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TH-- ARBOVIAUSE.3

[Following is a tran;lation of a portion of a book
Virus- und Ricket-tsie ninfekt-ionen des Menschen"(Viraland Rickettsial Infections of Man) by

H. Moritsch, Munich, pp 412-494.)

" Abbreviatio ns

"Ag " Antigen XFD Kyasanur Forest Disease
ANS - African Horse Sickness LI - Louping Ill
Ab - Antibodies eE ieningoencephalitis
Arbo - Arthropod-borne 1-1V1 - Xurra•r Valley Encephalitis
BTS Blue Tongue of Sheep NDV - Newcastle Disease Virus

-'CE California Encephalitis 1;A - Nucleic Acid
CEE Central European Enceph- NT - Neutralization Test

alitis O11 - Omsk Hemorrhagic Fever
_d'• PZ Cytepathic effect RES -Reticuloendothelial System',

CTF Colorado Tick Fever RNA - tibonucleic AcidIEEE aEastern Equine Encephalitis RSSE - Russian Spring-Summer
Epidemic Hemorrhagic Encephalitis

.. Disease RVF - Rift Valley Fever.- ESKE - Early-Summer Keningo- s.c. - subcutaneous ,
Encephalitis SLE - St. Louis Encephalitis

HA - Hemagglutinin TBE - Tick-Borne Encephalitis
HF H- Hemorrhagic Fever VEE - Venezuelan Equine

.HIT - Hemagglutination-Inhibition Encephalitis
"Test VSV - Vesicular Stomatitis Virus

* IF - Interferon WEE - Western Equine Encephalitis
" ".- iC, - intracerebral WN - West Nile

JBE - Japanese B Encephalitis YF - Yellow Fever
" CPS - Complement-Fixation

*.* •Reaction
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A. Dofinition

Viruses are now classified as arthropod-borne (arbo) viruses which:

wih(1) ?osscss the capacity to m~ultiply in vertebrates ana arthropodst
wihthe ver~abrates reý:ardcd a3 the reservoir and the arthiropoda as

the vector. Xulziplic~tior. in vertebrates is traceable tnrovth viremia
an~d accompanyin-g antibodyA form~ation. Thýe infection may either be
inapparent or have clinically pronounced symptoms. The' virua itself
can be eliminated by lactating; anim~als ;.hrou,,:h milk; in excrement it
has thurs far 'oeen found only in mice inAfected with the VZE virus.

tio inarthropods is always z;.syzaptomatIjc, i.e., there are no signs

by athroodsare not designaLed arboviruses.

(4)Posesshemagglutin of antijenio nature.

()Contain Rk4A.

Allthepostu.1ates (especially the production of HA) !or claas-
ifcase n among the ar-boviruses cannot a'-ways be satisfied. in the

cas o -.e ntebbe bat virus isolatca in Uganda from the salivary
glas o abat (Tadar-ida (Chaere-phon) limbata Beters), we know only

kef.secionon Immunobiology) gives a cross reaction with immunre

natre. "Nverhelsssuch viruses are included with the arbovirusee
on habaisof teantig~enic relationship (at least tentative).

A dfintio ofarbvirsesfrom the physical standpoint, however,
isimpossible because they are hetero:-aneous in size and presumably
alopos~ess a variabls number of capsormeres.
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:.:oat ar.boviruae3 can bo divided into separate group. on the
b%.zi.- of anti.;en relationship. -.o remiininc arboviruscs zre tenta-

reated a"nroue. hose viruses are related and placed
in one group 132' which producce clear cross reactions either in the
jil or CR. A precise differentiation Of the individual strins
is then possible in the HIT and CFa only through the esse;..ially
higher titer wi', *he homolo,-ous sera, otherwise - apart from. the
TB3 complex - in the ,'",, where, to be sure, cross reactions can ;41so
occur. These, however, prove to be very weak (e.g., with cor.cent.-ated
or only sliihtly az;enuated scrum) and cn.n thus be easily differentiated
by neutralization with the homologous serum.

"In general, only the HIT i. use& for grouping, as, for example,
for the division into cgroup A or B; for the grouping irnC, howover,
a combination of the HIT and UA (diagram) [167).

CKBR H

1NTv

" " : HHI 2 KBR •
, , II HNT"

-'.''" A PEUi

Fig. 1. Serological relations of the group C viruses.
Diagram from R. Z. Shope and 0. R. Ca usey, Ame.._r.

. J Troy). *Med. Hyg., Vol 11, pp 283-2909 1962.

1.- hlemaig~lutination-inhibition test
2 - Complement-fixation reaction !

Beyond that, however,viruses closely related in antigen structure
within a group can also be included in a complex, as in the TBE corn-
plex within the B group. Here a precise differentiation of the
individual types is possible only through such delicate methods as
cross precipitation in agar gel and the HIl wth type-specific (obtained
through cross absorption" hyperimmune sera [40] or by the combined
use of immunAfluorescence and microphotometry Lb8a].

This grouping in the case of many of the already discovered
arboviruses and familiar groups is a complicated and protracted pro-
ccdur-. Another t•di..icuity ,.at occasionally arises is ha, -.. re,
are some individual virus strains which produce cross reactio..ý..

3I ~z
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S4) wzth two gCoupz and z.ppcar to be a bridge between them: l

virus group virus strain virus group

cross reaction cross reaction

Bunyamwera< ..... '. iOA<-- -),California encephalitis
CR HIT~

In spite of all these difficulties, the serological classifica-
tion method offers the only available possibility of arranging thses
viruses according to constant and stable characteristics.

The wish, expressed perhaps mostly by clinicians, to be able
to clajsify viruses by the clinical symptoms appearing in man or
animals is impossible in the case.-of the arboviruses because (1)
these cr.iteria are not constant and (2) the clinical picture cannot t
be as exactly perceived as the antigen structure of a virus so that
misinterpretatigns are possible which are reliably excluded by
antigen analysis.

B. Classification

The tables lis• the presently known arboviruscs in groups, which
were originally desig-nated by A, B, and C. This method was abandoned
with the discovery of the fourth group (1960) and eAch group is
designated oy the name of the first disdovered virus. The viruses

(3 .mentioned in deta4 correspond to a single type. Within each type
subtypes (variantsý.can be distinguiahed Mi1al on ihe baais of a
r~fined HIT.

C. Physical, Chemical and Biological Characteristics I

1. Physical Characteristics

Xost arboviruses are 20-50 m• in size, as measured by the
ultracentrifuge and electron microscope. Some exceptions with a
larger diameter are ihe blue tongue, Ilesha, Turlock, Wyeomia,
Anopheles A and B, Bunyamwera, Bwamba, Ataya, and VWZ viruses.
This figure applies to the overall size of the elementary particle.
it is indepeident of the diameter of the external membrane, which
has a larger range of variation than the dimensions of the structural
elements of the inner body.

2. Chemical Characteristics

According to R. X. Pranklin 152J, arboviruses are viruses with
peripherally situated structural lipide. They lose their infectiovsness
v.ry quickly after treatment with chloroform [10, 2093, ethyl ether
(16 hours at 40 C), or Na-desoxvcholate (0.1of for 30 min at 226 C). I

i. nactivation is also regarded as an esasetial characteristic
*,." the arbovirusas.
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Also, S'.G. Anderson and . L. Ada's investigations [3), wherein
ph', ;pholipase it inactivated the 1,V11 virus, indicate that peripherally
bituated phoopholipids muat be essential for the integrity of the
virus.. The lipid content of this virus was later determined accurate
to 11% [la). Infectious AINA can be obtained If these lipids are re-
moved together with the proteins by treatment with hot carbolic
acid (500 C) [202). Treatment with Freon, among others, does not
alter the infection titer proper so that this method can be used to
purify these viruses too £1773. The production of infectious ribo-
nucleic acid with the help of extraction with cold carbolic acid
mentioned by Gierer and Schramm has already been successfully attempted
in West Nile (43), Murray Valley [13, TBE [47, 178), WEE and EZE [108,
200, 201, 2033, Semliki Forest [37), and yellow fever [125).

Key to Following Tables

1 - geographical occurrence; la - ( ) conjectural; 2 - isolation from;
3 - Man; 4 - human antibodies; 5 - form of disease; 6 - unkogwn;
7 - man: dengue-like, often with UP; 8 - man: hem. ME; 9 - species
unknown; 10 - *The internationally used English names have been chosen

* to designate the viruses; 11 - man: dengue-like; 12 - man: fever;
13 - man: fever (rarely with HE?); 14 - man: HE; 15 - man: fever
(with hepatitis?); 16 - sheep: fever; 17 - man: HF; 18 - man: fever
(laboratory infection); 19 - man: dengue; 20 - man: dengue, also HF;
21 - (related to MVE virus); 22 - man: fever (with ME?); 23 - turkey:() , 1E; .. ':' 24 - horses: ME; 25 - (do not multiply in mosquitoes);

".26 - mans fever (dengue-like?); 27 - sheep: fever with abortion;0 28 - sans dengue-like (with myocarditis) ME; 29 - man: yellow fever;
30 - (laboratory infection); 31 - man: fever (related to the California
encephalitis complex); 32 - swine: African swine fever?); 33 - sheeps !
catarrh, feyer, edema, hem. diathesist 34- man?; 35 - man: pappataoi
fever; 36 - influenza-like; 37 - domestic animals:vesicular stomatitis; r

"36 -. mant febrile infection M?; 39 - sheep: gaetzoenteriti8 withglomerulonephritis; 40 - mant fever (laboratory irifection);

41 - sheep: hepatitis with abortion; 42 - mans fever (dengue-like?);
•, 43 - mans dengue-like; 44 - sheep: louping ill; 45 - South Africa;

46 - East Africa; 47 - South America; 48 - East Asia; 49 - Eastern
United States; 50 - Northern Europe; 51 - South Central Sweden;

o 52 - Southern Norway; 53 - Central Europe: East Germany (Southern
Germany), East-Southeast-Austria, Poland, Slovenia, Hungary, Czeoho-
slovakia; 54 - Southeastern Europe: (Albania, Bulgaria, Greece, p

',' 'Rumania); 55 - Eastern Europe: Europe, Russia; 56 - Southeast Asia;
" 57 - gontiesPeoies (genus and species unknown)l 58 - vertebrates

" freely exposed; 59 - Anterior Asia; 60 - Greece; 61 - Cyprus;
62 - Cseohoeloyskia, Austria, Jugoslavia, (Southeast Europe?);
63 - Near East; 64 - Sicily; 65 - Czechoslovakia; 66 - Bar East
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3. ~Biolo.-tcal Characteristics
(a) Anrtizan -trticture

Basically, a distinction must be made between three antigens
identifiable by various serological L..thods.

S(1) The V(-irus) antigen eorresponco to the complete infectious
virus particle and is quantita~ivoly determined by Lhe NT.

(2) Up to now hemagglutinin (HA) could not be separated from the
virus particle. Hallauer (1946) was tc first to obtain proof of
HA in a viscerotropic yellow-fever strain. Sabin et al. (1 9 5 0-1954)"
'subsequently demonstrated the presence of this HA in some a-,bovirus
strains and Casals and Brown '32] used HA to classify.J..,; the arbovirvs
strains into groups, Today it is obtnined by sucrose-acetone or
acetone-ether (standard regulation) extraction from the brain of
infected baby mice [39). This extraction takes place in the cold

so that the infectiousness of the virus p.trticle is not completely
,l."ost. Hemagglutination is very pil-ser~sitive and can also be..Jnhibitad

br b phospholipids, as they are found, for example, in every serum
.7 1138, 157, 159, 160).

The highest and most reliable titer valiuem of hemagglutination
are obtained with goose or rooster erythrocytres L152]. Agglutinability

- % of the erythrocytes appears to be dependent on the hormone content
of the donor £155, 156). Accordingk to ýalminen, who carefully studied

* the kinetics in TBE viruses, in the case of adsorption and elution
*by arboviruses it is not a matter of an enzymatic process as in

tA .. the myxoviruses, but the high rate of elutioi with high pH values
"points to electrostatic influences [1553. Studies on inhibitors of

. . hemagglutination in the TBi& virus [159, 160) and later in other
arboviruses £157) made it likely that as far as the receptors of the
cell surface are concerned, it is a question of a complex of chlorest-

' erol and a negativyloaded lipid (free fatty acid or phosphatide).

• (3) The complement-fixing antijen is quantitatively determined •
. in the CFR, wherein, however, the titer ia a:proximately only one-

tenth that in the HIT. Even simple prep;trations (veronal buffer
suspension from the brains of intracercbrally infected suckling

S abv l, o ai ietfctina'frsl slae iumioe) produce specific deviations in the CFR and are of practical .
• value, above all, for rapid identification o-' freshly isolated virus

"strains. Still high antigen titers arq obta: ned after extraction of
- the inhibiting lipids, e.g., with sucrose-ac.tone in the cold, as

in the production of HA [39]. .o ' "ct"
i (b) Host ¾:.ctru,

It is a common characteriztic of all arboviruses that they can

be concentrated in the baby white mouse, After extraneural applica-

tion many strains multiply in the CNS in the form of an encephalitis.
Adult mice, especially the "neurotropic" strains are, in-generA1, also

23



3sensitive, but much less ;;o. .:once, if possible, only baby mice
should be used for the isol.tL,on of v•rrez, especially those'of
unknown strains, from artirop',.ij. All other vertebrates react toSnatural or artificial infect'ion by formin; antibodies so that ohch an

Sinfection can proceed in the? :;uise of familiar diseases.

Instead of animals, incro .. i,. use i:i ma-rde today, of tissuie
Sh~ulturefor virus concentrations. Mos3t ý,rbovirus strains multipyIreadily in tissue cultures after adaptalin. Among others, fresh

chick embryo, hamster kidney, 'and HeLa cells have proven tc be very
satisfactory for this purpone. A CPr; did not, of course, always

appear. Therefore, tissue cul;ure is, in general, less used forSisolation, but it is findin, in-creasin- application in serological
S~diagnosis.

.. (a) Variations

The appearance of mutantz which differ in genotype and phenotype
from the original viruses is also possible in arboviruses, in which
case various circumstances, e.G., alteration of the virus cycle in
naaure, ncoessarily increases the mutatipn rate. Inclusion in a newreservoir, and presumably even more the.transmission to another

arthropod, should be of considerable sipnificance and cause the virus
-to adapt.

