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VA rol¢ow1nv is tac tranclation of un article DY . uie
~leokseev, V. ae Biblitova, ana uwe ive hhrustselcvsiiaya,
Central Scientific-itesearcn bisinrection institute of
tae uSol .ilnistry of :-ablic .lealtn, :ioccow, und tuao
Ceontral ssian deicentific-issecurcn wntiplajue Lnstitute,
alma=nta, publisned in tae hussion-lancuage periodical
rarczitoloriya (rarasitololy) 11, 2, 1968, wp 1156125/

investigations were made of tie rate of feedin; and volune of
engorsed liguid containing a proporticned amount of plapgue mlcroves
by Xenogsylle gerbilli minax vord. and Ceratopayllus lacvicins wiille
fleas under conditions or rorced fecdinz. The fate of tiae cau,at;ve
agent was followed under various conditions of feculng.

Development of a method for the individual »roportiovned feecin
of floas witn plague microbes (slekseyev, L1965, alekseyev, 1L39387)
made 1t sossible to conduct a number ol preliminary ovbservations of
tne ruiyiam and rate of feeding of Aenopgylla reroilli minax vord.,
Cerato .yllus lacviceps liagn., and X. chcopis KotusCil. fiews, to
detcrmine with an accuracy to 0,005 ml tne volume of liguid eagorged
by 2n individual specinen, and taste preference of fleas, and To
follow tae fate of tie microbes in fleas and tae survivul of specie-
mens wnlicn had veen infccted with various doses of plagues culturce

A8 criteri. for thne suitabllity of nutritive liquid lTor tuc
fecding of flcas 1t was accepted to use tne rate of saturation and
volume of engorged liyuid. Data concerning trc rate of fecding
(absorpgtion of 0,045 ril) vwere treated statisticullye. 1in tune Jrocess
of trecating tue material it turned out taat the only sictisticully
relicpble duta werc obteined under conditions waen tnc flcus vere
divided into 2 ;roups based on rate ol iecding - up to 60 scconds
and morc tiian 60 seconds. Jltih the anelp of statisticul metiods 2
croups of leas were distinguished -~ rapid and slow feeding. uhis
phenomcnon vas observed boti in X. ~erbilli minax and in C. lacvicense
it is ;nteresting tinat such & phenonienon Weas ooscrved by ouvncr
wutaors durlnp tae feeding of blood-sucking mogcultoes on an Lnz.wl
(Ctiourze, 1956) and during the feeding of . cneopis, xe urc i L
ninax and Ctenoohtnalmus dolicnus on enincls (Jalaguov et &l., 1usl),
wnica Soewxs Ior tac SLmlldPitj of procosses of naturcl &na Jorceu
fcedinge The disclosure of rapid and slow feeding spceirens ol Ilcus
is connected with the diflerent mechanism of drawing in ol blood:
some drink directly from the capillary and others drink bloou wnicn
has emerged from the vessels into tho surroundin; tissue. Sucn
proposals vere expressed earlier (ratton, lvans, 1929, Snod rass, 1944).
st prosent they have received factual confirmation.

LN

Roprotoond by
CLEARINGHOUSE
tar Faderal Scienhtic B Ternnoem
Information Springfinid Vo 22151

-t v




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT - NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




On botn iroups ol I[leus we mado a cuiyarison of tue rate of
Jeeding; wepending on tiae naturc of tac ausricent liguide it 1s clear
Iroa Sie deth in wable 1 tuat tac Ic.acles of botil speecles ol ileus
I'vud noticcably wmore rapidly taan tac .aalos, which is agarently
connceted witn tae lors gowerful guclidng aoseratus., it turaca out
Tt Tflecac of Dota soscecies coulad ve fed wiin [jrouter or lesccr
succesc wit.a gractically any infecting liguid, including sure
sottinser oroti. lt scens to us tnat tais Icct is sarticulirly
inportanu, cince it zes it possible to consider that iIn tne future
suacrec is tuo yOSSiDlLitJ of tae wrogoriioned inlection ol Ifleus with
liquid wialenl contuins not only orotn ana ricroves, but also othcr
_noreaicnts waica are capable of promoting or oppressing tuac active
Luj ol nicrones in Iicus. U the 3 specles studied the exsiest to
'ecd vas L. orpllll minaxe

4s can o¢ seen rom the data in Table 1 tue rate of satiation
aeponds, thouz: not always expressed saarply, on tae nature of the
liguide Ynus the fleas fed slowly wasen they werc given orota, but
toey fod notilceabdly more rapldly on liquids contalining blood.

