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IZTRCDUCTICT

In 1900 there were 5,122 cezses of ty-hoid fever renorted
to the Michisan Stete Bosrd of Herlth with 824 dezths (1901).
During 1947, a totsl of 77 ceses 2nd five desths were recorcded by
the Burczu of Discese Control of the Michizen Devertmert of Eeclth
(1948). TFigure I depicts the reported death rate due to tyvroid
fever from 1500 to 1947 (Michison Tenertment of Heelth 1548), In
spite of mocdern sznitotion, vublic heslth education and trhe develou—
ment of better leboratory teclinicues, t;phoid fever persists es a
gnall residuum due for the most psrt to the existence of cerriers

of Szlmonella t-mLi*,

The mejority of cases occurrirg in 1947 was of 2 svoradic

&
nature. One outbrezk, which wes coused by a vreviously wicetected
cerrier, accounted for 17 crses and onc decth. Ervecdley (1943)
refers to tnece storedic ceses zs "ehirnlts in the conplex armor

of modern scritation” and stotes thrt "it is only by counting these
svoracdic ceses which fail to initizte outir-eks that we heve a

true measure of the efficiency of our system." Presumebly the
chronic czrrier is alweys sorevhere in the beckeround, but his
relztionship to 2 series of ceses mey be remote. Bradley followed
23 snoradic ceses in adjoining counties in Englend. Using epidenmi-

v

ologicel methods ené the bacteriovmhrge tyoing technicue, he veas

able to loczte ond identify the resvornsi®le cerrier on a dairy farm

*Tle nomenclature used in this veper is tirt of the Keufimann-
white Schenma,



100 miles from the locelity of the cases,

Bacteriovhoge tyoing suonlies the enidemiolosist with
2 tool whkich enetles him to trace on outbrozk or 2 series of
isoleted czses to the scurce.

Once it hes been escertroined that 2 person is a typhoid
cerrier or cese, it is now possible by ¢ rcletively simple laboratory
procedure to identify not only the t;mhoid orzanism itself but the
ectunl type being excreted bty the individusl., This latoretory vro-

cedure 1s the becteriophege metihod of typinz the tyvhoid becilli,



351

30—

Dealh Rate per 100,000 Population

FIG.I

TYPHOID FEVER

DEATH RATE IN MICHIGAN

|

1900 - 1947

! | |

1900

1905

1910

. |
1915 1920 1925 1930 1935




EISTORICAL

The question of »hege snecificity has been investi-
ceted since tre earliest deys of becterionhage study. d'Eerelle
(1922) stated "It (tle bacteriophage) attecks 2 certain nunbter of

species at the time of isoletion, and nossisses for ezch of thece

& veriable virulence " Thus, & pleor (otive azoinst Shigella
Crseaterinse may exhitit some lytic ection on Sclmonclla t;phi. The

otrer condition also exists in which a »iere, showving activity

ainst one snecies, will demonstrete none when =2nlied to a snecies
of 2 diiferent genus. ZFurthermore, & norticulsr vhsge nmeoy be active
ecoinst one strezin of a bocterium, ead not zzsinst a second strein
of the some snecles,

Burnet (1927) demonstroted thet there wos = close correl-

2tjon between the zction of ¢ prriicular phose on o certain baocteriel
necies ond the surfoce or sometic antizens of thot eneciess For

exemole, a phage will show activity azeinst S, t:mhi, Salmonella

eaterividls, end Sclmonells pullorunm, each of which hes 1n common

the sonztic entigen IX,XII os desizncted in The Kaufimenn-—inite
Scheme., The application of bacterionheze tyvpinz to the classifi-
cetion of the genus Salmonella has not met with success, heccuse
or;onisms possessing the same =2ntigzen were lysed ty one bacteriopheze.
Felix and Pitt (19342) anrounced thrt viruleant living
strains of S, t;mhi were resistent to sz lutination by 2 pure "O"

antiseruan., This announcenent wes followed by 2 second renort from

the srme authors (1934b) stoting thet virulence and resistance to



agzlutination by "O" antiserum were correleated with the preseance of
an entigen wihich they czlled the Vi (virulence) entiren, Kaufimrnn
(1934) elevorsted on the terninolosy of the Vi rntiren by introduce