Insofar as these stable changes can be scrologicall& objectified,
they are expressed in the form of subtypes. However, fine differences
between the individual types of the T:34 complex might be mentioned
here. What is surprising is that in individual t~pes sometimes other
art1.ropods appear as vectors (cf. TBZ complex).

A mutation in the direction of a wcakening can also be obtainedt
thus opening up the possibility of producing attenuated strains for
vaccination purposes. We might mention the attenuated 17 D (ASIBI)
and Dakar strains, which were weakened through passages in chick

* • embryo tissue cultures and in mice and are now used as genetically
stable yellow-fever vaccines for man. On the other hand, the

* Langat TP 21 strain of the TBA complex (q.v.), isolated from ticks,
proved to be non-neurotropic for man and is therefore a possible
vaccinal strain [59, 141).

(d) Interference

The ability of arbovirusecs to prodVce interferon (IF) (cf. the
chapter "Interference-Interferon" on p. 202 of the book frcm which
the translated portion was takený has been demonstratud for several
strains. Vilcek £195] reporta that he succeeded in concentrating
a TBE virus strain without a Ov 3 in tissue cultures from cnick embryo
fibroblasts %nd thus demonstrably suppres-she multiplication of the
WLE virus (-challenge virus) added 48 hours later. Together with

24



Zemla and iada he subsequently showed on, the basis of numerous

physicochemical studies that interferon was involved [196, 197, 198,
199, 212]. Other IF-forming arboviruses are Chikungunya, O'nyong-
nyong, Kumba [1 4 7a), Sindbis [72a], 2.& [1911a], WEE [98a], and
vesicular stomatitis f42bi-199b] viruses.

Apparently the homologous and heterolot;ous interference phenomena
described by various authors are also to be related to the formation

* of IF. Lennette and Koprowski [91a) observc.d back in 1946 that
the yellow-fever strain 17 D could suppress in a tissue culture
not only the Asibi yellow-fever strain, but also other arboviruses,

,• West Nile. and VZZ. The formation of infiuenza it wan suppressed

Sby West 1ile, but influenza A did not appear to be able to suppress
the formation of the above arbovirusei. W'i4 virus exhibits both

homologous interference [98b] and heterologoua intorference with
,. DV [91b]. Also various strains of wesinular stomatitis virus inter-
"fore with one another [42a]. TBE virus inhibits poliovirus [2a],
while Mayaro virus is effective against Sindbis v.rua [70).

Aý'boviruses are also sensitive to interferon. Taylor [188a]
stated that influenza A interferes with ESP and WE: viruses. Another
myxovirus, NDV, suppressed both VES virus [83a] and WES virus [91a].

, Rabies virus suppressed WEZ virus. Vesicular stomatitis virus was
suppressed by polyoma virus [4 6a] and, as already mentioned 1703,
Sindbis virus is sensitive to IF from i1ayaro virus.

It is noteworthy that only inactivated Hayaro virus and Mayaro
'virus inactivated by deoxypholate have this interfering effect.
Inactivation by heat, ultraviolet rays, or antiserum destroys the

• ". capacity for interference. The TBE virus' capacity to form IF is
K. likewise destroyed by heat inactivation.

"Mayer et al. [107) showed that in chick embryq cells treated ,
beforehand with IF the latent period of the ;ES virus was clearly
lengthened. Since this occurred not only after inoculation with

S intact virus but also with infectious RN'S from this virus, it is
-reasonable to assume that IF influences virus synthesis only after
removal of the protein coat.

D. Patho!ýenesis and Clinical Aspects

"" The mode of human infection under natural conditions is through
the bite of a blood-sucking arthropod where the virus is eliminated
"ith the saliva of the arthropoa. Other r'outes of infection.are
occasionally observed. The percutaneously and passively introduced
Virus should, by analogy with the dis:.emi, 4ation of the virus in
cxperimental animals, be transported through the lymph fluid to
the "organ of primary affinity" [109]. This appears to be, at least
for TBS, I- !. the regional lymph nouea in which the virus initially
multiplies, thus triggering the first phase of the frequently biphasic
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course of the arbovirus infection durin-; which the virus is releasedSinto the blood vesaeesas a resul ofte primary multiplication, Thus,
in experiments on sensitive ani:mals like mice [103, 106] and sheep
[104, 1023, in contrast to rabbit3 [105.', one can determine the scale
on which the virus starts to ruiLtiply izn the regional lymph nodes
after a few hours, before the T virus i:; releacsed into the blood vessels.
Furthermore, if the virus is taken per oa, it reaches the spleen
first after a resorptive vireri;x where it is concentrated and later
released into the blood stream [120).

It is not known whether the development observed in inimal
experiments can in all c'.ýes be pplied to man. It is no argument
against it that this must be assumed at least for those viruses in
which the first phase is clinically inapparent or is accompanied only
by mils symptoms like fever (up to 3bO C) to-ether with the character-
istic general malaise. Were this first phase to prpceed with specific
clinical symptoms, e.g., exanthema (uerntue, Thikunqunya, O'nyong-nyong,
West Nile [204)), or a hemorrhagic fever, ti.ssue damage would have to
be assumed as the cause of tho hI morrh.q-ic dliathesis in the latter case.
At autopsy one finds, to be sure, the cianres characteristic of all
HF, e.g., hyperepia in enlarged vascular regions, edema, and hemorrhages
in all tissues as well as perivascular infiltrates of large mononuolear
cells and a striking proliferation of RLs cells. It is still unclear,
however, whether the virus here has directly attacked the endothelial
cells or it involves a hemodynanic reaction to be explained biochem-
ically as in a case of shock 1132].

P .. The first phase, independently of the clinical course and quite
apart from all succeiding complication3, repcesents the actual `main
disease" of the arbovirus infection. In most cases the infection
heals without complications, and often only the presence of neutraliz-
ing antibodies is the sole indication of infection by an arbovirus.
However, it may happen that the virus which c.irculates in the blood
during phase 1 penetrates into the cells of ;another'organ and causes
a. new virus multiplication in a second "organ" phase. Phase 1 does
change directly into phase 2, but ther- is often a symptomless inter-
val between them, the duration varying ma.rkedly from sickness to sick-

Sness. Thus, the "remission" (,;ymptomless intirval) in yellow fdLYeV.&&Yu only
* one day on the average, wnereas in TBZ the interval is mostly a week.

With localized organ manifestations there are essenti.ll]Ypnlyrthree
* , preferred places, i.e., the CNS, iiver, and mesenchyma, so that we

know of several kinds of disease 3ystems accordingly, such as meningos-.'-
enoephalitis, hepatitis, and dengte fever.

In phase 2 the virus clings to the affected organ, concehitrating
in the sensitive cells when it is destroyed. Flow of the virus into
the blood vessel can no longer be traced since at this time, at least
in the case of CNS infeotions, neutralizing ,intibodies are already
present in the serum, although the virus can be found in the organ it-
self.
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-.'-Thus, there is no clear evidence to permit a pathological-histo-
logical differential diagnosi3 of most of the CNS infections caused
by arboviruses.

Animal experiments with :irboviru:'e:' do not provide a proper
basis for making correct comptrisons between V-e behavior of the
virus in humans and in animals so that study of the patho enesis of
human infection in concrete fashion is dependent wholly on autopsy
findings which, however, due to the s"i(;ht lethality of the arboviruses,

* are too meager to furnish a complete picture of the dynamics of this
"* . infection. It is still unexplained why a phase 2 develops at all

following phase 1 in particular cases. The only demostrable constant
" in arbovi.ruses is organ tropism which, to be sure, does not correlate

with the antigen structure of th3 viruses. Perhaps we should think
in this connection of the variable aff1nity of individual viruses
for certain phospholipids which as cor.stituents of the cell surface
could influence the adsorption of a virus.

The clinical picture of •., arboviruses is sq varied that these
differences are to be related not only to th3 "trhpism" of the viruses
but also to the range of varintion within a tisease system as a whole.
Without Going into details (see the ir.,nividu.il chapters), a basic
distinction must be made between the course of the two phases according
to the pathogenesis. Phase 1 includes all transitional forms from
the clinicallyiiapparent-l mils to moderate (up to 368 C) fever--
high fever. In addition to fever, along wit-- general complaints like

( headaches and joint pain there can appear caLarrhal phenomena (con-
junctivitis, pharyngitis, bronchitib) and, in very severe cases,
hemorrhages as a result of hemorrhagic diathesis. Phase 1 generally'
lasts only a few days, but as much as 10 days in severe cases of HF.

Phase 2 is characterized chiefly by organ involvement so that
. the general picture of the disease with :i espct to length, degree of
severity, and prognosis is determined ;hpreb.'. Apart from these
organ-conditioned circumstances, an ex-rthema can develop in this
phase as an expression of vascular injury (den4 i.-e, Chikungunya, West
Nile) or, in especially severe cases, a hemorrhagic diathesis, e.g.o,
in yellow fever or EEE, wherein the latter ends as a hemorrhagic .
encephalomyelitis.

'...An infection of a vertebrta, unlik, th;..t of an anthropod,

-"invariby results in the formoticn of specific antibodies which
can be found in the serum by the -.psro,,riite diagnostic technique.
"This antibody formation goes bhc: to tVe sen:-itization of the organism,
during the viremic phase (= phase 1) waen the neutralizing and
hemagglutinating antibodies can be generally detected after about

7-10 days.
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Q I~I those biphasic diseas:, ,'. ., C1'ý, infoctiona, in which more
than a week elapses betwe,-n t... bo'.rr.u:; of tic viremia (- phase 1)
and bet-irrnning; of the illness U:, pia:;e 2), thiso antibodies are alwayspresent before the onset of p..';e 2. In 1 ta

-12 days. This phenomenon is c-iial for dia.nosia because a titer
inorearte in the :,T and ;IIT, riot just c conversion in these neroreaotions,
is to be expected in the course o' such i1eui;?a.

On the other hand, tlr c'..)1PPont-'•xin- antibodies are not
always evident at the onset of phaine 2 '.o thtL a conversion is to
be expected and, consequently, 'L fr'-r infecoion demonstrated rather
easily. A peculiarity of antilbod;t for.r. tior. ia the arboviruses
is that the specificity of th- antibodies doe-reases with th,. duration
of sensitization (he it in ti,, course of an infection or during an
aotive immunization with inac.ivated virus) -while antibodies are increas-
ingly formed against other, mostly closely r.!lated, strains of the
same group. This can be very easily traced in the HIT and CFR because
this overlapping within a rroup is here manifested very clearly. A " "
broad antibody spectrum can aliso be achieved by i,*unization with a
pair of strains from one 6rou%;ahere-ýpa cros3 reajtions with almost
all strains of the same group can then appear. .

This phenomenon operates, of course, to the disadvantage of

an investigator when he is soekin.; specific a.ntibodies in a region
in which several strains of the same group are found side by side
so that he is unable to make any reliable st;otements without quantitative"
NT. A population, on the other ha.nd, is ben,:fited because with ,
every new infection (or immunization) the imnunity spectrum is broaden-;
ed to embrace other heterologous antigens (cf. Prophylaxis).

Serological investigational Methods.

(a) Neutralization Test (NiT)

The infectiousness of a virus is neutralized in the NT. In~ra-
cerebral administration of a ni'rum-virus mixture to mice is the
standard test. The sensitivity of the test to the presence of ant'-A
bodies is clearly dependent or, the inoculation route (i.p. is more
sensitive than i.e., the baby mouse is more sensitive than the adult
mouse). Moreover, it has beer, shown that fresh normal rhesus serum
contains a factor (accessory or labile factor) that increases sensitiv-.
ity to the presence of antiboc:ies. With respect to the NT in mice,
Theiler prefers the average survival time to the survival rate in
reaching conclusions.

In addition, tissue culti•rrs have recently come into use. They
have proven to be a very sen s• ivo indicator and more efficient thanthe mouse test. The serum-viruii mixture can bp transferred to a

densse medium or simultaneouslý. sown with a relatively low coll con-
tent (15,000-30,000 ml) in te-t tubes[95, 96). It has to be determined
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O in each individual case wheth.LLr suita'i,, cell;s are available in which
an increase through the Ci'i, or he: dzrpion [26] can be easily read,

. * A special type of NT involves thi itze ofi the "plaque technique"
S. whereby one can distinguish be:ween a: `1j plaquu-ncutralization

test [48] (virus-serum fixation in vivo 'noforc inoculation of the
medium); (2) plaque-reduction test (addition of serum to the agar
"layer after inoculation of the reu); (u plaque-inhibition test [136].

S" The plaque or plaque-reduction test :,;" 1;ery scnsitive and suitable
for subtle quantitative invesýij;ation:.. '2ho plaque-inhibition testis quite similar to that used for antibiotica against bacteria

. because here too the diameter of inhiti'.ion of the CPS of a tissue
"culture is measured under an :;gar layer. The inhibition areola
results from the diffusion of an antibody-containing serum or other

°.' :"inhibiting substance, e*&9, interferon 11353, through the aga~r l~ayer .

on the infected medium.

.(b) Hema:lu'ination-2rhibition Test (•iw)

This test is now performed everywhere in a standard manner [39).
... .It is an excellent procedure for infection inquiries (survey) because

* as a result of agglutination-issociations within individual groups. .... antibodies can be detected in a popul;:•tion even w~th non-homologous

. - antigens. The HIT is quantitatively pr,:parcd so that there is a -
"linear correlation betweer. a,;1lutination: and antibody concentration.

"Q (a) Complcncnt -ix-tion Reaction (CF,)

This reaction is used to detect fresh infections (also to identify
freshly isolated strains). Fulton and Dumbell's microdrop method [53Ji
employed, with the reaction started in the usual yay (with serum

"" " dilutions against constant qu,-ntities of Ag and complement) according
"to Casals et al. [33). Plastic plates (the Linbro Chemical Company's

, disposo-trays) are suitable for this purpose. The bowls are so shaped
that the reaction is clearly readable despite the small total volume

I of about 0.15 ml.

S.F. •pidernioloay

"The moat striking charactýcristic of arboviroses is the peculiar
* cycle of the virus in nature fn which arthropods,.i;9.,za."farjast•we

.; ., know, ticks or blood-sucking m:o.oquitocs, are invariably included as
vectors. This produces a cha-acteristic rhythm in the chain of in-
"faction %hat varies with the ',.;bits of the affected animal hst, v .

individual species of the art•.:'opod, and differences in climate
(tropics, temperate zone). Th-:; is also reflected in the seasonal
pattern of many infections (early-suarar meningoencephalitis [£r,.2)
and autumn encephalitis EJBE)). *
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" . Charactcristic3 of the Arthropods

Up to now arboviruses have been isolated from Culicidae, Cerato-
pogonidae, Simuliidae, Psychodidae (Phlebotominae), various Brachycera,
Ixodidae, and some other ticks (Qamasina). Among these arthropoda
the vector function, which affects the arboviruses of man, is thusoftrure
only in the Culicidae, Phlebotominae (cf. pappataci fever), and
Ixodidae through evidence of multiplication capacity of the virus
after ingestion with the blood meal.

