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llew Teveloments in tho ! ~rde ‘osiamr, DPronhylavisg and
Llagnosis of Tick-Borno lnrir = uw.zar Zncephalitis,

Yo. !l. Lavkovieh wnd Ye. T. Samzanova

The proolem of tick-borne éncephalitis 13 of lmportance in many Rayons and
Cblusts of tho Toviet inion.

An analfqiv of the occurrence rate during recent years in the differcnt

ragions of tho ovict !nlon and abroad (Czcchioslovakia, Austria, Mljaris, Cermany)
ashow3 an increise in the nunber of cises of tici=borne encerhalitis., 4lzo, our
krowledga about the territorial distribution of tick-borne encenhialitis has beon
uigni flcantly broadened. Fpldeaic oulbredaks of this disense have been noted in thre

Far tast, in Zasbteorn and liestern Giberia, in Hazakhstuin, in the Ural i‘ountalns, in
the Ural, in ¥rasnoyarsk and Altay Krays, in Lealnzrad Oblast, and others, The
geozraphic location of these outbreaks is fovorable lor the existence of the discasc's
vectors - ticks of the Ixodidae family. The vigorous developmont of indusiry and
construction in many of the oblasts has brought in its wake a relocation of manses
of tlo population into previously unirhabited forest rerions for the construction of
new cities, settlexzents, mines, railroads and othor objects. The intensive nrospecting
that is being carried out in thease places, :dth a lack of anpropriste prophylactic
roasiurcs, hags contributed to an appcarunce ol new natural foci of Lick-borne
cncephalitis and to an increase in the disease rate.

A diffuse, often sporadlc pattern of tho disense rate, afflicting simulta-
acously a larpe momber of inhabltated points, 1s characteristic. A typical exarple
of thdis would be Xemorovo Cblast, where nassive outbreaks of this diseisc have been
noted since 1952. In 1952, cases of tick-borno oncephi _itis vere recistered In 199
populited arcaa; in 1953 it once ugzain appeared in 344 populsted arous; in 1954 - 173;
and in 1955 = 336 new populatod areas. A sizilar occurronce was ascertained alao
in Folotov and Sverdlovck Oblasts, Krasnoyarsk Kray, and others.

an analysis of the causes that contribute to asuch a vast spread of the Lick-
borne enccphalitis points out the peculluritiea of the biocenotic factors which
coubincd in thoso ycars to cause the excrirence of larpge aquantities of ticks and also
contributed to an active propasation of the virua in them (tho elinate, the prosonce
of hocts for tho ticks, their conposition, etc.). Cur invostigations on the virus
carrying of the ticks J. norsilentia, condueted in 1)53-1995 in Kermorove CLlast,
indic.le their high spontoncesis infeeted conditlon in ma 1y of the GChlasts nidi -
a3 hin~l a3 L0°, which ereatly excesds the {igures given IZn thre litoruturo for the
infochion rato of ticks in e other oblasts of Lle ‘oviet l:ion (Aene "moroiiinisev -
in tho ar Tast - 573; Ye. N lovkovich, F.A. DPetrisheheva - Lenincrad Cblass =
S=1U1)e Tho close conlact with these potentl allj Jdanserous nidi, “which is being
brousht about by the Increaised population, both in Lheir daily ~i£o and at work,
has rendored tliem cpidexmiolopicilly active, In wnny places thls has been contributed
to by the inadoquacy of the prophylactic measuros conducted by the org.ns of the
Public licalth Corvica.
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A charactoristic cpliic dnlo Lcil poculiariiy of tick-=borne encs.l.liLls
during rany recent yeara i3 tle hi~h discane ratc cmount the urban ;‘.:E-.'.;c.tif:n fup
to 647 in gome nidi) and aeng chiliren in azes from 3 to 16 yeara (Lo S07 in
Kemorovo COblaot and othars). The notcd peeculiarity ic a result of ssclal-dozesile
factors, which are relatuod to thu noarnoss of the diccrse's vectora.

