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Abstract:

During the school years of 1958 to 1940,, a Survey to determine the carrier incidence of Diplocoacus
pneumoniae in the throats of a group of individuals at Montana State College was carried out. Various
methods of obtaining cultures were tried.

Using the results of this work and the suggestions received from other investigators as a guide, a more
comprehensive survey was carried out from October 1940 through April 1941 on a group of 54
individuals.

The group was composed of some members of the college faculty, some members Of the clerical staff,
but mostly it was made up of college students. Two methods, the gargle and the swab methods with
modifications developed by the author, of obtaining cultures of Dlplocpccus pneumoniae were used in
order that the relative merits of each might be determined.

Of the 54 individuals tested, 75.9 per cent (41) were carriers of Diplococcus pneumoniae at one time or
another during the survey.

Experimental evidence is presented which indicates that neither the gargle nor the swab method can be
depended on to secure cultures from 100 per cent of the carriers, and that both methods should be used
simultaneously when determining the carrier incidence. Evidence is also presented which shows that
beef heart infusion broth enriched with beef serum gives a much higher per cent of positive cultures
than does the unenriched broth.

The individuals tested in this survey were grouped using the classification of the author.

Nineteen specific types of DiplococCus pneumoniae were found during this survey. Type 5 was the
most common; types 1 and 2 were never found.



%,,,It lg easy tu make mistakes in this field of investigation;
emsier, perhaps, than to ackuowledge them. And believing, as I do, in
buman £allibility, I have no hesitation in -Guestioning the conelugions
of the most illustrious workers jin the field of microbiology, if they are
in eonflict with my ovm observations. On the other handy; if, upon Tuller
investigation, I am convinced thab I have been misbaken in vegard to thig
or any other guestion; I shall feel no hesitabtion in following the
oxample of Pasteur in making a public anncuncement of my error.?

-=Sternberg (1885)
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ABSTRACT

During the schocl years of 1938 t¢ 1940, a survey to debermine the
earrior incidence of Diplogoccus prneumoniae in the throats of a group of
individuals at Monbana State Colloge was carried oub. Various mebhods of
agbtaining eultures were tried.

Using the resnlts of this work and the suggesbtions received from
other investigators as a guide, a more comprehensive survey was carvied
ouh from October 1940 through April 1941 on a group of B4 individvals.

The group was compesed of some mewbers of the college faculty, some
members of the clerical sbaff, bub mostly it was made up of eollege
shudents. Twe methods, the gorgle and the swab mebhods with modifications’
developed by the author, of obbaining culbores of Diplococcus preymoniss
were used in order that the relative merits of esch might be debtermined.

0f the 54 individuals tested, 75.9 per cent (41) wers carriers of
Diplococeus pueumoniae at one time or another during the survey.

Bxperimental svidence is presenmbed which indicates that neither the
garple nor the swab method can be depended on to secure culbures from
100 per cent of the earriers, and that both methods shuuld be used
gimultoneously when determining the carvier incidence. Hvidence is also
presented which shows thet beef heart infusion broth enriched with beef
serun gives a much higher per cent of positive cultures than does the
unenriched broth,

The individusls tesbed in this survey were grouped using the class-
ification of the autlor. '

Wineteen specific types of Diplococeus puewmoniae were found duriung
thig survey. Type 5 was the most commons types 1 and 2 were never found.
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INTRODUCTION

This paper presents the results of & survey by the author of a

~ group of individuals selected on the Monbtana Stabe éall&ge camipus 6o

determine the incidence of the various bypes of Diplococcus pueumonias

| WEidkselbaum‘in the throabs of this group. The results should bhrow .

some lighﬁ on the incidence éf Diplococeus pnéumonide ambﬂg the indi-
viduals st $hat institubion.

It is algo the object of this paper to compare two different
methods of obtaining cultures from the throats of individuals and o

show the relative merits of the two méthods.

HISTORICAL

Incidence of the carriexr rate .~~Alfhough Klebs (18?5) is given credib

for first seeing pheumocodei, it was Steruberg (1881) who first inoculated
rabbits with normal saliva and isolated theycharacterisﬁic lancet-shaped

diplocoecd which we now recognize as Diplocoeeus pueumoniaes Sternberg,

however, ai& not appreciate the significance of- thess organisms, and it

remained for Friadla@der {1884 ) to designabe these diplococci as the

causative agents of pneuﬁoniau \ o '
Since the work of Dﬁchezvand Avery (1915):9 it has been,known that

pnevmococel are present in %he throaté‘of a large number of healthy

individuals. ' These authors féund that, while paeumococel of types I

and II caused ovér 60 per cent of the ¢éses of lobar punevmonia in adulbs,

the ineidence in the normal mouth was less than L per cent. ‘They found

‘type III and group IV to be responsible fer 50 per cent of the pneumococcus




He
eages and bo be found frequently in th@ moubhe

Powell, Atwater, and Felbton (1926) made several swrveys during the
period from Sepbtember 1925 to Mareh 1924 in Boston and found the ingidence
of pneumocoecci té be -ag follows:

(a) Of 104 laboratory workers 70 (67 per cent} were carrvievs of
pocumonia organimms. Type I occurred in B (1.9 per cent) of those
pxamined during the survey; type II in 10 (2.6 per cenb); type III in
14 (15.4 per cent); and type IV (now referred to as group IV) in 57
{84,8 per cenb). | |

() OF 112 high school boys 74 (66 per cend) were carriers. Type I
occurred in 7 (8.2 per cent) of those exemined during the survey; type IL
in 6 (B.5 por cenb); type IIL in 5 (4.4 per cent); and type IV in 66 (58.9
por cent).

(e) 0f 112 medical school students 74 (66 per cent) were carriers.
Type I occurved im 4 (5.5 per cent) of those exsmined during the surve&;
type I in 5 (2.6 per cent); type IIL in B (4.4 per cent); and bype IV in
87 (B9.8 per cent).

(d) Of 90 student nurses 48 (85 per .cent) of those examined during
the survey wers carriers. Type I occurred in no cases; type IT in 1 (1.1
per conbl; ﬁyﬁe IIT in 8 (8.8 per eent); and type IV in 44 (48 per cend).

{e) Of the total group of 93 persons on whon 418 oxaminabions were
made, type 1 occurred in B.l per cemt of the examinations; type II in
4.8 per cenbs type III in 7.7 por cent; and type IV in 56 per oent.

Heyer (1920} found no strains of type I or II among 100 healthy

individuals; only B strains (3 per cent) of type IIL; and 17 sbrains
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{17 per cent) of group IV organisws.

Webster and Fughes (1931) reported that in an exbended investigation
embracing monthly examinations over a period of from Hwo months to two
and one=half years, of 105 children and adulte living in New Yoxrk City,
pnevmococel were obtained at one vime or anotber from the nasal passages
or the bhrogt of 80 per cent of bthe pewsons studied. They also noted
that the incidence of Sgnmumacaeei in all of the individuals included in
the study underwent seasomal fluctuations corresponding to the changes in
the prevalence of coryza ond sove throats in the same person. This latter
observation was alse reported by Longeope and Fox (1905).

Gundel (1933) reporited thet repsated btests had been made every four
weoks for one year on the upper respirabory trach of over.loo normal
subjeeto. Type I oceurred in 0.8 per cent of those tested; type II in
0.4 per tent; type ILI in 6.7 per cenb; and group IV in 60.0 per cenb.

Sehleifstein (1938) made a study of 100 normal individuals in
Albany, New York, who had not been in eontact with pnewsonia pavients
and found 73.0 per cent to be c:arx':!.ers‘ of pusumocoseis |

Pliss, MeGlaskey, and Lomg (1934) made a study of RO subjects in
$he John Dopkins University Medical School, on whom 1,016 culbures o

be besbed for Diplocoecus pneumoniae were taken over a period of two

yeurs. OF bhese cultures 4.5 per cembt were positive for pneumococcl.

ALl but ono of the subjects yielded positive eulbures of Dig' lococeus

prenmoniae at loast once during the course of the investigabion.
Placklock and Cubbrie {1933) found pneumococel in the throats of

B8.6 per cent of the healthy children exsmined.
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Rosensn, Felbon, and Abtwater {1926) reported on the work of Sailer,
Fall, Wilson, and MeOoy (1917) who found, in 700 cxeminations, 16 per cent
to be carrievs of pn@umoneaci; |

Incidence of mulbiple-type carriers.~-In the surveys which have

been carried out to dobvermine the ability of healthy individuals io

caxry Diplococcus pheumoniae in their throats, some investigabors have

found more than one type $0 be present at the sutme time.