(a) X:ozui.•oeo

The Culicidae consist of several subfamilies (e.g., Anophelinae,
Culicinae) and numerous genera (e.g., Anopheles, Aedes,. MansoniaD
.-. lex, Psosophora, Haema!oýra, Culiseta). These genera differ not

-y in morphological characteristics, but above all in their

,a.aavior in the environment, host specificity, life span, manner of
hibernation, and geographic distribution.

Ingestion of the virus occurs with the blood meal when a
critical minimum quantity must be present in the blood ingested. The
virus theh multiplies in the tissue and is eliminated in the salivary
gland. The interval between virus ingestion and ýlimination is known
as the "extrinsic incubation period". The duration of this interval
is dependent primarily on the temperature and relative humidity,
secondarily on'the virus-transmitting species. The female mosquitoes
remain infectious for life and can infect the host during all additional
blood meals. Transovarial transmission of the virus to the F genera-
tion has not yet been observed. The development is holometabhlous,
i.e., over the well demarcated stages of egg, larva, pupa, and imago.
Culicid larvae are aquatic (stagnant water) and feed on plankton.
TI e life span of the mosquitoes (imagines) varies greatly with the
ecology and biology of the individual species and is several.weeks.
It may extend to'8 months in case of overwintering (e.g., Culex,
Theobaldia). Apart from the species, climatic factors, especially in
the temperate zone, manner of hibarnation, whether as egg, larva,
or imago, play an important role; also whether the mosquitoes move
freely about in nature or predominantly within the range of human
settlements (cellers, stables). The radius of action of a mosquito
likewise varies from species to species, but generally does-not extend
more than 20 km, although it can be bprne to great distances by
passive locomotion (wind).

"Due to the great radius of action and capacity of the females
(the males never.bite) for repeated meals, a frequent exchange of

. host is possible bb-.thatduring the warm season,even in the temperate
zcne, a virus infection can spread quickly among human boings, domestic
and wild animals. Since infants and children are attacked, infection
of the population occurs mostly at an early age. The mosquitoes swarm
mostly at dusk because their activity is largely dependent on the
temperature and relative humidity.
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Arboviruses are tran:,Jit;.-d bhr ir.t:cpe.icr.t-atives of thc ,krgasidae
and Ixodidae. They exhibit a. :bundar:ce of specific mor4,holoegical
features, but can be consider.. tocethn,: in view of their function
as vectors.

Unlike the blood-sucking n ;ouitccs, tisks can suc'": -ood .7 early
as the larval and nymplal staj;,z and thi'. tr:•nsmit virus ir, all stages.
Another characteristic of the ticks is t`-at Lt•ey have only'one host
in each stage, that i:;, the next blood meal occurs only ii, •ne next
higher stage, except for thu ;.dule fermale Argasidae, whic.. ;uck blood
several times. "he blood-suckln., act itself lasts a few days.
In principle, there are only 3 mnin stijes (larva, nymph, adult),
but the Argasidae have several nymphal .tages (1st, 2nd, 3rd instars).
pHence, the ticks do no have the so-called "extrinsic incubation
period", but the virus multiplaes durint- metamorphosis in the various
organs and is excreted with the feces and in the next higher stage
with the saliva. In addition, the virus can also be transmitted
to the next generation transovarially. It is still uncertain whetherthis phenomenon of transovarial transmission is related to the fact

-that tick eggs are covered by a single membrane while mosquito eggs
have three membranes [1813. Trcnsovarial tranomission has been re-
peatedly demonstrated in the laboratoryf (cf. TBZ3), with confirmation
seen in the fact that under natural co.,oitions the virus can always
be isolated from hungry larvae. The parcentage ot transovarial
transmission of the virus to the F1 generation, however, would have
to be vary small, being estimated at about 5Z of the number of eggs
deposited. But it is not enough to maintain the virus in a focus,

Ticks live much longer than mosquitoes, often several years, if
for partly still unknown reasons the sequence of stages does not

.. follow regularly but under certain cirt.--unstances is interrupted for
an entire year. However, under optimal conditionq in the laboratory,
all the stages of a three-host Ixodes ricinuz' can be traced within
8 months.

S •ince ticks live freely in nature and have no connection with
* human civilization, unlike ;nosquitoes, man _'unctions as a blood donor

only when he happens to be in tiwir tet%-to-y. A direct consequence.
of this is that a population never beo•n.s as infected as it does
through mosquitoes. Living habiLs an(" occup-t-onal patterns of the
autochthonous population arc of Cecisive significance. A striking

:.: actis that infection occurs at a much later age than that caused '

by mosquitocs and, therefore, tiaks are not responsible for the
transmission of "children's dI.•ease&'. Jt is also possible that
this "late" first infection is rspons'*bi- for the particular clinical
course that often proceeds with '%pparvntly a,;e.-conditioned) complica-
tions (cf. TBL). The "active" radius cf acti,,r, is so slight that it
oan be-virtually ignored. INeverthelnL•s, ticks can be borne considerable



ditrintve.; wnJ~j ie uncinrq on v, ~ hirds fl, - in,: ý"rorn con-
tin'-nt to .Th,~h .:~. .:.ioaL to L:th--Oree

stco for the irvZ~e 10 ~:- . . l (chiefly; rodento4)
and~ the .- 1 ut lwr. ati:C13-aM i.i. tenph;; Show
no si, iflicant prefrerenrce. ;,..' .4: :1;t!y on the Ieh:LVior of
the a:.1,partly on Li-! *~ .i~ *...L .rvJ~c to porrfor;.te

.he thick. -,itraiit cornelim of V .e .. -.i lt their mouth partn.
":an, t'herefore, ir, bitt(;n on.:y iuY 1Y;-;-X':.~ic fxenaic adultu without
'oeinc; ;ware of it. It iu oni:-. soflo t V*'(1? to 24 hoei-r:.)
that hq fedso an itchinu, ;%rOi;nt; I1.hr; 1 -111 r.-ddened ptancturý, rto~
with the still suckin.; ti(-k. '%.day . ,t'ciallvy the D).,r.:Lccntor
speciea, c;ivc off a neurotr. Oýc t.O-Kii 1 %:I puncture wnicn can
resul-t in "tick paralysis" in~ ntra:;3 *:.--A ~.. 'T~hio noirotoxin
has rnothina in common with nc-,irotropi.-2 jriutt:;.

2. (Th:r.ac Ls-r rist , c.;0_`_ tl- c Animal JUost

T2he vertebrates bittion y utroi;aivi infectod an a ronult
develop a vireinia after an incubation p.-riot. of snvcral dinyn. to
a rauxin.um of a week and in ti:;tag b.!-eomte z source of infection for
all biting arthropods at Vii.; time. j,.aerL-'t~nj,* animals in the viremio
statge eliminate the viru wA. itAh the milk. The duration or the viremia'
iýaries from vertebrate to vertebrate, hujt -cnorally is no more than a
week. Hlowever, there are reports on CT,' vius [27, 2b] causing a
virernia lauting up to 50 iar. porcalpines J..fld some other rodents.
Also, a viremic stage can be artificially prolonged £193).

A vireznia~ in a natural oxriimbl hosit proceeds without clinically
apparent disease and it is followed by th6 formation of neutralizing
antibodies without a second phase occurring- after a short interval.
If th13 natural cycle changorn or if the n;Ltvra] irifection o~pectrum
is broadened into an "artific::¼~l" infoct~ion spectiun, (adcording,.-o
Doerr), 3ymptoms of disea:;e %..-ill be ohse3rvc(; in a~iimals (eel.*:9 equine.
encephaLlitis) and human bfoin -, (all tlao lr81ow: arboviruses). Chains
of infection in which at ]e:4:;t. part of the v-'rtebratea needled to
mlaintain the natural cycle flsill in the typical way eei. heep
with louping ill) are excepti ina.

In the formation of a focus, vertebratns: function an the virus
reservoir. 'Should thic fociiv be in the tropicat a continuona ohain
of infection with arthropods is produced because no climatic fluctuations
influence the multiplication of the arthropods and vertebrates.
in the temperate zones, howevor, the question of virus overwintering
is atill unanswered. Apparenutly the virus overwinters on the spot in
hibernatin(; or poikilothermic anima-ls or in the ticks (trannovarial
transmis.3ion). The possibil"L y that it c.-ti be introduced into new
places bY mi-ratory birds so-i' ;id not ;,e ig;nor'?ds
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ba i c i.% ii C:.'i 0 n 10 L. o. v *r 0.1 L 3W:."c ' ,Like hum;kr. )-n;3
are i~n1'cct'd oniy: ;,.u. 't" 'G1 CtIZ.3Olutcly CJCC.;e1* al for

airntr.ance of th Cycle. -i crn lo 1),! sura, contriowite to the
opreadini- o± the vi rut;, bio Vv: .f.~Liytimselves aloziij v-itlh
the artthropod3. maintain th..-e c 0 f* Ied , a precine an~alysia
of the ni,,rnificance of thlý.- ~ v~i~.Vk ~ t~ea in a focu;. is very A

A nr~tural 1focus of izi~fvrý.ion rem .~.~ 1,oýt reservoir -.nd vectors,
on one hand, isnd an udequat~e *itsi~y 'v(-.rt-'rbrtes and vectors, on
the other, to eadu~re. The lo ,:; rate ---,o hi,,n that clo:;e, and ii,t-riso
tcnntact 1betwepn verteorute, Z~,, %ThrO1.rOt, 't eaut in certair. pe&0o~k8q
id flee(4ad i~' the vi*rua oos s, eS4ýcii.lly in the temperate zones
durina the Winter Ljortit;, LrC to be httl,cd. This,also )romaolea in-

fectIORL throua*h a viremia of *r,-1<imurm 6uratiorn and through rapid sue-,
cession--olf ganerations of the vertcbratns serving as the reservoir.

Apart from the decinatio-, of venr-:!.ate~i and arthropoda by
their natural enemies, climnttic fac-,orz, etc., the antibodly 1ormation
of the once infected vertc1Pi,ra~ nper.at(! as & Counteor-mccanaism of
_nfection. "Even if we 'dme>-iAondn':.. experimental (201 blit not

* otherwise confirmed observ:.ti ;i of tite neutralization~ of a virus
with antibodies in an arthropod Afoliowin,7; a new blood meal, the dhain
of infection is broken in the aoa of11 at tack by an infectious arth~ro-
pod on an already immunized vrertabrate. 3ince viremia is brief and
it occurs once in the lifetime-. of a vertebrate.while the neutralizingr
antibodiez z'emain permanen~tly, aith ircreaain-4 life-cpan of the verte-
brate, the chance.:offvirus vpr'id diminishea aocordinegly.) ~ ~In an extreme case, a foc.;a. alc~o beo extin~uished if it is
not reinfecTed from the outsi-.i..'. There is eviden~e in connection wita
human diseases, e.g., the disappearance of "Austrialian X dinese'",
which support Guch considerat~oiaz.

4. :Latur~i- CYcles A

F'rom~ the epidemiiological .,t-andpoint, three different kinds of
cycles can be distinguished in n~ature.

(a) Priitive~yj q ei-n2 -a Ger~miiaU C.-ain of Infectiorn

-1 ~Tick (?-Gen.),- transovrrial -5- Tick (7F.-gei&.) --? trans ovarial--ý

Theoretically, this cycle muir 3o posta: Ltind ;apossible bec~use

;transovarial transmission of :,;-;ioviruzc., by Licke has been demonstrated
experimuhtally and under n~tu.-, ccndit:nr.3. It is debatable vhetner
this cycle can over exist by >.-ýclf [1613; in arq case it is judged
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S 0 r,.y only -sube,'•" arboviruwe..- are con-
cornea. The existcnce of . , r, enableS u, -o derive
thercrozi the ori~a ..i 2c".o ,2 thc a.~k-boa-nc arboviruses.

If we Start from the,'; L:, L 'lvirWr. multiply in the cells
of tlckcs without cau3in,;, , patilo-icai chan~so, we ;1ust
poatul~,te a coe0. and the viiu:3cs.
It must '60 closc: ti j t,. III o.' vcrr.-ý-rtv ceils which are
either dcetroyed or react b , ;sIibicies. 'do could conclude
from thic that at some tine . .n coi:-i e of icvolution part of the
nucleic acid from the cell c, t~ck .,, 1L o.f and became iidepend•ent,
transmittcd transo-vrariaily, I ,t Linve, ;:tapLE d in time through
passages in vertebr•'tes as wt , .nd 1_tu•.lued the form of the arbovi-uses
known to us today [181).

(b) Cycle I w a Vor'o I , e oj p, of Tr'fcction

-y arthropod A -P vertebrate I -rl rthrorocn A --7 vertebrate 1--V 2. od A-#

This homogencous chain of Jrf..--Lion is l.1t b:.:is of every foc~s in
which the vertebrate is abso.'b•:y esrsen•ial for raintenancoe of the
cycle in the focus. A speci., form of this cycle with the inclusion
of man produces yellow fever:

- A'!des -% man --* Aede3 -- # m:an

A cycle with inclusion of ; ra: .. :ecerv(ir h-s no priority, but inQ the present ctse it gives -i'. "o a scc cnd;ar.r bransformation of
I the natural infection spectru- "' urn1 e*y -->H1exmao--us ---p monkey-+

IHaemaolras --- ) as a result o:" c:nanre in environmental conditions.

(c) ycle with a Hiater',eneous .hain of Infection

-30 arthropod A -4 vertebrate I -3P arthropod 3 --- vertebrate 2

This heterogeneous chain of inioction in vo:%r common in nature because
w within a focus mostly vertcbrato,ýs are infected by bites. Nere
varieu.. species of anthropo;- prenent a.t the same time, especially
as concerns aosquito-borne viruzes, canrtransmit the virus. It is
very difficult to decide which vnrtebratbs a•rd arthropods are ab-
solutely essential to maintaoi. te focuz;;. On one hand, arthropods
infect various vertebrt;es w'-.c, aire n for thc cycle and
i which function only as blird .1 erminal or subordinate membrz 0' a

Schain of infection, an happr na , for et:•n-le, to man with'ciost arbo-
* viruses. On the other han-1, sod-Guc•In:: ,•thrcjods on viremic vertee

'brates become infected without ."At viruz beinii able to spread further
(flees and lice). Therefore, ir,'ing a ficld investigation one must
not Iraw hasty conclusions or. ".Ie basis of virus isolation and/or
presence of antibodies.

