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GENERAL METHOMS

smenr Examination

Fixation

The air-dricd smears or impression films made on slides from plague-
spspect materizls may be fixed either by heat or with the aid of ali.'uh.ut.

Faor the former purpose the slides, films upwards, are passed three times
through the middle of the upper half of a gas Name (in ernermencies through
the Aame of & spifit burner), laking care to aveid charring of the films.

The fiuids routinely used for the fixation of plague films are (@) 9375,
ethyl alcohol {ethanoli; (5 chemically pure methyl aleohol [mi:_lhﬁr?ﬂ:-lj:
f¢) commercial methylated spirit, as vsed as fuel for burners, which 18 a3
effective as, and much cheaper than, (@) and (&) ;

In order to use aleohol for fixation, the films are either coversd with
sufficicnt amounts of the fluid, dispensed from a drop-botlle or with the
aid of a pipette, or the siides are immersed in a staining jar [lled with the
fixation Auid—a procedure preferable for the simultancous handling of
numeroes stides, The alcolel must ke allowed 1o act For 2-3 mamuies; s
then poured off {or allowed to dop off) and the glides must be allowed to
dry before staiming (Blotting or washing with water is unnecessary).

Thargh 3t 15 permissible o use heat fixation in cmergeneies, parti ularly
for smesrs made from plague-suspect organs, alonhol fixation is preferable
in general becanse apt to promate good bipolar staining of the pasteurellae,
Moreover, heat fixation doss not invariably kill the organisms.

Recommended meiod - Fixation for 2-3 minutes in methylated spint,

Simple staining

'.]_-_hn'u_t':h the 5im|_'|]|3 sEalms. |;.'|r|_|'i1'|;'|_;i|:|-' available in hH.I:-‘[L‘Ti'L'I[U‘Ei!:ﬂl laboTa-
Wrigs—particularly  Locffier’s methylenc blue, tolnidin blue or phenol
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methylene blue—may be wsed, phenol thionie or Wavson’s stain are partici
farly suitable for the staining of plague smears.

el w5 opreparsd by oadding 10 ml ol o saturated solution of thiomin
S5 ethannd fo 1M ml of a 2% salurion of carbofic weid in distifled water. Apply fa
I minede and wash off,

Hapron's wradr & prepared by i) dissolving 02 g fuchsin and 175 ¢ mcthylerns
respectively in I mlamounts of absolute ethapol 776 adding the combined solution
to 200k il of 5% carbodic poiwd o distidled wacer. Theagh il is nos MRCesEAry 16 Fenr el

slaining, npplacation of this stain for a fow seconds, Tollewsd by thoreogh washing with
WalCT, gives satisfaciory prepanulions,

In place of these simple staing, which are recommended for field work.
particular, advantage may be taken of stains of the Leishman ar o

nowski fype, prepared and applied in accordance with the locally availahl
ingredicnis.

Lrrany siaining

Sinee the proper applicstion of Gram's method of stainimy depe
largely wpon familiarily with the reagents and provedures used. insiste
upon allered techniques might cause harm rather than proving beneficinld
Still, attention has 1o be deawn 1o the following modifications of Gra
original methed, which are now used in some of the leading laboratoriess

A Sewsen’s moifionsion - (i1 Stain for 15230 sconds with s LSS agqusous solulh
of medhyl violet: {ith rinse: off stain wilh Lugol's jodive solution {prepared by mixing
in a:mortar |z of iodine and 2 g of polmssien iodide with 5 ral distilled water, washiie
this info o budthe, and neking up fo0 W mi with distilied warer} § (il Nood with lresh
sodine for 30460 seconds : (iv) drain olf jodine soliution and wash with shsolute sthanal
until stain ceases to cove out of Alm; {vh wesh with water and cormerstain for i 53
secomds will: oewtral red solution (made iy frerme | @ mewlral red, 2 mf glacial acetig
aml 1 litre of water) or for | mimate witli 4 05 e aescs sulution of safmmin

Cbl Barde™s socdification (i) Cover fxed smear with 1% aqueous solution of BeE
violet o crystal viskt: (i) immediarcly sdmix 35 drops of 4 52 agueaus solution of
sadinm bicarbonate and: stain with mixture for | rianute; (if) wash quickly with walee
ard cover elide with iodine solution (a2 for Tengen's modification) foc 1 mmube; (iv) wadhy
gquickly with water and decolourize by dropning & mivlure of ncetene and ether {1 [sart
of ether (0 3 perts of acctone) on filted slide uneil decalauriner flows oI practically uo=
woliaured [which wsonlly seguires less rthan 10 sevanids); (¥ drvin decolourizer from slid=
and wash' thoroughly with water; (vi) counterstain with o L5 %0<2% aquecas snfraning
sulutiaon Tor 10 secands; (vii) wash with waler, blob, and dry.

() Moddified Grovn stain 22 This wselul modifieation of Grom's original medhud s
warried. oul ax follows @ () Air-dry 8 thindy spread Tl and fix By heat; iy stain with)
ammeniing oxulite 2emian vieler solulion ratirated akeeholiz selution of gentian
viedel, 10 mil: 125 afueous solution of ammonium oxalate, 40 ml for | minite: Pt
wiash in walce; (v apply Lomol's soluthon Tar 1 eriniHe v wash in wanes ; ovi) decolourine
i B35 or absalute ethane] for 30 scconds with gentle agitation; (vil) counterstain. wit
difiete safranin (12 00 dilution of saiuraied soludion|,

“huzker, G, L& Cona, Ho L 0975 Tecba, Bt FURL e, Exp S, p, W
gt
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sion of method recommeesled De e Saaal o0 G Sl-c'lil:l T SCAr .I:l.'lr
{ﬂtuﬂwwﬁ?a [3'-5{5 sulution of erystal vinler in distilled warer; (i) wash !'ul'F in d!s-
ﬁhﬂ weaters: il n|1[||;' iading solution (ns for Jensen's modification) for 1 minute; (iv)
til h ol wi;.ll witer ardd decolourize for MY ssconds with ahsalute acetone: (vl '-.'aium -:'|.F|'
“:I_.]"i -aunbErstain fo 235-35 seconids with dileted carkol Tuchsin (@ish]™ carbol [echsn
; pu:t distill=d water % partsk or with 132 neatral red sedulion; (vi) wash ol and drw

®

i &ir.
Recopended methodd @ Modifications. (0) or (4] arc preferable for
workers not familiar with another modification of Gram’s staining method.

specinl stains

In the opinion of mest experts no special stains are necessary in plagoe
Inhoratory work, It deserves note, however, that:

{11 A stuin similar w that of Wayson may be prer!al:c-:l cafepore by
admixing 2-3 drops of o saturated (e, 13501350 solation of methylene
Blue and 4-6 drops of Ziehl's carbol Tochsio w 13 ol of tap water, Smears
fized For 2 minutes in methanol are exposed to this stain Tor 15-23 seconds,
then wazhed and air-dried.

(2] Concentrated carbol-fuchsin (Zichl} may be u:i-:_rl for inﬁta.ntar.::nuﬁ
staining by covering the Alms with thiz stain and immediately pouring it off.
The slides are then washed with water and dried,

Nede, Eiohl's carbol fuchsin is preparcd by admixing 10 ml of & saturated solation
of s Tuclmsin o 5570 cthamod do W1 ml of o 5% nquesus sehdion of carbalic neid

{phenad).

Cultivation
General indications

Reaction of the media

Though slighily acid as well as modecalely alkaline media may be wsed
for the cultivation of Past. pestis (pH range from 6.8 1o 7.6), a pH of 7.2,
45 used by workers in India For instance, might be adopled as stamndard
for plague diagnostic work with solid media, and one of pH 7.4 for the
Peptonc-water media used for biochemical fests.

Tucubaiion temperatore

While some workers incubate their plague growths at the generally used
lemperature of 377 C, oamcsl recommend ineanbation femperateres ranging
from 25° 7 to AT with s prefemble optmonm of 2770 28" C Tor plague-
diagnostic work in generil,

S, FoT 0 dae gz Al muas, £19, 18
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Period o obeorvaiion

Cultures seeded with plague-suspect material should be inspeeted afte
they have hean incubated for 24 hours, but in view of the siow growth

Past. pestis they should be re-incubated for a further pericd of at
24 howrs, preferably for an additional peried of Zor 3 dayvs. Observat
for 6-7 days is advisable if, under field conditions, the cultures are expo
o temperatores below 257 O

Solid medin

The solid media used for the cultivetion of plogus bacilli in diagnns

work fall into three grouvps, namelv, (@) plain agor media; (&) blood ags)

meecdia, and () special media.

() FPlaln agar sedic

peneral purposes are suitable for the cultivation of Pasr. pesiiz, iF adj
1o zuilable pH.

eXRCrTE 00 some oxtent an inhibitory action on the growih of Pesf. pe
recommend for its cultivation a solid medium prepared by adding 2 % gl
to 2.5% peptone water and adjusting the pH to about 7.00 1t is cesenti

For e prepagation of such media to use a suitable brand of peptone rig
in aenine-acids,”

() Biaod agar

(1) melting 1 fitne o smaller amounls ol a sutlable apar nsdiun::
{3 cooking (o @ lemperature of abour 43°C;

30 adding aseptically 250 siesile delbrinated shosp's blood,

(dh shaking cancfully aml pouring ke sedile Pein dishes

While, in view of its wsual availability, the use of sheep’s blood 13 '-::';
ally reeommended, other sorts of blood, incleding, in emergencies, humal

F Fimrd, O (1734 Sall. Swe. Padk, oo, 37, 128
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Bloed, can be substinmied, Horse's blood in particular, also often availablc
in lnboratorics, can be used for the preparation of bload agar in a concentra-
tion of 7.05% to 7.5%,

Workers in the Haffkine Institute, Bombay, found 8 superimposed
hlogd agar cconomical and, in view of its transparency, also particularly
suilable for plague-dingnostic work. This 15 simply prepared by:

(11 meliing I ml of 4 suitable agmr in 4 fask;

(0 eaoling by o temperatuce of 437 C-3000;

{3, udding 5 mi of slerile’ delibrinated rubhit's blood;

(4) superimpesing 4 fow ml ol the misture on agar slopes, which are then allowsd
1o set in & slanting puosilion.

(e} Speclal mediu

Hyper-salted agar, T the past grean differential diagnostic importance
was laid wpon the wse of agar containing, in place of the uswal content of
.55 3% of sodum chlomds, because the appearance of marked involution
forms on this medium was considered to be characteristic of Fasi, pestis,
Thiz claim has not been fully substantiated as Far as P, prendainbercnlosis
s concerned, though it has to be admiticd thal the snmvolution Torms shown
by the latter on zalt agar develop more slowly and: are morphologically
distinct from those of Pase, pesix, Mevertheless, the use of hyper-salicd
agar for plague-diagnostic work has been largely given up in Favour of ofher
tests more clearly distingoishing the plague bacillus from ather pastewrellze,
particalardy the pseudetoberculosis bacillus.

Sodfum-sulfite{genticn-volel  gper. Certuin  apar media, c.o, those
prepired with Huntoon's hormene broth or veal infusion broth, may be
renderad eminently suilable lor the isclation of Pasr, pestis by the addition
el {2} 0.025 % sodium sulfite (i.c.. .25 ml of a freshly prepared 10% solution
of sodivm sulfite), and (B) 1/700%-1/4007% of gentian violét (e, 1.5 to
2.5 ml of an acevrately prepared 1 : 1000 solution of gentian violet) per
1% ml. The proper amount of gentian violet to be added must be cxperi-
mentally determined for each agar batch, because sometimes a gentian-
violet congentration of 1/400% may inhibit all bacterial growth, Apert
_h'lr_wn this drawhack, however, the medium is eminently snitable hecause
ILenhibils the maost troublesome contaminants met with in plague-diagnostic

Work, dnd also because the charactesistic large colonies of Pasr. pestis

developing in 36 1o 48 hours may be easily picked out and used for slids
Leglutination tests.

Capper sulfare prar. Addition of 0.05% copper sulfate W agar is another
feans of checking the growilh of coutaminaling organisms, particularly
th_':'*f"ﬁ of the proteus group of organisms. encountercd in diagnostic work
With the orgins of plagee-suspect rodents or human victims.
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Fhaid media
Hrarh

The peculiar ceumbly and * staluctite ™ growth of Pas. pestfs in nuted
brath ¢in no longer be considered of differential diagnostic importan,
hecause such features, while not invariably preseat if this organism
cultivated, may be produced by the rough form of the peeudotubercaln
bogillus. Broth cultivation of un otherwise identificd plapgue steain i, hiows
ever, of value in that absence of terbidity renders it likely that the oreanismg
are prezent inopure culiure, i

Peptone waier

A convenient method of preparing
work is ag lollows:

(U Add 10 g of a suitable brand of peptans and 5 ¢ of sodiun chlotde to 1008
of distilled water, i

(2] Bteamn she mixture for 20 minules b dissolee O solids,

130 Autjist the pH, and steam for a further 30 minabes.,

A Filter through paper end dispense in Toml quantitics inco ok,

: (R Autocluve a1 a pressure of 15 pounds rer squany inch {1,035 kg per em®) foc 3

minucs.

The pH for peptone water recommended by different workers. var
from 7.4 to 7.6. Tt would be most desirable 1o adopt the first mentiones
villue (7.4), found satisfactory in recent studies on the hinchemical properis
ol Past. pessis, as standard.

peptone water for plague-dingnost

Bigchemical Methods

Reactions produced in carbohydrale-containing media
Prepavaiion of media

Most workers recommend  peplone water prepored aceording oo th
Formula given above as basic medium to which the various carbahydra
e be tested are added ina strength of 1%, Andrade’s indicator added i
A concentration of 1% is almest unanimously recommended. This |
prepored Ty 1

(1) dissolving .5 ¢ of acid fuclsin in 100 ml of distiiled wither:

12) adding normal sudium hydroxide solution (4/E NaOH) until ihe colaar changs
boe pink, then to brownish-red, wnd fnally 1@ yellow, alskimg the rengear after sach
tion of alkali (the total amouat of wiich ruguired is vEually abous 17 mil:

(4 letling the thoroughly mixed floid staed for 1-2 Bowrs and then Elernng it
dispensiing it inta hrown gliss hottles,

Details for preparing carbohydrate-containmng  media Tor pla
dizgnostic work are sz follows:

L The vavious curbohydrates used, wilh b cxceprion of plvcercl, moy be kept IO
sk solutions of 2 strength of 107 or prefecably 0% prepaned bys

(il dissolving the requisite amouniz of the enrbolydres ino propoctionsts
amounts of distilled waiger:
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{iap filrering the solutions throngh sterilized Se=itx fillers into seerile containers;
{iti) exposing the latter after plugging and sezling with paper for M Fﬂinll]ﬁ A
{enperaiure af B0CC o o steam sterilieer. (This process of 51..'ril'iz..'||;|n:!r! ]'n.ust I
rqu:al.-'.*d on two subsequent days if, owing ta the Iack of Seitz filters, sterilization by
filtration is Smpossiile )

Niwe,  Cilvoerol may be sterilized in the @imoclave 2t a low pressurs (70 poumds
per gquare inch, o T ke per cen®) for BS minates.

(1) Acinatly oo prepare - the medin:

{ip add Andrade’s indicacnr in a strenoh of 1%, w U pepioms water base (eag,
el to 2K ml of peplone water); 0

{ii) i well and sterilize in the avioslave at g pressure of 15 pounds per sqeare
inch (1405 kg per om™) for 00 minndes;

{mi) after coaling, pdd umder asepies procautions setfcient amaunts of the diferent
garbalydmie stock solutions 10 propormionace amouss of peptons wiler 2o obiain
cagcentrations aof L5

(v} dispenze inta sterile (ubsE (provided with differently colovred cotion plues
fur easy distinction of the various carbobydele meding amd steam these in 3 steam
aterilirer Tor 30 minates;

{uh incubnee the fobes a0 3750 for 24 hours b ensure their seerilicy,

The action of the various pasteurcllaz on the carbohvdrate substances
swhicl have been considered essential or desicable Tor inelusion in the
sepies Of ests mow under review is illustrared Belose:

Comtira o et VALTIAGE - Hutemiie

Gilicose L. e

Cilyceral L

Gilycosen Lo — ris

Lactose — T

Lacsulus 4 L E 4w

Maltos: Lk

Flamulol SR a1 T

edibinge = i =

Hhanimas: a. b | —

Sadhiarime B 4o

Ralicin : o "

Xyloas il + }
Explanation of spns : 4 Aciddicateon withou! pas Formation

= Mg acidilicatien

= Agidification present ar ahsenr {variable resulis)
# Excopiiens noted
* Docasional poourrence of kg acidification

A shown by this tabulation:

(2) Ttis not possible with any af the enumerated carbolydrates o make
i fully refiabie distincrion between plague and pecudotuberculosis bacilli

] ; X z

wenT CTAre must b faken 1if wse Far the propamion of the b nsdiss a Brasd o T{Inﬂﬂ which does roa

By -IIIJ-“ "“rt‘“h?'\lllla-' I'-'-‘\l'ﬂil:'l'l!- of. Gl sobndanoes aprin gll\.\;\- Ml posiﬁl\.q—; when m "=H Ecwig wakh plages
RN B sbir crpanpss.
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on the one hand and the pasteurellie in the strict sense {Past, miriicle
amd allied species) on the other hand, Tests with saccharose sometimes
recommended for this purpose are unsatisfuctory in that, in conirast 1g
the invariably negative reactions given by Past. pestis, pseudotuberculosis
acilll cause variable reactions, while pasteurellae in the serict 2ense somes
times fail 1o acidily specharose-containing media.