ing tiie terms V form 2nd W form., A strein of S. t:mhi thet
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2id to te in the V form, while 2 stroin not demon-—
stroting this antizen is s2id to be in the W form.
By emnlyinge the terninolo-y of Xrufinmcna to the vork of
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entizen (V form of Xaufimenn) will be erslutinated by ¢ nure enti-
Vi serum 2nd will not be ez-lutinated by 2 nure onti=0 serum. Accord-
inzly, 2n orzenism devoid of the Vi entigen (W form of Keu nn) will
be egzlutinated by e nure anti-0 serum 2nd will not be azzlutincted
by a2 vure anti-Vi serum. Koufimenn made an extensive study of this
phenomenon and found that an orzanism moy exist in the V, W, or V-V
.
form; the latter being thot condition in which 2 strein will exhibit
nortiel egslutinetion in both a pure anti-Vi and nure enti-0 serum.
Tiie discovery of Felix end Pitt scrved es the sterting
point for 2 new line of rescarch, ond severcl sutlhors, Sertic and
Boulgaxov (1936), Scholtens (1936, 1937), Creiszie znd Brendon (1936)
end Creisie end Yen (1939), working indenendently, sstoblished the
existence of bacterionhcres specific for the Vi antizen of S. timki.
Tre ection of these vheges was Lignly svecific #nd lysis c¢id not
occur with t;phoid bacilli devoid of the Vi entizen,.
Creizie end Yen (2 937) excnined different streins of

bacteriopnrze which were sctive szzinst the Vi entisen #nd found

thet thie phieses could te groumed into four times (see Toble I).



TABLE I

CHARACTERISTICS OF TI™S VI BACTERIOPHAGES

Vi Phage Relative Thermal Neutralization Lytic activity
’ Particle Death by antiphage for V forms of
Size Point serum Se typhi
I II III IV

Type I Large phage 67-700 C 4+ = = = IysesallV
forms

Type II Medium phage 69=72° C - 4+ = = Develops a high
selective lytic
activity for
the type of Se
typhi on which
it is propagated

Type III* Small phage  61=64° C - = 4 = Lyses majority
of V forms

Type IV Medium Phage 59-62° C - = = 4+ Lyses majority

¥rom the informction contained in Toble I,

be drawn?
1.

2.

3.

of V forms with
exceptions of
type F and D1

seversl conclusions may

The four phzges 2re snecific for the V form of S, t:whi,

el idp——

Serolozicall the four trmes of pharze ere distinct.
|53 ] PR & o

A veristion occurs in the lytic sction on V form streins

of S. t;ohi, »merticulerly in the cese of Type II vh-ze.

B ——

Eecterionhzze propa~ated on a strain of S. tynri develops

2 hich selective 1lytic ectivity or speéificity for the

sunhstrate strain,

The variztion exhibited by nhege II attracted the ettention



f Crzizie 2nd Yen (19338). Thev found that the affinities of this

o

rhage could be conditioned to 2 perticular str=zin of S. ty»hi on

I
which it had teen pronsceteds Using clessicel strains of S, tyvhi,
they determired that nhesge II, when grown on eith?r the Rawlings
or Wetson strain, develoned =zn ecueslly Liizghh lytic ectivity for both
streins, but lysed strain Ty2 only when =ponlied in strons concen-

rations. On the other hand, when zrown on strein Ty2, vhege II
lost its ability to lyse the Wwatson end Rewlingss strains and beconme
hizkly snecific for strein Ty2. By chansing the pronozzting strain,
several preperztions of nhege I were obtained that showed 2 selective
affinity for 2 particular strain of S. typhi. The enidemiologicel
ashects of this discovery were reczlized by Craicie 2nd Yen, and the
factors responsible for this nhenomenon were investizeted.

The hypothesis, develoned by Craicie 2nd Yen to exvlain

the verietion of phrze II, was thot the pnese exists as a series
of mutents wiiich differ from ecach other In their affinity
different strains of S. t:mhi. This hyoothesis, in turn, is »nredi-
czted on the supposition thet varieties of S, tr=hi occur wvhich
differ from each other only in their Vi entizen., The veristions or
differences in Vi antigzen are demonstreted only by the ection of

N

Phage 11, Thus, the increczse in snecificity of e phnsze prenerstion

may be exnleoined on the basis of selective propzzetion of the mutants

specific for the substrete strein of S, tymhi, with a corresponding
decrease in the other mutant pearticles.

By selective proprgrtion of the mutants of phesge II, a



series of lytic prenarstions wrs bHbuilt up wiich demonstrated a
higher relative afiinity for the homologous strazin than for the
heterolozous strain of S, tyvhi. Such preparztions, cdiluted so es
to contzin only an effective number of nhoge pzrticles of the donin-
ant homologous mutent, were emnloyed to identify strains of S. timhi
sinmiler in type to thet on which they were zrovm.

The kymothesis of Croizie end Yen exnleins? (1), the
2bility of the vhege to adapt itself to bacteria of heterologous
t;pes; (2), the hish titer for sirairs of lomolosous tye; (3), the
lower titers for the verious heterologous bacteris, end (), the
constent retio tetween these titers,

cns

Fle

To stenderdize dhege recctions so that thie mreparest
could he used for typing sitreins of S, tyohi, Creigie end Yen
decided on a "critical test concentration"™, This wee defined as
thet dilution of the phege which, under the conditions of the test,
Just produced a sufficient number of placues to give en zrea of
confluent lysis on the homologous strzin of S§. ityohi. The z2ctusl
dilution employed was determined by two factors?

l, The time ond condition of incubstion of the tests.

