0 0
1:80 0 0 0 0 0
ond Hourt  1:40 0 0 0 0 0
1:80 0 0 0 0 0

11. H. P. 10*.°
1st Hour  1:40 0 0 0 0 0
1:80 0 0 0 0 0
ond Hour- 140 0 0 0 0 0
|- 1:80 0 0 0 0 0

20. 0. J, 101.8°



let Hour

2nd Hour

1st Hour

2nd Hour

1st Hour

2nd Hour

1st Hour

2nd Hour

Dilution
1:40
1:80
1:40
1:80

1:40
1:80
1:40
1:80

1:40
1:80
1:40
1:80

1:40
1:80
1:40
1:80

Eb. typhosa
(flagellar)

0
0

21.

22.

23.

12.

-11-

Table I - (continued)
S. para- S. schott-
muelleri

0 0

0 0

0 0

0 0
D. C. 103.e

0 0

0 0

0 0

0 0
J. B. 103.4°

0 0

0 0

0 0

0 0
F. Bi 102t

0 0

0 0

0 0

0 0
J. S. 105."

Kb. typhosa
(somatic)

0
0

Control
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Table 1 - (continued)

Eb. typhoaa S. para— S. schott— Eb. typhosa

Time Dilution (flagellar) typhi muelleri (somatic)  Control
Let Hour 1:40 0 0 0 0 0
1:80 0 0 0 0 0
N 1:40 0 0 0 0 0
1:80 0 0 0 0 0

13. 0. B. 104.2»

1st Hour 1:40 0 0 0 0 0
1:80 0 0 0 0 0
ond Hour 1:40 0 0 0 0 0
1:80 0 0 0 0 0

14. Q. D. 102.4

LIft Hfini* 1:40 0 0 0 0 0
1:80 0 0 0 0 0
Prd Hm* 1:40 0 0 0 0 0
1:80 0 0 0 0 0

15. J. R. 103 8

1st Hour 1:40 0 0 0 0 0
1:80 0 0 0 0 0
nd Hour 1:40 0 0 0 0 0
1:80 0 0 0 0 0

17, M. B. 105.»



Time

1st Hour

2nd Hour

1st Hour

2nd Hour

1st Hour

1st Hour

2nd Hour

Dilution
1:40
1:80
1:40

1:80

1:40
1:80
1:40

1:80

1:40
1:80
1:40

1:80

1:40
1:80
1:40

1:80

Eb. typhosa S. para- S. schott— Eb. typhosa

*13-

Table I — (continued)

(flagellar)

0

0

18.

16.

1vU

24.

typhi muelleri
0 0
0 0
0 0
0 0

W S. 102.8°
0 0
0 0
0 0
0 0

c. 0. 103.2®
0 0
0 0
0 0
0 0
R. N. J03.6®
0 0
0 0
0 0
0 0
J. R. 102.4°

(somatic)

0

0

Control



Time

1st Bbur

2nd Hour

1st Hour

2nd Hour

1st Hour

2nd Hour

Dilution
1:40
1:80
1:40
1:80

1:40
1:80
1:40
1:80

1:40
1:80
1:40
1:80

Table I — (continued)

Eb. typhosa S. para-

(flagellar)

0
0

25.

26.

27.

14-

S. schott— Eb. typhosa
muelleri

Legend for Table I

Complete agglutination

Partial agglutin

Very slight agglutination i

No agglutination

typhi
0 0
0 0
0 0
0 0
C. T. 102.2®
0 0
0 0
0 0
0 0
M K. 101.®
0 0
0 0
0 0
0 0
C. T. 105.*
.
ation t
0

(somatic)

0
0

Control



Patient

I.T.N.
2.N.T.

4 K.G.
5.E.T.

6.G.C.
7»G.J«
8.L.D.
9.B.W.

10.E.S.
| |sH4Pa

1543454
1S404E4
14.G.D.
1S4J.R4
1S4CG4C4
I\V4aViB4
ISAMS4
19 .RAN4
SOa04J4
S 14Dac4
SS4)4B4
SS4E4B4
24.J4R4
SS4CAT4
SSAMVIK4
27.C.T.

