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It has been the custom, until recent investi-

gation has established the value of the intracutaneous

virulence test, to release individuals from quarantine
for diphtheria after two successive negative nose and
throat cultures, at least 24 hours apart; have been ob-
thined; that 1s, quarantine has been based on morpholog-
1cal rather than biologlical characterlistics, A large
amount of work has been done which proves thatvthere is
consliderabdle variation in the virulence of different
strains of diphtheria bacilli and th#t there are strains
whisch are morphologically identical with virulens diph-
theria bacilli which prove to be non-virulent when tastéd
by animal inoeculetion, The danger to the community lies
not in the presence alone of d1phtheri$ bacilli but of
organisms whioch are virulent, TFor ﬁhi; reason, a deter~
mination of virulence, especially in non-clinical cases,
seaems to provide a reasonable meana of decreasing the
qudrantine in such cases,

The present investigation has béen under taken
to determine the virulence of routine dlagnostic cultures,
in olinical cases, contact and carrlers, as are found in

school room epidemics., The investigation covered the



-
period from June lst, 1923, to December 31st, 1923, dur-
ing whiceh 2ll cul tures received at the Laboratories of

) the Vancouver General Hospital, showing diphtheria bac-

w 1111 microscoplcally, were examined &as to virﬁlenee.

It is of interest at this point to review some
of the work that has been done in connection with the
virulence of diphtheria bacllli, According to Nuttall
and Greham-Smith (1), "s correct estimate may be formed
of the virulence of the bacilli towarg guinea pigs and
satisfactory evidence 1s yet lacking to show that races
non=-virulent to guinea-pigs can produce serlous disease
in man, The results of those experiments which have
been made under uniform conditione,...show that the very
groeat majority of races of diphtheria baoilli are either
fully virulent or toﬁally non-virulent for these animals.™
Subcutaneous virulence teats were used for many years
with successful results but this method entails the‘loss
of much time and considerable expense in laboratery
aniﬁals. The standardization of diphtheria toxin by in-
tracutaneous jinoculation suggested a method of testing
the virulence of diphtheria bacilli, Nelsser (2) ocom-
pared the intracutaneous method with the suboutaneous
and obtained results identiocal in both cases, KXolmer

5) and Moshage (5), on the pther hand, obtained better re-

sults by suboutaneous inoculatlon, securing 86.5 %
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positive results by subocutaneous inoculation and 64.9%
positive results by intracutaneous inoculation of the
same cultures, Weaver (4) found no @iscrepanc' betwesn
suboutaneous and intracutaneous reactions of 26 pure
cultures of diphtheria bacilli, Recently, Horace M,
Powell (5]} compared the two methods and obtaimed ident-
igal results in every case, The coexistence of virulent
and savirulent organisms has been commented on by Wade
and Vaughan (6), BHuttall and Graham-Smith (1), Kolmer
and Moshage (3) and othebs. This fact introduces a
source of errgor in using pure onltures only as there is
no apparent differenee in appearince between colonies
of virulent and avirulent organisms, With these facts
in mind, Porce and Beattie (7) used the "whole culture"
method of testing virulence, suégested by Wayson, which
consists of the intracutaneous inoculation of a saline

suspension of field ocultures.

Methods.

The methods used 1in this investigation are simi~
lar to those employed by Force and Beattie, All tests
were made from routine diagnostic nose and throat cul-
tures on Loeffler's blood serum slants, which had been
incubated for 18 hours at 375° C, The diagnosis was
based on Wesbrook's (8) claessification, granular types

A, C, and D only, being recognised, Albert's (9) stain
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was used exclusively throughout in staining the prepar-
ations for diagnosis, |
Attempts were made to isolate pure cultures from
each culture with which a field oulture test was made,
This procedure consiated of transferring a loopful of
the field culture by a platinum loop to another fube of
Loeffler's blood serum slant, and making successive trans-
fers on six tubes of media., After 18 to 24 hours inocub-
ation at 3734° O, well isolated colonies were picked and
ltre;ked crosswige on blood serum slants, about 4 sross-~
streaks to a tube, The streaks were examined the follow-
ing day and if pure were transferred to a saparate tube
of serum., If no pure cultures were obtained more colonies
were picked and successive streaks of the original field
culture were made again and the process repeated until
pure cultures were successfully isolated or until it was
considered impossible to isolate the diphtheria organisms,
Two to three ece¢, of physiological salt solution
wore added to the blood serum slant and the growth
gdraped off with & platinum loop., The suspenaion was
then transferred to another tube and diluted with salt
solution to 8 to 10 oe., according to the turbidity,
Lighter suspeunsions were made of pure cultures, Guinesa
pigs were prepared by shaving the abdémen and injectad
intracutsneously with a sufficient amount to produce s