Of cac latter, licuid was engorged relatively more rapidly
vaen it contained tne blood of rodents in comparison witia tanc blood
os w hLorse, and among tic rodaents it was most rapidly wiitn tne biood
of ulineu i, taen valte rats and jerbils. Tnls a4lso nad an influ=-
ence on tuc voluues of engorged liquid,.

Tacre were no Jarticular difl'ercnces in tne rate of consuiip-
t.on of neaolyzed and deribrinatea olooa, thou;n, bused on visual
ousuivavions, {leas bepin to drink defibrinated blood uiore willingly,
nevercaneluss they drink it more slowly, than nemolyzed, walch is
ap.arently connected witi taec formation of "packets™ ol erythrocytos
Lo otho cadllary and witn tneir rapid settling in tne micronipet.
cud ing on tne rate ol Tecdin; it is proferuble to use hemolyzed
oloou, sirce it is of Ureater 9rﬂctlcal convenlicnce for rated feeding
o2 abgolute values of fesaing rates (Ifrom ssveri:l seconas to ueveral
mloutes) asrec gquite accurutely with data from otnor autnors (bula=-
5..0V et &l., 1961)0

~n p&scin_ we made odbscervations on the rate of fceding by

cre e rlneX fleus on unneated liguid at room teagerature (210) ana

1icuia ncated up to 370 in a m*cro acuovator, into wnican tane cnd of
T..¢ micropipet wus ingerted. The heated liquld was taken in apurox-
mately 2.8 times more ragidly tnan unheutced liquid.

apsorption of liguid oy fleas tukes place very nonuniforsly.
aS can be seen irom r'ige 1, in tne first seconds ol reediny the Ileas
drink more tn&n & third of all t.ae liguid. Tnis process is partice
ulexrly swift for C. laeviceos fleas, wn*ch, as was seen irom ravle 1,
'ceu consliderabdbly more rapidly tnan X. . minuxe. Tanen a slowing
aown ol feeding is observed, and sometimes even a pause lasting up
to ceveral seconds, after which feeding is resumed.
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Fis;e 1o Dynamics of satiution of female fleas waich were infected
wita liquid containing defibrinzted blocd.

1 - C. lacviceps, 2 ~ A. ;eroilll minax.

Xey: (a) smount of liquid (in microliters); (b) pause; (c) Time
(in seconds).

During the time of tne pause vwe vere able to observe a jerky
snilt in tne column of liquia in the capillary baciovards - forward,
creatin; tne impression tnat the flea botn sucks in end expels a
small amount of ligquid. It is possible thet this is a pheaomenon,
unalopous to that observed by Yu. S, Balashov and associates (19861),
ol natural regurpitation of fleas.

uninterrupted observation in a binocular of tne feeding of in-
div.dual specimens oI various specles of ileus showed tnat in tne
majority of cuses C,. lacviceps fed better and more rupidly waen they
were as if suspended by the proboscis, the piercin ~-sucking portion
of wnicn was inserted in the capillary (f'ig. 2a). 1t is interesting
vnat we were able to observe tne turning of the epipnarynx around
its own axis witnin the cuaplllary, just a3 this wus observed in
animal tissues by Deoras &nd Josnee {1961), and also to see tnat tne
~rocess of feeding can continue in tne event of tae very strong beading
of tae ey liphuarynx at any angle to the side or upwards (forward), waich
a.s0 agrees witn tne data of taese auvthors. The position of the