Diagnosis

Fractured Skull
Scarlet Fever

Staphlococcic Septicaemia
Staphloeoccic Septicaemia
Generalized Peritonitis

15-

Table H .

Non-infectious complications

Streptococcic Septicaemia

Ruptured Appendix
Ruptured Spleen

Eiysipleas

Streptococcic Infection of RIfht Ikod

Cholecystectomy

Staphlococcic Infection from CarbuncU

Influenza

Fractured Legs

Puerperal Infection

Pneumonia

Appendectomy

Parturition

Streptococcic Infection of Am

Tuberculosis
Appendectomy. Generalized Peritonitis

Tubal Pregnancy

Peptic Ulcer

Influenza

Streptococcic Infection of Right Hanc

Diabetic Gangrene

Height
of
fever

1054°
102.°
103.°
106.°
103.°

108.2°
104.°
103.8°

105.°
103.2«
104.°
105.°
104.2°
103.°
103.8°
103.2°
105.°
102.8°
103.6°
104.4°

103.°
103.4°
102.°
102.4°
102.2°
101.°
105.°

Duration of Outcome

fever over
101.0°

3 days
4 days
14 days
14 days
3 days
3 days
21 days
days
days
days
days
days
2 days
Unknown
4 days
27 days
3 days
14 days
3 days

14 days

N O W DD DN

6 days
4 days
5 days
2 days
2 days
| day
4 days

of
IlIness

Expired
Recovered
Expired
Expired
Expired
Expired
Recovered
Expired
Expired
Recovered
Recovered
Expired
Expired
Recovered
Recovered
Recovered
Recovered
Recovered
Expired
Recovered
Expired
Expired
Recovered
Recovered
Recovered
Recovered
JExpired
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62{,- Discussi?on

Cases often came %o the hospital complaining of very livtle bub high
fever, in which the plinical diagnosis was not clear, Routine‘ disgnostic
tes.té- including agglutination 'l':.ests for typboid fever were usually done to
" either diagnose or rule out certain diseases, It has been found in these
cases that the Widal test was very often positive or partially positive in
the aeute fever stage; but the case provéd later to be something other
then typhoid. fever, . .The .sera from thesa cases had been checked by the State
Hygienic Laboratory, Helena, Montana, and the same results o'b'fxaz.nedo The
iluestion arose as to whether or not the Widal test was specific for Eb,

typhosa; S, paratyphi, and S._schottmuelleri,

As may be seen from Table II, the sera were collec'bed from a wide
range of diseaéesu Of all ‘bhe eases no patlent gave a hlstory of having had
typhoid fever, or of having been vaccinated against 11%., This rules out the
possibility of the two partially positive resul’as being due to the O agglutin-
ins;_ Howaver, there im one point concerning which the author had no clue;
that is; whether or not the two patients that did have partially positive
_reactioxis; would hgve given positive or negative Widal tests before their
last illnesses; | | o

Agglutinins are chemical products of the i)recess of immunization,
occurring in the blood serum and causing the ;homologbus cells with vhich it
is brought into contaet to coalesce into floccules, Thesé may be stimulated
(a) by the e:.liated part or motile cells (flagellar) or, (b) from the body

of the cells ( somatic).. Both kinds may coexisgt in a given serum,
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The flagellar types are called H, and the somatic O,  Both H and 0
agglutinins way be found in the sera of individuals ﬁrho have received
typhoid-paratyphold vaceine; The same i;ndi.ﬁduals may not have had O
agglutinins prior to vacelnation, It soems apparent that O agglutination
cen and does take place under condifions qther then, following, t&phoid ins.
i’,ec'l::l‘.on; It seems, therefore, that the diagnosis gf typhoid fever canmot
be made s:[xﬁply* upon. the déncnsd;ration of the presence of O agglutining in
the paﬁiénts' seru_m:;

‘I‘dple& (17) holds that a eaéa mey be made for tﬁis method if a suffice
fently higher titre of agglutination cen. be set as & standard:; " Such & test
would demsnd; first, the use of g rigidly standardized antigen for both
'qualita.t:ivec and quanfita’&ive principles, and. seeond‘ a titre high enough
to rule out eompletely the "positive® findings of a non-specifie origino