(5 A distinction between plague and pseudotuberculosis bucilli m
be made with gquite rare exceptions through tests with rhemnose-containing
media and; as far as indicated by sull limited experiences. even mogs
exactly with the aid of melibiose, Glyeogen, which has also heen recom

results with Pasi, pesis, bul confirmation of these discrepant findings i
still lacking.

() The reactions produced by Pasr. pesiés in glycerol-containing medi
are variahle, but since the differences met with in Lhis respeet are of
regiomil instead of an individual character, tests with glveeral are importang
Tor epidemiological studies,

For practical purposes it is recommencded that tests be mads with media
containing the following carhohydrates: ]

Cnbnkralress FRarfueale o0 fend
Rharincse and, prefirably,  Differentintion of plages and pacedotubsranlosis hacilli
mielibicss
snesharose OF limited walue for b dilfeoentiation of plague bacill
fram the pastenrellac sense sricio.
Lilyocrol Epidemiolomcal classification of strins.

Gilucose, Liceose, maliose,

Teste with s media, which are useally kept in lzbao
ad runnitol

rores, are usiful for a peneric <istinction of fhe pas
rellae dscluding plague and peeudotuberculasis bac
foom comaminants Belooping 1o the £ ool FroLp w
0 eonirast to ths pasteurclae, produce in these medin g
ns well e acidilication.

It is hest Lo use double fermentation sets {Durham tubes) not only il
the case of the lazt mentioned sugars, but also in that of all the carbo
Ivdeate media enumerated above, 5o as to facilitate ecogoition of the
presence or absence of gas formation.

Such fermentation sets are prepored by dropping ssoall lest-lubes (6 mm = 25 ma)
witli ther open ends downwards inea larger est-rebes (00 mm = 125 nund (lled with wnis
farm amoonts of the medip in question,  Differsnily colowrsd estton plugs shauld .-_-_:
uzegd 1o glose the larper tubes sooas 4o failitnes the recegnition of e vasiows media useds
Tmmedialely alfter sterilization (o b= done preferably in & sieam slecilioes), Uhe o s
complecely Gl e smaller twhes. T ges forms after inceulation asd incubation of the
medig, it necunalates ficst in the wpper part of the small inveried ol

For (b wetual performance of the rests, sets of the above-mentioned
carbohydrate media are inoculared with uniformly large amounts of cach ol
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the straing to be examined. In order to ohtain adequately heavy inocula,
platinum leops with diameter of 2 mm should be used, _

ppinions differ on the question at what tempratirs the incculated
carbohydrate media should be incubated. Several wc-rkf-._r.i. who recently
—qdied the biochenucal reactions produced by Past. pestis, recommended
an incubation at 377 C in view of the fuct that m_r:uhnt-::rs. n:u::-n:mnilg.r kept
g1 this temperalure iee availuble in all laboratorics, whereas it would be
difficult, if at all possible, to provide for the universal adoption of & lower
<iandard incubation temperature.  Nevertheless, scmc cxperts imsistad thut
a lower incubation emperaturs ne adopted, beciuse Ii_u_- nr.-tl.mum L par.-
lure for the growth of Past. pestiz was about 37°-287C. Since, ROwever,
(he first-mentioned observers ohtained consistently t‘_u:-!u.‘: resulis |!1_1|::a1s:
with carbohydrate media kept in the psetl incubators, I seems I-.':gﬂml.rlrn
ta gverrule this objection and to recommend the easily applicable incubation
ternperature of 17°C as standard for thess Lesls. 8 ; i

Some dissension also cxists regarding the length of ime :_jurm;.-, "«'r:"IJGh
the carbolvdrate culturcs under test should be observed. It s unileniable
that posilive results (.., acidification, in the case of pasteurellae) h:cv.-n:u:
a6 @ rule manifest or at least incipient within a fow days, Meverthsless, in
arder notb Lo overlook Lute acidifications, il has been recommended by most
workers that the growths be abserved For lenger periods, ranging from one
week to three weeks, An observation period of two weeks might be adopted
a3 atandard,

Carrying oul Lhe tests, it 15 essential (@) 1o keep the growths serated b:r
shaking the tubes after their daily inspection; and (b} in order Lo ascertain
that this procedurs has keprthe organisms alive, to make suhonlinres 'E:l[lb[',:ll.'l:j
apar plates once weekly [rom cach of the tnbes under test, In this way 1t
will alsn he ensured that positive results are duc solely to the presence of
the pasteurcllac tested und not to that of contaminating organisms.

Eenctivns produced in urci-comizining media

It deserves grear attention that, aceording to recent caperiences, differ-
entiul diagnostic advaniags may be taken of wrea-contaming medin, beeause
this substance is broken down, with the formation of alkali, by the pseuda-
tuberculosis bocilli but nel bv Past. pestis. To carry out such diferential
ests, use may conveniently be made of o medium compossd as Torlloms:

Trasrilled water 3200 ml
Monopatasiiorm phosghate (KH,POY), anhedrons 164 =
Msndiem plosphale (MAHPOL), anhydrous 380 g
Liran 2O g
Teust gxiract i ALED mg
D02 5 agqueous solution of phennl e B0 ml

 Dizsodve the solids in the distilled water with 2s Lt lwal as possible and secilize by
fillration throuph Derkefeld or Seitz flers, Dispense under aseptis precautions i 3 ml
vohisnes into stertle tubcs, which nust be incihated overnight 1o ensure their sterility,



and M.OBALTAYART ANTI (5THERE

Micro-organisms which, like faosr, Paewdatubereniosis, are copabls g

s]?lit:ing Ured cause change of the reaction of this medium from iis Origina|
stight acidity (pH 6.8) to alkalinily. Thiz change in resction ic manifesied

by & turning of the originally vellow colour of the mediagm inmg ed.
observe this change in reaction clearly it is well also fo imoculale cont

tuh&_s which iave been filled with urca-free portions of the above-mention i
medium. The growth of piendotuberculosis hacilli produces no colo
chiange in the control ubses, whereas that of Pase. pestiz leads o no colon
thange in the wrea-conlaining tubes sither. '

Tests with desaxyeholate citrate agar

As mecently cilablished, plague bacilli, it cultivated on desoxyvehoiat
ci_tm'ro agar for 48 hours at 37°C, grow rather scantily in the form of red
pit-poimnt colomies, the medium rewining its original pinkaess; where
during the same period psewdotuberenlasis bacilli gronw abundantly in lares
opaque colomies, which, like the medium in general, show a vellow colour

The medium used for this new differential test consists of -

Water 10 il
Feplons [
Agzar 1297 &
Sudium chloride g
Lacioes Iz
Forric ammonium citrace 2o
Dipotassium phosplizte T é
Soedivrm desoxvehalke I &
L% aqueons solulion of neutral ped 3 il

Lriserlve the: peptone inc o witer and add sulficient sodiam hyvidronide o hring fhe
PH 10 T375; bodl For a few minuies and fli through paper. Let the apar soek in ihe
Peprone water foo al least 15 minules, then mell e by hailing or in the auecase, :
about & ml of sediin hydroxide and then U above-mentiomed ingredicms except the
newtral red selution as rapidly as possible. Wien the ingredicnts are dissolved, Gitrte b
i plj._ﬂ|'?_l or 7.0 and add the newiral red solation, Fill I0-15% ol yuantities i lubes a :
sterilize for 15 rinures din the steam Serilirer, i

Test for hydrogen sulfide and indole production, methylene-hlue reduction tes
aml methyl-red tese )

The differential dingnostic value of hese tests is iflustrated by the
Ferllowwine eabuilation: '

LE] Pasr, pemirc r:::'v{‘::m’ .:T::;I.:Trl:::l.
Hy'drixpen solfic: o i
Tndule = £ ¥
Muethylene-bliss reduction e =
Moyl red =+ e

AL pecintly confirnmed through g study ol 18E gltains,
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At will be moted that with the exception of the methylene-blue reduction

tests, in regard toowhich no ample experiences seem to have been made,
“these methods of examination are of importance for a distinetion of the
puastenrellze in the sirict sense from both Pese. pestis and Pasr. pioda-

2 J.l'ﬁ' e FosiE

saitable techoigues Tor carrying out these tests are as follows;

Hydragen  sulffde  production,  Though  solid lead-acerate-containing
media may be used for demonsteating the production of hydropgen sulfids
in the course of incobation, a simple fest may be caroed out by ulilizing
sterilized 5 mim = 50 mm filter-paper 2trips soaked in 3 saturated solution
af-dea] acctate os Follows:

(13 Dy the soaked paper strips in o Petri dish placed in dhe hot air oven for 1 hour,

(%) Inocubabe & pepoone water tube with the pastenrelle in question,

(3 Inuncdixiledy after inccnlation insert ooe of the sbips o U obe so thal one
hall projecis beboor the plug,

(2 Watch for blackening of the strip doring inculwation,

Another simple test used in the Haffkine Institute, Bombay, is carried
aut as follows:

(1x Seandard 197 peptons warer confaining 005 % sedivm chlorids = filled in about
4-mi qumntities imte smpll test-tubess plugged with white absorbent cotton wool,

(2} Afier inpoulnption with the organisms under W&t e ander-suerface of the cottan
wiral plug 5 ministensd with 1 or 2 dreps of a 5% kead aoctale solulion:

3 The tubes are e Kepl overmght o the iwsabaior af 370, 1T hypdrogen sulfide
e produced, the under-surfses of the plug will b Found browsed or Sackened, whils in
mepalive cases noosuch decolouration will Becoms: memifsl.

Moz, As nored Below, Dusther Biochernical teEte may Be mades with the same calfures.

fnidole production, A simple test may be performed by:

(1} Folding ap the raugh auter projectinns of the plugs of the culieres used 10 demen-
st hvdrogen sullide prodiciion (see abowve) and putting nn thess smonthensd surfposs
Lord drops of 2 1%, potassium persullate solution in distilled wader amid then | or 2 drops
ol Ehrlich’s rosindole reagent; ansl
. (2 inverting the plugs so that their moistersd surface fces the enltures and incobal-
e the latter for a lerther 24 hours,

IF indols is present, a pink colour will become visible at the lower end
of the cotton plugs.

Mate. Fhrlich's rosindole reagent is prepared for these tests by dissolving 1 g of
Parz-dinwethylamino-benzaldelds in 95 ml of absalute sthaned and 20 ml of soncentrated

!":'-+'-|'3rit acnd and mixing the whole with equal amounds of what is called * reciified
SEL ™ i ghe ariginal description of this fest. The we of pelassium persuliaie solution
thaugh: advisabse, is. ot indispensable,
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An alternative simple methed, depending on the volatility of indo
2t 37°C, consists of hanging strips of filler paper, which afler sterilizat

subsequently dried, over the inoculated media by securing the ends of g
sifips bebween the cotton plugs and the mouth of the tubes, IT ind
the paper sinips in the couwrse of ancubation at 37°

For un claborate test, which hus been recommended reently for pla i
diggnostic work, the following reagent = used;

J."uL‘B:Hd:|:'u'|.'||'_-']a|:||z'|m~brn?:|]id|:.-'d¢ S
Ayl or ol aloalsl 75 ml
Consonieared hydrechlaric acid 5 ml

to the cultures of the organisms under test grown in peptone water or b
and the tubes then swung o and fro a few Umes but not shaken ViZorously
In postive cases o supernatant layer, showing a red-violet colour, wi
lormed within a few minutes. A modern modification is (i) to add | m|
of ether to the cultures and 10 shake the tubes: {ii) to allow the ether to ri

manner that it forms a laver between the medivm and the ether. Tn Pl
cages & red colourution becomes manifest at the junction of the rexseg
and the ether layer and spreads inte the latter.,

Merlplens-Blie reduction tesiz are carried oul with 24-hours-old bral
cultures, which have been incubated at 37°C, by (i} adding { drop E
#o Bquecnus methylene-blue solution and (i) incubating at 37° C for 24 hours
while a green colouration indicites o weakly positive and gheence o
decolourization a negative remchion.

Methpl-red tests are performed with cultures grown for § davs at 30°€
or for 3 days at 37°C, in & glucose-phosphate medium {peptone, 0.5 8
K PO, 0.5 g; glucose, 0.5 g; water, 100 ml; pH 7.5). Tests arc rmade
by adding 5 drops of an 0.02Y% solution of methyl red in 95% cthanol

(1}

the appearance of a red colour indicating a positive acid reaction.

Tests for reduction of nitrates amd prodoction of niteous peid

Tests o demenstrate the reduction of nitrates to niteites and the productiof
of nitrous acid in the course of cultivation are of no gencral differential diags
nostic value in the case of the pasteurellae, which have been Tound to react eithes
positively or negatively. They are, however, of inlerest in that the variabili 3
shown in such tests by Pasr, pestis strains has been found to be of 2 regional
and not of an individual character. Tt has been stated in this connexion
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\hat by combining these tests with tests utilizing glycerol-containing medin,
:'t'u: plague straing may be classed into three groups, namely:

= grieptal wvariedy ', not acidifying giyoerol, bar capable ol reducing nitrates

e ing mitrows weid in nitrate-froe media;

red produd ; )
] lﬂ_;; q rariatic Guiign, proving posilive in all thei 1es1s; and

3} & vriatio mediacralis, neidifying plycerol, but gpiving pegalive fesulis in regard
1o mitrate reduction and mToEs acid producrian.

T show the reduction of nitrates to nitrites hy .Pﬁ'.?::‘. DERIS, w.r-::-r_k-:rs_ in
the Hafikine Institute, Bombay, have recommended a mmp]n:-, Le=l, For which
{le cultures incubated overnight Lo demonstrate the production of hydrogen
sulfide {see page 268) could be |::il|;4|:_d_ .

A 5-mm looplul of such growlhs is placed en a white opal glass and
mixed with & 2-mm loopful of losvay’s reagent. A positive resull was
indicated by the appearance of a pink colowr within & minute,

: i ixi ' i I best-tube an squal numbser
[lesvay s rengent is prepared by mizing e e in @ sma _ : L ik
of drops of (¢} 2 selution of 1 g of sulfanilic acid and 14.7 ml ol glacial acetic acid in
284 mi of distilled water, and (5 a salution of 0.2 g naphthylunioe and 14.7 ml of glavizl
neatic agld in 325 il of distilled waler.

In general, for a demonstration of niteate reduction, the vse i milvicated
of broth or peptone water media of 2 pH of 7.2-7.5, to which 1 g polassium
nitrate per 1000 ml or even per 100 ml has been added and which after
sterilization have been filled in 10-ml amounts inte tubes,  The two reagenls
usgd consist ol

| Bulfunilic acid 4 B ﬂ-lﬂbl'.lh_‘_-‘lnl'rl_-'ill-f 25 o
A1 5 N acetic acid s 300 m] | 5.3 acctic ackl @ 500 ml

& One part of copcentrated aceric acid diluted with 2.5 parts of distilled watcr.

Al

To carey vul the tests, 0.2-ml amounts of solution A are added to the
caliire ﬂzli-:rls alier an incubation for 24 howrs, and then selution B s Fﬂ_-""*
in drop by drop, Additions of 0.2-0.3 ml of the latter solution made in
this manner suffice o prodece a positive reaction, manifested by the
dppearinos of a pink colour,

The same media without addition of potassium niteate may ke utilized
16 demonstrate the production of nitrons acid by the organisms under test,
provided that they are frec from midcales. For practical porposcs the
abscice of niteates feom the media may ke ascirtained by testing samplos
before inoculation with the above reagents, Mo red eolour should appear
Even after a pinch of zinc dust has been added,

In actual practice it is advisable to make parallel tests with nitrate-lres
b?!l.t'hrs of the mediom wsed and with batches to which potassivm nitrate
a5 heen added. Non-inoculuted tubes of hoth types of media should be
incubated and tested ar the same time.
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Supplementary methods

In addition to the above-mentioned methods for the differentiation g
plague and pscudotuberculosis bacilli lameng which, uccording to
present state of kKnowledge, tests with rhamnose, uré-containing medis
and wilh desoxycholate citrate agar are the most important) and thg
procedures recommended in the sections which follow, some stress has beg
laidd upon the use of motility tests for & distinction between the invarinb]
immatile Pasi, pestis and the typically motile Pas;. prendatuberculosiy,

However, important as this diffcrence appears at first glance, the wseful
ness of mudility tests in practical liboratory work is limited. for varion
reazons, Motility is shown by the pseudotuberculosis hacilli only so lon
as they are cultivated at comparalively low lemperatures, in actual practic
at JE-23°C. Far more imporiant still, there can be no doubt that (e
tuberculosis atrains exist which, temipocacily st least, show no rofiliny
For instance, in 4 recent report on the examination of 186 such strains i
was stated that often repeated subcultivation had to be resorted fo in orde
to demonstrate motility of the organisms. On the othes hand, pla
bacilli may show such marked Brownian movement that cven e Pericmng
workers may find it difficult to decide whether a given organism is immaotilg
or rmotile, '

T Lacilienee distinetion between 2ctive Brownian muovement and truwe mosility, it :.
bean recommended tlat the normal saline used for hanging-<drop proparations be replace
by a1 pes mille mercusie bickloride sofution which, while mot inferfering with the Brosni
rovement, abolishes the active mediliny of the OTENIZIE.