Gundel and Qkura‘51935) inyestigatedﬂthe pecurrencs of phsumococel
of more then one serologleal type in the same subject. OFf the individ-
uals studied, 38 per ceny ecarried organisms of two or:mbra typeg. The
appearance of the new types was attribubted by the authors Ho 1nfee%ion'
fwom without or possibly to bthe development of a vypeo which had been
suppressed by the domlnance of the first Type found.

Haokenzis, Tepporman, aﬁd.mckae {1940) found in a rural comwunivy
that 41.3 per cond of khe'zﬁo people upon whom geven surveys were made
during 14 monbhs sould be classed as auliiple~type ¢érri@rs.

Tmportance of countashs.--Dochen fnd Aveby (1918) resognived that

the existence of the currier state smong healthy persdns: aud among those
rosently vegovered from pneumonia established a basis for underétanding
the mechanism by which lobar pneumonia spreads and maintaing ies high
incldence from year o year.

In a growp of 270 eontéuh54with 28 cases of pneumonia, Rosenau,
ﬁelﬁena‘anﬂ Atwater (1926) found a sonsistent ex¢ess of carriers over
those found in the. comtrol group. The ¢xcess appeared only iun those

ty@es which were present among the 28 cages, nsmely bypes I and ITX.




-
They found that conbachs of type I cases were three times ap likoly %o
carry type 1 organigms as are eom%mlé (8,1 per cout against 2.0 per cent).
Gonbacts wivh type IIL cased were twice ss likely %o carvy bype IIT organ-
isme ns conbrola {17.8 per cent against 9.9 per cend). I was also
pointed out by these authows that type III orgenisms oceurred in combrol
populations more Lweguently than types I #4nd LI taken bogether, :vé-b in
qost yoars type ILI causes not more Than one-sixbh as much pneumonia in
the United States as bypes I snd II. Type ILT apparently spreads from
hoth sarriers and cases more rapidly than does type I

Rosenau, Felton, and Atwater (1926) showed thav among 220 persons
exposed to BB sérriers, 9 (4,1 per cent) carriers of the homologous
organicm were da%ecte&o They; Telt that the wi&emé presenied corrob-
orated the assumplion that sarriers, as well as cages, spread
prneunogocel, thougixp an they poianbed oub, the cases were more prolific
sources than were the garrisvs.

MacKenzie, Tepperman, ;md HioKee (1940) in a sbudy of carpiers in a
village of 250 people in which 5 cases of type I pneumonia had oocurred
within 8 weeks, found that bthe carrier rabe of all types of Dip Jococeus
pueumcniae was 73.4 per cenbe. The carrier rate of type I was 24.5 per
cent. Tive monbhs after the occurrence of the last case of pueumonia,
the carrier rabe dropped to 5.9 per cent. |

Taentifieabtion of types of Diplosoceus preumonias.--Cooper and hex

assoclabes (1929 and 1932) succeeded in showing by agglubination bests

-i;hét Diplococcus pneumoniae in Group IV could be subdivided inbo 29

different bypes. Previous to this work, the idemtification of Diplococeus
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preumoniae o types wds made as follows: ALL organisms'whieh failed o
agglutinate with.anbiéera Por types I, II, or III and which were able

to fenmehﬁ.inu;ingwerg placed in group IV. 'G&eper‘s’work greatly aided

the identification of Diplococcus pueumonise, But when Neufeld and

E%inger-Tulczynska (1955) brought forﬁh'%heir~matha& for bype determin-
ation, it was p0051b19 for investigators to place their organisms into
‘the correct types to the number of 52.

Qecurrence of rauspicious® cultures.--Although antisera for types

1 to Bo are now avallable for typing Diplocoeeus pneumonlae, some invesbt-

igators have been unable to elass1fy a8 0 typa all cf thelr cultures Wﬁlch

by other tesﬁs seen +o be Diplccoaeus pneumanlaeo

Sehleifstein (1958) found that of 132 stralns of pneumogocti only’Sé
gould be classified. In 15 instances, a "Quellungs® reaetlon'was obbained
in pooled'éera9 but the pneumocoeei were preésent in such.amall<numbers
that identification was not abtempted. Thirty-three culbures were ﬁile
soluble but could not be classified as 0 type. |

MacKenzie, Tepperman, and McEee (1940) founﬂ that 18 per cent of the
carriérs harbored pueumocoeci which did not redct with.any of the specific
sera of types 1 ﬁo B2

POS%lblll%V of change from oune type fo another.-~There haVe been,

from bime vo tume, ﬁuggestioas from various sourees that one hype of.

Piplococeus bneumoniae might change 46 anﬁther type in-vxvaa Ebwever,

there geems o be some divergence of oOpinion.

Megrail and feker (1924) stated that pneumococei had a btype stability
) . !
when placed under conditions which caused the typhoid and other organisms
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%o show variability in agglutinamone

Barnes and Wright (1936) mentioned $hab their gearch of fhe Li

Csrature h,ac‘l_ failed to pmducg definive evidence that a vireleny pusumo- ‘

coceus could undergo sponbancous conversion from ome type b0 anotber.
They d4id, howevex, say %hat gome of theiy work did uot prove, 353;;1‘; did
sbrongly suggg,esxt thal under cer*bam mm‘:mo eond.r’\: iong a type V
pnauchqaeus, we;g.ld“sym;mapeously ¢hange ivto a type Il‘ orgenism, They :
were unable to give_; any fgc#axj or factors which might be ryespousible for
Yhis ingbabiliby. . .

 Dawson (1980) made’the syatement that it had not beem conclusively

demonsirated ﬂ;hat_ Fransformation of types among Diploeoceus pneumoniae

aatually Dmmrred, vnder zlatural eondltiamg .

Gunc}e" anﬂ. ‘okurq. (1953) helwved that ﬁe appearanes af' rew ﬁypes
iri ‘the i;hma g of indw‘iduals stu&md could be attributed 1o mi’ectwn
from mi;houa or pqsslbly to Jl;he developman‘g c,f & type which had‘ been
suppvessed by the domnance of the first bype “Foundo

L}

Kinds of carriersewlt has been foupd that shose mdw idwals who

carry pnsumdcocei in their throats are not always consistent elbther in
the length of time they earry the arganisni or in the'type of organism
they carrys

Stiliman (1916§ found %ha‘é-parsms reeovering from "ﬁ;‘nemmc‘mia

rémained carvievs. Por 7 to 90 days. Duving that biue they could agh as

neonbact carriersf.
Webster and Hughes (_1951) found that some people weve preumocsecus=

free, some were "tramsient® carriers (positive on single and scabvered
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scecasions between preumocogcus=free periods), some "periddieﬁ carrisrs
(those from whom pneumococcel of one serological type wefe obtained for
periods of 1 Hp 13 weels bebween pueumocoseus-freé inborvaly), and some
were chroni¢ carpisys (those Lrom whom phéumocopei of one serolegisal. -« - -
type wore obbained for periods of ¥hree months to thyee yeavs oﬂam&ﬁa}s
‘Byidence weg piosented showing tliay these differences were dus fo a vav=
iation in hogteresisatrice o the _'pneumﬁ'%ﬁ#us ‘oYganisms.

Bliss, MeClagkey, aud Long {1934) at“émpﬁéd atclassifieaﬁioﬂ of
earriers based @n.xepeaﬁeﬂ bacﬁermolegieam axamlnaﬁioma axaendzng over &
period of a wear Ol JOYE, which was & sli@ﬁﬁ maalﬁication of thatdramm
- up by Websher aud Eughas-(lgél)a After a year?swatudy of young adulbs
the gubhors divided the subjects into mop-carplers and chromic serriers;
the 1atﬁer'groﬁp ineluﬂiﬁg thééé'persan who iﬁtérmiﬁﬁenﬁly‘exhibiéed-
preunocosel in-%héir'%ﬁééaﬁg While %hev§o~célieé inbepmitbent carrieys.
might or might not Yiéid,@psi%iVé eultures on repeabed oxsmination, the -
cultures when pegitive ﬁeée congigbently of the same type ef’pneuméebﬁéus '
in any given éaSé; inaiaa%ing o these authors a'chronic‘aonaiﬁidn‘with
conghant bacteriolo&ical finﬁlﬂgs only as to type. Eurthermar99 thess
authors considered 3hat theiy demonstration added ev1denee in favor of
the stabiliﬁﬁ of”pneuméceecal‘%ypes in the human body. It scemed moxs
logical Yo these authors to designate healthy individuals_who hatrbor
pneumoco¢ei in the nosé and thioat for short perivds of time - asg empe
orary carrievs, and those in whqm‘orgaﬁiéms persisted for longer periods
of 4ime as chronic carriers. It was supgested by those authors that a

further subdivision 6f chromic carriers luto weontinuous? and
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rinboermitbont?® carviers would define more accuraiely the condition end