The level which they proposed as disgnostic:is 1:100, but from Kemp®s
{14.) stﬁdy ':11; seems: that this would allow the test to pé of wglue only‘ aﬁ;ér
éewér‘gjl weeks of illnessé; Then, too, several éf hié students who were .
vaccingted developed O agglﬁti-nins for the: 'growth-;pliase, antigen to even
higher ti&es then 13100, For this reason the pc;ésibility of the serum of
a previously vaceinated in&ividual developing a high titre of agglutlmns
to an infection other then to that of Eb° typhosa mugst not be overlooked,

thaining only two positive sera, only one of which reacted with
Ebs tmﬁosahgf dees not prove ‘iery‘rmucbl;‘ ot it does show that non-"-spaeifie_
sgglutinine do ocecur in .pati.énta having high fevers, which ‘ai)parently vere -

not due to any organism even remotely related to Eb, typhosa; Though the




cases are few, a positive Widal may be a serious prognostie sign, as beth

patients died,

Part II(; hgglutination of Certain Water-borne Orgenisms with Anti-~typhoid
; 'S'era‘; |
A.,, Materials and Methods.
1, Gultures of Org:aniax‘ns
The orgenisms used were obtained from Mise Iueille Hutehins, who
had iao:la.tad end identified them: from sewage cze»lleeted m and about Bozeman,

Mo,ntana? There was one exception, Eberthella typhosa Berg. et gl (Bender

strain), whick was used for making the typheid vaceine and as a combrol,
.was obtgined from; the: Montana. State Hygi&nie Labomatary, at: Helena, Mon.tanao
The other organisms used were: |

Escherichia coli (Migula} Cast, ot Chalm,

" pazagi‘uenthaii Cast. et Ghelm,
" paeudecoleides G.a-st,. et Chalm,
" aninodiléa Berg. et al,’
" enterica (G’ast;) Weld,
" ves’iéulif&n.na'ns:' (Henrici) B.ergo- et al’e;
Aercbdeter levais (Wolffin) Berg. of "éi,, ' ‘ .
" gercgeries (Kruse) Beijerinci ;

Proteus bembycis Berg;_, et aio. . ‘ - o ~

Theae organisms were snb-enlturéd‘. on lactose agar slénts for several days

to decresse their auto-agglutinghility, and where then mass cultured for
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twenty-four hours on large slants in Erlemneyer flsesks; Physgiological
sgline guspensions- were then made from these cultures,
2, Preparation ef Vaceine

Eberthella typhosa (Bender strain) was suh-.»culi:ured on agar slants

for ﬁm days and then mass e&lmred for t.wénﬁy-four hours on large slants
in Erlenmeyer flasks and harvesi’:ed; To harvest, 10 ee, of ﬁhyéialogic,al
saline solution was added to the first slent with a sterile pipette, This
was mixed well until:&lmost all the g.rowth; Wa.s rubbed off of the glant,

The suspension was expelled into a -sterile vaceine bottle held with its

: r'ncuth in the fleme, - The suspension from the second slant was expelled into

the same vacecine bottles The bottle was chaken well and pleced in a water
bath for one hour at 65° C, When it was removed from the water bath it was
plunged into cold running water. A drop of trikersol was placed on the

stopper and by‘a’id,' of a sterile needle inserted through the rubber cap,

,0?25%- of trikersol was added in order to insure sterility; About 1 c'e‘;, wag

remotﬂred‘ with a sterile ‘sm'.inge:; placed ot an agar slant and incubated at -

37¢ G.: for fer’t';y-aighﬁ ‘honrs; but there was mo growth, The vaccine was
plécéd 111 the refrigerator and shaken twice daily for thi'ee days. It should .
be: mentioned that eclean glass beads weré placed in the vaccine botfles be=
fore sterilization, These aid in bresking up any qlm@s of bacteria in the
émulsion‘_,

| The vaceine was éﬁan@axd;izeel by the haemocytometer method; L& rede
blood eéunﬁing pipeﬁ:e wag used. The .va;cgine vag drawm up to the 0,5 mark