It has alse been recommended that stab cultures be made in serm-5oliE
fgur (05350 agar in a beoth base), s as Lo demonstrate the mare d iffuss
growth beyond the line of the stal which is shown by matile species in
contrast 1o immotile organisms. A prolonged ineubation {preferably fol
4 of even more days) is essential for bringing out this feature.

Anather simple method for the differentiation of plague from psendo
tuberculosis bacilli, which has been successfully wsed in the Hallking
Imstitute, Bombay, may be carried out as follows:

With the aid of & l-mny leap, suspensions of the organims. under tesn are made i
tubes each containing 10 mil of nenmal saline Blood-ugar slnnt ace then inecukated witlh
1-imm laopfuls of ihe supensions, and ploin agar slants with S-aun loppduls, Tn the cas
of the plague bacillus, discreee colonies appear on Lhe hlaad-agar sbopes, bug none at all
on plain agar, wheress psendotibereulosis hacilli devslop equally well an Botl odin

FPhage Identification Tests

Mg shown by recent soudies, o clear-cut distinction Ay be made hepween
plagoe and pseudotuberculosis bacilli by properdy conducted tests withy
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we bacteriophages. The following two methods have besn recommended
For this purpeosc:
Method A

(1} The siraing 10 be tested anc grown [or 18-24 hows o broothe at o femperatuns
of [A7-20° O :

{2} The growihs are then implanted on dey agac plaies, cach growth being spread aver
4 edreular arca & o in dizmelss, 30 that one dish can aecemmicdate 10 differens growihs,

(3 After dhcss implints hodomes dey, they an: towched :.-.-Iih A guspension of kacterio-
phaze which has been adapted Lo an avicobanl plagus sloa,

{1 The plaies are then incubated moan iverled posation for 48 hogrs &t a tenperatime
of 20

11 has besn established that at this emperature the plague-phage G:{-I:CI'!'.S
a Ivlic action soplely on Paxi. pesiis straing, and not r.:-n pmuda.tum-:ulc-m
hacilli, Tests made at 3770 on the other hand, Tave gnu:l? unrr:]lahh:.rcﬁult::.

Before carrying ounl the lestz, the plagoe-phage s Liteated Egill-l'lﬁ‘l. the
culiure 1o which 1t has become sdapled by lesting senal tenlold d:lrfln‘rl!ﬁ
of the phage with the aid of the technigque described 3:1':!0'-‘{:- T_|=I: highest
dilutions giving confluznt Iysis are noted, and for the diagnosiic fests en
times this amount, the * critical test dilution ™, 5 used.

Merfod &

{13 100 b of broth ana S00-ml Exleomeyer Task are seeded ':'-i1h an_lﬂ-hnur brath
culture of an avicubenn plaess siezin and this cultare i< incrbated wich shaking for & howrs
1] :

(3 53 ml ol a plagac-phags fileaoe with a uoee of 1004, n:Imﬂmm:ﬂ- according to the
techminue descoaled above, are Uen added Lo the coltuee and this is allowed eo stand ad
roam temperanies for 18 hoors, ;

(3 The organisms are en rernoved by Sei filccanion and 5 deerminagion is made
af the phoge tiise of the Glieate (which 1= ususlly an least 1009,

() Senpe of fiker paper 005 cen<3 o, pecviously aterilized in 1he autoglave, ars
e ploced i 0,5-ml guantitics of U Gl Gollcient (o soak 3 strips) ond allowsd to
sinnd wt room eoperatuce for 2 souss,

(50 The strips wre then peoved under asepti: conditions and either shell-frozen and
vaphilived or desiceated in vaceo.

{6} After they have bacame dry, the strips 2re scaled under pitrogen ard stored at
TR Lern peralure.

{T):To carry out the tests, 1Hheour broth cultures of the orpammsnms aendcr I.r_&l =.-|!.¢
hesvily seeded over the dry surfuces of blood-apar plates aed, while e surface is soll
wel, hasteriophage-coated strips are apnlied with stesile Forecps 1o the cultures and
EEOly precsed il place, nomscoated steriliosd stips of Glier paper scrviop @ contals,

(B} The dishes are then incubabed at 2070

Ir Pague colivres sre deall wath in thiz manner, l=mom wide :'!l.':-n::i: o
lysis, sirrounding the bacteriophape-coaled sirips, psually become visible
n 15-24 Ihours and the lvsis extends into the surrounding pariz of Ih_»‘-
Cultures o prolonged incubation. Confrol tests with pseudotuberculosis
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sirains as well &5 with Shigelin and Safmenella steaing have invariabi
given negative results. ]

[t has bean found that the hacteniophage-coated strips preserved
Iyophilization remain capable of producing Ivsis of Par. PRI Frow
for at least three months, i sealed under mitregen-and stored b ro
ternperature.  The strips desiccated in vacue do not display such
keeping qualitics.

Phere can be no doubt that these tests, particularly those perfa
according to the expedient second methed, are of great differential diagna
value. In facl, some experts are inclined to aseribe much greater value g
them than to the biochemical wests cutlined carlier, which they cons
rather oulmaoded. It should be noted in this connexion that potent pla
bacteriophages are maintained in some of the leading laboratories, such
the George Williams Hoeoper Foundation, $an Franciseo; the [aft
Tnstilute, Bombay; (he Institut Pastenr, Paris: and the San Fra 1
Field Station of the Communicahle Disease Center, 118 Dept. of Healil
Welfare, and Educalion. b

Serological Tesis
Agplutivation fests with koown sera

Preparavion of grpintinaing sers

While the use of rabbits is unanimously recommended for the prod uctf
of agglutinating sera lor plague-diagnostic work, different antigens, ado
nistered by various routes, have been used for this purpose. 4
Warkers in India recommend beginning the immunization of the rabbif
with killed plague bacilli by (i) growing the organisms in broth for 43 hours
(i) using exposure to a temperature of 35°C for 15 minutes to sterilize G
grovwths; and (iii) giving o initial dose of 0.5 ml of the killed sirspensiog
intravenously, followed by Turther weekly doses, which are incrensed =ag
tme by 0.5 mil until a dosage of 3 ml is reached. Then further doses of
plague bacilli are administered by the intravenous roule, until. as shows
by the examination of =amples ohigined from the marginal ear vein of thi
animals, & sulisfactory agglutination titre has heen reached.
An allernative methed is to grow plague hacilli for 3 days at 37°C on
suitable high-quality agar in Roux bottles which have been seeded v t
2-3 ml of an [8-24-hours-old broth culture of Past. pestis, The grow
are lhen harvested with the aid of 20 ml of normal (0,35 %) saline, und 100
el a 1.3% formal solution are added 1o the suspension,
In place of this specially prepaned antigen which, if kept in the refrigerators
remains stable for a period of 18 months at least, sugeessiul use has Gi
made of the formol-killed plague vaccine produced with a titre of i
million per ml during the Second World War in the United States of Americis
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As shown by mrae-scale tests, comparatively betler results were cﬂ:-tmnc:f
o the inicavenous than by the subcutincous administration of _l|1_L:°u_
ibmolfkﬂl*'i antigens. The dosages used varied from O to f![l-l'._ﬁ'.i million
nanismy administercd at weekly intervals or on aliernate days l_1:-r h".m ar
ey wecks, Even at hest the agglutinating titres rem pined almost invariably

ﬂisw 1_'|-|ﬁl_l it was Found bo be necessary cither to continue immunization
;ﬂlll five aviralent or virnlent plague bacilli or o -'.Ldn!.lrlm"i-:r 51X mil_-':thds
afier the initial immunization a booster dose of 2000 mitlicn Ifu:ul.u-]- led -
aTRANISMS, Tt waz essential to use b&11.l:'::hl.“5 of :"-I?‘-T-_Tﬂi F-?.bhllh‘ for SEEI
manufacture because comsiderable individual variations in the aggrlutinin
response of different animals were found to exist, s :

Immunization of rahbils with live avirulent plague hacilli, preferably
strains which liave lost their virulence spontancously, has been n:f.jn-mmv:ngu{]
by several workers, some of whom, as noted above, 11.5&:1 such live gru}'rlhi
after they hud produced a basic immunity in their animals with t:ﬂ.ﬂ E!d_. e
Killed antigens. The technigue adopled m Lthe Tnstitut Pﬂ5.1.!f:1l Iy Paris, which,
since it has been followed without considerable modification E.::.-' other
workers, might serve as standard, was (i) to grow the avirulent _J|.'.‘-f E!Ealn
tisolated in Madogascar) for 48 hours at a I-.-mp:raturr:_at' _rI:J"-_-._‘- .C:
{if) to prepare from this growth suspensions in :I'.ILH'IHFI.'. anlime m.ntummg
LKy e llion orpanisms per mil; (i) o injoct rabbits mlli':"l'-”ﬂﬂﬂlf at !Flt'-‘ﬂ’ﬂ{ﬁ
of three davs with six doses of such suspensions, amounting to (L1, 0.5, 1, 2, 3,
and 3 ml respeetively: (iv) o bleed the animals eight days after the last
AR, i
r'Illllt?!::l‘l'u‘.m is o douht that sera with a higher agglutination titre may be
praduced if the administration of live avirulent bacilli is followed by lhf_tt
af wirelent organisms, However, there scems no need t-:'!l I-:_'E-DH ter {his
somewhal risky method in order to manufucture agglutinating sera for
TOULinE PUFEOSES. :

It 15 o great drawback of the agglutinating sera prepared by any of the
shove methods that they give positive results with peeudoluberculosis as
well a5 with plagoe bacilli. However, a5 suggested by recenl espriences,
preliminary absorption with pseudotuberculosis baeilli renders the sera
strictly specific for Posd. pesiis. Parallel tests with such absorbed seru should
be mide, therelore, whenever there is renson to suspect the ]'If!-'Fh"hihl‘E-.Pl'ﬂlia‘.-‘HIW
ul Pasr. pvendfonkerculasic, However, the aveilabality of :‘il.'tl"ﬂ. FE.IJSJ}Ii with
Fractions containing the envelope antigen of Pasr. pestis m parificd form
wolld obviate the necessity of performing such tedious tests,

Fechnique of tets

_ For oriemative purposes rapid slide tests may be performed by placing
Amm loopfuls of the bacteriul suspensions to be tested, which should have
Aecontent of yhout 2000 million organisms per mi, on a shide and admixing
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W these drops loopluls of suitable dilutioms of the agglutinating scryg
such as | =, 5o as o obtain a fingl titre of 1: 100, Results may be
aller a fow minutes’ standing al room temperature (27%.28° C) with the g

ol u magnifying lens or under the low power of the microscope. Tt iz esseni
to use drops of normal saline as control so as to exclude the .-'*:-".:
spontaneous agelutination of the test organisms. ]
. For more elaborate tests 1 series of serum diluticns may be prepure

in the manner described below. Squares are then marked off with the ‘-.
E:F & wax pencil on a slide, loopfuls of the various serum dilutionz are pl
in L_hcsr:, and equal amounts of the test SUSpensions are admixed ..j,..

I'o carry out classicul agglutination tests, series of 10 Test-tukes r"

suitable sive fe.g, 100 mm =13 mm) are placed in rucks, An amountis
0.9 ml normal saling is placed into the first tube of cach series; 0.5 |
each of the other tubes. Then 0.1 ml of the agrlutinating serum Es-: ad il
I:D_ the ﬁlrst tube, and after thorough shaking 0.5 ml of the gzu-umn-saf
mixture 15 transferred to the second tube, 005 mil from this ta the third, anl
&0 on up to the ninth tube, the teath serving as =uline control and l:hI:r::' .

feeEving ne serum. Amounts of 0.5 ml of live or formalin-killed su pensiuns
n-l'_lhr, test orgunisms, which ought to have grown for 24 or 48 hours
.l'ij‘ L. are then added, After the contents of cach tube hove been thorough
mixed once more, the racks are kept in the incubator at 37° C For 1-4 hoers
and then for ahowt 20 howrs at room iemperature, when real:liugs'
taken. As will he gathersd, the final serum titres used in these (ests an
L:20, 1:40, and so0 on up to | : 5120, ...

_ In place of sg]inc SUSpEnsions prepired from agar or blood-agar gro .....
of the lest organisms, the live or formol-killed supernatants .me.;',;_.d ,;u]m’
pmade from plague-suspect patients or rodents in broth (100-m! amount
in Masks) may be used with advantage for tube agalutination tests, Addition
of 0.35% formol has been foumd to cffect sterilization of such pra

a_n.:r 3-E hours” standing at room temperature, depending upon eoncen
L. 3

Agglutination tests with known antigens

While in the opinion of most werkers agelutingtion tests with the serd
of plague-aiTected rodents ure not useful for diagnostic purposes,® increas \
Steess has been laid upon such tests performed with the sera of E:ﬂaa;
pitients or, rather, convalescents. In fact, in the case of suffcrers wha
hu-.-_-: received early and thorough specific treatment by the methods o .
uvu:rn_h»h-.. particularly with antibiotics, such tests form 2 most irnporting
sometimes even the sole, means of finally confirming the diagnosis of plaguss

9 Howver, ax has B noded Bediog =alia
R g 1|_ - : BT o = llIIiI-T."llll dldn Bexi
Turitier antsgen sdminisliacens o

£ wills the s of rabbils undergodng =]
e apalulingtion ifires. feached: wns n:-rm-:;-.--.-.-.?i-:-l fr.-l:":'::d :
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vhe method is alse of outstanding importance in making a certain diagnosis

in the case of individuals seen for the hrat time after they have recoversd

from an illness clinically resembling plague.
In order to perform such teste, 10-15% mi amounts of blocd are abtained

y puncture of @ suitable vein and the serum, separated off preferably by

ceptrilugation, is used according to cither the rapul shide method or the
clussical tube method,

Raupid slide tests with the sera of patients or convalescenis are perfommned
i @ manner anulogous to that described above with live or I'urnau-]-kii_h:-:i
Past. pestis cultures which have been grown for 1-2 days af 37°C, In view
af the low agglutination litres 1o be expected, it is sufficient to use serum
dilutions of upto 1 320; in fact, the proponents of the method have adve-
cated simply serum dilutions of 1:3 or [ :4, Controls in normal sa1line
are indispensahble to puard against spontaneous agglutination of the test
arganisms. It has also been advocated thal their agglutinability should be
demonstrated by including controls made with suitable dilutions of a
Lnown plague-immune serim.

Tube agglutination 1ests may also be carried out with live or formal-
killed suspensions of plague bacilli grown at 37°C. In a series of recent
{esls, particularly good results were obtained with formol-killed suspensions
af virulent plague bacilli, grown for two days at 37° C, with the following
procedures:

{11 10 ml of normal saline were wdded in centrifuge wies o 5 ml of formal-killed
suspersions of Pasd. pestis prepared aceonding 1o the nethod deseribed abave (see pnge 474)
and b= tubes were subjected o centrilugation al 1 KK sevoluficas per minabe {rpom
Tar 20 minules,

3} According 1e the period of storage of thi Suspensions Pwhiclt were uzed for three
b)), the deposit was resspended coce or dwice in fresh woosal saling and canirificen-
thm was repenied,

(3} The firal deposit was re-sispended in 5 oml normal zaline and -cenisifuped ac
shon speed (1600 r.p.m ) Tor one mimde {0 remove any gross parbicls.