2., The dismeter of plecues produced bty the nhese on the

homologous strain of S. tvwhi.

Upon extending their rprocedure to a number of isolations

of S, typii, Craigzie end Yen found thet these strains vere differ-

o

entizted into well defined grouns or tymes. New phoges were built

*Abvbrevioted es C.T.C.



=

2zeinst renrccentetive strains of enach tyoe enl then checlized zi2iast

-

the original pheoge »preporations. In this menner, it weos discovered
that similer type strains rielcéed similsr phazes. This tecunicue

ves avclied to streins isolsted from 2 Jmown cerrier and from persons

-

knovn to have been infected by the cerrier. The resmlts obtzined
indiceted thet all the strains releted to a2 sinzle cerrier vere
icenticrl in t;wme. PFurther testing prolduced new tymes, until et the
time of their firet compnrehensive renort, Croizie and Yen (1938) had
studied 625 cultures renresentins 11 difrerent ohoze trmes.

These were desimnted A, B1, B2, C, D1, D2, . F, G, H
end L, The letter "I" was intentioiclly omitted in the designntion
of t;mes to 2void nossikle confusion with phege I.

Other =zuthors heve zdled to the numter of tyves originally
reported by Craizie 2nd Yen uatil there ere now 25 known tyres and
subtypes. The rcactions of these phages at their "critical test
concentretion" when tested ~2gainst the corresponding series of Vi
type strains of S, tyohl ere ziven in Tetle II.

Experience has nroved the stability of Vi phege II. It
is now generzlly cccevted thet the phoge preperations should be
talzen es the stendard and not the culture of type strains of S, tyrnhi.
¥rom the iniormation avzailatle, it is aniarent that prenarstions of
Vi paage II, once pronmageted, tested ond ciluted to their criticel
test concentration, ere, for ell practiesl purposes, fixzed in their
specificity, The prriicular form of the Vi antizen of a given stroin

of S, t;mki is thousht to Te a reasonsbly permenent cheract.ristic,

The epidemiolozicel volue of nheze t:pins is breed on this observation.
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A few excentions heve “ecn noted, hut these are evnor-
ently r=zre in occurrence. Tyme A is sensitive to 211 Vi chrge
rreperztions. A recent réport by Creicie and Felix (1947) indicates
that tais tyoe mey result from éissociation. For exnmole, a Tyve &
culture wes isolzated from a Type T and a Tyve O carrier. The indi-
cation 1s that this chznse mey tske place in carriers of lonz stand=-
ing. Tyve A has 2lso teen isolated froam cultures of Tyzes Bl, C,

D5, F1 end W, This point is of gr:st immortecnce to the enidemiologist
because the isoletion of two tymes in 2n outbrerk recises the cuestion
of = doutle source of infection.

Helmer et el. (1920) hive reoorted on the isolotion of
T;pes F1 and ¥2 from a single case of tryvhoid fevere A coreful
epidemiolozical study fziled to disclose a double source of infection.

Tvpe 0 and Tyoe C ere peculier in thet they rield phages
wiich ezre veriztle os to their »nleque size.s This condition seens to
be a characteristic of the prrticuler tyoe of S. tiohi involved
beczuse it hss been found to exist in frechly isolzted cultures,

In addition to these veristions within the types, there
are other conditions which must be considered in the typing of
streins of S, typhi. The variation between the V form (Vi antigen)
and the W form (0O antigen) hes 2lready been discusseds It 1111 te
reczlled that the V forms zre lysed by theges I, II, III end IV,
and show considera®le vrricbility in the reesctions with the t;pe 1I
Thage. Generslly speecking, the orgzenisms sensitive to tre trpe II
pheges cen be further subdivided into three lerge groups. The alvhe

group is defined ss beins commosed of those strains which cre fully
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sensitive to Tyme II vhace. In eddition, when used =c the substrcte
o L & 9

strein for rropazeting »n7

9}
0y
)

ze II, they rroduce = phagce with a cleer=
cut 1ysis of that type. Thus, if phege II is trensferred from one
clpha t;De to another, it develops a distinct 2ffinity for the new
type, while retazining no residuel 1lrtic action for the preceding
tipee.

LS

The beta group is m=zde up of trose tywes of S. timhi which

vhen used as & substrote strcin produce 2 phroze that retains its
effinity for the original strein even efter seversl nasssges on the
new tyve. The gemma group is mede uon of those streins which are
resistent to the action of phage II. The thvee grouns ore srran-ed

as followss

Alvre Groam Beto Grouvp Gomma CGroumn

Trpe A T.pe B2 Resistant to
El B3 pheze II, but
c D1 sensitive to
2 D3 nhese I, III
D4 end IV,
Zl
B2
¥l
F2

G

H

J

Ll

L2

M

The precticebility of the method of Craisie and Yen hes

been well substontizteds. Lazerus (1941) in the United Stetes, Crossley
(1942) in Cenada, Buckle (1946) in Austreliz, Croclker (1947) in South

Africa, end Cruickskenk (19L7) in Znglerd heve revorted the results
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of pheee typing in their countries., Two sclient facts stand out
in trhese verious revorts:

1. Tie vorld=wide distritution of ¢~

[

es amnecrs to te

for 211 zrectical purroses, stetle.