and the diluting fluid to the 10L marlc., The diluting fluid was a filtered
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1 : 1000 dilution of mercuric chloride, which contained just enough acid
fuchsin to meke it a cherry red, The fueﬁsin tinted the organism‘ and made
it mich easier to ecount, After the counting chember wag filled it was
allowed to se,ftle for ten minutes before counting., It was counted the
seme as & red-blood counbt, It was found that there were 7,472,000,000
bacteria per ceo 'Bhie; vaceine was too potent for the first doses; so 1%
was diluted tog750;000,0007per'cea To get this dilution, 1 eec. of vaceine
and @ cc. of gterile physiclogical seline were added with a sterile syringe
to another sterile vaecine bottle,
33 Immunization of Rabbits -

f_ﬁth the vaccine all prepared, i;;_qculatioﬁs of rabbits were
started October 29th, Four very large raﬁbiﬁs, were used, Only one rabbif
wag inéculated the first day to see if the vaceine was still too strong,
The ineculation was. intraperitoneslly, The firat day there were no observs
able. reactions, The second day there seemed to be-' listléséness, and loss

of appetite; On this same day the other three rabbits were inoculated intre~

- >

-

peritonegllyé_‘ ‘Bhesa‘ firgt doges were only G;l‘ ce; which was _approxiﬁla‘cely
75,000,000 bactériég o | | |
The fo;lowing, injections were made at fivewday in#er_vals:; The
second iﬁoculation wag 0;4 cc.; which was approximately J00;000,000 bacteria,.?:
There did not seem to be ' any unfavorable reactions in the :ab;nits-; The
third fnoculation was 1 ce. (750,000,000 bacteria). The second day, rabbit

No, IV became sick and was n&t used furthery; The 'three: succeeding inoculaw

:f:ions-{ were also of 1 cCo Five days after the last inoculation, blood was




‘collected,

'091% formslin was added and shakeﬁ well and then pleced in the refrigerator

‘third, and so on, until the dilutions ranged from 1:10 to 1:10,240;

#»2ls ‘ : e

drawn. aseptically from each rabbit from the large vein in the ear‘; Each
tube of’ blood was centrifuged, the supernatant serum pipetted into ‘sterila.
vials and placed in the reﬁig,erato-ré

The serum was titrated with the homologous organisms in a dilution
of over 1:7,820, This indicabed the titre of the serum wes high enough to

kill the rabbits, They were etherized and hled from the heart and the serum
4,, Preparations for Agglutination_,Reactions

The typhoid orgenism used for titration of the serum wes prépared
by making sclb-awltures daily for ten days and then meking a twenty-four
hour mass eultu:re on ggar slan{;s? The agar culbura was harvested in the
same manner as for the vgecinec; To the suspension in the vaccine bottle
for three dayse;

Dilutions of serum from each rabbit were made up in large sterile
test. tubeshand kept in the refrigerator bécaus;g these same dilutions were |
used for all organisma; This necessitated a large number of sterile cap-
illery pipettes for the mﬁcroscopic, ﬁesﬁs; Sterile inoculating loops were
used for the microscapic tesﬁs.; |

T!hese dilutlons were made ‘ny adding 9 ce, of sterile physmlogical
saline solution to l ec; of serum,' Then 5 ec, of the first tube was added

to 5 ee. of the salt in the second tube, and & ccy of this mixture to the

For the microscopic tast, one loopful of the diluted serum and

one: loopful of a 3uspens:.on of killed Eb, mmsa were mixed on a cover
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glass and inver:ted. over a.glycerined hanging drop slide, A drop of water

was placed in the concave part of the slide to prevent dessication of the

mixture. The slide was set aside at room temperature for twenty minutes

befaore examination with, the miqrascppa und‘eq: a 4 mm, dry objeetive; I
there was only partj.al or nc:. agglutination in twenty minutes,' it vas éet
aside for one hour longer and then: exam‘ina-d; There were controls in
every instance; that is, one was prepared with bacterial s,ﬁspen,s-ion alone |
and. one with bacterial suspe,ns,ioﬁ along with the serum which was being
tersteéé: .

Por the macroscopic method small test tubes (1/8" x 3%} were

used, Thé dilutions were the same ones used in.the microécopit; method.