(4] The supermataal was added te normal saling in o S00-mil flask amd served after
standardization will the aid of epacily tests 4o a titre of 20K million per ml a5 antipon
For agzlusination tests with uikaown gera,

030 The lavter were carried oul by mixiog in agglutination ks 0.3-ml ameunts of
2 antipen with coqual amoents ol seron dilubions saoeing froom Lz 1060 |2 68 Results
were read afier an ineubation of the talaes 1 377 O for foar kours, followed by exposume bo
Toom: temperaluce [or & further 24 hours,

"3'=r‘.5|5;-::-nall-:-. posilive results were obtained in rapid shide tests performed
With fovw serem dilutions @5 e rly az the fourth day from the onset of plogus.
A rule, however, the sera of persons who had been attacked by plogus
"t':‘ﬁ'-'il:ﬂ positively in agelutination festz nol carlier than a week after onsct
‘“‘? the diseage. On the other hand, posilive resulis at the comparatively
high titres of 1 : 640 and 1= 160 were obtained in fube tests with convalescent
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sera examined on the 36th and 44th day, respectively, afler the individ ri_-
concerned had fallen il with bubenic plague. There can be no douh
therelore, that such tests are swiluble for a retrospective diagnosis of th
dhisease,

Previpitin tests

A revently devised modified precipitin test with soluble antigens ohitaine
fronn the dissues of animals which had succumbed 10 plague was Found
to by valuable in laboratory trials even in instances where the malergl
had been stored at 37° C for periods of over theee months. This test m
therefore, deserve attention in actual practice when dealing with dec
or mummified carcasses of roedents. which cannet be examined salisfactorily
with the aid of the ususl methods. '

The technique used for this precipinn st is as follows

(0} Qugans namoved from plngue-suspeer carcasses, preferably e liver, spheg
lymph nedez, and lanps, if necessary moistened with normal saline soluion, ane Zro
i a morgar with sterle samd and suspensions ang prepanad by the nddition ar 3-5 vohe
of normal {085 50 saline.

(2} After the suspensions have been transferred to test-dubes or Erlenmeyver
ficbdd with cork sloppers, approximnfely. 2 volumes of diechyl erher are added and thi
conrtziners are gently bul thoroughly agitred, il

191 After thee mixlures have heen allowed 1o 2tand ab room temperalurs for 5-10 bt
0.5-2 ml of the el aywsous supernainnt fAuids are remaved and centrifused at 3500
450K r.pam, for 3 minas.

130 Prodapdtin 1esls can corveniendly 1z masdc by drvwing equal voluoes (0003001 o
of the comlrnifugates and serind dilimions of & plapueimmune setem inte capillary h
having an inner diameter of | mm to 3 mm. As a riele celindrical sooes ol precipt
form in positive eass within a Few minuies, Otbcrwise, the tbes are ncobated for thes

hawars af 370 and placed in the refrigerator overnighi. rewddings then being taken a o
TR,

It 15 mmportant to noic, however, that tests carcied out in the mar
described above are not fully specific, positive resells having been nheain
e laboratory fests wilth plague serum not only with the solubls antigs
of Pasi. pesiis, bt alzo with those of the peeudouberculosiz bacillus Al
even of Past. mefiocids, However, fully specific reactions were obta
when plaguc ser absorbed with the heterologous antipens were used,

Haemangelutination tests

they arc striclly specific for this organism 1o the exclusion of even Pagh
prevdoiibercidasis, and becanse they are highly sensitive, no doubt form
one ol the most valuable methods for plague lahoratary diagnosis, provided
thal the dafficulty of preparing er procuring the antigens necessary for this
work can be overcome,

:ﬂ.
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' The performance of haemagghutination tests may be vutlined as follows:

; oo < Tg 0 wehime al 2.5 % washed sheep eovihrooyies in nocmal salio

Hiﬁ:ﬂ;ﬁaﬂﬁ(ﬂ;f&ﬂ S I_'r'.H.:s.:.Ifltinn of tanmis aced in safine, which hias been
Wl’l sr;._- qred Trom #1720 stock solution, After the misture bas been incuhated in the
Eﬁh:b:u.P:’m 1 |t'|in|.|h='; At 3770 it ds centrifuged al low spesd for 3 nl'il'.u:l.'a.p: |.'I:l.'.5'|l.
“-te is TENE added to the sedinsent and centrifupation i repented. The Lunnic-acid-
ﬂjmﬁa cells are then resuwpended in normal sabies Lo obiain again @ corcentration nr_
lﬂa-.;..- and an equal valume of & solution of s waler-snluble antigenic .I"I'..I.ﬂi:-i:ul 113 ol
Pﬂ}-..t'ﬁ”"f condimiong 1 kg of this antigen por F'I”: ie pdided. After the 1|1|11r.||:l.: lixs ]Ju&n
alleaed b stamel al room temperature for BS mantes. the cells are washed twice '-'r'.!.TI a
1250 salnoe dilulien of pormal rabbin L Finalky, the |_.-4:IL1 an: r-.-r:us_p.-n-l..ﬂ ||L-ﬁ
ﬁulﬂi,cigui amaunl of This saline dilution of Tabbit seTum o obiwin o concestration of 2.3,

(21 Test svrwm Tl sera 00 be Lested are inpctivared by ingebation at o demperatun:
ol siec i wiler-bath for 30 minutes. Mine volumes of the sera under tesl ure thin
e with ane volune of wished and packed oormal sheep erythrocytes and the mistures
are kAt standing for 3 minutes.

(31 Test procedecy ) Serial dilvions ol the insctivated and absorbed st ser are
s o nrnsier analagans o that adopled oo arelutinanicon 1esrs, bt mln:g irsbead of
nermal saline a 13 100 difution of inactivated amd abzorbed nprnml rah!m_l SETIEN %
dibuent, Oue acdds then toeach serum dilution 0005 ml of the onfigen-condaining suspen-
sion ol shiep crvthrooyies, Adber miximg, Uue ebes ans in-:nharbr_l_l'nr 2 hnu_r:_u: rown
temperatung din water-bath, and readings arg then faken, A positive resull is nuJu:-.u-.--:I_
by 1 appearance of @ uniformly thin Bayer of wed cells covering the corved Batlom ol
the tabes, the postern showing inggular edges in the presence of 2 marked crecss l:‘nl'
andibody, A negative resull is indbcatsd byeche formation of o fom bulton of red cells in
the kattam of the tubes

Complement=fixation fexis

Complemaent-fixation ests have been wsed in plague laboratory work
botly in order te confirm the presence of plague antigen in plagus-suspect
bacilli or in tissue cxtracts of supposedly infected animals and to detect
antibodics in the sera of human convaluscents or immunized  animals.
However,, modern workers are almost unanimous oo slating that this

-method. though valuable for research purposes. is not suitable for routine

dizgnostic work in view of the difficulty of procuring fully sullable antigens
and sera and the tediousness of carrying out such tests with the controls
indispensable for obtaining fully reliable resulis.?

prezansd & ehe Cienrge Wilkims Fooper Foundation, San Franzisco. Caie, (ane Daker <l rgl-':"l':l‘ﬂ:!
ef, B4, 1313 Alernitive fthods of preparing amaipess for ihess sexln ||l.|rI Zis bl T
T B CADE L) e axgy A 3% 3 (e alee Lisdy, M. & Teapani, R, F. (1034} Amar. 0 My,
120 eed b ilvereman, % 1. (20553 F fub, clin Ml 44, [E5
280 Chen, T, H., Quun, 8. F. & Mo, K. F. (19520 A favvawof, 04, 147, fer m denenpticn of up-to-dace
28 crmplemenSxation 6515 wih pligee-speresd anigens o anitboedics, wloth give cesalls sirkiiy
I Fzr, peetic

i

i,
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Animal Experiments

Chofee of experimental animals

Mo uniform system has been adepted in regard o the choice of cxpen
mental animals for plague-diagoostic work Because in some areas it b
been found advantageous to substitute for the usual laboratory anis
locally available species of wild or semi-domestic rodents, such as Raf, 7
{Muasianiys) ratalensis and the white-tailed rat Mystronive albicaudan
South Afmica, or the Bundicotn bewsalensis ok (formerly called G
Lok) i Tndia.

In place of these ur other wild rodent specics large-zcule use las voed
sionally been made of cosmopolitan rats (particalarly  Rarres radiuy sub
sprores) for plague-dingnostic work., However, it is racher difficull {:
wycertain in areas where plague is endemic or apt to ocour that the ani
trapped for this purpose are free from. the infection or are not resis il
to it on account of preceding epizootics; (i) 1o free the animals from theig
ectoparaziles before they are transported 1o the laboratories or stabled
a provedure which, though indispensable, may be the cause of & conside
able mortality; (iii) to keep the animals alive in captivity, In view of thes
obstacles as well as of the practical impossibility of breeding these rats if
Gipivity, it seems rather questionsble whether their lurge-seale wse Lol
plague-diagnostic work should be countenanced, In the apinion of m
plaguc workers preference vught to be given 1o the rodent Species mene
ally used for luboratory purposss. It is, however, unanimously ag
that rabbits, though indispensable for the production of plague-immune scr
and for immunological work in general, are not suitable for diagnastie
tests, not merely beciuse these animuls are fully susceptible to psends
tuberculosis infection, but mainly because many of the races of this »
are not uniformly susceptible, and some arc even rather resistant, (o inle
tion with Fast, pestir. '

The use of white rais in plagee laboratory work is of considerablé
mmportance in that, in contrast to the other universally utilized rod il
speeics, these animals are pructically insusceptible to infection with Pash
prevcoinberenlosis,

[t would be quite legitimate to utilize white rats nol pnly For the purposs
of differentiating Puse. pestis and pseudotubesculosis bacilli, but for othes
plague-diagnostic work as well the more 5o heciuze, ag will De deseribed
below, these animals may be inoculated conveniently and safely with plugues

suspech maierial |:I_‘-' a Hrh:L'Zi.:"IJ methoed. Thers can be no doubd, however
that guimeqa-pies are of primary importance for plague Inboratory works

o

far reasons of economy. 1% 1%, however, important to note that net all,
far £e
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chile as second choice white nriee rather than white rats are preferable
“l w

‘but only certain inbred strajns of white mice are uniformly and highly

o

Cappsitive 10

plugee infection, and that consequently carc must be mlf.-:n
to procure and maintain such suitalle strains in the plagne laboratories.
0

o such racial differences have been found o exist in the case of guinen-

fe Howewver, expericnees in California have shown :I'u? OCEUFTEnCe af
Plﬁ-;: sepsonal variation in the susceptibility of th::::l anirmals 0 plague
S_ﬁ;,;[i.;:.n_ During such periods emphasis has to be laid 1n plﬂguf.-d!ngnm]:c:c
work upon tests with white mice and, as Tar as necessary, alse with white

pate.

Methods of infection

Cunaneons infection

The applicability of the method of cutancous infection in. r.-ls_igu?-
diagnostic work is restricted n that among the .u1.1.1n] L berataey ;n:maﬁ_
ghinca-pigs alone are suitable for EI_II.:I‘I.II_'!?:[ﬁ.._"l\'hIl'_jh cannot be made |:n'r|.'ii
weniently with the small and rather me,n_h: white mice and have begn mer
to give not [ully constant results in while rats. Hnwcw:.r: tl‘_u.' mv:',lh-:‘-d o
entancous infection is of owtstanding walie because with its nid clear-
cut results may be obtained with heavily contaminated materials such as
putrcficd rodent organs--i.e., under circumstances whens cuftural Imfth-:u:ls
often fail altogether—while animal inoculation by other routes 35 apt
to praduce mixed infections or may even lead to rupidly evolving and
futal infections by concomitanl bacteria before signs of plague: become
miantless. ; ; ,

atill, cmincntly wseful a5 the method of culaneous ll1fﬂC!lun_ 15 In this
respoct, it minst be realized that it does ool give SUJ_H!'_-' speoific results
becuuse, as confirmed by rocent experiences, guinea-pigs may be infected
with Past. prewdorubercufasis by the cutaneows as well as by the sub-
cutuncous route, while according to carlier ohservations skin tests proved
oecasionally positive even with pastenrellac in the sirich sense, : -

It mst be realized alse that the method of culwnecus ul-l:u.:u_!f-.l:ll:'n,
which usually docs not cause death of the experimental animals until afler
4-3 days, is less expedicnt than infection by the subcutancous und parti
eulirly by the intraperitoncal route.  However, since huhoez  become
dppirent in cutancoosly infected guinea-pigs within 24-48 hours Hﬂl-:.'l'
motulition, an early dizgnosis may be made by the cmmiurlri.-:-n of m_ut-:nul
aspirated From (Hess incipient swellings with the aid of o syringe, using the
echnique recommended below Tor bubo puncture in human plagoe. The
Mmaterial oblained in this rnanner may be ulilized not only for smear exa o
ion and cullure tesis, but alse for amimal inocolation, particalaely mtea-
Petilonenl infection of white mice.
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To arrive al en earlier diagnosis it has also been reconymended thag
the plaguc-infected animals be killed as soon ns they become moribund
(i, when they lie on their aides), with the aid of ether or chloroform of
by other methods, and dissected forthwith, This method, which may e
applied also in the case of animals infecteéd by other routes, not ouly 5z
time, but also increases the chances of izolating pure culiures, particularl
in i tropical climate, where decomposition of naturally succum bifg animals
is apt 1o be rupid, '

In order to produce groin buboes, which are most eusily
maost workers are in favour of using either the inside of the thigh or the
skin of Lhe lower abdomen For culaneous inoculation. To carry ot thy
tests in a reliable manner, it is Negessary 10 remove the tur of the animalg
at the chosen site over an arca measuring 2-13 em® or about e square inch)
Yarious procedurcs are recomimended for this purpose, some workess
using a depilatory fe.g., barium sulfide paste) which is afterwards wasled
oll, others a shaving blade or a scalpel. In the case of long-haired ra
the hairs may be simply plucked off. Some workers advocate light
seurifving the arcas thus bared with 3 sealpel bafore inoculations are ma
but since plagee bacilli are capable of cntering even throwgh the intack
skin, The minor skin defiecis produced by shaving or plucking the Imi'
fully permit an entry of the OFSNISMS.

Yarious methods have also besn reconmmended for rubbing in the infec
tive material, some workers utilizing the stout platinum or clromiun
mckel wires used for culture work for this Purposs or depaositing the mater
with these and distributing it with the aid of stecile spatulas or other suital
instruments, others preferring sterile, mounted, cotton plugs, which have
been dipped inle suspensions of the fest materils. he organs of plagues

suspect animals 1o be tested may be applied direetly with the aid of foree
or artery clamps.  Applying suspended infective material, one miglt
the multiple pressure method recommended for smitlpox inoculation,

manipulated,

-5

droculusion &y prickine the toll of ras

The method of pricking the root of the tail of white rats with A Amjectio

necdle which has been dipped into the Plague-suspect muterial to be testod
possesses the following advantages: [

A1) The procuedure may be ensily and safely carried cut fn the giass jars in whicli the
Tats anc kept individuntly before and afler infiection, by Lempararily replacing the ordinare
caver ol the jars by & wooden one with a liolein the centre, thraugh whizh ihe il of he
unimil abene i drawn ou with the adé of a loing forceps or clamp for making fhe
sl o,

{30 The method, besides giving posuive results with plagus only and not with eseido-
lIJ'l"H'!_I'l!'l.Ill.l!-i‘i bBacilli, hns alse been Found weru] witk contaminzled materials and when
dealing with soine rui-pathogeniz organisms wiich  produce Faal infections when
adminilered sulcutaneoualy,
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_:"ﬁ' "ﬁ CHTERETE iecelation

The method of subcutanecus i_|1-;‘;ll.'|:.|Ii'|.l;5|,‘;-|'| af -::q.:ru:rim-:nml amimals with
. .glw_g"_';pn:{d materizl is the most universally appiu:_ﬂh[-:: -::-_t' the pruc-:dup:s
inder review, both beeause such Lesls o e m;.nde with W_hltﬁ rats and e
i \!ﬂﬂl as with guinca-pigs and beciuse il permits the testing of ﬂu-'slfltnslt:'m’r-_
f the pooled organs of plague-suspect ru_dl:lm: or l.::-l' pooled Meas as well as o
a" other suspended plague materiuls.  Further, direct use may be made of
flu.h.l cultures, of the hlood of plague-suspect rudl:ul:s. ur human suf['l:r:erf.
and of the sputum of persons suspected of 5u_ﬂl’n.:rlmg I‘mlrn prEUmOie
plagus.  However, in wvicws of their preat sensiavity I:lif infction with
pretmaeocc, white mice should noc be used for tests with sputum. .

Ac i the case of cutancous infection, most workers recommend c11.hr:r
the inner side of the thigh or the ower pgri of the akdomen as the sites
'[ﬂ;,- suhcutancous inoculation in guinea-pigs or rats ﬁnﬂ |;.1|.r. lovwer part
of the abdomen near the groin region in the case of white mice, Mol more
than 0.2 w1 to 0.5 mi at most of the test fluids should be used for the sub-
cutnneons inoculation of thess animals, or amounts of 0.5 ml or Eflg.l.'ljl.}"
more up to [ ml at most in the case of guinea-pigs and white rats. The
feel malerials must be preparcd and the injections must be mode under
ameplic condilions. |

Subrutancously infected laboratory animals vawally swecomb to 1_'.-';7!|:al
plague within intervals of theee Lo four days, pu'm-irlf:-:i. thai test |'|!|31|."l:|a.|5.
ccomtaiping virulent plagoe bacalli bal free From any considerable contaming.

tion have been wsed,

fntraperitoneal Wocidarion

The dipgnostic importance of intraperitoneal incculation of plague-
Sswspecl matenials 1s due o the rapidity with which the test animals suceumb
ifter the administration of cven limited amounts of virolent plague bacilli
By this route. Death of the animals may take place as early as 24-36 hours
after inlection 2nd is as a rule not delaved beyond three days. Intraperitonsal
dtocalation is therefore particularly indicated for the rapid establishment
_ﬂf the dizgnosis in instunces of previously unobserved rodent plurue—e.g.,
A the case of rats found sick or freshly dead on board ship or in ports—
Ahdin human paticnts, cspecially in the carly stages of suspeeted pacumaonic
G seplicacmic plague, when only signs of a severe unlocalized infection
AR manifezt,  However, as has been noted above, white mice should mot
bE nsed for tests with the sputum of plague suspects,

. Even more rapid results may be obtained by taking, with the aid of
i Syringe, material for microscopic and culture examination from the
-hl_'_jmn-:n[ cavity during the life of the intraperitoncally infected animals.
I virule flazus bacilli are present, they can be demonstrated in this
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manner in the peritoncal exudate aspirated about 24 hours after inocula
tion of the animals.