‘the possible mennce of the chronic case,

MATERIALS

For growing puesumococcl jﬁ wag pecessary Lor the medium used Ho
suppory growsh bt not to canse rapid autolysis, Beel heart infusion
proth which contained 0.2 por cend magﬂyaé as a bulfey ag& 2 per cenh
pepﬁ@ne waa found o be very satisfactomy. This broth was pre?araa as
follows: The fal was removed from beel hearts and the weat ground in an
ordinary meat grinder. To ench 500 g. of meat, 1000 se. of digtilled
water was added. This mixture was infused in he ivebox for 12 to 18
hours. After the fat had been skimmed from the top, the infusion was
boiled for ¢ hour and the volume was restored with distilled waber. With
the aid of a meat press, the liguid was squeezed from the meat. This |
liguid was run through filter paper, and the volume again resbored with
digtilled water. Yo eaeﬁ 1000 ec. of this infusioﬁ twag added 20 go of
Difeo peptone, § g. Wall, and 2 g. Ne WP, and this mixture was heated to
dissolve the pepbome. After being titrated and adjusted to pH 7.6 0 7.8,
the broth was bollaed for & hour. Uk was Yhen allowed to eool o 80° .
vefore 1t was Liltered, wibed, and sberilized in.ﬁha”autmelave at 15 lbs.
pressure for 15 minutes. The Tinal pH wes approximately 7.4.

o insure the best growth of the pneumocceei, Bhe beef heart
infusion broth was enriched by vhe additlon of approxiwately 1 per cent
fregh beef serum which had previcusly been sterilized by the use of a

Porkefeld f£ilter snd which had 1 per cent of formalin added %o ib,
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Sodium deso;cychalats solution was used in the té,st foxr sonlubilit.yl
of the cultures (Kolmer and Boerner, 1938}, It was preparéd aé follows:
To every 100 cc. of distillea water, 10 g. of chemically ;gmi!e sodium
desoxycholate was added, The mixbure was shaken and stirred until

completely dissolved and then autoclaved for 15 minutes.

MELHODS

Methods of obtaining cultures for the 1939 to 1940 survey.--In bhe

' survey carried out duriﬁxg the sehool year 1939 to 1940, sevexél methods

were tried W:s’.’;;h varying degrees of suéeess@ The first method was as follows:
Using sterile swabs, cultﬁres: were Haken :from_the tonsiﬂ.ar crypta,

gare being taken te .avc')id pouching other parts of the mouth. The swab was

placed in beef heart inf’ﬁsion broth enriched with approximately 1l per cenb

beef serurﬁ and inecubated atb 32° 0. for 12 to 24 'héﬁrs.' This culbure was

then streaksd on blood agar plates. Cultures were taken from the naso-

pharynx region 'and treated in the same way as those from the tonsilar

region. After a 24 to a 48 hour incuba'b;on period at ;520_ ., colonies

which resembled those of Diplococecus pneumoniae were transferxdd to a 1 per

cont dextrose broth. The dextrose broth was incubated at 320 Co for 12
hour.s and the Neufeld "Quellungs™ reaction carried c;u*i:o This method proved
to be unsatisfactory since it yielded no pneumocoeci.

The second method, wﬁiéh proved to be more satisfactory than the first
bub not as satisfactory as the third, was as follows: |

A swab was ‘taken from the nasopbarynx region and placed in beef heard

jnfusion broth enriched with approximately 1 per cent beef serum and
s
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incubated at 37° C. for 4_to:6 hours. One ce. of this culbure was in-
jected inbo the peritoneum of a white mouse. When the mouse became very
sick or was just on the.verge of deabh, ﬁe ﬁas‘autopsied. A culture of
blood was taken from the heart and placed in a tube of enrichedxbeef"heart
imfusioﬁ broth, This culture was incubated at 570v00 until growth became
visible. AL Hhat time; the Weufeld "Quellungs' reaction wés éarried 6utq

The third, and most successful method was as follows:

The student to be exsmined for the presénce of pneumococci was asked
t0 rinse his moubh, gSpecialiy around the teeth,.with 20 ce. of physio-
logical saline solution {0.85 per cent). - This washing was discarded.

Then 80 c¢c. of the saline solution &ae used as a gargle for from 1 to

3 minutes and then ekpelled into & gterile container, This'wash§ng was
eenxrdfuéad at 2000 r. Pe ﬁ; for one hour. ALl the gsedimented material
wag bhen suspended in 1 ec, of saline solubion and injected inmto.the peri-
toneal cavity of a white.mégse@ Six hours after injechion, a sterile
eapillary pipette"wés ingerted into the peritoneal.egvity of ths,mbnse and
some of the £luid was withdrawn. One drop of this fluid was placed in
beef heart infusion broth; anothér drop was. smeared on a b1ood agar platé;
and a third drop was smeared on a slide for staining.

Aftey 48 hours incubgtiqp3at;57° C., suspicious colonies were trans-
ferred to sterile beefl héart infusion broth. When growth appeared in the
tubes; 1 cc. poréions were ﬁlaeed in each of three émall tubes. To the
first tube was added four drops of a 10 per cent agueous sdlution of
sodiun desoxycholate; to the second tube was added % cc. of & 10 per cent

agueous solution of Baeto ox-gall; and the third tube was used as a conirol.
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Smears (for the NHeufeld "Quellungs® reaction) were made on glass slides
of all cultures which were soluble with either or both of the above besbd.
Blood agar plabes v;rere streaked from all positive eultures in ordér o
obtain a pure culture ¢of the pneumococei.

Those mice which did pot dis were observed for 15 days, afbeér which
they were etherized, aubopsied, and culturos -taken from the peritoneal
cavity and from the heart. The same procedure as described above was
carried out with any cultures showing growih.

gelechion of individusls for the 1940 ko 1941 survey.--All but 14 of

the individuals were chogen at random from those who were in lLewis Hall
when the work on bthis survey began in October 1940. The group of 14 were
girls who lived in a sovority house on the campus at Monbana State Jollege.
(Imivn.duals 1 4o 9, 11 and 12, 14 to 16 in Table 1)

Methods of obtaining culbures in the 1940 to 1941, poyvey.-=in order

Phat the two methods, swabbing and gargling, mlgha be compared, each
individual tested had his throat swabbed first an.él then was asked to
gargle. The two proceduma are described below: .

The Swab Method.=-=ith a sterile cobtton swab a culbure was taken

from the nasopharynzial region of each individual. The swab was placed
in a tube of enriched beéi’ infugion broth and inenbated ab 39° ¢, for
& hours. Ab the end of that time the broth was centrifuged ab high speed

{approximately 2000 Tep.me) for 45 minutes. The supernatant Fluid was

poured off and the sediment suspended in 1 c¢. of sterile phyasiological

saline solution (0.85 per cemt). One ce. of this suspension was injected

intraperitonsally into & whibe mouse. Six hours later, by means of a
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small capillary pipette, some fluid was withdrawm from the perifonmoum. A
drop of this liguid was placed in enriched beef heart i;ni‘usien broth and
incubated ab B7Y C. unbil sufficient cloudiness was present to run a
aclubility test with sodium desoxyeholate, This tesb consisted in baking
two 1 ce, samples o:t"mil.ture, adding 4 dropa of godium desoxycholate
solution to one, and using the other as a combrol tube. The best was
observed over a period of one hour and those cultures from whieh the
cloudiness had diseppeaved were considered gési*hiveg Smears were made on
glass slides from these positive cultures. A Neufeld "Quellungs?® yeaction
was carried out on these gmears.

The Garele Mebhod.--The individual wag asked to rinse gut his moubh

with 25 occ. of sherile physiological saline solution (0.85 per cent) and

t0 diseard this washing. | Another 25 cc. of sterile physiologlcal saline
solubion was used immedimtely as a gargle for 1 to 5 minubes. This liguid
was expelled into'a sberile combainer and then cenbrifupged at high speed
(approximately 2000 x.p.m.) for 45. mimbes. The supernatant liguid waé
poured off and the sediment suspended in 1 cg. of sterile salt solution.
One ce, of this suspsusion was"i.njeé*ce& jntraperitoneally into & white
mouse. ‘The method Lrom here 1;::as the same as that for the swab mebthod; L.e@.,
withdrawal after 6 houvs, solublilivy vest, and Neufeld byping.

As soon as possible afber an inmoculated mouse died, an asutopsy was
médeo By moans of a small espillary pipetbe blood was withdyawn from the
neart. A drop of this blood was placed in enriched besf heart infusion
proth and incubated at 37 G. until noticeable cloudiness developed. The

culsure was bhen vested for golubility using sodium desoxyeholate and the
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Neufeld reaction was carried oub ag for the oibers.