The test tubes were set up in serieg and an equal amount of emulsion of the

killed orgenisms added to each, ineluding the control.; Then an equal amomit A
of each dilution of serum W.;sts added reépeeti.vely and shaken;; After four

heurs they_ were examined for the clearing up of tﬁe bacterié.l suspeﬁsions;
If the serum in g c;ez.:tain dilution agglutingted, the elumps gravitated fo

the bottom end the upper pert became clear, If there was no agelutinstion
in four hours, they were set mside for eight hours end sixteen hours -

longer respectively.

- ~

ﬁ, Experimental Deteg

‘ The aggluﬁin&tion reactions were carried oﬁt- Soth microgcopically
end macﬁascqpically; A1l agglutina.ti’.on‘%ests were conducted at room |
temperature which was about 82° E’, Almost 21l through the tests the microe

-

scopic and maecroscopic methods exactly agreed with each other; (Table m)ﬁ




Tt was found that the serum from rabbit No, I would agglutinste

Ebepthglla typhosa at l«§384€k dilut;ion_‘; The serum from rabbit N’o; II was
gtill of g higher 'i’:i'l;:l:e'.‘sp ag_gintina.ting_ at 1:5120 dilution;; The serum of
rahbbit I\I’o;‘ ITI agglutinated the homologous orgenisms at 1:'2;;;-80 dilution;;
When these tit:r‘.'es‘ were fonnd' the follow’ing, organisms were subs
-cultured daily for ten days, to increase their agglutinability and reduce

their a.txtoeaggln.tinability: Escherichla coli, Ese Eara@enthali, Es°

Jgseudocoloid:es, Eso aninodilea, Es, enterice, Es, ves:.euliformans,

Aembacter lexrans, Aeroq aerogenes,, anei Prateus bomhycis, They were har-

vesﬁed from twenty-four hour mass cultures. with exactly the same procedure
as for Eb, typhoss except that lactose agar was used.®™ The results of.
their agelutinability with snti~typhoid sera ave seen in Table ITI,

Es. vegicyliformens agglutinated only after 16 hours in the 1:10-

dilutio:&.g so it has been omitted from the tables., Aerc, aerogenes and .

Proteus quﬁyéis. were entirely negative, so they li'k:ewise.‘ have been omitted,

*Wiss Hutchins, who identified the orgenisms, found them to grow

more regdily on lactose agar,




Table HI
Serum No, |

Eb.typhosa Es. coli Aero.levane B a]nino- Es.enterica pa. pseudo

] . ) ] . " !-S H T gruw i- i I_I Ca PCO|8I8€S ,

Tube Dilution Micro icro MicJo icro Micro Macro Micro Macro Micim Macro Micro Macro Micro Macro
60 240 20 & 240 20 60 240 20 60 240 20 60 240 20 60 240 20 60 480

Control 6 0 0 o 0 O O O O O o0 o 0 0 0 O o0 o Q 0 o
I 1-10 + + + + + + + . + + 4 4 4 4 4 4 4 s 4 .
) 1-20 + o+ o+ .+ o+ a a 4 a4 a4 a4 a4 0 0 0
3 1-40 e+ e+ e e+ e a4 a 4 a4 a4 a4 a2
4 1-80 T e S S 4 a4 4 a4 a
5 1-160 + + + o+ o+ o+ o+ o+ o+ o+ o+ 4 a4 a0 4 2
6 1-320 + o+ 4+ + + o+ o+ o+ o+ o+ o+, o * 4«4 o0 o *
7 1-640 + + + o+ + o+ T o+ o+ 9 L 0 0 4 0
8 11280 + + + + + + 0 0 0O 0O 0 0
9 1-2560 + + 4 t +
10 1-3840 T+ 4+ 0 0 o0
11 1-5120 0O 0 0O 0O o0 o
12 1-7680 0O 0 0O 0O o0 o

Legend: Positive agglutination +
Negative agglutination -
Partial agglutination £
Very slight agglutination £



Table 11l - (continued)
Serum No+ 11

Eb.typhosa Es. coll Aero.levans E ragru- ino- nterica E -
S. paragru Esr.mamno S. enterica &hlﬁ_ewgo

Tube Dilution sjcro Macro Micro Macro Micro Macro Micro Macro Micro Macro Sicro Macro  Micro Macro
20 60 240 20 60 240720 60 240 20 60 240 20 60 240 20 60 240 20 60 48C