Thoe disease mte of tick-borne oncophaiitic is not always connccted with oute
of-the-way taiga arcas, It can also develop in the so-called welleporiulaled regicns
with permanent contingents of population. Tick=bornc cncephalitis ~ar ba obs-rved
in those ruzions for a poriod of many yoars in tho form of isolated sporadic caces
and socotinos even in small outbresks., A rignificant nuzber of the cases in these
reziona fall on the indigenous population, with housewives and children prevailing
anong those stricken (Xaratuz Rayon of Xrasnoysrsk Kray, Kyzujegcyev fayon of
Kerorovo Cblist, etc.).

Outbreaks of the disease have beon noted in tho forcst-steppe and brush nonecs
(Mariin and Topkin Rayons of Kerorovo Oblast, 19533~1954; Karatuz Rayon of Xrasnoyarsk
Kray, 1950-1951). According to the findings of M.S. thetser and ¥.5. Davydova, tho
disoase rate in the forest-steppe rayons of Kraasnoyarsk Kray comprised 8715 of the
ontire discase rate for ticik-borne encephalitis. Tho numcrically prodominant species
of tick in thess rayons proved to be a tick (H.coneinnn) that provides 77.4% of the
colloction of all the tick species. Its spontanoous infected condition by the
virus hao been proved (M.5. Xavydova, !l.V. Uoshchaicina).

In 1954, Yo. N. levkovic™ wais able to isolate the tick-borne encephalitis
virus froa Camnsoidea collected from rodont nests in endenics arvas of tick-borne
encophalitis, '

Thoe role of these species of ticks in the general eirculation of the ticke
borne encephalitis virus (TOZV) is not completely clear at the preaent time, al-
though it is very possible that Just thay aro the carriers of the virus in the

populated regione,

The findings thot were received indicato that the epidemiological importance
of separate spacies of ticks is disaimilar in Jdiffornit landscape zones. Fron this
ezorges the novesaity for a caroful study of the parasite fauna of the soparateo
nidi and for an investigation for the virus &in all spocies of I:oides and also
Gamascidos,.

The heterogeneity of the epideniolozical structure of the nidi, evon within
a single oblast, in rogards to the pecullaritics of tho nicroclimate and tho charccier
of the population's contact with the nidus, forces ons to think about the neccasity
for typing the nidi and a diflerontiated approach in tho conduct of antiepidoric
measures in tho soparate concrote foci of tho discase,

The observations on tick-borne encophalitis that have been conducted in the
differont regions of our country have significantly broadeoned our understanding of
the ¢linical manifestations of tho acute and chronic forma. At prescnt it is con-
sidered an ostablished faoct that the basic clinlecal manifestations of tick-bormo
encophalitis in the difforent oblasts of the loviet Union are analogous, but differ
by their course and outcome. Of particular note are the various degrecos of thro
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progrossive conditlons, the various dc;rees and gravity of the invalidisn after
recovery from tho diseuso, 5 woll o tic lurre Jdien.rity in the percentoze of lethe
ality. /n analysis of the data on tiw siudy of the discasa's clinie, purticularly
in theo castern rczions of the cowitry, for & dgerics of reccut years, indicates the
pecullaritics of its course: an incrcuso in the occurrence of abortive forns
(soretizes 4=5 tines that of tho oreuar Jiscage rite in lolotovo Oblust); a decrouse
of cncephalytie forms and, particularly, of Xoshevnikoff's dise.se; a large nercont-
age of relapsing forns; a docrease of cascs of the progressive course; a decrease
in the porcentace of lothality. It was also noted Lhal the elinical forma and the
course of tick~borne encephalitis vary significantly in different ycurs. There are
new variants of the basie forma appoarins, which diffor from them to such a acgree
that they are troated as rnew discase cntities. '