After 14 to 15 days the mice which did not die were thloroformed and
cultures taken from the heart’s blood. If growbh o¢curred it was 'h‘akeﬁ
shroupk the regulaw _procedufe?

The solubility 'test uging sodium desoxycholate solution and the
phencmenon of capsular swelling described by Neufeld (1902) and later
used by Weufeld and Ebinger-Tulezynska (1935) as a method for rapid type

determination of Diplocoecus pneumonise, are the ones used ab the

present time by the author for the idezﬁ;ifieatién of types of diplococel,
E‘ér this Neufeld "duellunge® reaction, snbisera of types 1 to 38,
aceopding to Coopor (1989), and antiserum for type 83, are placed inbo
g,rc;ups Ay By, Op By B, and F, %ch group serun coutainsg the poeoléd anti-
sera for corbtain types of pneumococei.

The method for carrying out the Neufeld “Quellungs" veacbion in this
survey was as follows: Twe smears of the soluble sultures were placed 611
eath of gix cleém glags slidess A different sgroup anviserum, obtained
from the Lederle Laboratories, was placed on each smear., JIn the group
antisers used there was a blus dye which stained the organisms. The smear
was then covered with a clean cover glass and was examined microscop=
ieally with the aid of the oil lumersion lems. A positive reaction was
indie;zted by a elear, unstained area around the stained pueumococei. This
area has a definite outline amd it is the shavppess of this outline which
is more important in hype determination than the smount of gwelling of
the capsule. ﬁalo_a may be seen iun negative preparations, due, probebly,

to the presence of a small capsule avound the organigm or o the re-

'




] Ge
Praction of light when an objeet is oub of Tocus. On changing the Togal
plane,; these halos will disappear, but in positive culbtures they will
s%ill be vigible., When tle pesitive group was debermined, a loopful of a
different type anblserum (of the types included in the positive group)
wag placed on sagh of the vemaining smears and a loopful of methylene
plue was sdded so gbain the organisms. A dlean cover glass was placed
on the smear, whieh was examined as desowibed previously. All smears were
cavefully examined mieroscopieally bo debermine whether more than one
type of pneumogoccus was present. All rnegeblve slides were seb aside for

approzimately ono hour and then checked and recheeked.

RESUTIS

Wumber of individuals who were cavriors (tables I and I~a).=-0f the

54 individuals included in bhis survey, from whkom a bobal of €99 culbures
were beken by the two methods, 41 (75.9 per cent) were carrlers of

Diplococeus pneumoniase at one vire or another.

0f a tobal of 351 survey bests (emch test congisbing of the swab
and the gargle made from ome individual on one day), 140 (59.8 pé:c cenb)
gave pogitive culbures.

Mumber of carriers obtainmed by eoach mobhod (tables II and II-a).--

Ninety-two (65.7 per cemnb) of the 140 positive culbures wers obtained by
$he gargle mebhod; 97 (69.3 per cens) by the swab method; and 49 (85.0 per
cent) were obtained with both methods from the same individoal on ‘the

gome day.

Ocenrrenge of positive gulbures by the month (tebles I and I-a}em=




IndITId
ual Nb.

©Co~NoOTaPhwWN —

Oetober

e T | 1

THE INCIDENCE Of PNEUMOCOCCI IN THE THROATS Of A GROWP Of

TABLE |

INDIVIDUALS FROM MONTANA STATE COLLEGE

November

not

(19

December

40-1941)

January February

~N TS Y~ 1

March

/
/

not tested

/
/
/

April

not tested
/

not tested
not tested

i
not tested
not tested



TABLE | (conoid.)

Individ-
ual No. October November December January February March April

88 e. °
89
50
31
32
33
34
35
36
37
38
39
40 not tested
41 -
42 — -
43 + / —_ - / -
44 / . - not tested - /
/
/

/ - / - / -
- - - - « nol; tested

/
not tested

Y~~~ 1
1
[ T |

ested not tested - - not tested
not tested -
not tested

~ |\\\\\ | ° 1~
S S S S N~

not

S = SN S~ ~
1

+

45 /
46
47
48 — -

49 - -

50 - /

51 - -
52 / / / not tested
53 / not tested - - -

54 - - / - - —

55 not tested - - - - - not tested

[

I~~~ 1
S~ ~ 1
~
~

/ not tested
not tested /

o+|

[/ means that the Indlrldual gare a positive test.
- means that the individual gave a negative test.
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' TABLE I-a

SUNMMARY OF THE OCCURRENCE OF PNEUMOCOCCI
October 1940 %o March 1941

Honth ' Tumber persons ' Fumber persons | §er cent
R positive - pested positive
0c$qber | 27 ' 53 -.5099
Nove_i;iber’ S s I . 51 - 3545
December ’ ig 5% 35.9
January | 21 - 4 “56 | | 42;6
February 16 . 5% | ‘ B0
March - B X s © 49 o "3898
April - 7 T Lz ‘* | 355
Total 140 . 381 o 39.8

Total dumber persond nged in the SUPYEYescoabeescocscascossssssss Db

Nuwber persons giving positive culbures at one time

Or"ﬂnbtherbeB»aoala&omooyooa&eooooopoonocaenouopoo@dasooooamwoa4l

Per cent of persons showing pneumoccocci-at one time.
Q: anotherahwqooﬁoooo@oonﬂ«wooooeoeeomeaauaeﬁnqnwmanoaaeooaooe?Vsqg

Total mumber of swab and gargle culbtures taken during

‘ti}@ Suwe’yeé‘i oeoa‘o'aoﬂaoosowasoooooi\noaunnoooo‘aaeeooeelwoeovooeoegg:




TABLE 11
A COVPARISON OF THE QAROLE AND THE SWAB TECHNICS IN THE ISOLATION OF

PNEOVOCOOC! FROM THE THROATS OF A OROCP OF INDIVTDOAIS AT MONTANA STATE COLLEGE
(1940-1941)

Individ'
ual Be.  October November December January February March April
o S @) S O - S @) S O S O S O S
- <m / / @ <« — / . /
- - « - l - / - - / /
* / / — « - — / - _ i} . ]
/ — / — - - - not tested - -
/ - - - / / - - - - -
/ / * * - - - / - - / il - -
/ / / . / / - - not tested
/ + / / - / - / / -
+ . - * - Dropped school
/
not tested f— e - / / / / + - -
- - - - - - not tested
_ - - / / / - - /' not tested
Dr:)pped_school .............................................................................................................................................
/ / - / / / not tested / - - - -
/ / / / - - - - - / -
tr + . - / / / - not tested
+ F . + + / - / / - not tested

- - - I fitted *



Indltid-
ual No. October November
a S 0] S
27 - - - -
28 —
29 - / -
30
31
32
/
(@]
© / /
» / / /
o / [
o / /
(@)
(@]
n not tested
[7p]
Z /
/
- / /
n / / /
[7p]
(@)
[7p]
@ / /
© / not tested
[7p]
@ not teated

means Gargle method was used,
means Swab method was used.

TABLE Il (concl.)
December January
G S G S
- - / /
— - / /

/
/ /
/ / / 2
/
not tested not tested
/ / /
not tested
/ / /
/
/
/ /
/ /
/ /
/

February

S
/

Z

esited

March
G S
/ /
/
/
/
not tested
not tested
/ -
/ /
not tested
/
+ /

means no pnetaaocooci were found.
[/ means pneumococci were found.

not tested

not tested
not tested

7

not tested
/ /

not tested
/ -

not tested

)
P



Month
O¢tober
‘November
Decembexr
January
February
March

.'April

Total

TABLE Il-a

A GOMPARISON OF THE RELATIVE MERITS OF THE GARGLE AND THE SWAB METHODS FOR

THE ISOLATION OF DIPLOGOCCUS BNEUMON
(1920 = 1941)

@
=]
a
Number persons giving 5o
_positive cultures: ch’
cE
with with with » 0
Gargle Swab Both & &
i8 23 13 27
C 18 13, 7 is
S 14 2 7 19 .
14 20 7 27
18 8 4 16
13 14 8 19
9 8 3 14
.98 97 49 140

Pexr cent of tetél

positives which

each method gave:

with
Gargle

66.6
6647
73.7
6607
75.0
6804
64,3

68,7

with
Swab

81,5

78,2

682
74,1
50,0
7367
57,1

6908

with
Bosh

48.1
3862
56,8
55.5
25.0
42,1

21l+4

35,0

TEEOGOINS O nlowa.»ooao‘womd‘os_'@o‘daoeadno‘e'.nao‘a 0008 Baeo

Numbexr persons
tested

S
- o

50
53
49

42

IAE -

Per cent of total

persons teésted which -

were positives

with with  with
Gargle Swab Both

B5.9  4Ll.5 24,5
23.5 25,5 13.7
26.4 22,6 152
28,0  40.0 14,0
22,6 15,1 7.5
26,5 88,6 16.5

2lo4 19,0 7el

aWﬁ
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By studying table I-a the réader will note ’cheﬁ: during the périod of
seven months from October 1940 o April 1941 the per cemt of positive
x'é;actiuns varied from 30.2 b0 50e94 The lowest per cent a@cuﬁ@d during

the month of Pebruary, the highest in Qctober.