'0 3/ I3
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Arb.v.3ro e are .crne"" irculatv it. ;.,irnat. ural cy alc u, with the 0-,'',o , ." .. (0:- u ce t ibleC ',n nal U

pAiu.in/: P. minor role.

Ti.fection of vertelr;*!:- r . o " 'c.r habits a., en- the
behavior of the vectors. in L., z:., ". . t. t.; by

mosquitoes, the rato'.of azieo.,, •:; r ., .. amon., infant.., CsAeci-
ally in the tropics. As far .ik-lu,',. V iýes arc concr.crned,
much depends on the exte,,, :. ,. . .. .r.:: .' crntact with ',- Indijenous
tickz. In general, infecio .. on- ia.e 30 that t:._ .ale is
considerably lower. In ;o:.t .,-e -. , r, :.:,e thcoretica'ly endemic
character of the infection, i ":'....rv.. • if this situation of an
cndemic focus is chan-ed, th- v"r..,r;. . .. zo rreaca epidemic.lly-;
,. ) spread of the virus fro; 1,hn rocur. ;.j a n n-imn.unized po,)ulation
• 3uncle yellow fever.-p urban jeilow feverj; (2) massive immigration
by non-imnunized vertebrates into r. f(rns (epidemic outbreks of
yellow fever among colonicta, builders; n' tl..- Panama Canal, etc.);
(3) consumption of norboiled an.I non-pv~iebrized milk of viremic
vertebrates (epidemic of early-summer m.on.ninoencephalitis in Roznava [243.

6. Sprc_., of ViruA.;e. -,o Alien Territories

This particular matter is ;.iven considerhble attention not only
for hygienic reasons but Alsc for theo"rtical considerations related
to the potential developmcnt of a new focuzs. Viruses can be borne
groat distances by migratory" birds, infected human travelers, and
arthropods in ships, airplanes, e.c. r o.ever, such virui;e~s cannot
create a new focus without th.-' existetr.c, of thle aforenentioned
conditions pertaining to vert'brutes ;.ra vectors. Allowance must also
be made for tho possibility that other -_n;ii, unically related viruses
are predominant in the new place and '.hat tLey have already resulted
in immunization of the vertebrates. .,hi.n cc id- interfere with the
further spread of a newly injorLcd irn:'e.,tor. The phenomenon is

* often cited to explain why in •-ypt ti,c aiatochthonous popula.tion in-
fected with West Nile is not st.ceti',c to yellow fever, even houeh the,

othwprerequisite for a yellow-f-ver focus (climate, vector) are present.

Another possibility is that migratory birds supply new virus
or infected arthropods every spring; for the seasonal arboviroses that
occur in the temperate zore. .Thias iu co.isidered to be very likely
in the case of loci of and . FA, in the Urited Ztates.

There is also some s-.;n." " .nce :, the spread of virus .hrouah
human bein-s durinr; The i:.cu:,. ;.ica p:.';i,,d ard i.hrough arthropods
carried in airplanes. Tht. y.'. -±evcr virus, originally inaijenous
to Africa, might well have r'- cned Am. r;:ca _vza infected mosquitoes

A, i -ba. ice .z -it of spread i3 greatly

increased by moaern air travr- , the J',rld Hirlth OrGanization has
ma,•e recommendations to disig..sect platies used in international
traffic [2111.-,
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c*;jeir;u; to ccntr"o". ( D,,zbt virus infection can
bo dir.cted ".otr .. .. . h :.,t..- ::c'a., :; s c-;t of the reservoir
and in.et the arthropod. h., v'2c;)• ,- ",.,.tior, specific prophylaxis
of hum:.n beings ana end;,n,1 :rc i :;L•Xa]:. , ii, aa o be achicved by active
and pa:.uivc imi.unization.

'11 attempts to dest!:'" Z ;-r it 1,,, to rcluce the viruj reservoir
to sucl. ,r. extent thait -L ut•: 'i cyc' c:: no longer be m~i:ntained
Sfail mostly because of the , of k,.. .-. ge as to which species of
animr.l in to be regarded cr; e. ,yerv:,,. ,croover, iL is very
difficult,if not i'possib.e, :,.:i.:ys .. ,, .,s.:ily tocontrol, for ex-
ample, certain birds or rcirn.; i'l a fo,0C.,.

":I,,m-n in.Iervention i• .'),.u.- s;o( .- t.o to achieve %ma effect

opposite to tha; inteinded whe,-, for , t :ie n:,tural"ene;.ies"
(predatory birds or animsl.-) %.ro cinirn. *cd, teuz entbline the animals
serving as the virus reserv,-j_, "o .ultilly b,-sond their norm;al limits*

SOn the other hand, arthropod cortrol cs L re-itn of eliminating a
focus is a. time-tested methoo tiat h Iz provei to be very effective,
especially in eradicating yellow fever from ýmerican port cities.
The development of modern iZ;:',,ticidc:.n, asaricifies has given fresh
impetus to this approach and it has m=de it possible to treat much
lar-cr areas than before. Th0 `iassia.ns i-, num-roua field expeditions
to combat the widely diffused tIcks have been particularly active
in this respect. However, ju:t how ls&tin-; the effects can be is
problematical because unlike the :arthropods which have adapted to
man And his domestic animals ana -,:hich live very close to him,
the arthropods which circulat,- freely in n'at-re, especially the ticks,
are far more difficult to Pet .lt than mosqui.oes, apart from their
almost unlimited range.

in addition to these gen, ral control meacsures, planned immuno-
prophylaxis is highly importai,-; for man and his domestic animals.

* Active immunization has been :-)cessfully used for many years -
with vaccinm containing virus inactivated by formaldehyde or with;vao-

cines cortaining attenuated st:-,ins.

The purpose of passive _r...unization is to provide immediate aid
for a victim of a laboratory infection, bul it can scarcely be con-
sidered for general use. Hypprimmune -,era or hyperimmune globulins
again3t TBE virus have been produced and suitably tested for this purpose.
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1. Tir % : ,' • , ,r :' ": "L .r> .e

The TBS co;,plex consiit, vir..s strains (cf. Libles)
which are trnamittod by tick -r .ly rel.,tOd i:; antij;en
structure that they cannot i., ar..; •",., "rim one anothr-r without
the help of absorbed sera or r.' ,r2cr3,i.-.ition in ajrr jei [I41),
The term "encephalitis" sh:,l1 'e.refoc? t:k.-n to mean thau most
strains of this complex airn c :.ie of c:-u.•i,,; a di.ease of the
central nervous system ) un and anim;l.j. Typical diseases
include:

1. TBE virus

•,a) su.. -r4 spri u-,ty.er encephalitis
b)CSL..pjbty~pe: e-.rl.,, -..mme.r ,:enin:goeucephalitis

2. LI type virus: loupin,, ill of :;hee?

Here also belon- two vi-.i Zt r.ins.- thý&t were isolated from the
brains of persons who died of -..:njn,,,oeicepha3itis without, however,
their being held responsible (thus farý for a CNS disease ena-enic in
the region.

3. Powassan type virus (`hnada) [i011

4. Negishi type virus [12,71

5. Langat TP 21 type viruj

This virus was isolated 1 956 fro;.- r.s -,ranulatun in .alaya

1571. Ixodes granulatua nonz..'i does n-t attack human beings, but
neutralizing antibodies agains! this virz have been occasionally
found in the native populat on i ,alay£5na.r . The way the virus
spreads is still unclear. .... ,e virus strain itself has only slight
neurovirulence for man and ar..,4ia and it is used as an atte-iuated
vaccinal strain' for animals ('f. loupinr. Ill).

The next two types produce in man the clinical symptoms of a
hemorrhagic fever:

6. Omsk type virus (with subtypes : and II): Omsk hemorrhagic
fever, Central Zih. ei, (of., Hemorrhagio Fevers)

7. RFD type virus: Kyas,..ur roreat -,isease, India (cf. .iemorrhajic
Fevers)
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SSynonyms: .us. .u.;u . ~ in,,cphalitiz, Far st
| f~~~ores' n,.•,•• ~ : encephalitis

Accordin.,; to Russian dat:. {. 0, ,,:, .-ea of" h0Man .,enino-
encephalitis have beer, oosarv(-.' 1:-, the t'L, n:s ~ce 1932. ;,'; dieJ

expedition started in 1937 urn(,.!. the dir,!cI.,on of ilbe and con-

c eluded in 1939 succeeded in i:,olting i. v,.riet.'t of virus strains
from humans, ticks, an4 rodents and iii el.ci,.atin the infection cycle[213].

In 194! Smorodirtsev ct . -175ij r-po:tod on succ.ssful attempts
'1 at active immunization o' :,us;.:, ueinj; 'io; "ormalizea vaccines

prepared from infected mouse •-:,i:a. Zn 1943 anp 19 4 4 Casals and
Webster [34, 35) discovered th. antiie- rc•,:tionship with louping ill.

According to Pawlowsky', ;.i; virLý.; is tminsmitted chiefly by
Ixodes jer:-cu1catps and, po3.i;ibly, by :.n"'e,:i-)hyslis corcinrin and
Dermacentor silvar um. In all three c-.;es i-t is a matter of three-
host ticks in which the virus not shy survives the metamorphosis
but is transmitted transovarially [130).

Ixode8 nersulcatus exhibits it pc.i of activity, early in the
summer and correlates well with the seasonal patterp of human diseases
11743. On the other hand, "aut~iinnal encopha'Uitis", which also occurs
in the Far East, is caused by JPW viru:; and transmitted by mosquitoes £176).

The actual geographic distribution of the disease in the Far
East and in Siberia has nowhere been precisely mentioned by the Russian
authors. it seems, however, to correspond to the range of Ixodes
perculcatus, not much beyond the 60th parallel to the north.[124, 175).

The most striking charaituristic of the disease, as noted by
the Russian authors, is the severe clinical course with a high rate
of paralysis and 30-40yo :. at.ality. it i ý not known whether the
high death rate is due to the in-reasecd no,;roviruilence of the virus
in ixodes persulcatus or to a ,;,.cial ,:.u.ceptibility of the native
population or to the exclusion of some (,.s-ecially the mild) cases
of the disease from the statistical data.

Studies on the pathogenicity of this virus have shown only that
this Far ýýastern strain is more likely to oause paresis and paralysis
in sneep and monkeys than are he vir;a strains of the CES' subtype
L-1 4 , 215). At any rate, the zisuall:, ;;overe course of the disease
in man seems to have been instrA-iontal in ;;.t.nsifying efforts actively
co pmmuniza 'he exposed populatir.. ,1.21;ee efforts were apparently
.ucessful [37, 39J, despite t,,,: fact ,,. th.- vaccines originally
prepared from mouse brains (tod.-,y fl-o;. c;:,,-u ltures,[933) led to
complications.
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"In view of h, lur,- ., c-. 'o control ticks in

the rural are;is, Much. uzý,:i. , -. i .c e.n gained and, according
to the data, the morbidi;y r.t, o. c. r• ,0, 6U,. 114, 1221.

Synonyms: sprin- sickr,:es or Pt: ... in eep

This disease is Zeicribcd -a dt.f..... n. chapter "1umzn In-
feotions Throuh Animal-PaLho,;e.ic Vir.,sox-" .y N. ':usu-ay

4. 3-.rly-Z:, n'. -::i'.r<": ",zSl tN& ( ES

Synonyms: Central European e-iceph,,liitis (c.:), tick-borne
encephali'.i•., Xu ir~ne d~ sease (?inland),

biphasic neningoencphalitis £116)

The earliest clinical and epide;riiolojic1 obcservations on the
spread of ESM. in Europe date back to 3chneic:er, who found in 1927
in Neunkirchen (Lower Austria) a nuraber of beninjn, mostly meningitic
forms of CN3 diseases 1183". In a monograph published in 1931,
he described his first observations anu expieri-nces with 66 patients
whose disease he regarded as a r,-w, thien unki.oun infection but sui
generis [1843. Borrowing fromr. -len, he ctilled the disease
"meningitis serosa", today chief" ld meningoencephalitis.
At that time there wore cases uith a -.evpj'e course, especially

O with paralysis, but their etiolotD" was n-t r(.co3(nized because at
autopsy only the lesions typical of poli.nmye2ilis were found in th8
region of the anterior horn of spinal cord. Hence, all these cases
were interpreted as poliomyelitis or, if the clinical course was
unusual, as atypical poliomyelitis. AJ. attempts at isolation of
the virus failed. There are still some observatipns on such diseases
of the CN3 which go back to that timde -.ni may be relevant, e.g.,
the cases observed in the area of Szege-d [23' and Kaschau £50).

The etiology of the disease was a,:c •..t' determined in
Central Europe after the war whern in 'A. ihe causative agent
was isolated in Czechoslov.,kia f&-r th.! fr.rt time and systematic
serological studies were carried out n - . diotribution [72]. During
the next 10 years the infec-ti:on .zas al: o ,.iscovered in Finl.-nd [126),
Sweden [180], Borniiom, Dern-Lrkm ý52a, ;a--. Prissia £175), Poland £142),
East Germany £171), 'Hungary r5", ll1a". , Juoslovakia [82. In
Austria, the virus was isol; te, in t.'yr.a .94• and in the region of
Neunkir,-hcn £117). Seroloj;ical exazin: a..os of the numerous patients
of the past 30 years revealed h,,...:s o'.aarved by Schn.-!ider
and retarded as an infection 1,' oner-..; .;.oulo actually be diagnosed
as Z'...-. It was clear proof t .'.:. a.:i'. :1.;,aro was not import.ed from
the Last for the first time d-:. .L th, r ., t ':t it had already been
present, at least in the Nc.unkircnon a.'-.: l]O, 119].
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""i. z. ,c C ,r" ... . .. . ""' " " .or intcev) me n found

in1 Luropearn i:uu:;-ia. in . ' " " .i•... o the virua j trans-
mitte': to m. throu6h ........ noence al•;o Thiphasic
milk fever") (Chu~mukov). L j .c'.'.. : . ".ndamentally !-,*'fernnt
kind of virus cycle in na'.ure b:t ;i,, '": "ndlusion of lactating Goats
(infected by ticks) which -.4-1 wth the milk. If
there are many ,,oats and a 1".. cm;. ' their milk, the situation
can be quite sigr.ificarnt in t.,` t.:.n::: ,;r c, ti-e viru:• to human
beinjr;. According to Clarke gr. , .':; ;.r:;, in indistinj'i hable

in antigen structure from t . ty[, . K1L. us, which i' round in
:Airopean hussiua. and tran:.r.-i 'o. to -rn b'. tickc.