& special neuroinfectlon, widch 1s near to tick-borrio encejhalitis, 1s being
observed in separate regions of our couniry at the present time (Leningrad and
Yoscow Oblasts, and the idourt A532). It hus been namoed the diphasic meningo-
encephalitis (A.i. Smorodintsov et al) or milk fever ( il.P., Chiuinkov et 2l). The
pathogen 13 a neourotropic virus that 1s difficult to differentiate from the viruses
of spring-sumnor tick-borme encephalitis, louping 111, or Omsk hemorrhaglc fover.
The main vectors of this disease are tho ixodid ticks - I, ricinus; in tho rayons
of tho Udmurt A3SSR = I, persulcatus.

‘ot all of tho cases of diphasic meningo-enceshalitis are related to a porson
beinp bit by a tick. A hugo majority (by the data from Leninsrad Oblast -~ as high
as 60-90%) of thea bear a domestio-group character and are related to tho consuxn=
ption of raw goats' milk, the goata having had contact with the ticks while on
pasturce, Serological examination of the blood of the zoats confirmed thcir broad
contact with the pathogen of meningo-encophalitis., It was establighed that tho
clinical picture of the diseaso in humans was the same with any of the described
routecs of infection. S5.C. Drozdov has receivod imrortant findings indieatine a
rossible penetration of virusos into tho nilk in gouts infoctod with the viruses of
milk fover, tick-borne oncephalitis, louping 311, and Qusk hemorrhagic fover. The
po3sibility of tho penetration of the tick~borne oncephalitis virus ‘=nto goats!
nilk has also boon experimentally proved by Ye. N. levkovich and T, A, Sorodina in

1953.

A Jdicesso that 1s analogous to the diphasic moningo-encephalitis by elinieal
picturo vas deseribed in 1948-1950 in tho resions of Bohemia and Moruvia (on the
border betvoen Moland and Czechoslovakia). The disease w.s being transmitted by
tho tick I, ricinug. A dotailed study of thia discase's viral strain showed an
almost completa identity with the virus of Russian tick-borno encophalitis,

According to the opinion of the author, the anlizenic differences that they displayed

were no rore than thoso encountered botween differont strains of the samo virus,
The diseasoc was named the Czechoslovakian tick-borne encophalitis.

According to the findings of A.lls Shapovala, who worked in soveral regions of
Yestora Siboria during the 1953-1954 season; the most characteristic clinical fora
of ihc wucute poriod of tick<borne encephalitis ig tho zmeningeal type of illness.
Tho Sulbar-paralytic and other forms of the discase are cncountered rarely, in
coipurison, no more than 3=47% of tho cases whon compared to the total nuxber. The
percentazos of the chronic course of the disezse and of the lethality were also low.
A larce nunber of worn=cut and abortive forms was noted,
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A sipnificant portion of the {llnesc:.s took courses clone the tyne of the
diphaasic rerdngo-cncephalitis. Thus, in ‘nuiiero=lwdizhensk, in 17203, a relapsing
course was notad in 235, 4in 1934 = in 12 and ir 1955 = 4n 21.3 ' of tho cascu.

The nildnesa of the discasce's clinical eourcsa, the frenuent relapsinz course,
the favorable outcome in the huge majorlty of cases, and the cliost cowplcte lack
of lethality in tle soparate foci, point out the zreat variability of the forms of
tick-borne encaphaiitis and draw thcm close to the diphasic meningo-encephalitis.