bledb approximately 10 mm, in dlameter, Four to six tests
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were made on esch pig, Duplicate pigs were used in every
: -

case, the oontrol'big recaeiving 500 units of antitoxin

L]

subcutaneously before injection, After the death of

several of the test pigs, it was decided to protect them

”by 1nJenting 500 to 1000 units of antitoxin after 24 hours,

!hé results obtained after this p{oqednre.was adopted
were more sgtisfactory. dbseryationa wore made at the
end of 24 hours, 48 hours and 72 hours, 'Foroe and
Beattie (7) describe the appearance of the-lesion as &
"reddening and 1ﬁduration’tollowed by'a'neqrosis which
manifestod 1tself by a white area with an extending pur-~
ple genter, thé "target ;tagef. tefm;nat;né in sioughing
of the epidermis and crust formation.’ The protscted
animals, inoqulatod.wlth virulent field cultures showed
marked redness and iﬁduration of loss diameter than in |
normal animals,’ In some instances a central brown crust
appeared at the end of 48 hours, after which redness and
induration rapidly disappeared, This brown crust in no
way resembled the white and purple concentric area de-
scribed above and could not be confused with it unless

lesions were not observed before the third day."

Resul ts.
In all, 260 cultures wore investigated, the de-

tails of whioch are recorded imn the Appendix, Field cul-

tures were tested in every instance and pure cultures
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whaerever it was found possible to isolate, We failed
to isolate pure cultures in 101 out of 250 cultures, or
40,4 per cent, In the field cultures corresponding to
these, 27 proved to be virulent and 74 non-virulent,
The 27 virulent cultures were obtained from 17 ciinicsal -
cages, 3 contacts, 5 carriers, 1 scarlet fever case and
1 whose source is undetermined, Failure to isolate such
8 large percentage was due in part to thé presence in
the mixed culture of spore bearering and other organisns
which rapidly outgrew the diphtheria bacilli and in pars
to the paucity of diphtheria organisme 1n many of the
eultures., Of the 101 cultures of which no pure cultures
wore isolated, 26 were morphologically positive in the
nose culture only and 24 were from combined nose and:
throat swabbings of acheol room contactis or carrliers,
in many o0f which the smears show only a very small'per-
centaRe of diphthertia bacilli, |

There are, therefore, 149 cases in which field
end pure cultures were tested., Of thess, the pig died
in 15 cases, which leaves 134 as a basis of coﬁparison.
O0f this number the results coincided in 101 tests or 75.3
per cent, The field culture was positive and the pure
calture negative in 11 or 8,2 por cent of the tests,

The field culture was negative and the pure culture posi-~
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tive in 22 or 16,4 per cent of the tests, The results
recorded are at variance with those obtained by other
workers; further work is being done to check our results,
Bull and MoKee (10) isolated pure strains from 167 cul-
tures which gave negative results when tested for viru-
lence by the field cul ture method. In not a single in-
stance was a virulent strain isolated from these 167
cultures, Of 31 cases whioh gave positivé reactions 1in
the field cultures, 26 virulent strains were iscolated

and they consider it probable that the other 5 cultures
sontained vdrulent organisms which escaped isolation,
Havens and Powell (11) tested 295 cultures by both whole
culture and pure oculture ﬁethodl, 275 (93 per cent) gave
the same result by both methods, Of the 20 discrepancies,
8 were positive with whole culture and negative wilth the‘
pure cul ture and 12 were negative with whole culture and
positive with the pure. ZPhese results indicate that

there may not be present in the fleld oulture a sufficient
number of virulent diphtheria bacilli to give a charac~
teristic lesion but when isolated, their virulence becomes
apparent, The coexistence of -irulent and non~virulent
strains has been mentioned, Where the field culture was
positive and the pure culture negative it is possible

that the pure cul tures were obtained from colonies of non~

viruleant strainas and the virulent strains misased.
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Clinical Csses.

Of the oul tures oxamined, 128 were from "cliniscal™
cases, The availab;éAinformation on the guestion as to
whether they were actually clinical cases is open to some
discussion, Undoubtedly some included under this cate-
gory should properiy be placed as "contact” or "carrier™,
0f such field cultures tested, 82 (65 per cent) gave posi-
tive virulence; 37 (28 per cent) gave negétive virulence
and in 9 (7 per cent) the test animal died and the test
could not be repeated. In these 128 cases, 92 pure cul-
turéa were isolated, of which 74 (80 per cent) gave posi-
tive virulence and 18 (20 per cent) negative firﬁlenoe.