Oceurrence of cultures which did mob give a positive Neufeld
reachion {bables IIIland II1=a)o~-Erequanﬁlﬁ it was found that a culbure,
apperently a pueumocogeus, which was soluble or partially soluble when
tosbed with sodium desoxyeholate sé:lu{;ion failed to give a positive
Neufeld *gueliungs® reaction, From bable TTT-a it can be seen that tho
pumber of these cultures varied from 14 in Qctober and Decembér to 3 in
Marehs ‘

Kinds of carriers sud the number of persouns im each clagsification

(tahlgs IV and IVea).-=After having studied the‘ﬁivision of éarrlers as
ﬁa&e by Webster and ﬁngﬁes (1931) and Bliss, McClaskey, and Long (1934),
the present investigator used tﬁe Pollowing terms and definitions for
the pﬁrpose of claggifying the pneumonia_cbﬁrieré:

A non-carrier is a éerson,wﬁﬁ never gives a positlve culbure of

Diplococsus pneunoniac.

A chronic carrier is one who yislds positive culbures of the same

type of pneumococci for three or more consecutive months.

An intermittent carrier is oné who ylelds positive cultures ai

intervals durling the survey. The-cultures, whon of the same typse,
oceur not more -than two comsecubive months.

A temporary carrier is one who yields only one positive culture

during the survey.




Individ-
ual No.

86
27

October

P.

sol.
sol.

sol.

. sol.
. sol.

sol.

TABLE 111
OCOURRENCE OF SOLUBLE CULTURES WHICH DID NOT

GIVE POSITIVE NEUFELD REACTIONS
(1940-1941)

November December January February
sol. - - -
- sol. sol. -
- p. sol. - -
p. sol. sol. - p. sol.
n. sol. Droooed school........
- p. sol. -
not tested - - -
- p. sol. p. sol. -
p. sol. p. sol. — p. sol.
— — — p. sol

Drorrmed school.....ccooceunnnene.

sol.

sol. - —

March

not

tested

April

not

not
not

not
not

sol.
sol.

tested

sol.

tested
tested

tested
tested



IndiTld
ual No.

28
29
30
Sl
32

SX85SS5866668%$86t;£S839gSii8

sol.

October
p. sol
sol
p. sol
sol.
sol.
p. sol.
sol.
not tested

November
*
sol.

p. sol.

not tested

p. sol.
sol.
sol.
sol.

not tested
sol.

TABLE 111

December

not

sol.
sol.
sol.
sol.

. sol.

tested

sol.

sol.

sol.

(concl.)

January

sol.

p. sol.
not tested

. sol.
not tested

p. sol.

February

p.

sol.

sol.

. sol.

March April
sol.
- not tested
sol. —
- sol.
not tested
- not tested
not tested -
not tested
sol. -
- not tested
not tested -
- sol.
not tested
not 56 — %

means that the culture wes completely soluble with sodium desoxyeholate solution,
p. sol.

means that the culture was partially soluble with sodium desoxyeholate solution



- TABLE Ill-a

SUMMARY OF THE ®SUSPICIOUS™ AND THE POSITIVE CULTURES
: (October 1940=-April 1941)

October Novémben Depember  Jamuary TFebruary  Maveh April

Total ,

tgugpiciong” ' X _ :
~gulfures 14 11 % 7 7 % 5
Total

positive 7

cultures 27_ 18 A8 2 A8 A8 - A4
Tobal 41 29 35 28 25 22 S
" Total persons :

“pesbed/montl b8 81 88, 50 53 48 42

Gross per .
cent ®posibiver T7.4 56.9 62:3. 86,0 - 45,3 45,:0 45,2

gtz



TABLE IV
THE INGIDENGE OF THE SPECIFIC TPES OF PREUNOCOCCI TN THE THROATS OF

4 GROUP OF INDIVIDUALS AT MONTANA STATE COLLEGE
{1940-1941)

Individ~ i , R | )

ﬁa}- Ho. gckobey ~  November :ﬂe@@xﬂb@? January E’ﬁbi&nary‘ Eé:? ol E@yj_l .

x

15 "= 15 pt
" ' o9 .8 8,13

= L pun

410 v

. 'u< T ew - nﬂg:ﬁesﬁed v, .. .
G .9 8. not fested P

3 3 5 Y .

?}?ﬂjﬁmﬁ SBhog‘lo.-mn‘.;g PP P Srpare =0 B0 BB FBo B 0_:-".#&

v
(%3]
S
EER - | ‘
(]
ﬁﬁ:{ﬂ (I

o, - e -

BhEBvovoun ‘t_;z:m-w:.:

no% ’%esi%é&

P

26 “,gg ‘

>

b ot b
&l

16 - >
- zob tested
4,15 nob Yesbed

#9 '.i_-l ¥-i

-4

b b i e T

TORT .Y 4 gt
!ﬂ,ﬂ,id.ﬁﬁg

oy b

bad -
-

BG E}fﬂp‘pmi Sch_ﬂel-c a‘:;;o OB ESITDBDD cs"{a\w}ve 0,@«9,.@#916/«@7\5;5 GE R TG v‘a-c-b,u»w.QM@_a LER R R N Y S N T ]
2% 7 ~I¢ - - - 3 not tested - - A7 - D
22 = o= :

25 18 18 16 - - B
24 A - = o ir 17 not Sesied
25 g - 8 8 B 8 - noh besbed

s - - P

Poait g

e - = - 4.6 =




Indivié~ o
ual No. Ochober Tovember

3
i

28 e
2% 7 B &
. BB - - . '
2 A -
32 T s
&3 B4 8
B ge 28
35 8,6 3
56 15 3
7 28 28
a8 “u LB
89 &8 s
£0 20 not jested
43 - K
42 L= -
45 . 19,28 E
& g3 =
’ 45 ‘3-'7“ Y
46 “B1 BL
£7 - -
48 - -
49 - -
50 - 5
3 4 - -
B2 4,28
25 -6
54 - 2
55  uot tested -

o ©
not %

bested

PABLE I {conel.)

Bavenber

Jennsry

. 56t beshed

5
2ot tosted
]

4

K]

¥ "ﬂ

Fobruary

EERERENE

)
o

YRR

BB oeR
N-

L

] '_“"mh.

0 B%‘

ﬁzirah

Pihatlea! ! VR

noh teshed

" mot tested 17

i7
s

not Sested
&

=

‘ April

-

nob Zested

o

IR

13
not tested

not tés;gz&,.

8
a7
#2

- 6-‘ - i
not sested
Az

......

not Lesked A

&

nos teshed

B Yeans Group B .
T #eans Group B




TABLYE IV-z
A COMPERISON OF TI&E GﬁRﬁIu AFD THE SHAE E&Eﬁﬁzs Ii% THE ISOLATION OF THR SEEGIEI&

TEPES OF PEEGEZQG@BGI IN 1Es Tﬁf’\ﬁ.{i@&‘a oF H@&f\i’lﬁﬁm @%@m STATE ﬂﬁmﬁ ‘
1940-1941 '

Individ=- -~ ' : . . : .
ual Ho. Ocbober Novenber Eeeaznb;er Janaary Febmry Haven Apeil
.y = & B & 3 G s & g G 5 G 3
3 R s o - - - T = = = - - " e A1
2 - = - - -~ = 1\ B - - = B - 15
5 = = - = - - - = .8 = 8 = 813 8
& - - 5 B . P s ol S = - - o == -
5 25 - By = 17 - - - = R net tesﬁeﬁ_ ‘- -
s = B == - = - 28 28 = -~ = w0 E
7 om ow - S - s B = = 3 & - %
8 . - g 9,8 -8 - LB 8 - .9 - '8 not Yested
9 B = - - BB 3 5 = B - .3 "B =
la ’ 19 [ bt bl = o MQ??EE Se}i‘gﬂzomfo RS e n«mwwg_w MO 0SB O BED S, o- s aw o’o ’
11 s - 5 - st st e e el £ - ) £ = - -
iz = 4 ot desbed - 20 o 20 20 20 20 _;26 - =
13 e - = e e oo Lo = = L= - - = =
34 - = e = - - = e - e e
ﬁ - - - p: - = =Y e e - = .-p - - =
16 . "w - = c- o s T & agd 7_*? o= _.,-' Cam -
- - e - - - o - = = - - = 0ot tested
g &4 - = - = - = & & = = = 4,15 not i:ﬁs‘ze&
19 . P - =N v . B L= - - e = = "o