Control 0 0O " d" 0 6 0"'0 0 0 0 0 0 0 6 0 0 O 0 0 0
I 110 + + + £ o+ o+ 4+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+t o+ o+
2 120 + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + 4+ 09 0 0
3 140 + 4+ + 4+ o+ £+ 4+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+
4 180 + + + + + 4+ o+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+
5 1160 + + + 4+ o+ *  + 4+ 4+ o+ o+ o+ 4+ o+ o+ 0 + +
6 1320 + + + + + + + + 4+ + + + + + + 9 0o *
7 1640 + + + + + + Y + + o + + o0 + + 0
8 1-1280 + + + + + 0 O 0O 0 O 0 0 0 O
9 12560 + + + T o+ +
10 13840 + + + T o+ 0
11 1-5120 + + + 0 0 O
12 1-7680 0 * 0 0 O 0
13 1-10.240 10 0 0 O 0 0

Legend: Positive agglutination +
Negative agglutination -
Partial agglutination +
Very slight agglutination =



Tube Dilution "Micro Macro

N

o~

© D N o

10

12
13

Control
1-10

1-20
1-40
1-80
1-160
1-320
1-640
1-1280
1-2560
1-3840
1-5120
1-7680
1-10.240

Legend:

Eb.typhosa
20 60 240
0 0 O
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ o+ o+
+ + o+
+ + o+
o + +
0 0 0

Positive agglutination +

Es.

coli

Micro Macro

20

0
+

0
0

60

0
+

0
0

240

0
+

0
0

20

0
+

Table 111 -
Serum No. 111
Aero.levans Es,
eihthn 11
Micro Macro
60 240 20 60
0 0 0 0
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + 0 +
+ + 0 0
0 0

Negative agglutination —
Partial agglutination

Very slight agglutination

+

(continued)

aragru- Es. anino-

Micro Macro

240

0
+

dilca

Micro Macro

20

0
+

60

0
+

240

0
+

Es.enterica Es.l)seudo-
] CO.Joides
Micro Macro Micro Macro

20

0
+

60

0
+

240 20

0
+

+

0
0

0

60 480
0 0
+ 4
0 0
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@; Discussion

Lccording to their agglutlnablliﬁy mth the anti-typhoid sera,
an ecli and Eb. typhosa geem very closely relatede It was found that
both -agglutinated with ell threé sera in correspondlngly high ti‘i:reso The
potency of the three sera may be seen from Table III‘, This fact was of

some significance in finding the titre for Eb, typhoss, Es. coli, and Aerdo

levans, as Serum No., IIE agglutmated at double the dilution of Serum l\Too
X, However, Serum I\Ioo ITE dicI not show this difference in reaction with
the other opganisms when compare& with Serum No. ZEo

Es, ves:.culifomana,g Aer@e aerogenes, and Proteus bombyeis are not

agglutinafzed with anti qu, m serum, so they are not mentloned in
Table III,_,

jﬁe.rgeyﬁl) classified the Escherichia, Aerobacter, and Eberthella

aecozndiﬁg to 'i:héir ability te form gas, According to Ber;éey (1) the three
generg femn_ﬁ dextrose with prodiction of acid or acfd and gés; Escherichia
and Aerobacter fomm gas from lactose and dextrose bub are differentiated
fran each other only by their ability to form acetylameihyl:-carbinolg
Lecording to Bergey®s (1) study, the genus Eberthella is not very cIose]fy
related to Eséherichia’.; Organlsms belonging to the genus Eberthellsa i‘c;rms
acid but no gas from de-x’crase';

The author hag not found any investigations reported on se:cologiéal
studies in relation to the phylogeny of the specific organisms used in
this study; Thus the question ariéas as to whether or not the ability to

form gas is gy important as Bergey (1) considers it to bes Aecording to
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their agglutination reactions Escherichia and Eherthella are more closely

related (Table III), then Escherichia and Aerobacter,

Mez, as. reported by Gortner (11), mede a very extensive study of
immmological reactions from the proteins of plant tissues, The studies of
Mez represent the phylogenetic relations of plant species and genera, as
indicated by serologic reactions, Gortmer (11} has found that the phylow
genetic relationships shown in Mez's charts are in most instances similar

to or identical with those generally accepted by taxonomistso But‘, in some

instances, the serum~diagnostic method of Mez indicates relationships differ~ .