Cuarrying out intraperitoneal incculation rests with plague-suspect mate,
rials, these rules must be Followed :

(Ir I k5 megessary 1o resarler the use of this method o non-tomtaminated mater
becpse, ofheowise, mixed infections are bovnd 1o rsult of, worse =il (he animals
apt to succumh quickly to infecrinns cansed by contaminaring Basleria withoul prese
evidence of ploguee infection.

(2} The injection of oo large amounts of viralent matcrals should be avaided
hecise otheradse the onimmls, pacolacy mice, may rapidly succumb o loxeemg
withaur showing macroscopic evidence of plagne and yieldine wnsatisfaciory or
no growths of Fast, pesits, This precoution is particularky neecszary when intraperita
inaculation is used to confirm the plague naturs of sEspicions celivres

(3} The inoculafions st be carried ool weder azeptie conditiorns. 10 s besl Lo T
the sie of the infection from hairs inoan area of abour 1 ocne® and o disinfect U by
skin - with alechal before the injection §5 made.

fq'_l' {GTeAr cans must B taken not 1o punctune intrapentanéal erpans,. To avasl !ﬁ: ,
it is besst to haodd the animalks belors injeciuen witlh thewr heads dosworsarnds and do o

shauld then be gently moved to and froe in ordsr o ensore That the point of the
has nat become fixed in an organ bt lies free in the perironeal caviiy,

(3} The amounts injecred choold not exceed B4-1 ml in the cae of mice, or 1-2°0
in the cose of guinen-pigs and white Tais.

Eiher miethods ol inecnlation

In the almost unanimous opinion of the experts consulted, nocuk
tions by other methods, ez, by the conjunctival roule, are not necessang

tions, 15 fraught with greater risks than the procedures described above,

Methods of examination

All experimental animalz succumbing. after inceulation with plague:
suspect materials must he carcfully dissected under aseptic conditions i
arder to obtain macroseopic evidence af the presence of the infection 88
will as material for bacteriological examination and, where necessa
For repeated animal experimentaiion.

ns well), the macroscopic findings made in white rals and more sl in
guinca-pigs which have been infected  perculanecusly or subculanesuslys
with viruleot materials, thowgh not Dully pathopnomonis, are wsually quites
characteristic of the presence of plague. The most important features

et with,
(@) the prese
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i addition to subeutancous congestion, in guinea-pigs ire
ace of a marked infilteation, and often of ulceration at the sile

gfinfection, or o bubo in the corresponding regional lymph-nodes, or bath:

() enlargement of the spleen and liver, which often show small or relatively
lapge et

olic nodules, e addition o ung:urgtmcnt of the former organ
and parenchymatous o erhy Fatty degeneralion ::_-F the latier; {¢) the Prﬂﬁt‘;m’{
af sinilr podules or, mione frcqun_anrly, af 1.-.:||-|:}hl}' sizedl pricumenic i
in the lungs, In intraperitoncally ml}mls:ttud animals an e:.u:datlr: is !E‘::.UE:L
in.lhﬂ abdominal cavity which as a rube is ruther seanty il SEFGUS in 1 8
cage of white rats, and more abundant and purulen_l; in guines=pigs Chwing
ta the nsually rapid death of animals m[-:n:tr.ﬁ by this route, marked charac-
teristic changes in the internal organs are likely to be sbeent. _

Material for bacteriological cxanunations should be taken under aseplic
precantions from the site of infection or the huba, or buth; from the spleen,
liver, and heart; and--particularly in the case o HT?Lm-.I:]s which sucrumhbed
with some delay—Irom the lungs as well, Cultivations from the bone
marrow, which arne indispensable when examining ::IL‘-:.'L:-LIupl:lsEq CUTTAZSES,
are unnccessary in the case of experimentally infected animals, if, as ought
to be the invariahle Tube, they are dissected within a few hours after natural
‘death or are killed in the moribund slate.

Various methods may be used to make cultivations from Lhe organs
of the experimentally infected animals, Tieces of the OFENE, removed
witl the aid of freshly sterilized instruments, may be ulilized directly E'-a:lr
the inoculation of agar, or preferably blood-agar, plates, segmeniz of which
may be inoculated for the suke of economy with different organs of one
and the same animal, Alternatively the surfage of the organs may he ﬁ:_;m:d
with a hot spatuls and material tuken with a platinum or c-hrumlum-m_ckut
‘loop. To obtain heart blaod it is best 1o use a sterile glass capillary provided
with a rubber bulb, which is plunged in, if necessary after the surface of
the heart has heen seared. Such small glass pipettes may also be used
gonveniently for the collection of peritoneal exudates. _

After material for cultivation has bzen laken, smeirs of impression
filtis arc made from the same organs. For the sake of expedicncy and
“etonomy one and the same slide may he used for several or all the organs
in question, hul it is well to prepare two such sels 50 that, in addition to
eolouration with Wivson's or another suitahle simple stain, Gram's method
may be wsed of necessary. i

T s well to keep pieces of suitable organs of the dissected animals
“—.p., of the bubo, the spleen, the Tiver, and the Jungs— in a sterile dish
!::'T-'l-l.ll:rr: s that, unless smicar examinations give gutisfactory prelimnary
E'ém]li, dircct animal experiments can be made. Tt should be noted 1hal
.':h: this wav clear-cyl results may ultimately be obtained with materials
ontaining plague bacilli of low virulence which at first produce ™ inap-
E‘_ﬂﬁlﬂ" infections with scanly or even negative macroscopic und bawcterio-
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logical findings. Direct passares b the intraperitoneal route ore apt g

prove particulacly wseful in such cases.

To what extent confirmatory lests must be made with the culiipres

isolated feom the experimental animals depends upon the nature of the ¢
materials, Full confirmation of the diagnosis with the aid of serolog
methods and by phage or biochemical tests is indispensable in instamn
of incipient rodent or human plague as well s in sporadic or clini

arypical cases of plagoe in man. During previcusly confirmed outhrey .

it 18 permissible to consider fully tvpical resulls of macroscopic and m
SCOpIC examination and of cultural tes1s as conclusive, Smear exami
ton alone is in the opinion of most experts not sufficient to cstablish t
diagnosis in cxpenmental animals,

LABORATORY DIAGNOSIS OF BOLENT PLAGLE
Mlethads of Colleciion

Corenensad (domesiie ) radenis

Thaugh dilferent methods, including, for instance, killing of the rodents

by the pablic with the aid of primitive means and opening of the burra
followed by catching or killing the cscaping animals, have been use
anly two procedures are ulilized on a farge scale to procure plague-suspe
rats aml mice for laboratory examination
found dead, and trapping.

: While some workers advocate the use of cither one or the other of theg
principal metheds. others maintain with mueclh reason that these D
procedures, because they supplement cacl other, should be applied i
combination, Collection of dead rats-and mice is according to these workers
the ‘methed of choice during epizootics, hecause one may expect to find
far more [reguent and conspicuous evidenge of plague infection in e
carciasses than in the animals trapped alive, Trapping, on the other sz,
ought to be used on the widest possible scale (1) in the localities m
the epizootic foei, 50 45 to delimit the latter and to detect whether and i
which direction the infection spreads: and (i) during the off-seasons a8
well in the plague-affected Iocalilies, because then rat-fulls. are few Al o
fur hetween, but evidence of the persistence of the infection may be fal l
by an examination of trapped animals or their fleas with the aid of pooling
LCGLS, '

Different methods of collecting the carcasses of plague-suspoct rals
:md_ mice have Boen used in accordance with the local conditions in the
various plague areas, Cenerally speaking, it is most desirable that such

1
Lk

namely, collection of animals
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'Eﬁcéﬁﬂm he made by properly equipped members or squeds of the plague

ﬂiﬁ' so a4 to Keep the public as mich as possible away from the dead
ﬁﬁmgh or their fleas. ;

1§ such workers can be emplisved, they should make systematic rounds
W'Mt and collect carcaszes nod only outside but also inside houses and
L F'mundﬂ- Such rounds shonld be mads o particalar carly in the morm-
iﬁ:ﬂu preferably, a3 has been recommended !'n:_:-r Tacia,; helore sunrise. . The
E&adlanlmals found should be gathersd: with-long lengs and, after they
have besn tapped, should be placed nometal conbainers wilh well-htling
{ids Tor transpori 1o the Iaboratory.

[ collection of the carcasses has to be [eft to the public, they should
1:5 advised not Lo touch the animals, but o handle themn eath tongs or
cimitar implements, The carcasses should be enclosed forthwith in paper
':b_ﬁeg or i tins or other containers available in the houscholds and, pending
delivery 1o the laboritery, should be stored outside the houses. During
severe outhreaks in China it was found suitable to establish collecting
posts for the deposiling of ral carcasses found by the public by affixing
solid containers with lids on the outside walls of houses and compounds,
telephione poles. or the like, or by plucing large lns or carthenware jars
with well-fitting lids at stratepic points in the thoroughfures, Stall members
wisited these posts at least twice daily to tag and colleet the rodents deposited
by the public.

In the opinion of most woarkers cage-type traps should be used in pre-
ference (o snap traps to catch rats and mice for plagne-diagnostic worlk,
cmploying baits attractive 1o these animals an accordance with the local
conditions.  The teaps used, which should be as numerous as possible,
ought to be inspected ot least once duly, preferably earcly in the morning,
If eapturcs have been made, the traps should be enclosed in cunvas or
nylon hags for transport to the laboratory so as to prevent on escape
of the fieas on the trapped animals. IF cage-tvpe traps are handled in this
manner, salistactory numhbers of fleas can almnst invariahly be recovered
for examination.

Wil rodenss

. Mo generally valid indications can be given for the collection of plagus-
_“.h@'fﬂ:lrd wild radents in view of the profound differences in the ecology
‘“f”-'“: Imimerous species invalved in various parts of the world or even
Mindividun] areas, so that attention has to be given to animals with cither
diurna] or nocturnal kabits and Lo species given to libernalion or acstivation.
I ___E'I':!ﬂfl.:liﬂr'l of dhe plaguessuspect carcasser of wild rodents may be
ﬁ{%ﬂd““ﬂ difficult by the often large extent of the affected areas and the
PIESENCe of carrion-eating beasts or birds of prey, bui may be used to greal
¥alage in the case of localized severs cpizootics. If no carcasses are
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found, satisfactory results may be abtained by the wse of traps suited fo (b
size of the species involved. Shooting diurnal rodents with 0,23 calibre 1
or shotpuns by trained marksmen has been Tound eminently suitahle
the LSA. Good results have been obtained zlso by stirring in the ro
burrows with leng metal rods or by flooding the burrows so s to
the animals o the surface where they may be killed by mechanicul

If other methods fail, it is necessary to apen inhabited Burrows by d
This provedure, besides offering good chances for the captire of live rode
or the recovery of carcasses, is advantageous in that numerous cotoariy
are dlmoest invariably found in the nests of the animals.

Observalion of Captured Auimals

Opinions on whether plague-suspect redents which have been cuptieg
alive should be kept under observation in the laboratory instead of
killed Torthwith are divided, some experts recommending (his procedi)
while others are agains i1 Since, in view of 1the cannibalistic tend
oflen shown by rodents kept in caplivily, it i necessary Lo confing
individually, it would certainly be diffcult to keep numerous pl
suspect rodents under observation, 1t has also been pointed out with
reason that animal experiments with the orsans of individual rod
captured dlive and killed forthwith or experiments with the pooled ar
of such animals are bound 1o grive positive results i the animals are incw i
ing plague or are in the incipient stages of fhe divease.

Since, however, some workers have had Tuvoorable EXpEricnoes
animals succumbing Lo manifest plague afler an ohservation period
laboratory, no liard and Fast rules should be laid down, If rodents capl
live are subjected to observation, they must he kept under comd
strictly preventing an escape of their fleas. To extend the periad of ob _
tion beyond about a week seems unnecessary, If not succumbing wi
this time, the animals must be suerificed, dissected, and tested with the
of microscopic and culture methods, and as far as neeessary, by anl
experiment as well. Tdentical tests must be made, of course, in case of (i
animals spontaneonsly succumbing during the obscrvation period.

Metheds of Killing Captured Animals

The following methods of killing captured rodents have been re
mended by different workers:

(1} Killing by mechanical means, e, by srangulation, by crushing the skull |
stonit clamp, or by administering a blow 1o the head:

(2 immersion of the anirmals;
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4y administration of volatile Muids, such as clher, chloraform, chlarapicgio: (L

gm;;{s'n::rmilf'?mh“m-':'- or gnscfing; and
.'I:'dj zassing with cabomm cyanede.

Excepl in emergeneies the methods mentioned under {3} and (47 should

.;:]-;.;-;:pn kotl hecause they are more bumane and because they énsure
Eﬁ ki]llﬂiﬂ. ar at least (he stunning of the fleas |.‘.E|.FEI£:I‘|:II!FL§ il m!:lents.
s killing the latter, Both these methods can be implemented in the
aee of rodents confined of enclosed in any solid container with o well-
E"rﬁm lid. To handle rodents captured in cage traps which have been
ol Sards enclosed in canvas or nylon bags, the Following procedures
ehould be Fallowed: : .

(1) Volatile fuids, preferably pasoline, may be simply and ll.:".[i.ﬂm‘.‘.]:{ appliel under
these circrimsdaneis by (i) putting aeh g with the Lrap imsde inio A slllrf-hl:.r sireid 'h-cr:-'.

o tin: (i} partly apening the bag and pushing in a cotton pad scaked in the velatile

;:,i.]l i;-l ,_-lrm_,.;ﬁm; (il keeging the hox closed For abowl 20 mimstes, o time flly soffizient
sp kil the rodents and ab keast 12 stun their fleas; .

(20 TF cabzum cyanide i available, the cape Lraps in their baes, which should ﬁn;t
e ppened ulr_'.-:m: put ot a Lo oor box provided with a wellHitnng eover nnd an apening
suitnhie for |;.1:|7n]1i1|;_.-; in calcinmn cynnide after the roocplact: has boon closed. Several traps
may be handled at the same time, provided U colaings of an ad:bquruu size wre
available. A fiew strohes of a pump delivering /i, ounce (24 gh of ealcium cyanide per
.mk': cught to be sulficient fo deal with o reocplachs baviog & cubic comtent of 10 Rt
103 m).

Forwarding MWalerials

No generally valid recommendations can be made on how to drringe
for an examinaiion of plaguc-suspect rodents if, a% is often [hf. CHEZ, T
arincompleie Facilifies for such work are available in the Geld or in nearby
]ﬂ.'i:rcll'ah:lrit:'\,'. The choice of suitable methods o be éldl’.‘lp‘lzf'lii Ill'ldﬂlj anech
gircumstances depends upon the presence or absence of t'acih*:tﬁﬁ for dissect-
“ing the rodents at or near the places where they have been found,
: tis peneraliv agreed that, if no local Gualities for dissection are i!.'-'iﬂli'l.b.'i‘!,
:_u].E f'l'.'lljlinl: i:.;|_r|::a5.5.-:5 must be forwarded too disiant labocatorics in sehd,
well-scaled containers {preferably metal containers or stoul glass or carthen-
ware jars well packed in wooden or metal boxes), and that, if hm_wcm.lmr
-'.'{i'T"-"'-'ililk. the ting or boxes should, if possible, be kept u1!ﬂ'-'r refrigeration
Ending trunsport, However, dilferent methods of treating the CAICARSLS
efore packing have been recommended. Some workers advocate dipping
e carcasses iy solutions of antizeplics, &g, a 3%, compound solution of
emesel as availuble ready-made in pharmacies, while recently others have
ad dusting the carcasscs hefore pucking with an insecticide, parti-
wﬂl‘“"f 165 DT, A method recontly recommended i5 to place _Ih':
.'.'_‘ﬁ'f_!i‘-ﬁﬁﬂs afler dusting with DDT into serew-capped Yelb (230-g) jars
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f:unrﬂining a layer of abour 30 2 of commercial sodium chloride. 1 larmep
Jars are used to accommodate seversl carcasses, 2-3 ounces {56-84 o)
salt are allowed per animal

If local facilitics for disscction are available, the usual praciice is
forward to the laboratories the lymph-nodes or picces of the internd
argans, or bath, of the dissected animals (especially the splesn and i
i preseeving fluid. For this purpose Broguet’s finid is oflen recommen

.-".i:cnrd_iﬂg: a recendly given Tonmule Broquets Auid mny be propaered by adixing
2 o caleiwm carbonate and 20 ml of pure nevtral glyoered to 500 ml of distilled watef
Te prevent azidification of the Awid i was found advisable o butler it with 110460
-E!I' bigadium phosphate amd 002 & of ciiric agid por DOMF ml The Meid was :_:1('3,." E
for 10 mimutes ad W07 C and then kepl in bodtkes. the corks of which Isad besem sieriliseg
by dry beat and nfterwdrds coated with sterile melted paailin. 4

Te pomve the execss of glycernl before: Lhi pieces 1his preserved wore wed for labn
rtory coammation, particalarly animal ciperiments, if was necommended Ut ihey
placed on sterile filler paper. but this should preferably’ be folloawed by washing tIg
pesces in slerile normoal sl i .