&

Hy

2. T;7hoid fever persists due to 2 smell rwater of ceses

wrich occur in spite of our existing mcthods of scni-
tery centrole.
Both of these facts are ¢f zr szt importance to the

&

ericemiclozists The strtility cf ty-es »rovides kim with a

<

guide whereby he may trece 2 porticulcr outbr:clr brek to its scurce.

The versistence of coses presents a constent chellenge to Lis efforts
to control snd ersdicete this disease. Creisie (1941) hos susszested

that on occesicns tie tcsk of the enidemioleozist misht te feciliteted
if records were aveilzbdle reserding the trre excreted ty every lnovm

cerrier in the creec, Thereiore, typinss from cerrier isoletiorns

Lave been inclucded &s a tevcrcte section of this ctudy.



The twerty=-three staniard Vi-nnrce II preverctions used
in this study were suonlied, in concentrated form, by The Connzught
Mecicel Resezrch Laboratories, University of Toronto, Torornto,
Conzda, The corresvonding Vi-tyme strairs of S. t;—hi were also
suprlied. Instraction included with the pheoge kit directed thet
the thege preparstions should be diluted to the C.T.C. and then
tested ageinst cech of trhe Vi-t;pe strzins,

To faciliteate the tyming of cultures, the 23 nhages were
comtined ty us into seven vools., Dilutions were comuted so that
each phege wes present zt its C.T.C. (Tsble III)

Lrte in the study, Vi-chozes I, IIT and IV were suvnlied
by Mr. Arnold Juerlker of the Selmonelle Typing Station, lMichigen
Devertuent of Heslth Lotorectories, Tlese preperetions hed been
furnished ori;inelly by J. }M. Desrenleru of the Quebec Frovinciel
Heezlth Lztorztories,

Iy L)

The media necessery for tyting were preprred originelly
according to the instructions suonlied by The Cornaught Letoratories.
These were as follows?
Lgar Medium
1Tacto! mutrient troth (dehydrsted) 20.09 gms,.
Sodivm chloride 759 ems.
1Bactet a:or 20.09 ems.

Distilled water to ’ 1000.00 ml.
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TABLE III

COLPOSITION AITD PRYPATATION CF POOLED PFAGES

Individual Amount of  Total _ Total Final
Pool Phages each phage Phage Broth Vols Dilution
I A,C,H 0,05 ml. 15 ml. 4e35 mle 5 mle. 1-100
II E2,G,J 0.05 ml. el5 ml. 4485 mle 5 ml, 1-100
IIT ¥2,B2,B3 0,05 ml. «1l5 ml, Le85 mle 5 ml. 1-100
Iv X,D2,D4,F,D5 0,05 ml,. «20 ml. 4480 ml. 5 ml, 1-100
v L2,M 0.05 ml. «10 ml, 4.90 ml. 5 ml. 1-100
VI B1,D1,E1l,Fl 0,05 ml. 20 mle. 480 ml. 5 mle 1-100
VII  DH,D6,L1,N  0.05 mle +20 mle 4.80 mle 5 ml. 1-100



Pheze dilution trota

'3ccto? nutrient brotk (lehvirsted) 8.09 ¢cms.
Distilled weter to 1000.00 ml.

Fhrze culture Troth
Zrcto! nutrient troth (dehvdrsted) 15.09 gms.
Sodiun chloride : 7.09 gms,.

Distilled wrter to 1000.,00 ml.

Oricinsl tests were made using these medis. Eowever,

Q

reigle end Felix (l9b?) neve stated thnt eny zood mect disest ager
may be used 2s cn elternative nroviding thirt the stendard reections
are reprocucecble., Tilerefore, in tlhe inter:st of eccneny end for

convenience, we hove substituted the followisz media in zlece of

the YErcto! nutrient troth znd 'Szctol nutrient troth zarre

#2 Eroth
Verl irfusion 1000,0 =ml,
1Sacto? pentone 10.0 g
Sodivn chloricde £.09 sms.
Al Just to » E 7.6 rnd filter

#2 Broth Acor .
1Zacto? =per | 15.0 ¢ms,
#2 Sroth to 1020.0 =ml.

Crzisie hod recommended trzt the cultures of the Vi-tyre
strains should be m~intained on Dorset Zgz mediym (3 varts whole ecg,
1 cvart sslire, slonted and inspissnted). Mediun of this formula wes

made up and disvensed in smell screw—cen gless viels, In this form,
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the Dorset Zoz Mediunm wes used for mainteining the stocl streinse.