The obscrvations conducted by V.V, Sorudina, in one of the ro-fons st
afflicted with tickehorne encephalitis, indicate the possibility of 2 senosis of
donestic 1llnessos with this form, llor material rives o hasis Lo suspect the
alizentary route of infection in 12 natients, In half of the paticnis the illness
took a course along a type of sorous meninpgitis; in 5 it took an aborilive courss;
in one a roliencophalonyelitic -~ form was obsorved; in one a meningo-cncorhalytic
form was obsorvod., The diphasic course of the disoaso was noted in 5 of the patients,
All of the putients recoverod complotely. '

Cascs of dorastic=group illnesses of tick-borne oncephalitis, rclated to
tho use of raw poats' milk, have also beon registered in othor oblasts (lolotov,
SYQ’dm’k)o

Without concerning tho queation about the nosological individuality of the
diphasic meningo-oncophalitis and the diphasic milk Jlever, it 1s nccessary to turn
our attention to tho possibility of an alimentary route of infection (through milk)
with tick=borne enceghalitis. This possibillity may be increased by concurrent
animal diseases (pereplaswosis, ote.) that heighten the remseubility of the vas-
cular systen, by the introduction of new anirals into roglons endenic with ticke-
borne oncephalitis, and by othar cauges.

In virtuo of the process of evoluntionary mutability, all of the varicty of
existent and possible ctiolosical forms of viral infectionsg in our vast country
hu3s not Leen comnletely established and are subject to furthor investigation,

During recent years, important invesligations have boen corducted on the
cultivation of tick-borne enceplialitis virus in malipnant turors of cxperiiental
anirals (5.C. “wragin, 1952; A.I. Ivanenko, 1952 - 1955; A.V. Rshenichnov, et al),
At the proscont time this method (A.X. Ivanenko) 4s widely used for tho preparation
of diarnosticuna for the complement fixatlon test and also for specific diasnostic
and therapoutic sera, The woll known- property of the tick-borne ecncephilitlis virus
to 1zultiply on chick-~enbryo tismies 13 widely uscd for the preparution of dingnos-
ticuma, vaccines and for other purposes. At tho present time, in our laboratory,
a now preparation of a diagnosticum has boen developed from chick-cmbryo tissues
for the cozplement fixation toat. This diagnosticun 4s preparnd from the tisaues
of the wholo embryo. It is very inexncnsive and posscsses high specificity and
“351tiﬁtyo

In a study of tho mochanism of the virus's circulation in naturo In rocent
yeura (A.le Munina, 1950 « 1955), thore was a difforent ability shown by tho tick
I, ~~rouleatug to receive the tick-borne encephalitis virus, dopending on its
fecdinz on frech or immmne ahimals. (/ith a sinultaneous feoeding of infected ticlis
and fresh ticks on an immune animal, infection of the frosh ticks doos not occur.

‘Z .
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Tho results of these . :vwiri anbs are sesdicaloriy w2l scon on woumz in-wie anisals.
After fecding on an Li.icao enlisl, he dnfocied tick=donera rob .l Lhe virus and
tranzrdt it to thelr pro_ony, ailicush in thous cazes tho viral titer in the not

sba-e was someuhial bolow Lhut of the inmreclon ticiks thad were fed cn frosh animals.
These facts indicate a spoeicl role Jor imisnr wifnila in the virus's seneral circu-
1lation in naturc. It is very mozolible that thor vlay the role of a factor that
1i-dts the aproad of the virus. Togsather with this, It 15 also without doubt thab
the circulation of tho virus in tho orgunic of an irmune ani~al, cspocizlly in the
focl having a hish spontancous infoction rate of ticks, cannol help btut exert an

influence on its properties (for cximrle, a soecial reafistcnce to naoulreli.ing
antivoilcs is rosoible), which is Indicated by tho cusses of 1llnesses awong nersons
livin~ for an oxtended period in foel of tici=borne encephalitis, ilioss blood sera
contalin a hish titer of routrnlizin; cntibodles, and which is also indicated by thre
sinpular instances of repeat illneszes by this form,