(a) Physical, Chci:.ie•2 , cr : n -i"l "i7"

.lectron-optical stu(ies -vs-r"i th:.-- viruses in .1eLa cells
are rre,-ularly 25 mý in 3ize, cwrn, - t thick inner body and
clear outer zone [863. -h, . 'Joi , t ic estimated at 10 million
1177]. Purified extracel .1 vir.:us }, dJ inmeter of about 30 mA in
the electron, microscope. Est.nmat&3 of %he sedimentation constant
in the ultracentrifuge, howov--;-, indicate a p:.rticle weight of 20-25
million. It is thus conceivable thazt tha virus ir~creases in size
as a result of an excretion pro..css.

"7he infectious virus na,-'i-lo in. r,'.ntivoly istable at 40 C, espec-
ially in the presence of -,t )-iai ,• 0.") soreimm,' t..nd.it survives in milk
and butter up to two months r,,4'. O;t t"-;_ othor hxand, it i3 inactivated
within 10 seconds at 850 [£(5'. Aco-(*in., tc *:rcsikova-Xohutova [633,it
is still stable in a pI r,-nj;,- or 2.75-.-'..'5 w:ith an optimurm of 7.6-8,2
so that it is detectable -n s-m: ;ilk, (.r. 4-5) even after 24 hours
at 4c C. Albumin-dec6mpoosin• e-inzy..ne (.r..poin, chymotrypin, papain)
attack [363 and inactivate thp virus (a- :.:ell as the other group B
viruses) but not the group A vi'ruses, The virus also loses its
infectiousness as a result of the usu.Al chemical inactivation procedure6
(formaldehyde, P -propiolactonc). A virns suspension can be purified
by means of hydrocarbons £277, t-hrough adsorption on calcium phosphate
£58], and with protamine sulf:jc £39], possibly also through adsorption
on erythrocytes and subsequernl, clution "I53].

H.A produced according to "larke nn• k.^,Asls [39] and the infectious
virus particle at pH 6.2-6.8 -Ive the capacity to agglutinate goose
and rooster erythrocytes; [1i53en £.5•. succeeded in again eluting
the virus at pH 9.0 from the .. r-ythroc. ,tn,., .-'owever, this hemagglutina-
tion iu highly sensitive and *.. csn be inhibited not only Cpecifical-ly
bh hemagglutination-inhibiintir..tibodies but also by lipide appearing
normally in thd serum. The 1"rer can be removed from the ,.erum
throu;;h ndnorption on ka-oli-., -1:49 '. of all, throul;h tront:-;ent with
acetone.[392. It appears to ,i mntte: of a complex of frne chol-
esterol with the most import:i. sru:, ,l-osphatidos or a cosplex of
free cholesterol with free i':, .., ..c.d., which presumably adsorb the
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virus z; the £oPn of an P. .... .z ' .. ,r. e sipid. r"• the
sur. cc of an eryt ihrocy~e . v 0. .. inh1iIition o: hema•-
gluLin'Lion b.,y viru.;03 o0 ,:,' .. , ,itiaed by ortrfield
and Rowe [137] could no-., m i. ., b C CL':, "i .,,J in detail by r falminenl

£1573. '-

intracellular virus r.u i.... r in nuros tiu

cultures, but a CPZ is not L!'.':.;r oo;•.rv•.,:ie. Thin can be a:ncribed
either to the peculiar natuj'' , - o n:ivid,.l -virus straini or to
the specific behavior o2 t!LU :it;uL;: ci:iture, 'i4pccially of tho
permanent Det-oit-6 and lie,.t l;:J. Virus synthesis can be A
traced in time and plaice 1-: ad .. iiti,, of i'luorescein-labeled antibod-
ies [691. Within eig;ht hcu:', L..c: virus a:ti.-•en and elementary corpuscles
appear in the region of the of atpp:-:uu o: the ;HeLa cell £873.

juckling mice (also, if .oe.;snr::, l v..-.r mice up to 20 g)
are uaed as sensitive expe.:` :.al Laid -Ir.ýreaa chick embryos,
chicks, sucklinG rats, har:ztc.',, :,nnci ij.onkcys a:re no longCer required.
The virus, of course, aztacI*- I,,mestic-•Led a.,i:,als like cows, sheep,
and goats, which develop a v- '.'i: a%nd eliminate the virus with their
milk. On the other hand, arn '.nephaiitis does not.follow peripheral
inoculation.

Aimong the arthropods, cu7.icidc beciare infected by feedin(; on
viremic mice. The virus coul .; detectcd, in gen.eral, after 1-2 days
in the culicids [129, 130, 13'), 1731, althou:*;h thoy were not eliminated
by the mosquitoes. Under exp-iionta1 conditionsi Ixodes ricinus [20,

N 21, 99) and Ixodes hexa;gonus .. ;6, 193) were allowed to become infected I

in the natural way. Here hhe virus could be':re-isolated directly after
a blood meal from the feces ar. also from th., next higher sta,.ge
(by pulverizing the nymphs or .:`ults). llow.eve-r, only Benda [21),
Streissle [18b], and Rehacek Lii161 succc:,'•fully achieved transovarial
transmission. Virus multipli.:.iorn ir. ticks appears to be limited
to the Ixodidae. It could no,. uo produc,-d in Lhe Argasidae £83, 187).

Other arthropods too, e.,:., fl.oas, can be infected by sucKing
without, however, virus multi;.L'cation renulting [1453. On the other
hand, Jettmar [803 showed in ?A..l.urally infected triatomas that *hije
they harbor the virus all their lives, they do not eliminate it with
saliva so that they cannot be conSidered vectors.

(b) Clinical Symntcm.f, .a.nho.osn

"The first phase of the di:sease (viremia) sets in after an incuba-
tion period of 7-14.days. It is accompanied, in general, by . fever
of up to 380 C, vague headache, pain inf.the spine, joints, and muscles
along with inflammatory chang:; ,in the o-7e, nose, and throat region.
These symptoms subside after a few days, Whercunon znasymptomatio interval
follows,, lasting until the, be:;i:.nin- ei. 1he second phase.

I -
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""hi. first phase i:; .r::,s "-.e - -i Jely b:' ;cnn 600' of
a t. patienrtLs w .ren Py cor. - ; ,:. i the second ph..e and

-re ,ucstio'.eQ. 'reuent " i w' $3o miner that they
contin;uod to work and dij C ,u. n. ýccurat,: observa-
tio.n; on the course of :, ha.. ' -oP: ,n : ly when the pationts
are admitted to a hospi;t ..'" .unul :ove conplaints, thu3 per-
mitt*nz both ph.Gses to be cAo.:.:.y foll, -wee, 0r in the case of laborat-
ory infection:; where phase I 1-C 4raced from the very begeinnint
(i-7. 2). Othcrwise, it i-ps alle in ite sprin:
in an endemic area either to %I-t.Iet a2 Ot."te .oMmmon infections of
this kind or bonscientiouily f T"llow. :.;i. clinically and virologic-
ally (isolation of virus f-o:, :.,_od) to p,- -'.ft epidemioloiliczl evalua-
tion. iMorcover, morbidity at:: 'n;'cctir. . of the population in an
endemic region are too low.

•Phase 2 sets in acute'-/-ý I.... ~ j
Phae 2set i. au f.. . . cleas interval of about 8

days (or about 12 days after Qe be-innin,; o: phase 1). The clinical
course 3hows a strikinj aue di,.cnrdence (of. t;"ble). 'I.hcreas the
meningitic form is predominant up to the awe of 40, encephalitis
is predominant from 40 to 60, and the ;irfL_1Y1,iC components after 60.

The meningeal form of the disease apparently does not involve
the parenchyma of the C"j•3 anrd it presents no unusual features, but
it subsides like all the "serous" viruu-c,-.isn-1 meningitides after 3-5
days, with complete restituiio ad inte.:rum. The clinical diagnosis
oQ "serous menin.itis" can thore be based on tho course (neck stiffness,

fever over 390 C) and spinal fluid (cell count to 500/3 with lymphocytes
O predominating and albumin values increasin. as the disease persists).

This picture is characteristic, but not specific for ESYM,

The ancephalitic form (merinngooncephalitis) follows a diverse
course....-It is gencrally combined with orninCitis. Besides nock
stiffness, frequently only twitchina o. the mu:;cles of the face, ton&ue,
and extremities, vertigo, disorders of t;cnsibility, drowsiness,
impaired reflexes, etc. indicate .atholo,;ical changes in the encephalon.
There are also malignant, occasionally fatal encephalitides in which
symptoms like paralysis of the ,oyc muscles, speech disturbances,
fascial and other cerebral nerve pareses, unconsciousness, and psychoses
dominate in the acute stage. The duration of the acute stage and
the possible sequelae vary accordingly. "Late paralysis" is a peculiar
development. It is found mostly in the upper extremities 8-10 days
after the onset of fever. It is frequently associated with disorders
o1 sensibility in the affected parts, but not with eleVatod temperature.

Recovery is rapid without atrophy, or residual lameness. Presumably
it is a mutter of a neuroaller;;ic reaction to an acute infection of
the CNS. An etiological dia-rnosiz cannot bo based on the many-sidedness
of the clinical picture.
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by -. X 01. Vi,.ub.

-)r.) ~ ~ ~ ~ ~ ~ '.* .. , .t**A, c- ,-ý,l .,z* ~ r o b

P"'.ray i~. c.o. o:-4 , 0 .IC .. c .. r, r. r.. y y~ ;)cx ct; r'n~L, troic

forL~z hL.Vo clnl ..sc±Jr 1z),:_: - z waich. po'1ic
B ut eve,-, for thne exc *-'. -. c1a.. . ' c..i.. .i. s not

pssi.ola to cdcfirni~cly rul.' J om..it ~ * j vit~.a. oij a centers
are not attvacked, the pae.. :,.it tc .. ,:; follow-up? examinations
half u Y~ea.- later chow.

D~istribution o' all ClJ.; I-'cinsI ' n an Endemic A aion

of 2;YZ 1956-1962 :w'ichnA~ta)(after Krausler)

I ISML 6 andcrt Infektontn
'2 Alwcrs- 3 m enan- £cnLphA Para, rncnin- 6 a a

%tufCA gitasci 1111sch ly-isdil gausdA lytimh lytsim

1-0 14 - S89

11-20 121 -2 S2
21-30: 9 15 15 8 3

31-40 9 16 - 10. 5 3

41-50 11 321 .6~ 4
51-60 5 19 3 5 5 1
61-70 2 8 44

71-S0 - 3 I I -

81-90 - - I -

total 58 112 17 71 43 27

7 Gema5j dicscr Auistellung betrap~ das Durdisdinittsakcte fur FSIME 37,3 jahre und
fur al'ic asndecac Infktionc; tics ZNS 23.1 Jahre; decr Altersuntersdijd ist statistisdt

schr s~gnifikant (t -7.0.O P < 0,01).

5-paralytic; 6 - other irnfcc~tionz; 7 - 'tho average ago for Z=

is 37.3 years, for all other 0NS i,.;fcctions 231.1 years; the age
difa-cceis saitclyvaryv sig&.4ficant (t-70 p <.01--

Besid~es residu.:;l lan~.en.,c '.:,d. _--Afy ter the paral.ytic form

dyctonia, especially with porzizte.z:t hx.cce.Now and then parkin-

sonism, diabetes insipidus, .;o*..iophre~..ic sychoses, and epileptiform
state3 alao Occur. The lazl~o. .,ere oý;.erved back in 1880 by Kojevnikov
as -the sequela of encephali-i-4; i,-. the 2air Z'-ast, where this could posaibly
indicate the existence of the .inrection.

There is~ no dpecific *tncr:-p.y; ;zhe a~liminiu-tration of antibodies
:.I a M.Mi'esz phase 2I ha5 -'%ov..-. tu be ur.~'cc,.Laful. The bazis for

141. the clinica1 symptorms. iro , *.e orj.-r ov,'roots, 'which can be
objectified by pathohisloloý._c%, iove:;i.r4i io ns. Not only are individual
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D pars of thu OL.] inv•sti[--;te,., .'u•. th, {?:.; i: fixed in tote ":nd '[

throujh :• :;uiabie "•'ork-up %}:., :.o)ioal €,•i::tr•buion of t•x¢. lesions is
determined, •

•,•Iz•,•..u.•x and •€-i.i.n•7,-c .. 62•, .u,.•: ..... .. .,, Zovac [76], and .!
^•'•'•"• ;:OV"..C and Selte]•;.':'.Te-" [67• reported on such sys•em•Ltic
inves•ijation•, which wure br[•./i.: su:•.m•."•ze.• ny Sc•,,•iborcer [164] '•
and Jellinger and 3eitclbc.-je-" [77]. A ,ii:.•.dram derived from a s•:ries J

lu•.rv..10:• o C }!
of verified fntl case.• plus -:•nu" '. "• :" •h histolocic:Ll features ;
of th,• cncephalitic syndrome ;.•.,':•; it i, ozzlble 'tO se• up morpholojical •
criteria for disiniiuishin,•, the disease f.-om.ooliomyeli•is, as con- ,,
jec•ured by 3ednar [19], Xorn::;y •j84], an€ d,:b;, [81] on the basis!•'
of the distinct involvemen• o[" •hc ce•.•,,....u•. On the other hand,
no theoretical differences froa; oLher •:'bcvi.-'- infections of the•n• site o• "•he .$•S inflammatory process.
C;•S emerges from the nature " -•
This is highly important becau.;, in spi• of a certain qualitative
difference be'•ween ..qJ:.iE and poiiomyeli•i:; in the enccphalitic tissue ,•
reach.ion (i• is limited in the fo•zer :hi(,fly •o the vascular mesen-
chym:• with very slight glia i:.volvement, ",.'hereas in ".he latter gliosis !
is prominent), a clear-cu• differ•:ntial 'dia{•nosis is often impossible !
fre• an evaluation of iniividual •repacation• from isolated regions
of tee' 4.,•.";• Thus, involve:•en• of the •pinal €or• and brain stem is ,
not by i•self a criterion for ,•iT"feren•iatin,•;the Swo diseases.
This explains why in past duc•,,, .• such c.%ses w•re mxsdiagnosed as
poliomyelitis (sometimes with an atl, pi.•al clinical course). They !
were not recognized because of %he lack of •uppor•in--z da•a,

m _• •is
.h= topatholo.•icn! Dict,:r•: of •: ....•r,• corresponds to that of

,•, - i

completely clew!!sped prim'•ry v•rus enc.•phali•i• of the disseminated
type of "spotted polioenccphalitides°with meningeal involvement" [163].
It is characterized by discontinuous• •.nfec•ion of widely separated i