All 23 stock strzins were trensferred to fresh slents

at six nmornth intervals followins

—

nessese on nutrient ager end tests
for specificity. ©Slents of tlhe erz medium were clso sunplied to 21l
leboretories in tre State that wveorld enbnit strains for tyring.
Cultures thet vroved refractory to Vi rheoge II were
tested sercloiicelly for O end Vi antigens in 2ddition to bheing
tested with vhrzes I, III end IV. TFor this purnose, two ontisers
were used?
ainst the IX,

1. A nure "O" entiserum conteining antitodies 2

-
<

XII entizen. Selmonella s2llincrum wes used for immnuniz-

etion.

2. An anti-Vi scruvm nrepe

2]

ed by us. Solmonells tollerun weo

used feor immunizeation.
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IETECDS

[

Cur srocedure for trpins streoire of S. t;ohi by the
bacteriophege method lLes been essentially thet of Creisie =2nd Yen
(1938) =nd Creizie (1941). Zeccuse we heve followed Creigiels
yrocedure with close attention te¢ detesil, the Ffollowing description
is cquoted directly from Craigie (19L1).

"Mwo standzrd platinum loops, 2.75 mm. in internel
dismeter, Wo, 20 B & S gause vire, are usel clternctely
to 2rnly the culture ond thoge te the plsate. While one
lcop is actually in use, the other is cooling after steril-
ization. In transferring a loonful of broth culture to the
plate, the loop is used merely to direct the neturel snread-
ing of the broth and skould not be rutted over the =zor,.
Tle shonk of the loop is argled so thzt the lcopn will lie
verzllel with the ager surfazce durirg inoculation, the
loopholder telng grosped between the thmmdb and first tvo
fincers like a pen.s A full loorful of broth culture is
obtaired ty shernly moving the culture tute so thet the
loop cuickly breeks thie surface of the fluid. Then with
the holder held in the way described and with the forearm
end side of the hond resting on the tench, the loown is
lovered until the érop held in it touches tke surfece of
the azer. At this peint, the locp is given a slizht horlz-

ontal circuler moverment by moving the fingers, guiding the

spreading of the drop over an rreez soroximeotely 15 mm, in
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diemeter. A numder of arcas, correcnoncing to the nunter of
phese prencretions used in the test, 2re inoculated with each
strein., Vhen tke z:nr ans 2bsorted the fluid vwiich hos been

apnlied (ontinum 5 to 10 minutes), tle phace is sowlied from

tre stancerd lcon to the certer of the inoculated area. In
this cese, the loovholder is beet held horizontnlly betveen
the thumb end finzers, these vointing downwerd with the side

of the arm resting on tke edze of the bench, Tre loounful of

e is lovered until it elnost touches the surface of the

1o
Le.

'3

™M

eger, when sli:ht rotetion of the locpholier will move the
loop into 2 vertical »nlane, tims 2llowing its contents to
flovw onto the center of the inoculated arca. It is to te
noted that the drop of nhage must te zllowed to spread
naturally on tre plete, and the scturl contact of the lood
end inoculeoted aree is to te avoided os for es possitle,

Mhen the fluid which has been =nolied hed dried
sufficiently to vermit of the vlates teing sefely moved,
tiey are incubzted for 2 hours at 37° C. 2nd trensferred to
tle cold room overnisht, They are returnecd to the incitator
end are rcedy for reading in 4 to 6 rours. It should be
noted thst the plates must not be stecired, since at tempers-
tures siznificently btelow 370 C., B, ti—rosus will grow with-
out exiititing lysis wita Vi nhrce, Tie method of interrunted
incutation has two sdventoces. It permits the nhrge recctions

to be observed ot their ovtimum #¢ before they are obscured by

lote growth in the cnse of some streins. Furtter, the intermedicte
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period in the cold room rermits difimsion of the phage into
the surrourcing ncerzal culiure, thus enhencing the clerity
of the rcactions, Tie rezctions ere best olserved by otlicue
ertificizl illuminstion 2nd e eirst o darl beck-round.™
Tre results ottained when tlie diluted vlozes cnd stock
streins were tested on #2 broth egrr ere renroduced in Teble II.*
To 2id in tle vreliminery screening of test strzirs, pooled

vheces vere used. Stocl streins were tested sgainst the »mooled

phares and yielded the results reproduced in Tetle IV,

*Tre form used in Teble II is thet of Craizie =nd Felix (1947).
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Streins of 5. trnhi subnmitted for ty—ins vere nasiclly

~ose evinitted on ciffcrent nedia

Ye A sr211 siicunt of culture
from the egs slant wrs inoculated into 2 ml, of nutrient broth end
the tute incubsted 2t 37.5 C for ?=& hours, At the end of th
incubrtion meriod, ei it inoculation sites were moce on 2 nutrient
azar plrte ¢s descrived ebove., After the troth had dried, one
stenderd loopful of ezch of the seven nooled nhoges wes epvlied to
a sen~rcte inoculation site, the eizhth s»ot being left for control
purposes. AIiter the phoges had dried, the nlete vwes invertved and
incubeted for tio hours and placed in the icebox overnizht., In the
norning the pletes were returned to tine incubetor for four hours of

2dditioncl incudetion., Tre vhe action resulting from the various

e
[¢7]

o

pools wes recorded and commared with the stenderd renctions as given
in Table IV,
If confluent lysis was demonstrsted in ecch svot, the

culture wes recor il as trie A cnd no further tests were verformed.