’ 29 EX’GDPE& SGhOOluap» “ Q- wﬁﬂcﬂ'nacncaw«‘ﬁ BG‘SU‘O‘ & P00 D8 EB OO ce’véﬁ'&e &.ﬁoithG'rx&cﬁoac RN cae—ubgog g o

21 3w 1w - 17 l’? 37 ‘ﬂ&i} 'ba@*“’sea, 7 = R
25 1B 18 18 - 16 - - e e e P -
24 S URRE T S im e 7w - - = nét pested
25 .. 8.8 8 -8 -8B .- T - "= ot testea
- BR P - @ . ! - - = D = S &
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- 35
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47 "o toen - “«av
48 e g
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51 - -
52 28 B <] & ]
83 - 5 - not gesved S e
5% .= . e T e =
85 I!B% ues%ed; e = -
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8

L
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taneously. : ‘ , ‘ ‘mLf%‘ o

A mulbiple=type carrier is one who carries two or more {ypes simul-

Using the authorQs clagsification, of the 54 indiwviduals included
in this garvey 18 (B2.2 per cent) were non-carriers of Diplososcus
ponoumoniac: 14 (25.9 per cent) were chromie carriervs; 2V (50;0 per cant) f}:‘:,yﬂ
were interﬂittent carriers;lﬁ (9.2 per cent) Wére temporany aarﬁiars; | o
and 9 (16.6 per cont) were carriers.of more than one type during oune

Suway'o

Frequency of occurrence of spveciflc Diplococcus pmeumonias types

(table V).-~During this survey, type 3 was found BV times; type 17, 26

pimes; bype 6, 1B bimes; Bype 8, 18 times; type 4, 13 times; type 13,

1% tiwes; snd type 28, 10 times. The other types which ogcenrred less
$han 10 times during the survey were 20, 19, 15, B1, 24, 18, 38, 25, 9,

16, B, .and 12. Types 1 and 2 were nmever found in this work., -

DISCUSSION OF METHODS AND RESULLS

The methods of obbaining culbures used in this survey. =) Why two

wWers chosen.=~-A survey was carried out by the author during November 1939
o April 1940 on a smali growp of individuals at Montana Statejaél;ege.
After two monblis, when the rasuits of the survey indiqgted that the
ecarrier rate was far bélﬁw'that found by such investigators as RPowell,
Abwater, and Felton (1926) {ﬁable V1) the author wrote to invesbigators
who had carried out similar gtudies in this field.

smillie (1940) reported that he obwbtained the best res#lﬁs by ﬁakiﬁg .

o culture from the posterior nasopharynxz, care being taken not to touch
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TABLE V
THE SPECIFIC TYPES OF PNEUMOCOCCI ARRANGED IN THE ORDER OF THEIR

FREQUENCY DURING OCTOBER 194C - MARCH 1941

Types of ' Number of times
Pneumococel . . ‘ o found
3 . 37
17 - : | 26
6 - 18
8 18 .
4 o 13
13 .18
28 S 10
20 | 9
s _ . 8
15 ' 8
3L ' 6
24 . 4
18 : o 4
B2 4
25 B
9. 3
16 1
5 1.
12 : 1




TABLE VI

A SUMMARY OF THE OCCURRENCE OF PNEUMOGOCCT
DURING NOVEMBER 1939 to APRIL 1940/

Number ’ Number:

persons persons Per cent
Konth _ pcsgﬁive__ o ,??$ﬁe§_ o positive
November .(s)* 1 26 5.8
December (s) 3;" 26" " T L
January  (e)ff 6 . R 2 18.5
February (g) 4 34 ‘ » li;ﬁ
WMarch () 5 Bl . | '9.?
April (&) 7 %3 212
T;tal 2% - is7 - 1263

*Swab method sed.
#Gargle method used.

# Due #o the lack of experience on the part of the investigator and

b6 the lack of uniformity in the methods used o obbain culburss, these
figures should not be congidered indicative of the exact pumber of
carriers of Diplococcus pneumoniae. They are, however, suggestive,.
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any pért of 'E:he'. mouth cavity. - He stated that he would expeet at least
40 6o 50 per cent of normal people to carry pneumococei in the summer,
aﬁd in winter, especially aroun_d the Lirst of Ma;mﬁ, the propdrtion
should be "70 per cant.

Telton (1940) ‘repo:.ctad that the swab mefhad was a poor ‘technic for
isolati'ng pheumococel Lrom carriers or normal individuals. He suggested
the uge of the gargle 'ﬁecﬁnic' which was deseribed earlier in this PAPET o

Theove seemed to be & dwargexme of opinicn as to ﬁhe rela.twe membs
of the two methods memwned and, in seme work mrmeé out by %-he aulhor
from November 19%39 thirough Apml 1940 (table VI), theve appeared 40 be &
noticeable variation in the ressul;ts ob*béined by each maﬁhodb--v Heuce it
was decided thut a tomparison of the gargle and the swab methods zﬁight'
be of value,’ |

A8 a resulb, begimning with October 1940, a group of 54 individuals
at the Monbanm State Gollege campus was selected to be cultured each
monthe. This group included sbudents from various departments, some
members of the college Paculby, and some members of the cierical‘ sbarff,
Tt was hoped that by taking individuals at randem, the results obtained

mlgght approximate the carrier situa’cion a8 it existed on the campug.

) The advantages and the disadvanbages Of of gach method of oblaining

-eul’oﬁes.»ﬁt best, each of the two me‘,ahqu used had peveral disadvantages.
In.-the_ following discussion, the most oubstanding advantages and disad-
vantages wil:_l. be mentioned. |

The first method used on each individual was thab of ”ché swab. A

flat, wooden, tongue depressor was placed on the back of the tongue o aild




=BG

in getting the swab into the posterior nasopharynx with as little chance
of touching the interior of the mouth as possible. It was at this point
$hat the first major difficuliy arose. Some individuals would consbtrict
their throats so tightly that it was almost impossible to get the swab
very high into the posterior nasopharyax. XEqually important in hindering
the most effective use of the swab was the gagging which occurred in a
large number of the ipdividvals,

Tﬁe second difficulty arose when the swab was in place. I% wag
possible with soue individuals, to rub the walls of the posterior naso-
pharynx with the swab. With others the degree of rubbing.was mnchkless,
the result being that the surface coversd by the swab was mppreciably
less in some than in obhers. This féilure,to gover as much surface as
desired with the swab might mean the difference between a pogitive and a
negative result. If the organisms tended to he localized in the naso-
pharynx, it is gquite conseivaeble that the swab might have missed vhem.

:The third difficulty was Pthat during the period of incubation pre=
ceding centrifugation, there might have been, in some cases, an OVer-
growsh of the pneumococci by some other organisms. IHowever, it geems 1o
the aunthor tﬁat the probability of this is very small. Due Vo the Tlagh
period which follows the inbroduction of organisms iubo a culture medium,
it is guite likely that the danger of overgrowth by any introding organ~
igm is negligible when the period of incubation is only & hours at 57° ¢,

In ccnsidering the advanbtages of the swab method, there are two
which seem worthy of mention.

The first advantage is that, although vhere will be some variations
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in the amount of rubbing end in the disbance that the swab enters inbo
the nasopharynx, the method can be move neayly shtapdardized by the ip-
vestigator than ¢an the gargle method.

Phe second advantage is that organisms which are prssent ih the
posterior nassepharyngial‘ roegion and which may nobt be present in the back
of the mouth may be ¢btained by the use of the swab mebhod.

After the individual had bheen swabbed, he was asked to rinse his
mouth with sterile physiological saline golution. The purpose of this
rinse was b0 reduce the number of intruding microorganisms.

Bach individual was vasked Yo gargle from L to 3 mimubes, bu"& very
seldom did anyone gargle longer than 1f minntes. Some individuals
claimed they were unable to gargle. As a result of this belief, they
would not try to gargle longer tham 30 seconds. In other words, one of
the greatest disadvantages of this method was the variability in the
length of time each individual gargled.