,he gray formations.
parts of the CNS with distinct preference for•
It sxhibits a striking constancy in attackinglthe spinal cord, brain i
stem, cerebell•.•, &nd mesencoph•:ion (:'ig. 3). Within this obligatoryl'
distribution pattern are only in:lividu.•l variations in intensity I•
and extension of the encephali•ic syndrome to•he"various grisea. •
However, the •elencephalon must be reg•rded as•an inconstant and ' I.
facuitative morphological characteristic of ESM• and related arbo- !
virus encepha•itides [77, 163]. The most massive destruction of Ii
parenohyma occurs in the anterior horns of the oervioodors•l medull•,I

in the :4. dentatus and cerebellar cortex, in the substantia nigra,
and in the reticular brainstem •nd thalaraic f6rmations. ,'P

The gray substance of spinal corl s.'.:ow,,•the typical lesions i

wi•h a prediiec•ion for the mo•o• ante-'io-: horns, which cannot beclearly disting•ished by his" ,• ." . .... •. •.c.o.,•cal ".- .... • fi'om those of poliomyelitis
•aCU'.a anterior (Fi•,. 4a). In •c,: brainstom, besides severe spotted

•.,,ection of the •egmental nuclei ther,• i• constant involvement of
the inferio• olive and pen'41 v•rolii gr:•y sub,,%ance, which occursonly rarely and to a very "'" "" " • ••Al•..r,, degree •n polior.yelitia. Character-
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u~C~ŽS W~Ti~.X' 0 n.~'. K, r,- n2tj~ p.)r~: or i o-
"' z.yclitic o1-l."' thc C(.tra2. -*ul a rly the vormii; cortex

havc ~ 1e-iornz t: .I*. Y ** ).i-cfchyma, the similiar
C nc halti 11,i~- t t> C. *';`n 0^i: zh loars and~ rnoirono-

ph:~a o he i~rkr.,j ccil . , ,c'~ :~n ricleuan and~ i~edulla
*ar.C 1.0 Z10 "'1" Md;arC'.- -i 1, of ariboviriin anicephalitis.

'i';-e oncah,1i_ p :roccun j .,., oft,.r, less i;nteat: ia the
bra izsten; L~an.;lion, but i, . :3:~'xzs than~ in~ poliomyelitis,
w.ero the 3evere ltosiono ;!.-c. to. th'n Qaop ,-ray subzt.:xrce,
talaziuý; , arnd pallidum. I n.~.. .rie ~ c;niuclei are re,7l~ar.ly
invol.ved with Pref~erence fo ;.' ~.;x: Yi. 14c), putane:L, and
th N. cuudat~um Icss 3o; t'hEz; -r- a.:~; spared in polio~myelitia.,

On the othur hand, Ithe complie..- svarin.; o1' t:te anterior 1hypothalamuo
k~~ucl.~ paaenrcuai aa ir~. s: as compared with

their Dreforrod affoct-ion' -r. li 4_; £77, 10,43 is noteworthy.h (Facultpative tlntrceuhlon ir ~~iji~volve a diffuse dissemlination
of noduloiu over the entirc cr~ .. ~kj5 re.itriction to the motor
central rcgion typical of ý. no', .'lt~ very 6everely affected

cusrum~, olfactory lobe' I :~~~. ar uboortical raedullap

which in poliomyelitis are Ci.;:al fcc
nprotracted cases, so.: f. ocal z.roia may occur in the

cerebral cortex and medu.lla, *neii, L..., ±, and cecrebellar cortex
(i.4d. A sirmilpr phn'ec: ~ bea:, c4ea.-ribed in R53 JJ3E £165),

ZZE, WEE1, and other arboviruz o),cnha~itide It is regarded as
facultativor,. rstoftei amatory process dtie to severe injury

O to the perivascular -lia L77:.

The above histolo-ical ;;-:~~n~ how -th.i oosuible extent of
lesions in unfavorable cas:zi, they nrt U.;OIu1 only as an indication
for a lesion pattern in the zmoo;, beni,:;a :form.z of the disease, serous

*meningitis in particular. The.,. clinici.an often finds no siý;n.; here
of involvement of the CONS, an"~ inf1m-itory changes ahould be pre-
sent in the pý,renchyma £L6, oi;pocially'aince it is reasonable to

asume Orom animal experimaentr:.a the it-uro trppic virus first at-
tcuthe paecyaafter w~ihthe .ziu(;iirn,;'* are successively

damnaged Lr65j. -

"V"- infection, with .-̀::rur. provokez in man the' formation
of snoci.fic, antibodies, which fio. d tectble in the V-71 and HiT
andi later in the CFR. The for.--or are Lnvar-iabiy found as c;arly as
the atart of' phase 2 C91', whilo the 'z antibodies with good antigens

*cannot be detected until the 'e1.11-7th daysý; of' phase 2 [90J. All these
antibodies also appear after a o'linically inapparent infection or
i'nfection without phase 2prpswithout phase 1 too).. While the

*INT antibodiesi and hema-xlutin -z;iorn-3nhibitinr;iantilbodies presumably
'rema~in detectable for life i.- Lhe serum, wi-t.i the titer dccreasin-
gradually, in t.he C?.: loc.;~a: a ye~ar aý%ar the infection thero is
a rapid decreaset in the anzijo.-iy titer, :.-o,;t'.y of 4-6 unlits, but in the
followin- years the titer dropo. vory olowly .-.n the CiR so that even
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afte 'tyiaro a rez'i~dual tzir~ c~n 0;. 0 Lnr~r.i d 4, ~ h~u~

the ite loel'in he N11 ,jin ,l'I doo.; not provida iunconditioiv1.

proof of a f ash 4nfeotio., A. t iter of ovt? r I~ isl uzually f ound i n

the CFa; only ti'ýer v111urc. of ull to I:5e inclu&ciVe ~a~ve been observed

in the sera of' Aprsons untswaro of hýAvii'.,; an 4iniection of' -who CŽ

- tiLl¾ _ _ _ _

AV~m

FiG.o 3a.: lrairnstcLm -anglia: severe invo_'.-ý:.-cnt oA the thalarmu3 with

prefcrence for the reticul.ar nuce.,o` clauatrum, and

lent~icula.r nucleus, with enmphasic onr th, atU., ~ Affectionl of-

the basal olfactory lobe gray su .-3%u-arie * .:' in of the oLrntorior

hypot-halanmuu. Occasional nocdule3a . t-: in in tico deep

medUllarj fovj~ý'