It wnslfuuu.d that pisces of plague tissue preserved in Broguet's Auid continued
harboar virulenmt Parr. pesite for periods of af Jeast twn wecks, provided thar they .
k*-'m_ﬂt raem emperabure of i the refrigeracor.  Positive expermental resulis were 25
obtained wilh plagee fleas kepr in the fuid for periads up £0 i days 1

As shown by experiences in India and Madaguscar, it iz also satisfactor
Ler preserve material ebiained by puncture from the heart or the liver and
lungs of plague Gireasses in normal saline.

According Lo the findings made in this respect in Madapuscar, normal
rs:nlm:' suspension: of materials from the liver and Tungs of cxperimentolly
|rljl!"=-:t-:d animils, obtained by punctur: 310 hours after death, remained
virilent for periods up 1o six days at lemperature of 16%-26%C but we a
ne longer virulent after having been kept for three duvs at 379 ¢, Suspen
sions rade from carcasses which had been kepl for 4% hours at 21°G
remained virulent for 24 hours only, though the organs of the pu::r_-l'u::
animals were still infective afler three days, '

a1 ene and the same time, pocls may be mude from the lymph-nodes or
I:JJl:I splecn and liver, or hoth, of the rodents in saline salution or in Broguet’s)
fuid; or, a5 has heen recommended by some workers, such pools may b
prepared instend from the bone marcow of the carcasses, collected fro
the ﬁ:m-:‘nmi bones of the animals with the zid of a syringe provided witl
.H ._'il!llritbl}.r thin and short bevelled necdle. Whatever organs are chosern,
It 15 essential to wse exclusively materials collzcted from rodents belonging
torome and the same specics for the preparation of individual pools, Because.
ﬂ!_h&rwis:, in view of the great sensitivity of the animal fests performed
with these collected materials, rodent species which are not actuallv suffer-
ing from plague might be ineriminated 3

=

LABREATORY  DESGRNUSE OF  PLAGLIE g4 ]
Methods of Examination

Two Fundamentally different methods are used for exanunotion of the
carcasses of plague-suspect rodents: sither complete autopsies are made
and the material thus obtained is uscd Tor microscopic and culture cxamina-
tion followsd by the neccssary tests to confirm the plogue nature of the
growihs: ur dissection is carricd out only for enough to abtain fragments
of the: ympl-nodes oc the splecnand liver, or both, or, a3 i advocaled
by some workers, of the hone marcow of the animals, which are poaled
and used lor the mecelation of test animals, vaeally Tor suboolineous
inoculation of muinca-pigs.

The methids sibable for individoal examination of 1he rodent carcasses
have already been deseribed (see page d84), bud 0 i necessary to add that
when dealing with mudilated =pecimens or wilh carcasses which have under-
gune putrefiction, satisfuclory results may be obtained by opening the
femurs of the animals with a bone forceps or strong scissors and collecting
particles of the bone marrow with the aid of - nesdle or a syringe.

The methods adopted by different workers For preparing organ pooels
vy considerably.  Most workers use normial zaline solution 10 prepars
susprensions from this material for animal inoculation, bub some advocats
e wilization of more concentrated sodinm chloride solutions, of as much
as 100200 The wsual method of making the suspensions is o grind
up the collecied small organ pieces with the ad of o lintle saline in a sterile
muoriar. An allerpative espedient method recommended by other workers
consizls of (1) putting the pleces of orguns into o thick-walled tuhe into
which some coarse sund or plass powder had been inserted before sieriliza-
Vion, and (i) to break the organs into fragments, after a litdle sterile normal
siling had heen added, by vigorous shaking of the tuhe,

Though successfol use has been made of the bone marrow pools collected
from large numbers of animals, il seems advisable to prepare pools of other
Lizsucs from not more than 1) plague-suspect rodents:

It haz been maintaned by some workers that pooling tests, made cither
with orpan pools or, a5 will be described below, with flea pools, rendes
the method of individually examining the rodent carcasses superfuous.
Hewever, not all experts are in agreement with this opinion, many [rainis
ing oyt that the two methods, as they supplement cach other, cughi Lo be
uszdl inc combination.  Pooling tests arc of paramount value Tor SUTVEY
Purposes, i.c., for cstablishing whether plague 12 presend in a3 given area
or locality, & bype ol wock 1 which the meihod ol individusl rodent examina-
Il'l"':l s apl b pive disappointing resulis. The pooling methods are likewise
Invaluable Tor ascertaining - wheiher the infection persists in arcas “or
lecalities where it has previously been manifest. 1t must be realized, on
the ather hand. that pooling tests, because they are apt to prove positive
in the case of pools containing merely a few, or possibly even single, virulzmnt
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plague bacilli derived from one carcass or flea, do not indicute the cxten)

mdividual examination of an adequate number of rodents; and this §
therefore of paramount importance for watching the trend of the infectiol
during actual plague outbreaks and thus oblaining information i
pensable for a proper conduet of the anti-epidemic cumpaizns.

LABORATORY DNAGNOSLS OF PLAGUE IN FLEAS
(O OTHER INSECT VECTORS)

Metheds of Collection

Frova. rodonrs found deod or Eilled e the laboratory

Slmae I i unneccssary toocxamine live fleas or other insect vectord
lor the purposes of plapuc dizgnosis, the uzsueal praclice 15 to kil thess
cotoparazsites bofore their removal from the plague-suspect rodents.
this respect the metheds of handling ammals cought in cage traps have beel
described above (see page 488). In carrying out these procedurcs it
casential to examing the wnsde of the bags or boxes in which the trap
‘have been enclosed, becouse the fieas often leave the fur of the rodenl
belore becoming killed or stunned.

Acosimpls and efficient method for dealing with rodentz which have
been found dead or have been killed by snap traps or by olher means at
their place of capture is as follows;

(1) As noted already, the rodents eolbected desd on killed an the spot omust be tuken
Lo the labomalory in tightly closed tins or boxes, or in well-closed paper o nylon hags
(2i To kill ihe scoparssites inoihe laboratory, a 15-gallon (or 63-litred garbape tind
provided with a welldfitting lid is vsed, inlo which a prce ol hardwan: cloth (strong wing
reliing) hax boen placed an three or four aboar 5-10 ¢ bigl wooden Blocks.
(31 Afer abour 2 dablespoonsfol of caleiom cvanide layve been pleced under bl
hurdware sereen, the boxes or tine contalning the carcasics are opened and the latter)
ama quickly paured in; then, befoss the Ud of the parbaps G s closed, the boses or tins)

are held open oocer its mowth and shaken o knocked 20 ag 1o remove any ectoparesit
which bad lefi the carcosses.

{4) Puper o1 nylon bags containing cancisses imnay simply be opened amd quickly o)
inta the garhage tin, the lid of sluch 13 (ben closed.

{51 1t'is predferabls bo let e caleun cypanide act for 12 hours, hat if necessary, the
pathage tine may be opened afier as livke as 20230 minsutes.

() The opened garbage Log ace lelt standing for o few minuies to0 At them (an
opsrntion best performed in the open arcd not inca roam) and the careasses aee then
rermoved with the aid of (ongs to be handled 2 deseribed Relow.

Move, Inemgrpencics thes method may wlso be used 1o kill modenis enclossd nocape
traps.

Tocolleet Killed or stunned Aeas and other cotoparasites from carcasses
treated according Lo any of the above methods, it is sufficient 1o hold the
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sapoisses by their tails over an cmply white enamel basin and to comb
PR -- ¥

their fur with the aid of a fine-toothed comb, or to brush the fur with a

«tifi brush or u forceps, or simply 1o strike the carcisses sharply with a
<Akl : 2] - Iy .
'thn:E‘-'i."i.Jl'l'.l'."I"zd- file or anoiher suitokle instrument. Howeer, many workers

prefer Lo #11 the white enamel basins nsed for ecloparasite v;u_]l_u-:‘.ﬁvm with
waler and [0 IMIMErss ihe Arcasses hefc;rn thay Izne -:ln:pamsu_;ml. Some
workers keep the carcasses iprne racd whlln_ combing or brushing tlu:m_—a
procedure which i¢ desirable when handling carcusses the ectoparasiles
of which had not been killed beforchand,

The ectoparasiles removed From the careasscs by these procedures arc
picked up with small forceps, preferably with curvesd Ie:n:]a. 2!1_1:1 put 1nia
empty vials or, betler atill, vials flled with normal gulln}:; U]L ir :"h: '-TILZ!:':."-
pnrm;ilt:i cannot be tested forthwith, into vials fl_li{_:d with 250350 5.&!.|.II'.|I:"
colution.  Fleas, ticks, lice, and mites from mdﬁ_mlus] rodents or 1r-:qn
hatches of carcasses belonging to one rodent species must be vollected 1n
separsle vials,

I flen-infested premises

The three principal methods for collecting * free-living ” fieas in infested
premuses are {1} exposure of guinea-pigs on ihe Noors, or of guinca-pigs or
other rodents (e.g., rats), which are free or have been freed of flezs, in
cages placed on the ground or nol mare than & inches {15 cm} above the
floars in the premises in question; (2) the use ol lenglefoot paper o, Pre-
ferably, of more elaborate artificial flea-traps; and (3) the collection of
fleas from floor sweepings, nsing & small dustpan and brush and o flen-sicve.

Dietails of these thres methods are as follows:

(4 The wst animals, after being exprsed inothe infacted prenises for o night o
Far Terieds of a few duwvs, must be taken Lo L labaratery in ilc_n-pruur conlainers, §F
it 45 desired L spare their Tivss, the noimals may be anaestheliosd with tlﬁurwchlnmﬁ.ﬁrnl
amd iy be bmshed or combed whils wnder annesthesia in Py white .4.'|:|ﬁ|1'|¢| l‘u'ns_-'lnﬁ.
Froams which the Reas can s easily and salely collected. Otherwise, the animals are killed
and cxanuioed nocording o the methods describad above (oo poges $88 and 4%,

(21 A simple ond efficicnt flea-irap consisis, as originally |<:=c.u}n'-n-u1d_|:|1. af g dish
filled witls Tamp oil 2rd prosided with a Boating wick, which 12 lighted =l 1|:.uhlI1l:l nrtrnct
the fleas, Actuzlly, however, it is often sulficient simply to fifl the dishes with water,
preferably adding a little ethanol or chloroform o, betler still, THOT oF some other
suirable insecticide. { "

IF used In houses with soft fAoors, if wall be found advaniagerus W sl The om ol e
dishes lovel with the ground, Hewever, fully sntisfactory cobehes can be nincs oy plaing
Ihe fraps (preferably lighted traps) on sodid Aours. ] i

After the traps have been exposed overnight, they are inspected and the fleas ang
vallected in ampaules inothe mannee described aboa, ,

Tanglefaat paper bhos besn Found eminently usefial for ghe collecton nl'_ slandard
samples of feas from the flaors ol leman: habitatisns in Fremch West Africa.

131 Flens from Ooors may ke colleeled on dhe spot by 5.'-\~:1_:pi:|||_a. up dust and |.-fum|.
dehris b mreans of a beush and pan, and rransfecring the material 1o & double fls-sieve,
which is shaken awer @ lj{f{'l white cpamel bosin, The fleze are rcadily collected ina
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hilb-suclion tuke: I water is used in the hﬂEiI], the fleas are I:lilz‘l'f\.'l}li i il I‘:".'l:':ﬂli 4
described above.

From rodens bperowsy and Bests

In order Lo colleet fleas and other ectoparasites from rodent burrows,
the Burrews are gradually opened and the soil covering portions of abouy
20 e or 1 foot of the corridors is scraped off al o time. These materizks
a5 well s the nests eventoally repched are placed in flea-proof bags of
cber containees for transpart o the laboratory, unless facilities for fea
wollection are available on the spot. Working in manifestly plague-affecied
localities it is most desirable fo treat the burrows with ealeium cvanide oF
chloropicrine before digging operations are started. Oitherwise, the malerialg
remaoved from the burrows must be treated with calcium cyanide or chloro-
picrine,

In order tocollect the ectoparasites from these materials larac galvanized
htckeéts may conveniently be used, which are open at the lower as well as
Al the upper end and contain two or three s2ts of sieves made of wire netting
of decreasing gavge (e, of Vi-inch (.35 mm) gauge and of 31 gauge corres
sponding to that of mosquite netting). Before the materials to be examined
are sieved, the apparatus is placed in a large white enamel pan which may
be used emply or filled with water to facilitate the collection of the eotos
parasiles, |

Another suitable appuratus for collecting fleas from dust has heer
described by Estrade® To collect fizas from the litter found in the nests
of redents, workers in the LISA recently took advantage of Berlese's funnal)
tescribed by Baker & Wharten? The primeple of the modification is to
loree heat, with the aid of an electric lam, through a funnel syseem so as to
drive fleas und other insects inte 2 collecting pan,

In place of these tedious operations some simple proceidures have been
recommended for collecting fieas fram the mouth or the cnteances of wild
rodent burrows. Thus it was found that considerable numbers of these
insets may he collected by moving a piece of stout white material Fastenl?
te & stick over the ground near the burrow entrances and by pushing the
cleth into the burrows to a depth of approximately 3 feet or 1 melre, ind)
subsequently shuking it over o white enamel hasin, preferably filled with
water. It was also recommended that wild rodent fleas be caughl with the
utd of colton wads inserted into the mouth of the burrows.

Forwarding of Fleas or Other Insect Vectors

Il is generally agreed that, in order to lransport fleas or otler ecto-
parasites 1o distant lahoralories, they must be placed in solid (ubes or

@ Bstiads, F. (1034} Fall. Suc. Path. avar 37, £58 {See also: Pallizer, T (19443 Pispue, Genava, b, 3061
& Baker, E.W. & Whamor, . W (1957) 4% Miroducitor io Srdratapr, Mew Tore

LABGRATORY DIAGHNOSIE OF PLALGLUE 495

mpoules, corresponding in size to that of Wassermann tubes, Hin.ll preler-
:g,a:,- provided with screw caps. Failing these, cotton plugs coated in paraflin
chould be used to close the tubes. These must then he sccurcly packed
ot solid tins or wooden boxes. . . E . .

R Mozt workers recommend the use of a preserving fluid for long-distance
transporl of plagus-suspect Meas or other mmsect '-'Hﬂl:_lrs. Hnme Eld‘.:'-.'}l:at':.
the use of Broquet’s flusd or this purpose, but Tully sahm'n.t'rn:rr:_r' xpericnces
have boen made by utilizing instead of this 2% or 3% sodium chleride
sodulions.

Mleihamls of Examination

Since hacteriological examination of plague-suspect fleas -:‘:ﬁ-:n_ gives
disappointing results, inoculation of test animals with pools of such insects
has to be resorted to in disgnostic work. The technigue for such tests may
be outhined a5 follows:

ring suspensions feom the poolks, the collected fleas I'IIII.I::-1. I:l-:-1:.':-:a.1|1i|:ﬁ'.‘d
u.|1i1”|-:}:rjﬁir:|rf-lp|:mrﬁng rﬁtmmnu«: or undsr ihe low power _uf an ordinary aceoscopE
in coder 1o defermine the specics 00 wikich they belong. Sterile instronsents and ateriks
slides or dishes pught Lo be sl for this porpose. :

(23 Fleas belonging to o single species should preferably ke used for the prepasation
of imbvidoal pools.

(3 It is advisabds to restrict the maximum ruseber of fleas 1o be u&ml_:u:r poed 1oy 30,
but l;.'- reduce this rember whenever possible o EE-BU_wImn suinen-pigs are used as
pesl animai and 90 ned mare than 20 whed nice experiments ane performed.