If phege acticn wes crmerent in one cor more swots, the culture weos
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srecific phizges neking w each mool involved.

,

Incubction wrs reneeted ¢ efore tnd the results recd the follow=-
irg morning.

As en exenple, let us exemine 2 crlture viich, vhen

tested with the mooled whrzes, nroduced confluent lysis in Pool I
T y o <

o



FIGURE II

Reaction with pooled phages

Reaction with specific pheges



22
with only a few isoloted placues anvarert in tle other inoculated
arecas (Figure II). This culture wos tested with tre incdividuel
vhages mexing vp Pool I, i.e., vheses A,C, and H, The results,
reed the next morning, showed confluent lysis with shoze C 2nd only
a Jew isolrted plecues on the other tvo inoculertion sites. By com-
varing these results with Teble II, it cen be scen thot these reactions
were comperetle only with those of tiype C arnd thet the culture wes
trereiore t;ve C.

If no nhege ection wes observed with any of tre pocled
pheces, two #cdditionzl tests vere nerformed. Tre strezin wes inocu-
leted irto 2 ml. of broth 2nd tested with v es I, III and IV using
tihie procedure outlined ebove., If the culture demonstrated lysis with
the three phrges, it possessed the Vi entigen end woe resistant to
phoage I1 for one of two ruzsones

l, The culture wis in the gemma form ond wes therefore
untypeable.
2. Tne culture wes of a new t;me not included in the present
schema ond 2 vheze would heve to be rvronrieted on it,
tested zzainst the stock streains end standerdized,

A culture rcfrzectory to the action of vhege II was also
tested serologicelly os a chzck on the cetion of narzes I, III and
IV. This test wves nerformed on a sless slide using a IX, XII enti-
ss2rumn, 2 Vi antiserun and a scline control. The str-in reecting
strongly in the IX,XII serun and wezlzly or not ot z11 in tre Vi

serum wos in the W or derreded V form. If the culture reccted
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stron_ly in the Vi ertiscrun end werllly or not ¢t 211 in the IX,XI

serun, it was in the V form. I tiis culturc rielded lysis with

pazges I, III and IV then it wes auvorently o zemma culture.  (See

REACTICHS OF ©72 VLRICTS FLRMIS CF S, TVDEI

Sensitivity to Vi Thozes Acslutiaction
Form I II 111 1v Vi Serunm "o" Serun
v + + + + +++4 -
W - - - - - At
Geomma + - + + +4+++ -

+ = lysis
++++ = complete ravid agglutination

The differcnces between the V, W and Gouamz forms cre onnar-

ent from the reactions obtained with the Vi phoses. These some differ-
ences ere confirmed by the use of Vi end "O" sntisera. However, no
combinction of these reagents will distinzuish tetween a true zemna
form culture and one thet is of a new Vi time 2nd therefore not
included in the t;pe II phoges. To separste these cultures, we heve
resorted to whet we will crf11l the lomolozous vheze technicue.

A loopful of 2 concentroted phese corr-shonding to one of
the alvhe tyves was z»ulied to en iroculetion site of the test strein.
If no 1lytic action wos observed, the culture was in the gemma form,

Eowever, if a few isolcted placnes vere observed, severcl vere cut

out so that the plagues, a2 sm2ll zmount of culture #né the underlying



agar vere removed. C.ls secticn wes pleced ia o tube conteining
2 ml. of nutrient broth. The tute wes incubzted until lysis wes
ocserved, or for Iour hours., The tule wes then ploced in a 56 C
wvater bath for 45 nminutes, This destroyved the bacteria but did
not affect the phoge. Sericl tenfold dilutions of the phoses vere
nzde and tested ageinst the cuiture in the usucl menner., If the
phege action oprnecred stro: the new phoge wos tested o
stock strains and the results compored with the sterdord resctions,

If the results were conoarshle with eny of those in the standard

cinert, then the culture ves merely a vericnt of the existings time.

t

-

However, if ti.e rcections diffcred from tlicse vresented in tne

e
oo

stenderd clert, we were deslinz with 2 new vhoge trre, end the

culture wvould heve to te tested exhoustively with the stock stroin
to deternine its owvn stzndord rcoactions.
After 211 tests with the phazes were comnleted, the origzinel

<

broth susversion wes used to inoculete media containing certein bio-

B . 1

chenicals to confirm the identity as S. timhi. The followinzg medie
were inoculated: Licuid single sugers, dextrose, lectose, sucrose,
neltose, mennite, sorbitol, zylése end éulcitol; other medis, Urca

medium, Peptone weter for Indol snd H2S production, Voses=Froskouer
medium, Simmon's citrate rcgar slants end 0.3% szzr for motility.