!

9

ient from those usually accepted. Gortner (11) strongly believes that t’n& f
charts shown by Méz may well express the true phyldg'eneatic ,relatioﬁships :
and accordingly it would seem that serum d’iagr;esis maj be used in quegtions
of disputed phylogenys | - o

It seems equally pi'obably ‘that the agglutinabilitj of bacteria with
an enti-serum may be jﬁst as true a way to d‘iffe‘re‘ntiate genera as the
physiologieal methods that Bergey (1) has used, Teble III indicates that
perhsps certain or_ganismé used '&herein sho;xld be placed in different
genera from '[II.].OS‘Q given them by Bergey. However, the author feels that
insuffieient research hag beewn done _to meke any definite conclusions con-
'cerning: §hylogeny of bacteria by serological méthcxdsd 'E‘very species and

genus of the family Bacterlaceae should be tested for their serological

-~

reactions with Eb. typhosa and with each other before any complete classi-
fication could be made. Even were this done, these methods might be too

incenveﬁient t0 use for practical c1':i.f..'i’ereiiti&z1;:|‘.cme;°

e
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According to Ishii (12) Malvoz in 1897 claimed that formalin prom=
gduced chemical agglutination 61‘ Eb. Hgﬁosa‘, but -not of Es, coli, But
since, as pointed out by Ishii (12), Beco, Remy, Widal, and Noblecourt
were ungble to confirm Malvoz’s observations, the writer us;ed formalin in
one~tenth percentage amounts for the ‘kille:d culture of each erganism, This
prevents spontaneousﬁaggluti‘ﬁation and uinc.reases specific agglutination,

-Stendard agar with a pH 6.',.8-»'?5‘0 was used for the preparation of the
vaceine, but lactose agar Was used fdr all the killed cultures. -Lactose
‘agar seems to induce a much hgavier growth in 24 hours than standard agar,
Whether the lactose in the medias increased agglutination, the author can
not. say as no experiméntal work on thig point was dome. However, Ishii (12)
claimg that glizcose decreases the agglutinability of Eb., typhosa and shows .

a:-tendency toward spontaneous agglutination of Es, colis
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SUMMARY AND CONCLUSIONS

Part I, | ‘
' 1,5: Non-speeific agglubtinins reacting with gb_. typhosa do oceur
in sera from some patients having high fevers which apparently were not
due to any orgam.sm even remotely related to Eb typhossa

29 Among 27 sera examined only one serum gave & positive Widal

reaetion with Eb, m’ hosa (flagellar), Two gave positive reactions with

S schottmuelleri, and one of these was positive to So peratyphi, and the
otker positive to Eb,, m sia, (somatie),
3 Positive agglutmat:,on of non--gpecifie high fever sera with

Eb, typhosa may be an unfavorable prognosisg

Part II;

tnha.t results of theme experiments indicate that s relaﬁonship
exists beﬁﬁeen; thé typﬁoid organigm and cqrfain species found in polluted
water as indicated by agglutinati‘on; That is_, these organisms hawge
affinities for a .Qommon immune. serum; but these affinities exist in differ—
ent proportions in different speeies, thus giving agglutination with differs=
ent degrees of d:.lutiono

1, The genus Escherichia is more cioSely related to Eberthella
than to Agrobéctér‘ aecoi'ding to ‘its-agglutination reaction;;:

‘ 2;- Se:éalogical reactions may be more important as ind:;eators of
phylogenatic relationship than those physiological characters used as a

basis £6r the clas.sific‘ation made by Bergey. In any phylogenetic study




Ay

of these orgaﬁims their serological reactions should be considered along

with the physioleogical, morphological, aﬁd other reactions,

3, Es. vesiculiformang, Aero, aerogenes, and Pro: bombycis are

not agglutinated with enti~tiyphoid sers,
4, The microscopic and mmcroscopic tests correlated each other
very closely, .
| 5, Ac_qorainé to tﬁe results of this study the orgeniasm deseribed

as Aerobacter levans should be placed in the genus Escherichia, and should

' be designated as Escherichia levans comb. new,
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