Another disadvantage of this method was $hat eash individusl parsled
in a different way from any other person. In obher words, if an individ-
ual gargled with his throat bense, the salt solution would neither be
.ez,hle 0 penshrate the cracks and crevices of the throat nor o éome in
contact with the back part of the throat, Therefore it seems bo he
anbhor that, sssuming wicrosrganisms to be present, Hhe persons gargling
with @ relaxed throat would be much more apb to give a positive enliure
than those with a btense throat. |

Throughout this survey, it was the aim of the awthor o call in

she individuals to be culsuved preceding a meal rather than immediately
¥
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following a meal. It was folt that after an individual had eaten, the
chances of gebting punenmococeus organisms would be materially legsened.
towever, since the time when the individuals could come in was governed
0 a great exbent by their schedule of classes, it wap not always possible
to culbure them just previous o a meal.

It was Pound that wher some individuals gargled; the amount of
liguid left from the gargling was z;eﬁuce& from 85 ce. to 10 ¢e. This; of
course, meaunt that the individual had swallowed over half of the saline
solution. Sinee the number of pneumostocei in s sample prohably is very
small, it is readily seen that the less the amount rewsining, the less
chance there would be for getting the ovganisms. This fachor ig probably
not as important as the first three menbioned. However, it was believed
that since it was one of the variables im the survey it should be
nentioned. |

The possidle reasons for pesibive puliures being cbbained by oue

method snd mob by the other in the case of mulbiple-type garriens,--

T4 was not olear in the papers of some invesbigabors whether, when they
mentionsd multiple-type cavriers, bhey meant persons who harbored peveral

diffevent ypes of Diplococcus pneumoniae in the throat ab one Hime or

another Guring the survey or whether they meanty persons who harbored more
than one type in the throat at ong time. In this paper, when the aubhor
uses the term "mulbtiple-type carriers", the referenge will he to persons

who harbor more than oné specific type of Diplococcus pneumoniae in their

throabs at one time.

Trom table IV-n it can be seen that individuals 3, 7, 8; 18, 26,

/

AN
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35, 43, 49, and 52 had two gpecific types of pneumococei in their $hroats
in -i;he same survey. On closer ingpsction of the btables, it is nobleed
that both types were not always found at the same %time with the same
method. For oxample, in the case of individual 7, type 24 was isolated
by means of she gargle method and type 17 by meéans of the swab mebthod in
the Q¢tober SULYRY

An explanation of such results might lie in the location of the
organismg. IL type 17 organisms were localized in the posterior nase=
phaxynx, bebind the soft palate, it ie quibe conceivable that the swab
mebthod would be the only one bo reach the organisms.

Likewise, if type 24 organismg wore located on or around the
tonsilar ecxypts, the gargle method would be the one most likely to obtain
these organismg--especially singe it was the aim to keep the swab from
touching the mouth.

The queéi:ion naturally arises as to whebher there might not be
members of bype 17 organisms in the mouth and members of type 24 ‘in the
posterior nasopharynx. |

Since Diplococcus pneumoniase is nob a meobvile organism, it would

have to rely emn artificial methods of tramsfer. As the posterior naso=
pharynx is nobt in the direet path of liguids, food, or saliva which sre
gwallowed, the cﬁance of organisms from the mouth being trangported %o
that reglion seems vather slight,

The chance of organisms being transporbed from the posbterior paso-
pharynx to the mouth cavity would probably be greater than from the

mouth o the nasopharynx for the reason that the secreblons pass down-
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ward more easily bthan wpward.

There is & possibiliby that if the method of "blocking® which Bliss,
_ HeClaskey, and Long (1954) found to be successful had been carried oub the
resulss might have been differemt. These authors found that by injeeting
$vo mice for each individual, one with a throat swab broth culibure alons
and the obher with a miziture of 0.3 c¢. of culburs and 0.3 ¢c. of lumune
serum of The type of the predominant pneumococcus, they could aseerbain
vhe predominant $ype, block ibs lethal effect wibth antigserum, aod reveal
a subordinate type.

In those cases where more bhan one type was found during the survey,
as in iodividuals B, 4, B, 7, 8, 12, 18, 25, 29, 53, 35, 40, 45, 49, and
52, had bthe method of "bloeking® heen usédg it might bave been possible to
have shown vhe presence of a type which wag sulmerged.

Dogsible reaseng for eulbures not typing oub.--Throughout the course

of this survey there were guite a nuwber 'oi‘ cultures which failed to glve
a typiecal Weufeld "Juellungs® roaction. When a culbure showed cloudiness,
a solubiliby test was carried out using a 10 per ceni solubion of the
sodium desoxycholate (as deseribed in the sechion on methods). Some of
the soluble or partially soluble cultures Tailed o type oub {table LIT).
Maturally, ressons for such & phenomenon wWere soughto

One of the first possibilities was thabt the slides were.nowb thor=
cughly chotked, but this could nob apply here since all slides were care=
Pully examined and all negative slides were seb aside for % hour to one
hour and then cliacl:éd again. Frequently two persons checked the slides

befove placing them in the distinetly negative group.
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The second possibility was that the number of pnevmoecocel was so
small that %hey would be everlooked when examining the slides. It would
seen that if tho number of organisms was sufficiently great Ho show a
poticeable Ho a complete elearing when sodium desoxycholate solution was
andded, the organisms would be present in numbors great edough o bhe found,
The third, and most probable explanation, is that there were present

members of the Diplogaccus pnemoniae group for which there was no

specific antiserum.

Kauifuenn, Whreh, ond Schmith (1940) in the course of the past two
or three years have debermined servologically 20 new typey of pneumococci,
so that there iz ab present a jotal of 50 differvent serologleal types
¥knowmn. They say:

Contrary to the widespread iden that the diagnosis of pneumococcus
types with the Wenfeld reaction is a vexry simple method, our view is
that the sppraisal of this reaction is often difficult anﬁ that it
depends on the selection and adapbation of the sera employed. In most
coges, in order to make a reliable preumococeus type-diagnosis it is
necessary to employ certain absorbed immine sera, as in some cases in
prachice one must make diagnosis twice, i.0., first establish the fach
that the type belongs for exsmple to the 7 group, and then by means of
obher absorbed sera make the more exact type-Qdiagnosgis.

Asgsuming that these soluble iand parbtially soluble culbures were
unidentified types of pnetmocoeei, the percentage of individuals who
yielded positive cultures by the month would more mearly spproximate the
results of other investigators (table Iil-a).

Tt has been Tound by Walber, Blounb, Bestbie, and Cotler (1940) ¥that
type 8% is relatively avirulenb for mice and that straing of this type
somebimes reguire the uge of partially anaserobiec conditions Tor success-

ful cultivabion when first isclated from an individual. Since anmerobi-
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ogip was never uged in this sﬁrveys it may be possible that cultures of
type 33 puneumococel were missed.

The Importance Qg_ gontacts in this survey.--Unless a survey is

garried out in a manner different from this it is almost impossible to
determine the imPofaance of carrier contacts. ' In the case of the 14
sovority sisters, there are a few interestj.ngpbsermﬁions 1o be made.

Type 5 appeared in Q¢tober in individual 9 and in 'Ncrlimmber in hex
roommate, individual 4. Individuals & and & were affectionate roommabes
which perhaps accounts for the faet thabt for Hwo months (f‘e“rmuary and
Marceh) bobh earried the same type of orgaﬁisms, individualé 7 and 9
were fraq_uently together which might possibly explain the ocourrente of
type B organismg in both at the time of the March survey. However, iu
other individvals where the same type appeared there was no known direct
contaet which would adequately explain the gimilarity.

The possibility of one disbinct fype of Diplococcus pueumoniae

changine into anobher distinet type.--Throughout the past few years there

has been one question which perplexed many investigators. It was this:

"Does one specific type of Diplococcus pmeumoniae change imto another
gpecific type under nabural condit.ions?f? From the work of Mégrail and
ficker (1924), Barnes ani Wright (1936) and Dawson (1930) there seeus to
) ;f)e no eoncélusive evidence that sueh a transformation .ocau:'tfge Therefore,
in bhis paper, the possibility of puch a change has been disregarded.

Comparison of results obtained by the aubhor with bthose | of other

igvestigators.-=During bthe -geven month’s survey carried out by bthe writver,

a total of 351 persons were tested. OF these 59,8 per cent (140) were




found to be carriers of Diplococcus preumoniaec.

These results wore lower than those of Powsll, Atwater, and Felton
{1928) whose botal resulis wers as follows:

a) 0f 104 laboratory workers, 6% p@.r' cent were carriers.

b) Of 112 high school boys, 66 per cent Were earrisrs.

¢) OF 112 medical school studenis, 66 per cent were carriers,

d) 0f 90 student purses, 55 per ceud wore carriers. .