[

Three cultures submitted for typinz proved not to be

w
o

t:phi. All others produced typicel biochenicnl rcactions with sonme
variation in the fermentation of xylose and duleitol, the oroduction
of HZS end the degree of motility., There was no avverent correlotion

between these veorirtions znd the nhnse tines identified.



VI PHAGE TYP

e —— —-
AR PR Ra
u - eate

ISCLATICIS FRCH

CLINICAL CLS=S

TAZLE VI

=3 OF SALMIITEL:

JA TYPHI ISCLATZD IXN F
IR 1947 TO ARCH 1948

IICEIGAN

ISCLATICIS FROM
CIRCIIC CAREIZES

Total Totel
Cese Cerrier  TOTAL
Phege Iscle= Iscla- Isola=
T-re Ori-inzl Re-cat tions Ori~incl Dc¢=ent  tions tions
A 6 0 (6) 17 12 (29) 35
B1 0 0 (0) 1 2 (3) 3
B2 0 0 (0) L 3 (7) 7
33 0 0 (0) 3 3 ( 6) 6
c 3 5 (2) 15 11 (26) 34
D1 5 1 (é) L 2 ( é) 12
Dk 2 0 (2) 5 1 ( 6) 8
D6 0 0 (0) 2 0 ( 2) 2
El 33 51 (84) 18 19 (37) 121
F1 7 8 (15) 3 2 (5 20
M 0 9 f0) 1 0 (1) 1
56 65  (121) 73 55 (128) 249
W Form 2 0 (2) 18 8 (26) 28
Gannea
Forn 9 1 20 _14 ¥ (o) 2
FIUTAL .
TOT:L 67 76 (123 105 79 (18L) 327
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LDISCUSSICI [F ELISTLTS
Tcble VI conteins a summery of o1l tioinss attemted

tetween July, 1947, and lioy, 1948, The dirrmostic znd crrrier

caltures snbaitted for t;min~ were rchout evenly divided, Thae

division betwecn orizincl and rencat soecimens is also cbout

2
o
m
-
’_l-
ct

ecual, Tre subnission of duplicote s-ecimens »rovidie
the oniortunity to mcke ¢ thorowh cheeck on the stshility cf tipes.
In over 300 tyrings, we hove found only one cese exhi®itin:s 2
nossible discrenancy.

During the neriod covered by tiis studyr, we hove nhed one
onvort ity to stucy the st-bilityr of times in 2 limited crrrier-
torre eniicnic. an outktreck of trioid Tfever, svicrcntly voter-
borne, invelving 17 persons occurred in one cf Michi-rn's citics,.

-

FPemily S., living on the outcizirts of the city, sus:licd stout ¢

=)

cdozen femilies, s well ce themselves, with woter Iron o szcllow
well, During the lotter part of Julyr, the frnily discontinued thae
use of the well encd instrlled city woter. Tie instellation of a
flush toilet recuired a2 sentic toniz vhich wrs instelled neer the
well., Mcenwvhile, the nei:htors coantinned to use wvater from the well.

Durinz lete July and Ausust, 2 totel of 15 ceses of typhoid
fever developed in the vicinity of frmily S. TUpon invecticsntion, it
wos discovered that tihie well watcr vas dangerously zolluted. The

incicated source of pollution wes the new sentic taonlz end the well

o

was condenned as soon a2s 1ts menace vos discovered.

A totel of 30 streins of S, t;h:i from 17 individunls
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involved were subtmittad for troinsz. All were vhrre t:pe Zl. Among

these stroins wvere seversl from two menbers of Fo-nily S. who wvere
proved to te corriers, The orizincl source in the fromily wes the
rnotiaer who Led hed t;pheid Tfever 15 to 20 reers before. A srend-
ves glso found to te dischrrsing
S, tyohi, tipe El. Atterwts made to culture S. itrohi from the well
water proved unsuccessfuls Us to the tirme of this remort, A0 cultures
isoleted from this outhreslz hove tecn received for tyoing. All were
identified es tywe El £nd none vroved to te untynechle.