with the purpose of studyinz ths formation of irmunity, we investizited blood
sera from natients with dirfercnt forma of tickeborne encephalitis for the rprescnce
of ncutralicing antiYodies. The paticents solected for this had differcnt forms of
tick=v- *ne encephalitis: a meningeal fom, a worn oul forn, ond a fora witlh a
diphas’ . relansinz courso by the tenmperature curve, All of the gatients had a short,
2-6 day, incubation period. It i3 neccessary to note that tley were city reslidents
nd visited the talipa usually a single time, thereforo wo could accurately
establish their incubation period., 3lood wus takeon 2-3 tizes from each patlent,
bozinning from the lst. « 3rd, day with intervals of 7 - 10 days. Inv-stigation
of the bulldup of the virus-necutralizing antibodies, In all of tho forms of tick-
borne cnecephalitis that we studied, showed tho prosence of hish neublralizing indices
cven in tho first days of tho disease, 7he neutralization indices in these patients
ranred from 110 to 5630 and higher. Tho quantity of apacific antibodics in the
reningeal form rapidly grew and increazed nany Lices (sonmetimes to 200 times) in
all of the jatients by the 1lOth. = 1l2th. day of tho discaso. Tho same pilcture wis
obierved In the patients with tho worn—-out form of tho infcction. 4 differcnt one
was noted in tho patients with the diphasic courso of the tcumperature curve, Olten
the high antibody titers that wore obscrved in the first days of the disoase ro-
cained withtiout change by the 10th. = 12th, day of tho disease., An increasas of
antibody titor of 2-3 times was observed in only three of the patients with this
form, 7Tho active growlh of neutralizing antidodies in the dirhasic courso of the
discaso was noted later, aftor the 20th, = 30th, day of tho discaso. Thoss find-
ings, which indicale a retarded izrmnological reactivity in sozo forms of tick-
barne cncephulitis, cannot be explained by tho poculiaritics of the microorganisn
alone and ars prodbably relatod to properties of the pathocen. Ulata exdst that tell
about changea in the skin reactivity durlng the dlscaso procoss of tick-borme
oncophalitis,

In 1954 = 1955 a study w.s conducted on tho possibllity of staging an intra-
cutancous test in order to tost its diagnostic i:xportance and to test the possibility
of jui-sinz tho intcnsity of Lrmunity by the skin test. The test was made wilh a
dry tick forcolvaceine propared from & strain of "Sof'in® which was injocted intra-
cutdnicously, 0.2 =i11iliter cach. The results werc evaluated after 24, 42 and 72
kaurs by the usual plus system. An analysis of the results iIndicates a high per—

c. 2bzso of positive reictions: 4in a group of patienis after the 18th, = 35th, doy
o the dlsease = 65% (11 exaninations); in convilescents = 613 (of 24); in thosa
voceinated and revaceinated aganinst tick-borne cnce;halitis -« 1005 (25); and also

—~
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in a group of the propulation of the foct « 530 (15). Thz eonbrol frovn 7nv~ o

positive ro.action in 12¢ of the cuses (25 peorle). Tho pousdliility of né;l:;:inz
the intensity of Liaaunity by the cikdn test cun help &n Ui golectic of coutinr-onis
to be inoculated, In retrospuctive diuznoale, and also for othor anii: .licmic purndoses.

In reocent yeurs achieversnts have been recelved In tho arca of s:isdloslceal
dlagosis of tick=borme enccrhalitia wiich insurc he acvancezent of dev.loped
nethods into practive in the local laboratories, which will siynificantly broacden
the perspective of epideaiological investigations and clinleal observations.

These achievereonts are related to the use of the commplersant fixition test
(Ye. K. Lovkovich, A.A. Smorodintsev, V.I. Il'ycnko, O. Ye. Hzhakhova). with the
help of this test one can dlagnose tick-borne encephalitis by the prescnce of conp=
lexent-fixing antibodics in the blood scra of patients and ceavilescenis, and aloo
by tho presence of the virol antigen in the patlents' blood and spinal fluid 1n the
dissase's acute poriod. Thore are many mothods for the preparation of standard
antigens for this test at thc presont timo. Tho rmost wido-sprend and broadly used
at the prosent tirme, however, are the inactivatod antipgens prcpared from virus-
containing tissues of mouse brains, from chick exbryoo, and froa tuzor tissues.
Should it bo necessary to doteoct the antigen a mothod of prelininary enrichront of
the original material on tumors (A.I, Ivanenko) or embryos (Ye. i. Lovikovich and
0. Yo. Rzhakhova) is proposed for incroasing the reaction's scnsitivity, It is
possible by theae methods to expese minute concontrations of the virus in the
original material in a coxparatively short time, and also to identify tho isolated
pathozen.