{41 Belese using the flens for the prepacstion of e e ausw_ninn. thew mst b
1|-..-_||;|_||.-,;||]_-,- waahied-—preferably several times—in sigrile normal zaling,

{5} Sterite morlars and pestles or glass rads may be used 1o iriturate the fieas i_ll'l-'H'
& Tew drops of sterike normal saline have been wdded,  Anollwr convenient method is _I:l-':
pul the Bexs ke a larger thick-wnlled test-tube and 1o wse, aller a faw ﬂmr_m of sterle
nonmal saline bave been added, o fong narmoaer fest-tulss (which hns_]!-T'E'«'h:ll.lil}' [ESH
sterilized inside the larper tess-tube) for crushing the s, Some sterile sand or glass
powder o & sl amount of smmoniam oxalate may be added o faciliente tritumation.

(5] Alter tritusation |s completed, sufficient slerile noumal saline is added to prepare
s peraions Dor injeelion: Uw specimens are then vigaraualy abaken and allowsd o stand
for @ shon tame aotll e gross particles. have bocome deposiled. y .

(71 Either guines-pips of whiie mice may be used for El.lbl'.'l.l.lﬂnll:'rl.lll.'ﬂ'l i||l.'rl.‘:l.l|l1.1i_=.‘l_l1. "«‘-:Ith
the supermatants. Teésls with white mice pre preferable as this facilivates the |.1r|E|:r:|I:.|i:|n
af bws lest animald lor cach poal n procedure which &2 desicable to sueard aguinst
meercnrment death of the Inogulared  animals.

Comparative Value of Fles-peoling aud Tissue-pooling Tests

In the opinion of some workers, Mea-pooling tests, sinc-:l they form an
pecurate means of ascertaining whether plague is present o the rli!'l.‘!E!t'lT
herds concerned; can be used exclusively in prefercnee to the ]ISEE cxpediant
and comparatively more dangerous method of lesting the tissues of the
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rodents.  However, it is wsually held thar these two catcgorics of testy
supplementing each other as they do, ought to be used in combination]
Accordingly it §s legilimute Lo give preference to fisa-pocling tesls (o expe
dite large-scale surveys of arcas where the presence of wild-rodent plapueis
suspected.  Such Lests are also of great value during the of-sensons of ra
caused plague, when rodent infection is apt to be quile inconspicuous
while the fleas play an important part in carrying over the infection. How
ever, Lssus-pocling osrs, or rather, in view of what has bren discussed
above, individual examinations of the rodents, are of paTamount importal o
during the plague scasons, when it is csseatial nol merely to obtain infor
mation on whether the infection is preseat, bul alse to learn exactly with
whut intcnsity it has spread.

LABORATORY DIAGNOSIS OF PLAGUE IN PATIENTS
Bubonic Plapuc

According to the character of the discase and to the stage in which the
patients are first scen, the following methods may be available for th
laboratory examination of materials colleeted from bubonic plague patients

Exgmination of pus from the site of infection

In imstances in which a local reaction io the infection is manifested
the appearance of blisters &t the site of the infective Mea-bites, material for
laboratory examination can easily be obtained by collection of the g
filling these thin-walled vesicles, which often Dreak spontaneously,  Thel
diagnostic value of fesis made with this material is considerahle, because
in positive cases il is invariubly possible o arrive ol a prima facie dingnosis
by the cxamination of smears, which show the presence of characteristio
bipolar-stained and pram-negative plagus bacilli. However, both because
such manilestations of primary skin plague are usually rare and becausc,
if present, they can be detected only in putients seen in the earlicst stage of

the disease, it is exceptional thal advantape can ha taken of this metho
of examination,

Examinalion of mwaterial from the buboes

The uwsual method of obtaining material for lahoratory examination
from the bubnes iz to puncture them under aseplic conditions with the
aid of a syringe mounted by a thin (20-22 gauge ((L90-0.70 mm)} and shorl-
bevelled needle. Early in the discase only Litthe fiuid can be aspiraled in
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{his manner, a5 a Tule not o than enough o I'u]!_ the needle. How-
ever, Lhis drawhack cun .,-;.,m]}r Iz .cm-:]'n;n:rn:!n by -.'.-a.ﬂ:]un,-a.a the nn:cd.l-: and
syringe well after puncturs wll;.'la_a I|Fl:i|: 5t¢r||li: m:_:-:mﬁ] saline and using the
resulting dilutions of the materizl for examination, :

Lute in the discuse when, as is often the case, suppuration u-!' the Buboes
has taken place, not only is it pessible to obtain ample material lor J:_ih-m-
ratoTy cxamination by punclurs, bul pus may sometinmes also be ohiained
directly when the buboes huve opéned spontancously or when, to avord
thie untowared fistula formation, they have been Enc]::-.fd_. Heovwrever, the
resulls of examination of such pus are rather disnpngmtmg:, because as
u rule plague bacilli are absent or, if present. are intermixed with numerous
gontaminating organisms. The presence of the lutier interferes with examina-
tjon by culture methods, while, owing to 4 lowering or loss of the "-'IJ'I.ZI[EI_EII.TE
of Pavi. pestis in the pus, animal inoculation by the cotaneous rouls f'ﬁ']il:lﬂ]
alone % practicable with this contaminated material) is apt o give negalive
resulis,

Laboratory examination of the bubo contents withdrawn by punciurs
during the carly stages of the disease 15, on the contrary, a method of para-
mrount izgnostic importance.  In fact there 13 no difficulty in arriving
papidly al @ prosumptive diagnosis because, if plague is present, large
or at least Fairly large numbers of characteristic bipolar-stained and gram-
negative bacilll are invariably scen in smears preparcd from the punciure
dilutions. 1t ix hkewise easy Lo eonfirm the validity of these findings by
examining and testing the agar or hlood-agar cultures, which must be made
with these materials. I a rapid conbrmation of the diagnesis is essential;
the material obrained by bubo puncture may be wsed for the intraperitoneal
inpeulation of test animals, particularly of pairs of while mice.

I spite of these advantages, most plague workers are rather hesitant
in muking large-scale use of bubo punctures. Some of them exprss the
fear that wse of this method might lead to a generalization of an inlection
which hud hitherto been localized in the buboes, Though such misgivings
are umwarrented A0 bubo punclures are made cautipusly in the manner
deseribed and without any unnecessary mamipulation of the buboes, this
migthad of examination is ruther endesirable on aceount of the great pain
which it wsually cauvses. Tn the opinion of most workers bubo puncturs
cught to be used, therefore, cxelusively in cases: of particular diagoostic
importance, namely, (i) in early or sporadic cases and (i) in alypical cases
where it is impossible to areive at a presumptive disgnosis on clinical
grounds. During a previously confirmed outhreak it is a5 a role not ot all
difficult to decide by clinical examination whether specific plague treat-
ment should be injiated forthwith, A confirmation of the dizgnosis may
be obtained by Blood cultivation, which must be made before specific
treatment i starled or, should this method give negative results, by a
relrospective serological diagnosiz.
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Blowd examingtion

In order to appreciate the value of bacteriological blood examinationg
in bubonic plague it must be kept in mind that, though Passing invasiong
afl the blood stream by the causative organisms possihly take place merg
frequently than is often assumed, it 15 only in severe eases and later in th
disease that a sccondary bactersemia becomes established, while in slio]
and milder cases the infection becomes localized in the buboes. It follows
that as a rule bacteriological examinaiion of the blood is of diagnost
value only in the case of puticnls whe are severely affected and tezled latey
in the disease. Tn such patients bacteraemia may become so CONSPICHME
that plague bacilli may be found easily in smeirs mads from the finper Mood
However, except in the case of such moribund patients it is MECeRsary g
obtzin hlood Tor laboratory examination ly puncture of a vein,
of 10-15 ml of blood should be withdrawn under strictly asepiic conditio 5
und should be used [or the moculstion af: (i) rwa agar slopes with 0.5-m
quantities of the blood each; and (i} one or preferably two flasks, cach
containing 3 ml or, berfer yet, 100 ml of a suitable brocl meditim of
peptonc water with 3-ml quantities of the bload. It is possible to inoculate
twor such asks, il is advisable 1o keep onc of them @ 37°C'in the inculustar
and the other at abor 25° . Daily subeultares N Agar Or, pee I‘rmh!}-, on
blood agar must be made from these flusks for 3-4 days. The pligue nature
of the yrowihs appearing on these plates and on the primarily inoculated
pgar slants must be confirmed by appropriate tests. In the course of estaly
lished epidernics it is lezitimate 1o resort for this purpose solely 1o smeag
cxamination or raped shide-azelutinarion tesls, or both, provided that 1 el
growth appearances of (e organisms are fully typical.

In localities remote from laboratories i may be impossible {o utilizg
the method described above of entichment in broth or poplone wirter
flasks. However, thens ought to be no dilficulty under ANy CIrCUMSLanees
n inoculating agar slopes at the bedside of the patient with 0. %ml quantitics
of Bleod withdrawn from o vein,  Such cultyres will prave suitable fo

examination even iff they do not reach the laboratories for some dayz,
Further, autoclaved solutions of H0% sodium taurocholate in normal
saline, filled in 50-ml guantities inie previously sterilized serev-capped
jars or large tubes and inoculated with Sl quantitics of the paticnt ‘s
blood may be used to advantage for dispateh 1o even distant laboratories,
where these fuids are ysed for subcultivation and. if desirable, for direct)
animal inoculation,

Septicacmic Plagye
To arrive at a speedy  presumpiive laboratory diagnosiz of incipicnt
Primary sepliciemic Plague is well-nigh impossible because il i5 only late)

in the discase that a demonstralion of the ciusative OTEANISMSE in blood
SMEATS 15 casy or at all possible,

T 1
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Comparatively the most rapid means: of ccl1ﬁrn1jng '.ch-: u:lia,gn-;:-:us.l-:]'.ul
iepemie plagee wintraperitoncal inoculation of test a:l:uma]::, pr-:-Fr:r_a 1y
mpm'ﬂm'j? hiﬁr mice, with blood withdrawn from & vein of the patient.
‘i Tl “1Iin |.-. agar 1.&1-:3|1cﬁ and flasks with broth or peptone water gughi
Iﬂ;:pghﬁifjfcn:lalﬁll wﬂi!h adcguate gquantitics of the blood as recommendad
| [
s “:IF ':ﬂ:: mfilﬁzilh;?:;xﬁl?i::w Lo wail Mo the resulis even of r_|i1'..:|;ll_ a]agm.ﬂ]
i n:dllf:c]-:-n tests belore ioilialing specilc. frestment with Ia:!atlbmilc's,da
Ell?:ci;i;n whether Loostarl this therapy haz oobe reached on clinical grounds
g5 soon as the patients are seen. In view .uf th:.- nu:-n-]:-ut]::ﬁng:g;;z
though severe, clinical sipns of primary sepricasmic ]'.-::gu-: ! .|. oy
iz rather difficult, especially in sarly or spn.mu:lu: ::E!s-:-s. : -;E-wc'. |:|.._- e,;l <
deterioration of the condition of the paticnis, since it is jﬂl_'f.. YRR
digcases other than sephicaemic plague, ought to atiract sileniion.

Primary Fneomonic Plague

To armive aloas - laboratory diagnosis: of Primur}' PISUTROTIC pgjg:: |:1
the manifest stape of the distase, commencing u::‘ua!t;-'.ah-:nut E!II_I- blnuds
after onset and characterized by the -:xpu:a:*tn:r:s_nmn aof a peculiar : 1]n¢]_1.‘..
sidined sputurm, i5 easy: 4 presumptive dla_gm:-ﬁts may h_n: mfl:le Jguu]}; d
smear examination of the spumam, in. which 1}'|}.1|:.1I, hipﬂihr-ihjl“-.lﬂb{ i I:]
srami-negative plague bacilli are iﬁ‘-'-‘u'lahk':'_l.'ﬂ:usr}n.‘u-:ll.ls and -;;-['I.-:.L.u. u:.m :.,
Cultivations made from the spotum e erdinary agar or b]uud-:lgdr ]:IFJ.:'.I:
vield a positive result within 48 hoeurs; wad L:-J'El:q wfter -;Jn1]._r 1'_|4Ehnun-... .:.rl:ﬁi
if no purg or almost pure growths of Pas. p.e'.lrrr.'.' :lr-:.c-htam\.c_ —a5 13 e
the case later in the dissase—isolated colonics of this nrgﬂmﬁnl MY h|:h-
rule be lound on properly inoculated p-]at_c::, ““f'] Th_n:s-n :n::-l-.*:mh.s mayd..
used immediately for confirmatory tests, m.-::hldmg in. early -:'.1~ spora I;
cases intraperitoneal inoculation of test animals, preferably of pairs

useeptible white rice.

5 E"::':f'rj';t«l.ihu:l' direct animal incoulation tests should be made with 1I:¢1_hl-:|n-_:l-
stained sputum of preumonic plague pzlilmta'.is. i meot |:|11:51|-|:-it11.1 ??Sﬁtﬁ
the carlier stages of the disease pneumococci, in addition to o :: contse
iinating organisms, may be present or even plentiful in the ﬂpu :'JI el 2
—=df |'|-“:s been noted beforc—not advisable bo usc .".'-'11|11.‘: it for 5.||.. 1
inoculation tests. Many workers are also of the apinicn thatt, WI‘I::.EI_ .;|:|_.|||:.|;l|al
lating suinca-pigs with sueh sputum, the Telly reliable bt L:{J]:n].:ldrdljl:lk:ﬁld}
lil.:di':.':l.ls method of culaneous infection opghl o be 1:‘_-:::;1; It may b I_]E,I
therefore, thal the procedun: rr:l.:umrlm'.ndrd ubujn'-: of intra;.:-]:nt.nn]ﬁ;cli
inoculating lest animaly with suspensions made from primarily l:l:rﬂ
Past. petiv colonies is apt to rive spesdier and Fqually rr:l.lahilr: resulos. -

While in carly, sporadic, or atvpical cases of posumonic p n:-:;ue. a.s;:u

of confirmatory tests must be made with the orowihs psolated dirselly Trom
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the sputum or from the test animals, the diagnostic procedures may be
considerahly simplified when dealing with the sputa of patients who have
kecome typically affected in the course of an establizhed preumonis plegos
epidemic. It is sufficient in such cases o make smear examinations or rapig
slide tests with the cultures isolated from the sputum, provided that thess
growths show a typical gross appearance. _

It pneumonic plague outbreaks occur in places without local laborataory
facilities but not far distant from laboratories, it is permissible to forward
the sputa of the patients, collected under aseptic conditions, to these lahos
ratorics in sterile, solid glass jars or tohes provided with tightly fitd
serew-caps, adding preferably some sterile normal saline or broth o guarnd
againal cxsiccation. TP malecials collected From poenmonic plagoe palientg
have Lo be dispatched (o dizlanl hboratories, the [ollowing procedo
shonld be Tollowed s () unless Gacilities for the staning of smears are locally
available, unstained but alcohol-fixed sputum smears should be forwardeds
(i) a looplul of each sputum specimen should be used for the successive
inoculation of two or three agar slopes which should be forwarded as welll
{iEi) in addition, it is advantageous to put 3 ml of blood, withdrawn from
a vein of the patient’s, into & screw-capped jar or mehe containing 30 ml
105 sodinm taurecholate in normal saline for dispatch 1o 1he laboratory,
It should be noted in this connexion that a scondary bacieraemio develops
Faiely mapidly in poeumonie plages patenis who have not received earl
and energelic specific trentment.

In distressing contrast o the vase and rapidity with which g laborato
dizgnosis may be made in cases of manifest pncumaonic plague, it is most
difficult to arrive at such a diagnosis or even a presumptive diagnosis ind
the carliest * closed ™ stage of this disease, For during this stage numerous;
arganizms belomging o other bacterial species are present in the scantye
and uncharacteristic sputum or 0 the salivae of the patients, while plague
bacilli-are rather inconspicuous, 1 visible at all. To moke matters worse,
some of the heterogeneous orgenisms, including gram-negative spocics, mayy
more or less resemble Pesi pestis in stained preparations.

To arrive at a presumptive laboratory diagnosis at the cadicst possible
moment it is therefore vsually necsssary Lo reprat smear examination 0ff
the sputa alb frequent mbervals {1, every 1=3 hours) and o resord bo colii=
valiom az soon as the presence of Pasd, pestis appesrs o be cerlain, Towever,
particularly when dealing with patients known to have besn ino contact
with plague sufferers, it seems advisable not fo awalt 3 presumpiive labo-
ratory dhagnoeis, but to commence freatment with antibiotics as soon as
the presence of pnoumonic plague is suspected onclinical grounds, Similarly,
one should not hesitate to commence specific treatment forthwith in cases
in which, owing to the lack of local facilities, it is impossible (o arrive al a
speedy presumptive laboratery dingnosis later in the disease,
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METHODE OF EXAMINATION OF PLAGUE-SUSPECT
DEAI BODIES

The various methods available for collecting and eximmning malerials
from plague-suspect dead bodies may be described and evaluated s lieal lovas.