The cultures identified 2s Di* were rll of the sub-t;oe EP55.
Taese cultiures remresent tlie nevest of the phage ties. Craigie (1948)
identified this t;pe among cultures subnitted for timing from an out-

break of t;whoid fever in one of Michisen's lerger cities in 1946,

The disease was contracted by 22 vpeonle a2t & weddinz brealzfast. Evni-
demiolozical investigrtion indiceted contenineted food. A previously
wnkmovn cerrier wes discovered criong the neonle vho served end prepared
the fond. Craizie made en extensive study of the 17 cultures submitted
end reocrted Type DLEPES 2s beinz isoloted from the corrier snd ei:ht
ine isolertions proved to e tyne Dl. Arvencements are being
nmcde to study tlie orgenisms teins evereteld by the carriers 4ll cultures
of tyce DLEPES identified Curing this staly vere isol:zted fron wersons
Imown to heve been infected £s 2 result of the outbreci described ebove,
The two cultures icentified =zs T:ve D6 were isolsted fron
two clironic carriers. Reactions orisinsclly obtained with the pooled

pheges were indefinite, portiel lysis teinz observed only in Pool VII.

he homologous rhoge tecimicue wes erdloyed and the thece produced
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vas identifried zc Peing similar to the stencerd zhe
Untyoecble cultures in this scries re-resent 23.85% of

€1l isolztions ¢s comsercd vith 21,3750 revorted ty Backle in khis

survey of tihe litercture., 4As ircCicoted in To%le VI, the unirpectle

culiires vere divided into tre W end zsrmie forme  Tlie W form culilures

rade up 8.565 of tlhe totsl streins, vhile 15,207 were in the gomma

fern, Auong the corrier etreine, 1.1l were in the W form end

-~ - 3
15.30% were in the srmme fora.

fron a carrier ¢nd ¢ sirzle contret viiich were nroved to te small
colen;r verieties of S, t;mhi, The culturel chrrecteristics were
siniler to tlose descrited ty Morris (1341, 1943). EHowever, ve
were not ctle to re-roducs the sotellits wlhieromerony neither were
we able tc secure a siccessivl ty»oing

sutnitted.
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of S. t-—1i is —resented,

— iy e =

A studry of the Vi theze ti-e

7]

A detzlled review of the literature vas mrde to develon the lines

of rescercn lealing uwd to the discovery of the boeteriopnh

w3
.
+
V-2

ie and Ye

R - NP J e+ - b b I -~ . TN = - 1-
evrmined triefl; Yo zssest tihie valie of thie metnold ss - lelormtory

we hove errniined 527 ecultures of S, tood Ty the whrooe
tioing methode Stroins included in tliis study were sutnitted

fron the lctorntories of the iMichiccn Tencrtent cf IIzclth end other

lcborrtories in the stcte. ivided rowshily
into tivo zrouns? (l), isolrtions frow clinicrl crses gud (,,, isole=-
tions from ckronic cerriers., There were 113 streins (42. ?:) submitted
fron individncls clinically dic-mosed £ Lizving trohoid fever., This
totrl wos mede up of 57 orizinel ond 76 r-mect sirrins. le vere able
to secure positive tyoping oa 121 cultures (34.617) vhile 22 cultures
were unt;~ieable., The tipectle streins rerresented seven tives, il.e.,
4, C, D1, D&, D5, Z1 ~nd Fl, ZI1 wis the most nrevelent tyme, making
un 69.42% of the wositive t:wmin: secuared vwith clinical isoletions,
27 -

3 - . 3
There were 18! stroins (55.257) subnitted from cerriers

(chronic or contact) for tyoinz. Tyre i, not renrcsanted in the

identifications from elinicsl cnses, was iZentified in & culture from
a2 chronic carrier. Successful it in s vere secured on 1l& srreins whicl

wroved to te sub-tymes of tyoe 3. This tyne, ot vell rc D3, wos not

rerrescented in the cultures ovt-ined from clinicsl ceses. Tiis fect
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By

ni it te of nore thrn zccrlenic intercst tecrvee it couvld be cone-

~es. I trvue, tlie mirlt cccount for tihe Trenon-—
derence of certzin thare timese Tle TV form counld neot Te recevered
fren 8 corrier streins (33.935).

Positive t:min-s vere com:lcted on 2L9 (75.1L5%) of the

ticii received for tring. Inmrther awslicetions
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£ the honelosous ~he == tochnicue shovld moke it nossitle for us

o

to reduce tiie numter of untireshle strocirs., Ve 2lso heve received
three nev trme strains rnct revreserted by vhrges in our tiring kit.
Phrges nronoeted azainst these and tested aceinst the so—-celled

untypeztle stroine saould further reduce the sercentaze of unsuccess—

ful tymingee.
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The tymes of S, i:mli wiilch heve been identified durin

>
—h—— o

n-nwiter and are

(=2

the course of tiils study are linited

readily distinzuvishotle.

Tvoings resvlts indicrte thet the varze trme is a reletively
stabtle currocteristic of S. trmii. The enideniolozical
vzlue of where t;7inz is based on the fzect thet the form

¢n, end therefore the vhrge tipne, is sieble

rom one person to enotier.

P
Hy

following pesse

B

The information ottained, rs 2 result of 2hore tyoinz, is of

evideniological significence, especirlly 2¢ concerns the

S v

tiyving of streins isol-ted from Imown t;mhoid carriers,
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