TVr oty

laciniae does not nuve any significant importance. reeding, as tils
vas snown oy Lavolpicrre ana samacal (ludl), actually taxes oluce
tarcugn the epipnarynx. The fleas sucked in liquid even in t.ose
casces wnen the laciniae were not cven in the capillary. we were also
able to observe that the feeding of fleas, e 1o minux in particular
(#i:. 2, b), is possible witaout im.ersion of tne probos~is in tne
casillary; in some cuses it was sufficient to nave contuct with tne
tip of tne eglipnurynx against tie meniscus of tne liquid in the capile
lary in orasr for {eedin; to ves;in. Thls observation is very impor-
tant to us, since it indicates tne possibility of "sublysing" of
liquid frcm drippings, including from dripoings from infected blood
or tne excrements of anotner strongly engorged flea., Tals assumption
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flg. 2. a - position of proboscis of C. lacvviceps during reeding
taorougn a cupillary, b - position of proboscis of X. erpbilli minax
during lysing of liquid; K - capillary, Z - epipharynx, &5 - vacuun
holder.
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Fige 3. Survival of A, ;. minax female:s depending on the amount of
absoroed liquid (amount or microbes). 4 - nwaber of fleus (in %

to total number of specimens) wnicn dran. various doses of liquida;
B - auount of absorbed nutrient liguid in microliters. number of
specimens wnich survived for: 1 - 1-8, 2 -~ 9=16, & = 17-24, and

4 - 25=%2 days.

of ours was indirectly confirmed by tae folilowing observationss :in
some of the A. ze. minax fleas (in agproximately 6-7 casces out of 1C0Q)
walch were taken from tne insectarium for experiments on t.ae forced
feeding, in tne 1V—V stage of digestion of blood tne tip of tue pro-
boscis turned out to be contaminuted with a dried droplet of blood.
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Sometines part ol the drop was on tiie coxae of the forward extremities,
.cn tue proboscis was inserted into a4 cupgillary witn dottinger broth
tae arop wus dissolved, coloring ite. Suca a phenomenon may oe ex-
slaincd only by tiae "sublysing" by starving fleas of the drippings

of excrements of otaer fleus, «nd tae excrcecments of contaminuted
fleas, as is known (Golov and lofr, 1928), frequently, though irreg-
ularly, contain viable slague microves.

ror appralsing tne possiile dejree of contamination of tais
or that licuid it is important to know not only now the Irleas feed,
but also now ruch liquid tney absorb (Fig. 3).

rforced feedin; of A. 1. minax und C. laeviceps is possible, as
can oe seen, witi all the liculds used in tae tests witn tane excep=-
tion of a mixture containing thne nemolyzed blood of a norse, whici
C. laevicepos fleas refused to drinke. 438 cun be secn from r'ige. 3
it is possible to force feed A. ;3o Minex fleuas in a jrewter percen-
tage of cuses tnan C,., laeviceds, wnlcn rejected sucking more of'ten.

it is necessary to stijulate tnat waen tae experimenter has
sufficient time and patience it is possible to jain & considerable
increase in tae percentege of I'eeding specimens: in our tests we
considered as "rejecting feeding" tiaose fleas wailcan aid aot start
to drink in the course of 5--7 minutes, ileanwnile some specimens,
Co luevicens especially often, vegin to drink (sometimes very in-
tensively) in the 7th, 10th, and e¢ven 15tn minute. The method of
rated feeding permits the direct measurement of tne welgnt of tne
iiguid sucked in by one specimen (volume x specific weignt = weignt
of absorption). &#ll previous methods were gravimetric and one could
weigh only batcnes of fleas and find only tne average weignte.

Females as a rule take in greater volumes ol blood tnan males.
~ similar ochenomenon was observed earlier bothn for rleas (Belashov
et al., 1965; nunitsxiy, 1961; Bryukhanova 3t al., 1961) and for
otner blood-sucking insects in wiich both sexes are blood-sucking,
for example, in clones of tnc genera Cimex and Triatoma (iiouse, 1958).