Simple Methods

Warerials colfected from nosieis er mouth

If the dead hodics are fresh, it is often possible 1o collect material for
laharatory examinaticn from ther nostrils or mouth, This is true not only
af victins of preumonic plague, but alse of individuals wha hiave succumbed
1o other forms of the discase, owing Lo the prescnce of o [oamy, usually
tlood-stained fluid nesulting from the development of ‘u tersinal ung
gederriz, In the case of pueumonic plague it 15 also often possible 16 find
patches of blpod-stained sputum on the bady or clothes, or in the environ
mient of the corpses.

Expmination of  gram-stamed smcars and  cutaneons inoculation of
puinca-pigs arg the most suitable methods for dealing with these materials
which usually abound in plague bacilli.

frbr praneciure

Unless putrefaction 15 advanced, satisfactory results may- be oblained
by puncturing the affected lymph-nodes of victims of bubonic plague accord-
ing 1o the technigue recommended for bubo puncture of patients bul with
a thicker needle, The saline washings ohtained in this way may he used
for snsear sxamination, cultivation on ordinary or selective media, and, in
cases uf special dingnostic importance, for dircet inoculation of test aninuls,
paricuburly of puinea-pigs by the percutaneoes conic,

Fenous prnciure

If the dead bodies are fresh, sutisfactory marerial for smear examination,
cultivation on the useal, or preferably on selective, media, and for animal
inceulation, particularly percutancous infection of guinea-pigs, may be
obtained by vencus punciure

An alternative method of ohtaining bBloed from the dead bodies for
such yests, which is usuelly not abjected to by the public, is 1o puncture
the heart.
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Digitotemy

Fhe method of digitotomy, practised in some South Americin
lea, consists of (i) the amputation of a finger, preferably a forefinger, fran
plague-suspect dead bodics after preliminary skin disinfection with aleo f
ard (i) opening of the second or third phalanx lengthwise with the aid g
a small bong-saw 50 83 1o obtain bone marrow for cxaminglion. The |
thas erealed may be covered up with 3 cotton pad which hus heen dipped
into formol or other antiseptic and which is fixed with the aid of 2 ban
or of adhesive plaster, or the hand s simply placed under the clathing
the dead bodv. For transportation to the laboratory the ampurated fingg
should ke placed stump down into a jar conlaining 4 laver of absorhoy
CoHLon.

According to the experiences made in South America, smear examinatiag
of the bone marrow exircted from the amputated fingers usunlly pro
unsatisfactory. However, pood results were obtzined by cultivation ang
animal experimenis,

While it is impossible to carry out digitotomy in countries the inhabitanig
ol which abhor any mutilation of dead bodies, it might be feasible inth
circumstances lo obain bone marrow for post-mortern cxamination fro 1l
the sternaf hone according (o the method used in clinical work, It 5h;;.u'
be noted tht this method has given some promising results in plague patienis

Autopsy
Covmplerle aniopsics

There can be no doubt that amoung the methods of examining r:-lay,u
suspect dead bodics g of performing complete autopsies is of unsurpissed
value, not only because it facilitates a fully adequate selection and procire-
renl of materials lor laboratory examination, but also because owing (oL
usual prescnce of marked and ruther characteristic gross sigms it is a5 @
rule casy to amive speedily al o prima Jacic dingnosis. In actual praciiceg
however, il is often out of the question o perform complete autopsivs off
plaguc-suspect dead bodies, not so much for lack of facilities a5 on aceount
of strong popular objections to this method which it would be most unwis .,_
to averrule. Moreover, the performance of complete zutopsies on the
lighly anfective dead bodics of pligue victims s Craught with such prat
risks that this methed showld b wsed by trained pathologists onlv, whao
prossees special expericnee in plague work and are therefore fully competent
Lo take the necessary precautions. |

It is for thesc reasons impossible (o recommend (the performance of

complete autopsics as a standard melhod For the esamination of plague-
suspect dead Bodies,

LE!
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pariial dissection

4 much simpler and safer as well as often lezs :r:a-:n_tmi Itlu"]:.ﬁdq:-‘it;m;
forming partial dissections for the sole purpose ol pm.L I:Iru.g;. Lok
I'JF e [ or rﬁ‘:ﬁ from the plague-suspect dead hodies o 13hﬂr<.ltF)ry £xamina
i 3 ‘:"h-:fdﬁ.nling with victims of bubonic plague, il is sufficlent Lo excise
e -::-r. rions of the buboes. 1E no bubocs are [L:-ur_:-:l. AT INCIEI0n
ine bubﬂii m*.‘;?: in the epigastrium and small picees of the liver, or splc_r:n,
L;.u_ghl- Ve |It'| he excised after these organs have heen brought !fnlu view
- R fl};“ f long clumps. To opsn the thorax in order w0 obtain peccs
mth1 1}1-:“;:15'3']5 more dificult and risky. Moreover, since a 5.-::i:|:|-n|.1:*u'3'
Era;u:ltm'lui; is practically always present in pneumonic phlﬁ;qz,{'*i.‘:-;;:;ll.::
of pieces of the liver or the spleen ought 1o suffice in this as we J:hat i
forms of the disease, Tt is of interest to auld ll:'lr[]'H.S {“J.:.'l_ﬂl'u:xiun na! .1'.||:3_4:,|:.
workers have recently recommended Fh-: s af 1th -.n‘-:r:rtn Tn::, i
af excision methods 1o obtain material from the liver of plagus
qu-.r?-::d:kli excisions have heen made, the incision wounds mua:_lz:.:li;js::s-:n-:}_
with the aid of long strips of adhesive plaster or v the app
; s‘ . W o
m“%]{; :;ciit:r;m:g of orgins should be put into stenle glass jars ?r?;HiLI:Ii
with screw-caps or with ground-in oluss Ia?-a::pp-:rs [or Lranspor L8
lsharatory. If, in the absence of local I"'.'n.:|ll1=.|e5 for c:nmr_nf_natmn, M;J =
have 1o be dispatched aver Fairly ﬁh;rt dtSl.i.::litl;::;r ;::;]::;I;l;“:fhi:;l :_:::-;?.:—r
r only or hall & day a1 the mos, L £ kepr s
T:if’:::;a:iﬁ:.mF{-:}trunapurl of the macrisls u--,xle: 1-::-Tlg-:_-r d1$[La|L-:~::m|l1 I_I.Il:
BECERSATY. D pour adequate amounts of Broguel s fidid or o : n :_'j Lo
T q:uli:]c inte the jars. which must bg then curelully packed i
Lc“'lll'll;:tjﬁ.{wicc of the methods for cxamining the excised picees of mginsj
{and wlso of the malerials removed in the cOlrse of complete H.l:ll.c.i[‘s::uil r
depends upon their stale of p:rcx:.'r:mlinn- lt_ they _hm-u ".”“i”%m; hL:JLﬁEq
t:a-nsn-::-rt witheut having been kept in prescrving !'I'I.LI-:'.]E orifL I.:t;ﬁ ~c'::.-.: mm]ié.
were not Fresh, prefercnoe miust be miven to cultivalion on sekot

and guinca-pig infection by the cutansous route.

Punetare

& pseful and wsually not resented procedurs Tu:! -u:ﬁ_:n:mr.un;_-_ nm.t:p_:l.ﬂz
from plagne-suspect dead bodies _1'|]1rEllnbnr.';;[-:i-;f'_-':2&211:3:.!::"3;11I:F[.ra-:;ﬁt i
L op SR itul roans with the i -
T:;:L:;r i;L:af:::n:::!m;r EE-:aug: i 1.25-mm) needic 10 el ]-::-n_g, ﬂi;t-:r 'L:;;:::I_:L
puncture to wash the needie and syringe in 3 ml of ‘Rtt:rﬂl: :s.;ﬂu.l-rI1 epi '-|i|:g
10-m1 flask or tuhe, and 10 use the resolting sUSpEnAIOT, '.r-hru: m:::-r.l
the puncture material from one organ or pooled materials (rom severs
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organs, lor laboratory tests, Unbess a bubn is present, it is best (o takg
matesial from the liver, several purts of hoth lungs and, as has been recor it
mended by some workers, also from the hearl, Desicable as it would |
L include the spleen as well it is considerably more difficull to res
thig than the above.mentioned orzans,

The most important methods of examining the materials obtwned B
puncture are smear examination and guinea-pig inoculafion by the Cll
neous route, The inspection of smears is desirable not only i order if
arrive atl @ presumptive diagnosis but also becanse the demanstration of g
considerable quantity of cells proves that the organs i question and
the tissues surrounding them {e.g., the ocdematous tissue usually r-'_-_-
round Lthe buboes) had been punctured. i

Ag shown hy large-scale experiences in Madagascar in pisrliculap
“rgin punctures properly donc are a relinble means for the post-morien
diagnosis of plague. However, whether this or one of the other procedu o
enumerated above is chosen for such work depends wpon the local con
ditionz in the various plagus areas,

Al
L,

PRECAUTIONS TO BE ADOPTED
Precaotions to be universally adopred

fusrruction and supervivion of saf

To prevent unfortunate accidents, it is of the nimest importance thaors
oughly to instroct the staff, panicularly the assistant staff, in their doties
laying emphisis upon the proper procedures ta be ysed and upon the clanrers
confronting the workers if they devizte from this technique of omit 1o use
the precautions preseribed for the different types of work.  Adeqguate super
vision must be exerted 1o ensure that the members of the assistant staff

in particular never fail Lo follow the instructions laid down in Uhese respectss
It should be absolutely forbidden for any staff member (o perform work
for which he has not been properly trained.

Plagee viccination

Itis essential to keep all members of the staff protected against infeclion
by plagne vaccinations repeated at suitable intervals, Booster dases onnhi
to be administered at least \wice yearly and during the cpidemic periods
of the wmlection every three months.

Proper maintenance af laboratories

Every effort must be made to keep both permanent and CIEFECnCY
laboratorics in an adequate condition, particularly protected against acecss

b n[ rils 0OC

. ing - [ics, 2 : L
'mel:;ﬂ:;f['-ecd from ficas, which must be Killed forthwith, Research work
%, m a1

with L
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other frec-living rodents and free from fleas and other vermin,
Al captured rodents and all rodent carcasses must be

iving Neas should not be performed in plugue-diagnostic lahoratorics
: i PSS,
.but,:.:; E:E“.l::lt;:?urm] precaution the infected rodents 5h.|:-uld.]:lml'-:r:|b|31
[z kept in fea-prool containers instead of in i Jsmﬂ_e with '.:'."Jl:l:-mc'_-.l'.l::-::..
wire netting or having doors made of such wire nEtling. In f-‘lﬂc]zgﬂ'mul:l‘-
tall tin huckets coverad by c!usf-me.s_hmﬂ ZAUZE OF wirs gluze may be us ;
Adlinstrements used For the infection nfn?g: anirmals and [_'-::_-r the E}'.am:m
thon of rodent carcasses or human dead bodies must be sterilized by .lr-c-:hzﬁ
as sonn as possible aller conclusion of the work. 'Thlf _mtlu.l. LIAys LH
for animal dissection should he avtoclaved or washed with aleohel oo with
fsaptic 5 10 E ;
antl_ml.lil:i:ig rodent cireasses must be kept in solid metal containers,
i desirable inostrong antiseplic solulions, pending Cineration or sleriliza-
tion it the autoclave. The food remnants and litter in the CAZES OT COM-
tainers in which the infected animals have been kept must be incinerated;
the cages or conlainers must be adequalely L‘:i.iint'-:*n:t-:d._ b , .
The gowns or overalls used by the stafl Tor :mum:.ﬂ infection, Ellmtttm:n
of test animals, human autopsies, or other potentially dangereus work
must Be srerilized @y soun g possible in the autoclave, au-;.’! the rubher
sloves worn must he boiled immediately after completion of such work,
3 The discarded slides on which plague smears have heen mn_-:lc shenld
bz immersed in a jar with an antiseplic solution and should be boiled hr:J‘:::-rp
they are cleansed. All other glassware used for work with plagus bacilh,
pnr‘:i-:tl:'lrlj.' the disused cultures, must be auteclaved before cleansing.

Activn in cuse of aecidenrs

Rules on how to deal with accidents occurring in the course of plague
laboratory work must be prepared and the staff must be made familiar
with these instructions. The stafl members should be advised not to uss
antiseptics if they contract wounds during their work, bul to et the wounds
Bleed frecly and then 1o soak them well in 70 alcohol. ' ,

The staff members must be urged to report laboratory accidents imme-
dintely so that they maey be taken under observation and so that prophylactic
treatment may be instituted, if nacessary. The workers must be also :n:-lruct:-rl
0 reporl irr||-1'.-':-:‘.|iﬁ.[l:“|.],-' if they develop cven slighl fever or feel otherwiss
unwell s thal, iT necessary, treatment with antibiotics an be mmmun:.x;_d
without delay, I wpust be emphasized in this connexion that plague s
practically always a1 curable discase provided that adequale '.I'I“-'E-[T'-I‘ET.!'C.JE
given immediately. It must also be cxplained to the staff thut ol ﬂ-::_h_ulms-
teation of tetracyling in 4 daily doses of 230 mg for 4-6 days, or if such
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antibictics are lacking —daily administration of 3 ¢ of sulfadiazine o
sullfameruzine for a period of 6 davs iz apt to prevent the developmer 4
1!1& disease in persons whe have been definitely exposed 1o the risk of i
b, e, through contact with pneumonic plague patients or threo
laborutory accidents, but that the indiscriminale prelongad use of syl
drugs by the siaff members themselves is bownd 1o lead to a sulfa-poisoning
particularly 1o serious and sometimes irreparable Kidney lesions.

Precautions to be adopted in Different Phases of
Plague Laboratory Wark

During the various phases of plaguesduwpnostic work the laboraton
staff must be kept profected against (o) the risk of contracting ilafb:t
through the bite of Blaod-sucking insects, especially rodent ficas: [5) 1l
possibility of directly contracting bubonic plague when performing posl
lejlm:ms or otherwise- handling conlaminated material; and () the p :
bility of contracting pneumonic infection through the splashing or spraying
ol materials laden with plagoe bacilli. The precautions necessary to avoid
these dangers or 4 combination of these dangers muv be oullined as Foallons

Flea-firne fnfecilon

To protect themselves agmnst the possibility of a flea-borne infection
€.2, when entering plagnesinfected houses, or when coming in contact with
persens or deud bodies or with rodents possibly harbouring infected ficas
the members of the laboratory stafll should preferably wear a special e -:.-
m".w' This consists principally of 2 gown similar Lo that used by clowiiss
Wh.“"h.‘ madc of one piece, covers The whale body except the head ond hands)
This is donned through the opening in the neck and is then ticd frmid
round neck and wrists. The costome is completed by rubber or high leatheg
hnm:i_:lnd, where necessary, by rubber gloves. A mask must be added il
thn: isa nisk of contracting infection through the splashing or spraying A
|nfcnr_:'-'|: material, particolurly when coming in contact with paticnis |:|.|:_'|55ib-! ;
saffering from primary or secondary plagee pnenmaonia., 1

LThe masks® used for this purpose or during other phases of plagued
laberatory work should measure 446 inches (10515 e} and shoulds
consist cither of a single laver of the now availabie callon-flannel filler
tabric between single plies of gauze, or of @ cotton pad Y. inch (1.3 cm)l
thick Between two layers of guuze. Tieces of tape must be affixed to the fou ;
corncrs, The upper pair of these tapes is pussed round the head above the]
ears wnd tied behind, while the Tower two tapes are tied behind after they
liave been passed below the ears. People with prominent noses should

insert cotton plugs at both sides of the nose 1o close the gaps felt when the
sk has been adjusted,

LABURATORY THAGHOSIS OF PLAGIE 207
gince under tropical conditions it may be rather teying bo wear the

'5;',..,-.;;;1“5 described above, long linen stockings covering the feet and legs

nd tied up above the knees may be suhstifuted. _

A Further most advisable method of protecting Mlague workers against
fea-borne infection s to impregnatc the garments or linen stockings
worn by them with i suitable insechicide exerting a residual sction, How-
aver. the advice of specialists is indispensable for using this method in an
elficient and safc munner,

Direct bubonic or paeumonic infecrion

Mo special precautions are needed when cxamining plaguc matertals in
{he lahoratory by bacteriological methods or when carrying -::nut serologicsl
\ests, provided that such work is performed with the cleanliness and cuars
indispensable for laboratory work in general,

Wwhen performing human autopsics, a proper costums musl be worm,

sneluding a rubber apron, high rubber boots, and selid, long, rubber gloves.
Te pvoid danger from splashing of infeetive materials, masks and preferably
gogeles as well should be worn. : .
" Less stringent precautions are necessary when dissecting plague-infacied
animals, the more =0 because plague workers should learn 60 perform the
afonsies with the aid of suitably long instruments, without touching the
carcasses. Mevertheless, the use of rubber ploves is indispensable and masks
should be worn to guard against the accidental splashing of infective
malerials. .

Fxperimental infection of test animals should be carvied out with :1}::
precautions used for animal dissection, Special care musl h-n_': taken to avoid
the spraving of infectious material while charging the syringes.
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