Best AvaillsbL~e. Copy
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?ic. 3b: Pons: apo!.*i2.u..it. -iffctiofl of
the Pons varoliji. ;,.varo ji--jvmn of the

~~~~~~~~~~r 3r, Ceee0~ C~CX~d. IL~c~o rflm-a~

Fiz. 3c: Cerbelum:aasve' Ivo'f-'t s' ohe infiam.matry

rno-or, and sensory tot.~..r~ucll i. i~ involv3clcat

0 iBest Avai:voo, Cony
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;~~~~ .- ,---;I o va.cciwttion
* ~ ~ zhoi&.e2X" bcý Orod i.n > ; . r~o~

(lar;.ini~a2.: ,, ~'c~c~. .:<*;~,t~ " uroj;cs boon
cwOibarl ojily by irecc:L

to be uxreair.tic. On tLl c;. j io Is -.lo (ý.. fficil.t 1,o block

of rni - n tha u,ýua2 way at .2~ imm~unizim, ti-o lar~o
* ~aria3 n ~ oa3 i-, au~~i i.:.. - .i' ~ Lminato the viirus with

their milk [921.

:iY c ;ý5 i mc.r un aL.. ( z.c-w ?iXu -j.n:oct4ion wilth hormolr haj~io
d4 ,L tl; ý;; ;.~c to th*,o capi' laries
in V,..'_40uL; o:az~ TI-.. , s.. o. p r e- :; 0~ 'zn3 1~ -,ucu3.iar

* henomcxr.ci of an urboviro..1'. c;* ,~. .:,L; r i z ra el1f asuoci*L;ted only

~i~h c~i~a~z ~tt rn~ .r c.. -.n dirf 'arent ýp rt z of the

world for yor.ýxc,~~,~' ~trC ,..,ierally namecd :d;.ter 'their

but rnol idon.,%i:ied) 11rF _-lA u sa.~~..ýr.Cvirua infection is

very c.c.u 6. ' ul. `•oreover, inl(:.,:- *..vc il1,orts, Arboviruses as
the caubative ac&frit have ben only nr a few placer. (cf. table).

I, ',"a L;;3r` no- 6' 1957, CIA,'; In.. X.i yasanur !'orezt in
Lhij~ o t'4zr) .. ... ... :~rla'ed to sickrncase

-esoi %/wo0rhad worked..... -~~~..Ln y;e~tc~udies
lu .o izolalýior. oa ft4hea c'. * e. .. _,i .JJ viru3) froza the orEgans

of doac moi;:cys, fromi the Z: of ý_LfaCcted pcirzons, and from
ticks of difforent -exiera npatiuirC,2
Tho viraz beo-n.- to icrou .- . ;, of the T1 cornpl-ex. I;

. d~'e:~rthowaver, fro; ý -*ojran 1111P (Cmnk type) ir

"~rtie -asareervoir. .. :. duringJq 1.; rain-f~rt;;
;: ama;Airy to ju-- t ..y wia the seaso.n.;.1 dovnop::;anz

Of o.11.0 The monkeys rd alo have the cllnical sy;-ipto.;~
~J. . ;:. ;~ > ~*A .l.Until nov thsia in-

fccior h:ý b.er. observlod zu.i. n t: * aoc in india.e
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:.man th." di~wifio Z j ,iL .;' 1.". nr in fCu;3.tirj ý, :ri.o Of~
5-6 d.ya :-- "eer9, SC~*.z ab: ~rrc~ ;clr
and thromboc.,'toierni, c. ',; ira1.. tileT~'~i.n add t~or, to diroct. injurJ t tlio ;*u alvu~
The viru~j cann be rcuaJyi:Ltd ~ t; .o4durin; :.
f eb.-i11o p h a zo ( i. '1 E7 8 C;. -7,:. o ; c indic.,a olowl>' return
to normal whon tho Ai~ver febo~ ~'.n 'ri le *Ihaze *' z ,-eur

aftb a ovcr-froo :wriodi u.,` ~ ; It- hi"; the Grane :;'poi. te

encephalitis. :Antibodiou cuiz. b., cnett~c's.e in ti~o -.'T fol1owiA-,- the virc.-.ic
st~age in the second week oC7 '.ho in; -AI CM. 'Tho i.atali.y
rat~e is 01;o.

1.Gcograph. Vcrbrcitung 2 KI~niwdic lczcdidnung 3 Atiolo~ic* VCkto .r

4 Nrd.kan~na~cn12 12
(4/Nr-kndnve Ncii4rop.1Khia epidernica univ'knat unbekanat

5Uni.%rn 11281. Jugo- I lma.hnar i;dic -unL'ckAnnt Acarina (?)

Transkarpadhiin 8 flukowirnisdics Harnor.
(Bukohinien) t11.141 rha;uidfcs Ficber

4$*Xrm (141, Astraduan 9 or~~gsde Krion- unbekinne Aiearina Q?)
ficict

12U~bdlistan (14, 11/ Uzbckisuan 1-INmordiah. un'uckannt Acarina Q?)
(Zeniralsib~ticn) $dies Ficbct

Daraba.Steppe Om.%kcr Himorrhagiu4hcs TBlE-Virus IxodidaeCFicber Typ Omsk
lndicn Kyasanur Forest Daw.ase TBE-Virus Ixodidac
(Daisttak Shimopa) Typ KFD

MALIya, 7Thailand. Sin;;%pur-:h~i~a;ndis%-cs. Detiiuc-Virus Culicidae
Pitilippinen philipprn~sdics Hiam~r- T yp 2. 3. 4

rha;imfics Ficber Chikungunya-

7 H.~mr- 12 Virus
7 Fern.Ost-Sibirien Pr-crn-Ustidic Hro- unbckannt Acarmna (Q)

I(U, Jj/. rhagisch.e Nephirow-
MaxnjsdurCi1 Korea Nephritis

Argcmnimnc A rgcminiwis l-Linor- Junin-Virus Acarina

Dolca~ ~~.13 12
aolvic I ~nir- VCr-Wandt Mit unbekannt

rapICa.d Fidjcr Junin-Virus

USA (1112. 16611 Hirorrha;isdics Fibcr Epzoi 12 unbckanmn
von (OJtwoiacu- virp.niaa H. niorrh:g~c

eJn oandinavia; 5-iTas

h~r(Buconehovina) rt~~ 6. - C~_;, ':h:,c'-ibra 6 iocovinau
'Lever; 9- K .r t tver; 10 - F-%r 4'tern

v~~r',ar~~i:1 (ealooc)la2-- '1t.ed to Junin virus-

1~~d
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8 - follow.-up examination on ."11 d-ty o:f sickness; 8 admitted to

clinic; 10- circulatory agon•, vitamins

A dineacc of nan wiJ; th -.. :,'r-Jic •iatheuiG has been observed

in the Baraba Steppe in 5h:: c-- reyic:, (.:et,..Siberi&) since 1944.

The causative agent, i olr.. ;z e 1947 '0." .hur.iakov, belongs, like

"XT) virus, to the TBE c om pe Iix is tra-&smiited by Dernacentor nictus

and a.•rncnntor nart'natuc. TFhu host roesrvoir of the virus .ir still

Sun:ro',' •543. The forms. c r.- rair.. in 'the northern p-.rt of

the Iore3t-steppehe he p : .' vo:''.crfl part. .Neither is found,

in -cneral , with I-odesopeg-'.: : zu •.hi.L OL~k KP and u.-( .re not
obsorved near oach other L!Ž..
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jcnic outbrea'k of ': 7. v~d in Southeast iria
UifC L 1.9,4. Those in the V•,.r* i5,6 :;.i:.c in Mianila -it'. over
1200 paL;ients led to the i.o:A'..- of ... e virua types i x.n6 4;
those in 195d in Bangkok, .r.&e vi:., ,e 2 and 4 und Chi.kun;inya
virus [1822.

7te surprisirng thing sIct-.1. tis i., .Z', it only strL,-k
children who became sick wi " ftr j 'ne z .rhar-ic diathesis and
circulatory collapse, and in %:i,;%r4 -. t.. -.... ":tomejaly as v,.,
'The .- Vality rate was abc- t, Thc• ...c...ie agent3 were probably
transuittcd chiefly by Aedes .,ht_. The e'iJcmics broke out in
Nanila in April and I.ay (brfori: the r:-i r.ý, at n and in Bantkok
from July to October 'durinj the .-&ir•. -aso,.).

* A peculiarity of the d i.; - a relative uniform and
characteristic set of symj.zom.;, i.e., i., :"Y, iis eaused by different
arboviruses even, from differv., .a oiup•. (A ana B), While in another
place the den.;ue type 2 anu C 'u::u:•'a vira :e! cpn..ji~e.rice..to a
typical dengue fever (cf. e fevwr "cow).

(d) ?'r. -ne :,--u.'- Fever

In 1958 Greenway et al. fi 2 we-c ,.1he f ir.t to isolate virus
from the organs of patients U L.h 1117. :% 6as observed for severalH i0  years northwest of Buenos Aii'r- and is also called "Mal de los
IRastroJos". This "Junin ii:-' was i,.-:r isolated from rodents.

Contrary to the original re;e'.rch rea'..s, tne virus does not belong
to the TBE complex but form:; - group i-.h the Tagaribe viru.

(Tacaribe jronp). The viru., --z presw.a",ly transtitted by mites.
Whether the vectors are act1.Jy tioe.; rrom the Gamasina group

I canrot be decided for the t.-.,°- bw-inr from isolation of the virus
from Achinolaelans echidninn.-. The i,.ciuaence of the disease in nan
reached a peak in MIay-June (winter'), especially aMong farmers.

The disease increases in severity with aGe. Hemorrhages in
the kidneys and brain may be fn-al.

I
)Denr.ne is a febrile dijo o• f n. caused by virus and transmitted

-y Mosquitoes. It is cha-;7ac'. -..zed. -y pain in various parts of the
body, especially the join -i, .ih};em.., and lymphadenopathy. The
clirical picture of the diaa.-has been known for beveral centuriesI Iin the Far Lst. Bancroft s:; ,, ie "" r.rt to iiicover that
it is transmitted by "'r,. . ,.aiig tran4 Ashburn (19G7) identified

the caus.-,tive agent as a "¢i:... Isolticn -.nd cultivation of the
virus in mice and well as t ..Scovery of the variety of antigen
rtypen were aohieved.only . ,rtracted invetiCations during
.o.1d War Ii 1151.

57{ ,.S..
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l2cdav a distinction rzu-; z. L-.du t,:•c. the c"Unical .on...pt

"denji fever" and the -. ,,-z- -- ;- ' ;nue complex". The
former is a defi'ite huna:. di.;;.s. th - y be caused by different
arbovirusas, wherea:. the l;•tn-r co;:, .,j 4 .r-tigenially rcl.;ted X
vip-uses .f ,routp B callei den,:: vrWu !i-4. Types 1 and 2
are lar,-oly responsible fo: :,; -ii.,-:.,'.ozs of"den -,; o
while types 3 and 3 (freq.iuntly ty'-pe :- ", ) cause a "henorrhagia
fever" (q.v.) in children.

The denLue virus is 17-?: 2 ; in .t can be concentrated
in suckling rnice anr in . o:tuz.. .. e ý.Jividual type, can be
differcntiated by means of in.', se' - - 'FR ana 1.

;3xtraneural and intracer' r:i i.. "c;"on of a frash strain
results only in clinically ir:,.;-eni •..i- t :;; hi.toloz-ical y and
'erologically manifest)infccion.; inr cr .key.s. •Ioweyer, poliomyelitis-
like lesions can be provoked i-. mon'cS- ,chi.. -Cnz-eez) with mouse-
adapted strains [1493.

The dianr-osis of den.:L . . c;,ar;.cteristic clinical
symptoms (at least in the ze .ev: "-.,. At the hjinrning
of the illncss (firs; fever p.o.e) : '-i',3 circulates in the blood
and can be isolated by inocul.';. o.':. mt.Ki. mice. Durin con-
valescenoe antibodies can be .ir. the 14T and HIT as a
reflection of the homologo:us ..... im~unity.

The disease in man setz ii. a't :r .ac';b.a;ioa period of 5-8 4ays
' • with fever, headache, and pain inthe t :s:, sacral region, and

joints(rixeunatic type). The -:::a*l:, jh e ver (40* C) drop3-on the
3rd-itth day of the sickness but -."sez :;c -.3" a,ain on the 5th day.
It subsides on the 7ti day.

The fever an! characteri.-t1i p-.ir.. -:u.;ooiate.ewith an exant~emi
appearing mostly between tVe 5r _d 5.- , and disappearinrg rapidly.
The tend4.,ncy to hemorrhagic diV..sis •s:. 'ih types ) and 4) is very
sliGnt in a typical dengue fever, a't" • putechiae in the exanthema
and in case QL death (rare) he, h-.; i t~o region of the serous
membrane and mucosa have been described.

The peculiar syndrome iz "*....si i.- the name "dengue",
which comes from the Spani.;h -. .,;o;.o" or'.ene-,ero" meaning; "affectod,
-oy, prudish" because the unu.. bozy ,z-.ition enforced on the
patients by pain results in t w.. a - n:, legs wide apart
.Znslish "dandy fever").

The dengue viruses tyie. " a.z 2 , like yellow fever virus,
uransrited chiefly by Aed•s r.-,:ti. .::. sc,•,a to be the only
reservoir, especially since t" fsar, .:x-,.p; in experimental infections
of monkeys, no other naturr.l ;-...: hn-k u.*n Lcund.

C8
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"This nar.-mosquit-r-man r, ';y.'.:' c be niainni .! in tr...ic-"
and subtro:Jical re~ic.as (,it.4 .. ... . ? human a"i Uio pu-
lationts are 8uffic~ently ic,. ±.o'e*.:- &t ues not excludo the exist-
ence of another basic cycle wi;^ t p,. '. •':i; -Lion of a wiUi vartebrate
(monkey?)

The range of both denjE~ue "'A;s . - do to the tropical and
subtropical zones oa*' the Midi•i i" , u-,\a:e: .. frica, anid ;xrica.
These viruses are also trarn. ti•:d bj : L.- i Ciciu specie-. In
"Europe an epidemic broke ot.. inr rce i `.)T'1-1926 and attacked more
than a million persons. Teype I wa3 re-.2.:-ect;vely deterninx.d as
the causative agent [191).

ProphylacLic meaoures are -•i.med pri-m:,ri-y at controllin- the
mosquitoes. The rigorous measirl's taktn ':ain.it aropheles "yO
European3 in their colonien en.nled thm, iailke the natives, to
escape olnyong-nyong fever. V"4.zine wirJ -Lttenuated dangue 1 and 2
strains was used.

Chikungqunya virus (Africs. ;,bty.•) (,,;rcU: A) was isolK.ted for
the firsz time in 1952 in ..... . A ric't. fro.n tz.r blood cf r.atients
and mosquitoes. kt that tine ýnere was an e-iiemic of a benirn,
dengue-type fever among the w..ivca, Mostly %.ith the pharacteristio
joint pain and diphasic fever 7!zn an exan•hema. The absence of

adenitis distinguishes chikun;, a fevt-r f•'o dengue.

O\ The virus is transmittpc 1)y n-merc-uz nulicid species. T he
main range of distribution in Joth anr. .>':-;it ,arica and the Uonrgo,
although it has also been isolitz.d m.... ic .btype) in Thaiiand
from the blood of children wit-. ..F (ei. .,2.

Olryon.Z-nvon! virus (irrup ") js i -elated to chikun.junya
virus and was first isolatud f-oz zhe 1 chi of patients in U,;anda in
1959. An epidemic of a beniorn der.•ue-type fever vas then raging among
the natives of Uganda, &enya, the Conao, and the Sudan, with more
than 750,000 persons affected. The ca]nical picture is very similar
to that of den-ue, but is call-;, o'nyong-rnyonr by the Africans. The
virus i': pread by Anopheles, fr'om which it can be regularly isolated.
A natura., hnst reservoir ha.i not been ri:;:over.d yet 143, 69, 168, 208).

7. Y .1low oyver

The original homeland oil :..:low fever cannot be precisely determ-
ined, but it is now believed L -. t tie :i-us wa.; im;orted to the
West Indies from Africa-in the L7th c,-:.t1.ry. In the 18th and 19th i
centuries severe yellow fover zn-cemics occurred in Central and South
Amzerica. in 1881 Findlay a. 4 rc'-oaor.3hio between mosquitoes
and the distribution and tran. .:znsion c,. ti.e virus to man. Confirmation
was provided by the studies of . ,me:ican yellow fever cosmission
in Cuba headed by Reed (1900/::). .... were able to show that the
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~' czuzat'v a a;unt pz,. zcs tho~ býcc *.. itr an~d ci rcu Aates ir.
rhuran' Ae nrXoo~o" , .~ *r a,3'c o. fever. it is
ac~jui rc.. by bloodi-Zuckir.,;~2: - - ':7-., 4: ~c.ýn tra-r~s~it the virus
4.urther atfter, about 121 daya. i-~fn~;~ ir iver. pract-icai ap-
lication arnd it 3eemed as thc'i : -. o:;r cý-1.rol or, the A;;ri-Jcan

continent could leýad to erad-i;,-icn o: rý_Io, fever i;n the CtieaO
nt il. a wider cycle of t-e viru.; in r,:t'.n.-: w cliacovered in the

coureof the 128 eiidenic in .(io se ~e r. ind in experim~ental
resarh 185, ?ina ly Te-l- !C-9.:cejd ir. infoctin-v mice

intracerebrally and culturin; '..e yin,... lY ei to the development
of vaccine from attenuated viru.- tri. 17j

Electran.-optiý-,1 i~tnie3i h- ve tso.; e vel l.ow fever iu
(Asib-i stra~in) to be 25-27 mA In size [16). It Gurviver, ir. O
~lycerin solution and in a ly lz -tate for a ion.; tine. ?rcsih1y
i;solated strains have viacerentropic ar.i neurotropic characteristics,
the former being dominant in the natu:'.i cy',c~e of tie virus. ii human
being7 or experimentally inffettea monkey Thuvelop3 a vi-remia anid hemato-
Cenic involvement of th~e liver in a few: *day. Enceaphalitis does not
follow irntraoarebral injecziorn o-L this str~ini. :t may be tnat
a hyperimmune seru.m ia produced at the same tim~e which neutralizes only

A he viscerotropic 
elements.

Theiler was able to adapt the vinzs Lri z~o-se brain and to select
the neurotropic elements sc zhi :uch r&zco-uld produce encephialitis

in mice admonkeys after a ahort nc:airperiod. 11owever, afser

the mouse brain passages so -;h-ii. Atwz..... i heC.Sadvaiu

or liver.

HaaGen and Theiler [631 diaariibed mul~iplication by the rncurotrop-
ic component:; of the virus in Xa-.;itlant cul-.ureu, but Lloyd et al. [90)
were the first to grow in tissue culture the Asibi strain which poss6saed
both neurotropic and viscerotro;3ic on ~citc.This 'Led in the
course of the Passagres to partial wci(n-.. of the viscerotropic Comn-
ponernts in this originalAly pantropic v ':,strain without strengthening

of the neurotropic characteristics. A' br.,nech line of these passages

was called 17D and is now lised at, an a:-z.-.ruated vaccinal strain.I
ALfter exzr~aiieural injection this strai:. *.au only a sliaht viremia

.. onceyz and is noL fo'lowed b,, erjcoX.-:.i~iziz or hepatitis. 'lowevert
after intracerebral injection encepha-_..,,_s develops re6-Ularly in
m~ice And in about one-third of e:~neri:7.cnTIL al uikeys. At p~rezsent thisI

Sis cultivated for the preparaticon o: vaccines in ferti-lized
chicken ejgs. in additioa, labor~.:.~r:~i of yellow fever are
also ~;rown. in different tissue c-iltujre:- .nder conditions of plaque
flormation. Th .mkcnaL Ar1ct ub :cs-c-n*b dsi gi e
seroloi~ically [41a].
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Q The inirial clinical symptnms of yellow fttcr appear ter in-
c'ation perioG of 3-6 days. -'..e iniAt.l f:orilc +e (=vircnia)