The 74 oases, however, constitute only 57 per cent of

¢linical cases,

Qontaots and Carriers.
The same difficulty exists here as with clinical

cages, Accepting with reservations the classification

as correct, these totalled 90, The field was positive

"in 26 ceses (28,8 per cent); the field negative in 57

(63.5 per cent); and the pig died in 7 (7,7 per cent),

In these 90 cases, pure cultures were isolated in 39
instances, in 26 (66.6 per cent) of which virulence was
positive and in 13 (33.3per cent) virulence was negative,

The relatively high percéntage of positive virulence is
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probably explained by the fact that a great many of these

were nasal cases, containing only a few B, diphtherize

"and many contaminating spores and slimy organisms which

made isolation impossible, It is probable that in many
of these the virulence would héve been negative had it
been possible to isolate the diphtheris organisms, Kelly
and Potter (12) compared the results of field culture |
vif;lenoe teats of cases and contacta and carriers in a
general epidemic, Of 108 tests, 89 per cent of the cases
gave a positive virulenée and 11 per econt negative; 564
ﬁer cent of contaats and carriers gave positive virulence
and 46 per cent negative, 1In a school survey where diph-

theris was prevalent but not epidemic, 25 per cent only

gave positive virulence,

W' 1

250 cultures have been studied, In this series
there is & lack of exact corelation between clinical symp-
toms gnd field tests, a relatively high percentage of
negative virulence being obtained. This is explainable
in part by failure to abtain sccurate data regarding the
physical condition of the patient,

There is a slight advantage in favor of the use
of pure cul tures, not recorded to as great an extent by

other observers, This advantage, however, is more than
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offset by time saved In the use of field cultures and

the &nability to isoiate pure cultures in many cases,



ARRENDIX

Serial Hosap. Source Physiclan's Virulence

¥o. No. g Diagnosis Field Pure
1l 2884 b Glinical + .
‘ 2 2886 4 " *+ +
L 3 2889 X » -} o
* " 2896 & " + v
( 5 2933 ? - o + +
& 3014 P " 0 +
k 4 3407 5 " + +
8 3460 o Lod + *
9 3559 HN&T " (8) + +
10 83489 ? " : * X
11 35666 N&T + 4
12 35782 & T Contact (8) -] 9
18 3524 7 Glinical (8) + *
14 3654 XT&? {S) + +
16 3110 & T Clinical ( 8) + *
16 3124 Ne&rT Contact (8). [ .
17 51350 X&rT " (s) °
18 3133 F&?T " {8) *
19 3642 & T . . (8) * -
20 3682 T Olinical = + +
21 . 8787  § Carrier 0 .
22 3841 | Cliniosl + +
28 3990 | Carrier ° -
24 " 4018 &Y » (8) 0 o
25 401B N&? : " (8) 0 +
26 4458 N Contact o o
27 4542 ) § Clintoal * +
28 4594 ) | " + +
29 4602 R | Carrler ° °
&0 5082 &T Glinicsl + +
31 6113 " + +
32 6212 N&T " + *
83 51562 | " °
34 4948 X Carrier 0
35 5106 ? " o
36 5247 ? 0linical + +
37 8269 7 " * .
38 6300 4 " + +
39 5304 ? - " -}
40 5310 i § Contact o A
41 5380 N&T Clinical 0 0
42 B382 N & T " o
43 5476 4 " + +
44 55616 7 " + -
48 5541 ¥ " t +
46 5541 x " ° :
47 65689 T Carrier o +
7 " v

48 5600
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N indicates a nose culture,

T indicates & throat culture.

B & T indicates a mixture of nose and
threat cultuvres, either on one tube,
as is the routine method in school
epidemics, indicated by the letter §,
under Physician's Diagnosis, or of
gseparate positive nose and throat

cul tures,

Clinical indicates the presence in
the pat}ent of signs of the disease
sdch as temperature, sore throat,
membrane, adonitis, odor, amnd -
toxaenmia,

Carrier indicates an individual with
no history of the disease or contact,
Contact indicates recent close assoc-

iation with cliniesal cases or carriers,

The letter (S) indicates cases found
in routine investigations of schools,

Yirulence.
+ indicates a typically positive
intracutaneous test,
0 indicates a typlocally negative
intracutaneous test.
P.d. indicates that the snimal died
before satisfactory reading could be
obtained,

Pure

E ISR S IRV P

Serial Hosp, Source Physician's Yirulence
No. No. ' Diasgnosis Flelad
239 13097 T Contact P.d, +
240 131153 T " p.d. +
241 13190 KX Cliniecal +
242 13194 T " +
243 131956 Y Carrier v
244 13202 T Clinical +
245 13208 T Carrier -}
246 13637 N &T Clinical +
247 13710 T Contact 4
248 13739 N Qarrisr +
249 13736 7 Clinical s
250 13698 N& T Carrier (8) [
Source.
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