Actually fleas can feed on practically any liquid, even water,
as was noted by Kartman (1954), or physiological solution (our ob-
servations). ilowever, as tune experiments snowcd, both species of
fleas oeing tested turned out to be far from indifrerent to "taste"
of the liquid wanich was given to theme. This was expressed bota in
a decre:wsc ol tie relative amount ol rejections ana in an il.crease
in tae voiume of liquid taken in by the fieuse. Thus in practically
all cases the fleas riore readlly dranx liquid witna the addition of
blood, while witn the blood of rodents it was more willingly taan
wits tae blood of horses, 1t is more difficult to trace a clear
linc in tano "taste" preferences to tne blood of various rodents.
mowever, tne impression is created taat out of tne number of tested
specimens tne fleus fed most willingly on liquld witn tne addition
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of suines plp Lloou In it, dotn ncmwolyzsd and delivrinateu. Tihese
findings o 18 supplement our obscrvutions concemiing Tas Iupiu Tuic
of engorgenment by ileas of o« licuild wvita tiw wdaition of olood ri-
narily of this rodent. Tie roslis ol our oovscrvations have .uorc
than just a purely theoorotical cipnil:cance, sincce it is ‘miown tuat
prlague microbes survive oest and ~re . rescrved lon8r in g O jue
nism of Ileas when tac latter nuve Zecd on tue contaminutec vlood of
rainly tihe pig in comparison, Lor exanple, with tae dlood of walse
riice (le8 tiiaes) = (Diflov, 1004)e 1t is wll tTic lore i..0rTauab
taat tne blood of fuinea pi s ls obtuined casily in tac lavoruliory.
For tac proposcd .ctnod of forced i'ccdiag tuarouign a c.p.illury
therc 1s also practical sipnir'icance in toe clrcumstuncce taat taere
is no expressed dilrerence in fecding witn liguid with addod ne:lo=-
lyzed or defribinated blood. 1t 1s true tnat ducing reealn. wita
defibrinated blood specimens predominate wnica absorb considerable
voiumes ci licguid, nowever, to & considerzble degree thnis advantage
brings to notning the difficulties (wnich we «lready mentioncd)
in workiag wita licuild contailning non-destroycd erytarocytes.

For judging tac urelcrubleness of this or tnat plecoc it is «lso
necessary to consider tne naximum volwae of liquid waica 1s engorgea
by incividual specimens. Thus tue largest amocunt of licuid (C.0=~0.5
microliters) was drank oy individual specimens of C. lacvicegs ic=
rmales waicn nad fed on liquid containing the hemolyzea Llooa ol «
geroil and the defibrinuted blood of a juinea plg, and A. (e winax
- tne deribrinuted blooud of a winite rat and purnew piz. nowever,
the use of this criterion for aypruising tue odreferubleness of tails
or tnat mixture is still limited by a scarcity of observutions,

Data concerning tne feediny of M. cheopls were not iucluded
by us due to the very small number of observations: out of 5 le-
rales one fed on liguid witn defiorinuted rat blood, ana out of o
females - one witn hemolyzed. <The first one drank all tola 0.22
microliters at a rate of engorgzgement of 0,045 microlifers in 05 scc-
onds, and tike second - 0.17 microliters at a rate of 16 seconas.
Tne first one lived for 19 days &nd the second - 6 days. 27 ine
moment cf death both were free of microves.

we followed coantaminated fleas and obtuaned prelinminury data
concerning tane fate of tne plajsue microbe in tac orJanism or contasi-
inated specimens. In the tests we used botn starving spgecimens ol
‘movn age and fleas in tne 1V--Vta stage of dlood-digestion {lofl,
1948), tuae exact age of wnich was unknown. «Iter Tae lorced recu.n;
of fleas they were fed on wnitc mice once cvery O-——4 auys and .udb
at 21-—240 and 85-90% relative humidity. s'leus waica alied verc
investigated for the presence of plague ulcrooec in taen,

As can pe seen from Table 2 tiae nuaber ol fleas waica perisacd
on tne 5th--l2th day, i.c., lived (on tne avera;e) for a weeik, com-
prised 87p for X. [ minax fleas walch had not fed once, IFor .leus

7e




SCCLCS Wialch wors voien Lo tac IVe—Vta sta e ol bloouw ulres=-

70600, 2na finully Jor Ue lucvicCyd Lt vias {J‘O-O/Uo due
Jleas walcn Gicd in L. Iirot 4 days wWas culeuluied oy

indivecuulse Troo malcs, as Lt saoda nave peen cxpected, gurV¢vcd
more poorly in all cLsGSe.