This difference might be explained partly by the fact that these
investipgators obtained their results in Bosbton where the contagts of the
individuals were probably closer than in Moubana.

The differcnee might also be dus to the €hoice of 'org.anisms 0 be
called positivee Powell, Abtwater, and Felton (1986) say:

We have included as preumococei such Grame=posibive, encapsulated
diplococei as were bile soluble, capable of fermenting inulin and
which, in the ease of Types I, I, and ITI, aggluiinated specifically,
but, in the case of Type IV, did not ageglubinate with type sera.

The author Aid nobt uwse the agelubination besh bub used inshead the
solubility test and the Neufeld "Quellungs” reaction. Only those organ-
isms which gave a definibte Neufeld reaction were included as posibive.
It is thought that if typing sera for the types which Kaufimann, Mfreh,
and Schmith {1940) reported had been ttlsfac‘l, the results might have been
higher., . '

Blaeklock ém’i Guthrie (1923) found pnsumococel in the Throats of
8.6 per cent of the healthy children they examined. This percentage

is guite noticeably lower than that of the aubhor who Tound 75.9 per

ecent of the B4 individuals ineluded in the survey to be carriers. This
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difference might be explained by the faet thabt the formpr investigators
uged only the swab method to obbain cultuves from the throat. - Lack of
information concerning bthe number of ¢hildren exsmined and the pro-
eadurss used by Blacklock and Guithric mokes one hesitake Yo draw too
many concluaions as to the reasons for the difference in resulig.

Sehleifsbein (1988), investigating 100 normal individuals, Ffound
78 per cenk o be carriers. His method was %o swab the pasopharynx and
both tonsils. In this way he obtained organisms from the same regions as
did the writer when fhe gaﬁgle and the gwad methods were used. He also
identified his organismg by using the bile solubility test and the Neufeld
.:eeae"aicn, T is pgratifyivg to nobe thed, albthough his group of individ-
vals was lawger, his resulbs are very comparable with those of the aubhor.
This might indieate that, had- other inveshigabors used methods which were
more alike, the resulbs would have been less different..
. Websber and Mughes (1951) found 80 per gent of 10D chi;l.ﬁz;e;l and -
adults in New York to be cavriers. These results were 6 per cent higher
vhan those of the awsthow, bub it may be that the differemess in localily
as well as the d‘iffsrenaeé in mebhods aceount for this slight variebion.

Bliss, MeGlagkey, and Long (1954) made a study of 20 subjects on
whom 1,016 cultures were baken over a period of fwo years. ALl but one

of the subjests yielded positive cultures of Diplococeus pneumoniae at

leash omee during bthe course of the inveshigaticn. They obbained their
eultuves by wiping Yhe posterior pharynx and $he tenails or tonsilay beds
with cotbon swabs. Needless o say, this percemtage is mmch higher than

the one obbained in this survey. Since there does seem to be a mpiice-
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able fluetnation in the prevalence of carriers, it is not at all improb-
able thab, had the present author carrled oub an investigabtion embracing
a two year period, the results might have more mearly approximsted those
.of the Tormer invesiigabors.

Rosenau, Felton, and Awaber {1928) weported that Saller, Hall,
filgon, and MeGoy {1917) found 16.0 ?ex‘ cent of 700 examinations made to
be pogitive. To make a comparison possible,' the results of the present
survey must be Liguved on the sazme basis. 0f 699 ezaminations made, the
author found 27.0 per cens (189) to be positive. These resulis arve
slightly higher than the Lformery ones given.

Tn a Five monthis sﬁrv'ezy on 24 mediocal school studewnts, Powell,
Avwater, and Felton (1926) found the highest incziﬁeﬁee of pneumpcocei 4o
be in Oetober (83 per cent) and the lowest to be in November (42 per
cenb ). The other months were. in the following ov@er in respect Ho the
oecurrence of pneumococeil in the throgt: Mebrudry, Jenuary, and December,
These percenbages were very much higher ﬁhan‘thase in the prégent SULTOY.
The group tested by the suthor was almogt twice as largé and was made up
of a more hetevogenous group of people. The highest incidence found by
this inveshigebor was in the month of October (B0.9 per cent) and the
lowest was in Pebrnary (B0.2 per cenut) wim the other months in the
following order: Jamuary, March, December, Novewber, and Aﬁril (table
T-a), Here again, the differences in the loeslity aud in the methods
used mey explain the lack of similarity in the results. '

Variable faetors which may alber the resulbs with surveys of this

kind.--The first fachtor which may influence the results ig the method
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uged. It is extremsly diffilcult and highly unsabisfactory to try to
coupsre the resulis obbtained by the swab-culbure-mousé method with those
obbained by the gargle-culturs-centrifuge-mouse mevhod. As has been
pointed out previously, the way the culture is btaken, whether gwab or
gargle, may altor the resulis, )

The seeénd Pactor is the kind of cultuve medium used. Some Found
Avery's broth guite sa‘tz:i.s;faatory, Others used blood agar plates, and
sbill o‘thers uged beef infusion broth. The aubhor used buffered beef
heart infusion broth during bhe survéy from November 1939 to April 1940
(table VI}». In the survey made from Qebober 1940 to April 1941, buffered
beef heart infusion brobvh enviched with beef serum was used. To get an
approximate idea of the effect of adding serum, the asuthor i?-se;d unenriched
heef hears infusion broth during bhe November 1940 suvvey along with the
enriched broth, The #egultg were startling. Twenﬁywseve@ out of 53
persong were positive when eﬁriehad»‘ brobl was used and only 10 out of the
5% were positive when the unenriched brofh ‘Was uged, '.E’hé;se resulis,
although carried out on only a'*#ery smali pumber, seem to indicate thad a
medium enviched with serum will give a much bebter growth of preumococel
$han will an unenriched mediume

A third factor which may influence the results is the possibility
of missing positive culbures, It hag already been suggesbed that types
gbove 33, for which there were po typing sera available to the aubhor,
may have been preésent and consegquewhly ):1:'4.3556417e Theﬁ:*e is also a possi-

bility that avirulent Torms of Diplogocous pneunoniae may have bheen

present in pumbers emall enovgh to have bheen successfully reaisted by
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the mouse or to have beoen killed by anbagonism from the ;br-esénce of some
other organism which al.éo found conditions favorable for growth in the
peritoneunm of the mouse.

It is also poésible that when a culture was Haken from the heart of
a mouge, there might ha'.t,re. botn geveral orgépiSms present in the blood,
cmé or move ‘of which grew fasber than the pneumocoeci and thus masked
thelr presence.

A foursh i‘acﬂ:or whlch was nob kno‘wn to the au%hc)r unbtil near the
end of the survey was that there are different snrains of whlte mige
some of which ave mcme suueepmble o hhe pneumoaoccl ‘than others. The

mme used in this sumrey were either :ﬁaa,sed by the awthor or were ordersbd

‘direct from a reputable research supply house. No mention was made whexn,

" ordering the mice as to thé ugse to which *_b‘ha:«f were o be Pube

It is felt by the aubhor that all of these facbors.should be con-
sidered when the results of such a survey are -studied. Until one can
eontlrol more of these variables, the results of such a surve:z} will serve
only ag an indication of gdndijt'ions as ‘they probably exist, rather than

as picturing the exact state of affairs.

CONGLUSIONG
(1) In a monthly survey from October 1940 to April 1941, 41 (75.9
per cent) of the 54 individuals exemined were carrviers _of Diplogoccus

nnemnomae a% one t:me or another,

(2) 0F a pobel of 551 persons examined, JAO (59 8 pexr cent) were

“earriers of pneumocacc:.,.‘
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{3) Tyo nethods of Obbaining eulbures weré used, the gargle and bthe
swab method. Although the per cevt of positives which each méthoﬂ gave '
wag very nearly alike, the per cemt of persons giving positvives with both
methods at the some time was very low and the tolal pémen:baga giving
posivives regardless of method was higher bhan by eiﬁhér one alene.

(4) To ohtain the best results when btrying to debermine the
ineidenee of pneunoeocei earriers, both the ga:cgle and the swal methods
should be used simultapeously.

{5) There! frequently occurred during th'is survey eulbures which
were soluble or partially s'olubls with sodium desoxycholate but which did
not give a pegitive Neufela reachion. | | |

(6) Ninebeen specific ’typps of i plococeus pneumoniaa were found in

this suwey, \
:(7) The bypes af pheumoeoeei found in the order of their #rﬁqﬁﬁmy
are as follows: B, 17, 6, 8, 4, 13, 28, 20, 19, 15, 51, 24, 18; B2, 25,
9, 16, 5, and 12. |
(8) Types L and 2 were never found during this ‘sume;y;
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