Vo must acknowledge, howovor, that the molhods of serum—diagnosis existing
at the present timo are still complex, protracted and not always applicable (the
prodrome poriod, the first duys of the discase). Furthor offorts toward the
developrient and improvencnt of serological reactions, the crcation of now hizhly
spocific antigens and type-spocific sora are roquired. Togethor with this it is
nocegsary to find quicker diagnostic proceduros.

lew types of vaccine against tick-borme encephalitis have been croited
recontly: a dry purified concontrated vaccine and embryo vaccines. Tiese pro-
parations showed high immunozenic and antigonic activity under experimontal con-
ditions on laboratory animals and voluntcers, and also in epidemiological obsorvations
in foci of tick-borme encephalitla. :

The dry concontrated tick-borne-cncophalitis vaccine, preparced by the mothod
developed by Ye. N. Levkovich in 1952, showed high immunogenic proporties both In
an experizental check on laboratory animals (it protected the animals from a 113,000
HLDzq dose of the virus with an intraperitoneal injection), and in experiments on
volintcers. In 1953 = 1954 the vaccine was used in an epideuiologicul experizent,
Thore were no illnessos among tho persons who werv injected with tho dry vacdne
this soason. An active growth of apooific noutralizing antibodios (index to 10,000)
was detectod in the blood sera of those inoculated (142). Iven tho scra of children,
who were injcctod with a total of 1.5 ml of the dry vacelno, possessed hich ncutra-
1izinz titers. This circumstance allowed us to change to docruused doses of tie
vaccines used at the present time and with vacclnation of tho liquid vaceine, and
by this to increase tlhe possibility of a groater coverace of tihe nopulation of the

endexic arcas by ths irmunizations. P
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The active devolopzont of :cuiads 4a clso procceding 4n the rrep:iration of
hrpoerimmunoe speeific sora, particularly in theo preparation of garmazlobulin against
the tick~borne encephalitis virus (I..l. lcdiin, A.Ce Andzhaparidue ct al).

In addition Lo the drvelopnunt of mothsls for the specifis rronhyla:ds of
tick=borne encerhnlitls, Imnortonl successas heve been achdeved In rendaring the
natural foeci harmlgsn throuzh the dirccl doztiuction of the ticiis in nalure with
preparations of hexachloro-cyelohe:an and D (l.l. Corchakovsiaya ot al) and also
in the conduct of zooprophylaxds (V.:. “opov).

Conclusion. Tho succasacs aclieved in tho stu:y of tick-borne encennalitis
are still inadcquately used in practice. Tho quantitative coverace of the nopulation
of foci of tick~borno encephulitis, which requires izmunizztion, and the quality
of completed irsmnizations aro still not completely satisfuctory. The organization
and ticoly conduct of this povorful wmeasure, which has completely Jjustificd its
usae, i1s neceasary. Also required 1s a brocder Introduction into practico of the
neasures al-icd at tho destruction of tho ticks by means of procnssing the torritor-
ios of the focl with proparations of I7 and hexachloro-cyclohoxan in conjunction
with treatront of the cattle with acaracidea.

The most important element of discase prevention is the enlarjezent of the
sanitary-cducational work arong the population. Thore is no doubl that the disease
rate of tick-borne encephalitis can and will be lowered in {he near future. Thore
oxdsts a sufficicntly practicable arsenal of ways aml means for this. It is only
necossary that they be properly used.