Tuble 2

Zyin ;. oil or fleas wialcn n4d roliminarily veon forceuw fed witn a
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ey (w) Uoservations (in duys); (o) wwiber of Tleus, died in verious
weriods; (¢) fleas wulca did not Leed once; (d) ileus teien in toesis
Inotoe IV==TTth stuge ol Gipestion; (e} Total under observations;

(I) Ul taecse, tae fwnocer wiaLca tur ned out to ove iarceted at tac vime

ol WCwilie

vader luvoratory conditions 93, of uninlectud Co Llzuviceps dacd
ory undGer similar conditions ol feedin und ugkcey) wlso in & week

en Tne wveru e (sunivskiy, 1966)e . ~e minax lived soxgwaal loajer,

Lo to o omonta, &t 20--27° and 80,5 aumiaity (ooytova, 1udd). Tae
sruscnce ol Lla ue imierobe in toc Iflocas soneuazt recaceu itne geriod
of 1ifc of t.uwe ieca, taecrefore our Jindin_ s snow tihav Tiwe dcdta ol

o

ile .« 15 pot iound in any noticeoable aependence on tae procecire of
Torceu ilcuding, since usually Lleus of tuecsce cpecies live Tor similar
sericds et a temperasture ol 21—24C%, 3y tac time ol duata uvne i jor-
ity o llews turned out to be frec Irom microves, ana ouly 10=—11:

Of ‘e e siiniX Iemales turnea out vo be infeeteds wo wWill atuomst

to ruveai tiae re.sons Tor tinls phenomenon below,

A

-

In an &nalysis of tae survival rate taere was interest in ine
lfact of tne detection of a depende.ce between tho anount ol initiclly
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ri;ure 4. Survival of male Al e l2inix depending on tne amount ol
X 3 . , N “ D

easorsed liquid (nwnber of microoos).

Legend sume as In Fige S

It follows from rFigure 4, vinich presents tae findings Tor feuales
tals doecs not acgrce with tae fisure cagtion;7, thet tac munmoer of
lon:; living specimcens does not drop witn an inerecse Ln tic Lmount
of en;or.;cd nutrient liquid (and, consequently, tne nuaber of ni-
croves, since in &ll cases for tiae feeding of Ileas fceding mixtures
viere used which con%ained 1 billion nmicrooicl bodies in 1 rav).
Sucn a nature of survival of rlecas 1s possibly connected wita tae
rapid riddance of plague nicrobe by females. 1a passing we will
nove that there was a prcdominznce of feimules whicn haa taken in
averae amounts of liguia: from 0.07 to 0.21 nicroliters. & soime-
wilat cifferent picture was snown by the feeding and survival ol
Xe "o minax males (Fig. 4). First of all, tnere was a predoain.ice
of specimens whicn nau taken in larpe arwounts or liguid, ana, sec-
ondly, arong specimens which had absorbed lur;e doses of nicroous
tne survivul rate was lower tnan wmong tiose wanlich vere less inten=-
sively inrected. To judge tiae cuuses of tnese paenoinena is difficult
due to thne insuflficient amount of observations, taougn it is not
excluded tnat mechanisms of purification Ifrom microbes are less
perfected in nales taun in females,

For a judguent of tne fate of :dcroves ia tie orgunlsm ol
fleas and of tano ratio of tine calculated nunboer oi microdes suy lica
in tne nutrient liquid to taoe amount actually absorved, odserv.aivions
were carried out in which X. 5. minix I'leas, alter vurious intervals
of time, were investipated by :16ans of titration and seeding on agar.
Theso aata are summarized in Table 3.

The oxisting asswuption of Duncen (1926) and Tiflov (1964) that
in tae organlem or fleus, simllar to other arthropodu, thure exists
a certain ncnspecific bactericide wnich promotes tae self-sterilization
of tiheir organism in response to thne introduction of nicrobes is con-
firmed by our data,

9.
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Lwote: woeeding of micrcebial bodics not in I, dus in 1.5 ncurs.

xey: (a) burain; (o) Sex of fleus; (¢) Lumber ot Tceted flews

{(a) .umver of Ple;s in wnicna microves were dutec:ca, (e) Ca¢cu¢hted
~riount cf microbisl vodlics absorbed oy o specimen; () -sunount ol
nicrobizl bodies detected by seeding in; {3) l.5 nours at £21—2409;
{n) 5=—5 nours at 7—3°; (i) iales; () cumales; (4) 15=~50 nin,

~ctudlly, cven in tine scedings Trom Ileas walch hued recelvea
ns o Lnd even hundreds of nicrobiul bodies wita: tie nutrient 1iculd,

1%

in 1o0=—30 minutes tnere 1s & reduction in thelr musber by Irom 100
To 1000 times, and in several aours in tiace overwvancliin: owaoer of
cwses tac Tieuws infected with tae .V sitrain turned out to be storile.
we sec an analogsous picture in tae work of Haritmuan «ilu uscocliutes
{Lou), in walca a saparp reduction Is shoun in tne number ol 1.icrop-
il voules in ... cneoris fleas in tae coursc of tiie Jirst day alter
.. contuninateu l'eeaing: it is interectiny t:uet in complcic con=
Toraity wita tae data of ¢iflov the :maicrobes oi virulent str.in .io
101l were grescrved better thnan tae oV vaccine strain in flceuse in
aecordance wita tne awta ol Juncuan tuc nyyotaet‘c cacter.clae duc
not ave an erlfect at o reduced tenuerature, and in our tests at
7~—39 oroctleally tae sume amount ol Llicrobes w.es preserved in llews

<8 wus Latroauced.e 1n 21l cascs figures were obtuined walen werce on
T..C Gente order as curculated, &nd in onc - a proctically idewl con=
for.ity. 36 and 890 tanousand miIcrobial bodies. 1t is necessary to take
into Lccount tnat tac tests bore u preliminary nature and -noculation
wiva & diiution of 1/10 000 wac mude on one Jetri alsnh witn ager,
taerzlore it was esyec a;ly Inportant tvo obtain & coalormity on

wraers of nwmders reflecting tac nweoer ol microbial vodles, which
wae .cnicved in thnose exporimentse.

10.




Joo WIri cLrricd ouv, In our olinica, .5 Lac pasio Jor bae saoe
LeGuent L iuuy of thg fatc ol microscs in tn. orpanisi ol curricrs -
Tleus, t.w re.ctions of Jle.5 ©o tac .ntroduction of Varicus ibivc:o
Of xmlerovial vodies, and the adapbetlonul nceasaisms ol tuc icrovos
tac.iselves,

Conclusicus
l. ostudies weore :ade ol vus rate of Jeeding 2nd ac, roc ¢ 0=
corgeient of . wrpilllondnsx «aa Lo lusvicszs 1'leas during forcea
fecdiny tarou;l cu.illasies. oLiierentcs WoIe s10win in tac rete of
cbsory.t.on &au voirwme ofn ;HIGCECd liquid taken in dopending on its
cual:etative composition.

2, Cobscrvations were mnde ol tae survivazl rate of {flecs which
ned veen iorced led with plague microbes; it was establisned taat
T.ig deava oi leas as & result of the procedure of Ieeding did not
increuse noticewdly in comparison witi: normal.
Se “ne relationsnip ol calculated aumber of microbial bodies
ebsorbed by fleas to tnose wctually contained in tTasin was estublisned;
4 ragsid reduction was revealed in tihe number of nicroves ia tioe
or_anism of fleas at £1==24%° in tac first nours after taey enter
thie organism of tae flea.
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