lasts 3-& days and after a bricf rezia-ion o: 1-2 days fevcr ag;airn
occurs as a reflection of ort':-., involv'renz. "'Th course varies from
case to case - irom clinically -:3rar ,t 9r only with lild fever
and headache tc moderately sevrre cazes with fevcr, jaundice, and
albwuint-ria, and to severe ca.e:i "i-•h ; o;.;ic-,tions resultinz; from
proracted hemorrhaget. tie thc first ph.-.;e of the virero& 1 sets
in a'utely with fever, leukopFna,%, and L*O, u.;u.il char;acterictic buz
nonspecific attendant phenomena, the sa,.iod ":h•i.e shows Ihe typical
signs o&' liver and kidney dam•co. In h live:, .speoiMlly in the
intermediate zone of the lobe, , o n " icn 2ecrosis and fat.y de-
generation, whereas the cells on .he ;-.'riJ:',-y anu in the center
are relatively well preserved. 'The r.':o'ic cells acuire a hyaline

appearance and are call"d"Co cilsan~b~tics."The capiilarics are very
dilated, but there ate no s3in3 of inj.iry to the Kupffer cells or
bile duct. The resultant' - ictarvs appears during phase 2; an
early appearance implies an iinfa.vorabla pro,;nosis.' The kidneys too
show no s3Gns of an inflammatory reaction but fatty degeneration

of the tubuli. Albumiruria approximately matches the severity of
the icterua. Oliguria may tur n into a pro~.Toatically unfavorable
anuria. A decrease in quantity of urine, dininution of albuminuria,
and excretion of bile pigment, on the other I-and, are prognosrically
favorable signs.

* The hemorrhagic diathesic Js prob&bly a sign of direct injury
O to the vancular wall tcf. i?), wizh a decreane in vitamin i synthesie

resulting from the liver damage. A tend,.ncy to bleeding is everywhere
(skin, visoera); haoptyais is p:trticularly to be feared. Cirulatory
impairment is manifested in a low puls-. rate (with elevated body
temperature). At the beginninr. of the first phase the blood picture
is charaoterized by leukopenia; later t.he blood coaLulation time is
lengthened. Death may occur aroind th-ý 6th or 7th day as a consequence
of renal insufficiency and hepatic coma. Otherwise the patient recovers
without developing chronic kidney and liver damage and acquires immunity.

The range of yellow fever !n area:; not i;ettled by man follows the pycles
Subsyp America 5Sbyp Africa

HumIagmus sx.- Aed afrcanus
(TW AflJuIC-R SMpqaxiaii 4 b~v. Aedrs sirapio'u
2 (Sudamcrika) (Afri'%)
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T h.: cycle r.•ntan the !."'z In, . conritionu and
becaic of it.r pr--itivi :: " , :%- c.- .,:; tahe r'in cycle ol
yello', "ever. T2 iis form _ .. : .. " tunL;le .ellow fever".
* n ri:c;, a cycle man is only o..l'y i'2r 'ted, thut in, when
he ch-incen. to enter such a fo, ,z. , . ''. i..n-l person- ,.r n
volvcJ 3o that it is a matter of -, .-po ( . (: urrenoe or o r'.ps
al,;n an occup'.tional i . , . :, ;ersnn i:.:'cted in
a focus return to a settl-.• : j .. v re, a in ,:4) Aciden
ae..ti is .resent, thpre o.,. ,I." ,, a tanzfor.a.ion into
an "urb'trr yellow fevnr", t .e " "? -

F an--4 Aedcs .neryti (vccn. -- ,-

d•het.-er this imported yellow ' ver ,;iv,,z. risc t.o an epidemic outbreak
or it remains a sporadic c:-.se -epn ,n -he 1%ree 0of immunity
(perhap:i also with other str :x.s of ;coup 3) of the population,

Ae.es ae.-vnti is a moi;y'ui..i ... :ve •n close association
witah an. it prefers to 1;-y ej,as in bodies of water, perhaps
also in tree and bamboo holes, movtiy o n top o; the water. The
eggs are highly resistant to 6,yryncss ,;2 very little water is needed
for the larvae to hatch. `2: elez zicztly in t•he carly hcurs
of the morning, alraost alw:;y. i:. r. lo.-e-i zpace. 22-230 C ris the
temperature needed for their irxv"o,..i, ,na activity. Hence, they
may appear in anny warm regio% . e;arth, - "" South Zropo.
The externral incubation period in 4 da.-a at ,7o2 8-10 days at 25*,
and 30 days at 180. The liio-.;p..n of a-., female ia relatively brief

• (particularly since she does not over'iinter), ranging from 2-5 weeks.

Zxpcrimental studies have shown t'-a'U many mosquitoes besides
Aedesr ae;:npti can be infected with tin:. vi-iruE. This is consistent

with reports on the isolation of the y.-Ilow fever virus from various
culicids in America and Africa. i-ow f;tr they can be held responiible
for a spreading of yellow fever .:epends, on one hand, on the density
and behavior (choice of hat~hii, place, etc.) and, on the other hand,
on contact with human beins so that an endemic or epidemic can result,

iI
The following are regardci as je.low fever endemic zones,

accordirng to the latest inform"tion (11162) or. protcctire inoculations
i, inLern.tional travel: Afric;. (with -n.: exception of a few major
ci°•ics on both sides of thc e,-.:ctor 1c 25th north and south
1>,tituues, South America (with - excel).or. of the major port cities
a:nd Pana.a Canal zone) north of .the equator and in the interior to
alout 15 S. Lat.

Lalcoratory diagnosis of yv•lcw fever is based on;

(1) Isolation of virus fr,. blood (phase 3) and liver (viscerotomy
or autopsy);
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L (2) Presence of antibodi.• :or.vc):.*o.. .?: zsirna titer •u.-"in
phase 2);

(3) 'Histolo(;ical oxamin~t-A r. j-"i*1• i:r-c'."tea.

Preventive measures includ, . ,cno.' and i.d.ividual

prophylaxis by vaccination. Cua-c.ml .. .. ased - at
eradicat'in, Ae.des a•.,isince - i _L :,c.: . •jl re~pon:;i ble

for epidenics. Such atten]pts w.! 41, aL* Lh turn of thn century
4nd by i?25 caused a considerabhl, reducto:% -:r. .ha Ž.ýidencc of the.;
disease in 6outh American port 4, tie.. ^;urir . :tnd after (since 1947)
World War TT these campaigns werc *;trcn,;•hrnoa by the use of insecti-
cides. By 1960 in numerous Zou*:i Americ;in cour.tries Aedes ae,:,nti

had become an insianificant etib'.tr of th.., tot-0] 'iocenosis ana no
longer an acute danger to mar..

The American vaccine with ' "e 173 :;!.riin ý.rx. the "rench vaccine
vith the Jakar strain arc now; rav,;-lable fo-s; individual prophylaxis.
The 17D strain is concentrated .. ; c...ckl;. n:maryo and subcutaneously
inoculated, while the Dakar str:Iin is ,r-own in m-use brain passabres,
after which the brains are dried and su•;ended in gum arabic for use.
The inoculation is carried out after scarification. The idvantage of
the American vaccine is that it i,.; well toicrated, whereas neurological
complications frequently follow 'he use of the ?rench vaccine. On
the other hand, the French vncci--e is su3tt.ble for mass inoculations
because of the simple technique raquired.,

Contrary to all recommendatrions not ta couple yellow fever
inoculation with other live vaccines, reports have recently come in
on success achieved with simult;Ixeaus inoculation (small pcx - yellow

rll12. The ir.x.ication for this simultaneous inacula-

tion was based on the need to ca.-. uL ee oth iroculations on a large
scale in view of the particular !ocal co.dilions.

According to international .c-er'in:..ionc, a rather reliable
immunobiolog-ical protection is afforded "or 6 years by a yellow fever
vaocination authorized by the ".Iorl. Health Organization.

8. Xenin/toence halitides ',coz Cai:;!ve A.1ent i's Trars..itted
by 'o:;ouitoýs

Some azboviruses transmitted by mo&; jitoev; %re capable of
oausina moninjoencephalitis in z.;ia and occasionally, under natural
conditions, in animals. From th " c standpoint, these.
neurotropic viruses offer no unusual featureG. In General, they
can be concentrated after exLran,.-ural aduiniz:tation in adult mouse
brain, although tissue culture 's now preerred in normal practice.

Ii
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The clinical picture prezents with considerable variations all
,-:ie characteristic but nonzpecific s:,'_p-oms of a virus infection of
4's . -,in, T, so that the dia;nosiu nust be bazed in each

individual case only on systeni• virolo,;ical-serolojical examinations
(isolation of virus from parenchy}a, often from fluid as well). In-
volvemenZ of Ahe CN3 is invariably preceded Ly a clirically unchar-
acteristic initial phase of viremia (isolatior, of virus from the A

•blood is theoretic•-lly possible. Since neutralizing antibodies
ar- almost always' to be expected in tne patient's serum at the becinning
of pha3e 2 (involvement of the Cl-S), in routine diagnosis the CF. is
preferred tc the HIT or INT.

In contrast to the relatively uniform picture of human disease,
the individual viruses responsible differ from one another in antigen
structure, vector, host reservoir, and geographical distribution.

*(a) American Enuine Tnce~halitides

Zpizootics among Equidae with involvement of the C13 have been
reported since the end of the 19th century, especially in the western
part of the United 3tates. Meyer et al. (1931) were the first to
isolate the WZE virus in California from the brains of dead animals;
Ten Broeck and :*:errill and Gietner and 'Jtrahan (1939) isolated the
E33 virus on the east coast of the United States; Beck and Uyckoff
(1938) isolated the VEI virus in Venezuela. AlonG with these isolations

!- the investigators, also discovered the causal connection between human-
meningoencephalitides and this virus in the West and M•idwest (wm')
* .an~d cast coast' of the United States (ZZZ).

These three viruses belong to jroup A and differ from the other
arboviruses inthpir unaasual pathogenicity for Equidae even after..
peripheral infection (mosquito bite). Zlectron-optical studies
showed the W;LS "provirus" to be 22 miA in size. The mature Wi virus

'(like the VEZ virus) [121) consists of a thick nucleus 30 mt in size
and a peripheral membrane with a diameter of 45-48 mtk £115).

Since the viruses can be inactivated with formalin, vaccines
can be .uscd to. protect not only horses but also exposed laboratory

workers against all three encephalitis viruses.

,he (i) Western Equne Encephalitis (WEZ)

Te virus is widespread in the United States, like . virus,.
only west of~the Mississippi. It is also found in Canada, "razil,
Uruguay, and Argentina. The disease in human beings appears batweern
June and September, with the peak in July, and it frequently attacks

children. Besides sporadic cases, there are frequeut reports of
Sepidemics amona horses and human beiges. The fat.0ity rate is

between 7-20: (average, 10%). The virus is transmitted chiefly by
Culex tarsalis. neither the natursl virus reservoir nor the places
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Sof overwintering.are known. Tere !- Go dou"*bt-'hat n`ratory birds
as Well a3 domestic fowl P14" a rz, cci'l o.c, t,c for;mor rozs.ibly
bein; re-,onsible for imnportinr tie vru'- iAnto he focu Žrezh
every year. The "virus can hibernate in cr.pe r.til, infected
"water snakes (Thamnophis nr.) arnd in Cub:: t-irs-,Iis im inosL4 4 , 192].

Theae,--howev et, are of less 5i.fi'ý.nce in r,,aintai ; ti.ne cycle 2 oft e~ virus in natuhre.

The North Americai subtype of the virus a.-pears ir ZaGztcrn
Canada and the United States, in vexico, irnd in the West Ind,.o?.
T.he Central-South American subtype appears in SouthAmerica i ar-ama• .
Brazil, Argentiha) and Southeast Asia. The disease strikes human
beings, child.,esen and teenayer e in particular, in the late summer anda
early fall. T.here are also sporadic minor epidemics.

This virrs is highly pathoGenic for man due to the hemorrhajic
iathesis. Phase 1 is quite pronounced (fever, vertigo, vomiting,
4eadache), the hemorrhagic meningoencephalitis developinL; in phase 2.

The iehaniso 'of -action on the vascular system is still obscure.
The fatality rate is high, amounting to 74o of the human beings and

in Xasscue .Teehg death rr..tes are to be regarded as,
.a relcino :hg aaiyrather than high mortality rate

&'disease of the CS

Little is known with certainty pe bout the noatural vector (main
vect'r :ior Mai ntenance of the cycle in nature. To be sure, the rirus
has been. isolated from Culiseta, r.'an,;onfa, Oi~ex, Anopheles, oat-4sion-
ally from clicoidaes, various ainpri cular, even Acarina under"natural conditions, with Culisoza melanura assumed to bis re.ponsible"for maintenance of th h inhly c (wil bird - Culisee. -the birds).
*However, antibodies a uainst prn virus have been found iivo numerous
vertebraates so that definite conclusions cannot be drawn as yet."In addi"m ion,. the overwinterin of the virus, as in Wt, is still

'" .- uns ovoh. Just as in Wfee, horses are not responsible for maintenance
4of the cycle and, like man, they are to be regarded rather as.a

susceptible terminal membe: of the infection chain.

(iii) Vene~uelan Eguine iEheenhalitis (i~

The virus is widespread ia equatorial touth America. UnlikeW12 and ZE, the Vc virus 'ausea er.cephalitis in r quidaec but not
han man. it is a fronCphase febrile disease, frequently dengue-like
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Sk in character c;iin joints rlibs). Anotner uliarity

is that the virus is proen.tn in the nzopni.rynjgeal space of infected
persona and horses co that .rn.misoion without a vector, in contrast
with all the ozher arbovirozes, cannot be ruled out. The virus ia
also excreted by infected horses with urine and by experimentally
infected mice wi-h feces. This surprising excretion and secretion
of the viru.3 is ;ndoubtedly responsible for the frequency of laboratory
infections.

Under natural conditions, the V.L virus, as shown by the isolations
f.rom many species of Culicidae, is tran..lttcd to human beinjs and
horses by Yansonia titillansr and AciLs teniorhv-nchus. It is still
not known whether any species a.- chief vector plays a Lpecial role in
maintenance of the virus in nature.. dild birds are cornjectured to be
the virus reservoir, in which case Aedles trise:-cltus would function
as the vector. Unlike WE- and ,the V,, virus is found only in the
"tropical zone with a constant climate so that there is Ao problem here
of overwintering.

(b) St. Louis Encenh;litis

K;eningoencephalitis cpidemics broke out in the 3um=ers of 1932
and 1933 in the midwest of the United States; the e4us;ti-e agent was
isolated in 1933., The virus belongs to group B and is rclated in
antigen structure to JBE, MVZ, W,, and llheus viruses. Ta theQ SL: virus' range is from the Pacific Coast of the United States to
the. Midwest (like WEE virus), Panama, West indies and Ecuador, although
the location of epidemics changes from year to yea- The most important
and best studied epidemic occurred in Houston, Toi.i in 1964.

The incidence of the disease is ,ighcst in the lite summer and
early fall (W22, about a month later), the peak occurrinj in August-
September, with different age groups preferentially attacked. The
clinical symptoms aze often inapparent (estimated age rate inapparent -
apparent = 64ý- 209 :1 [25) or so mile that for want of inclusion of all
cases an exact fatalitj rate car.not be determined (but it is surely low).

The virus is isolated chiefly from Culex tarsalis, also from
numerous other culicids. The natural virus reservoir is migratory
fowl. Poultry, domestic animals, and wild mammals are also infected
by mosquitoes'. Overwintering of the virus is still unknown.

(c) California Encephalitis

SCalifornia encephalitis virus (CZV) was isolated for the first time
-from C,':ex tarsalis in California [69a, 69b, 14 4 a] and from a hare [29).
in addi.ion, antibodies against CEV were found in three patients
wiTh encephalitis in California. The significance of this virus in
connec;iin with an infection of the human CN3 is still unclear.
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The firut dez,criptions of. this dise lise daLte back to X-1,.wrkita

t ~A1-71), but epide__c__h_,'___een_____"

utopdeic wý,;b en cýuar y recorded in Jap;&n on•ly since
•1924. A'n 1934 Hayashl was the first to isolate the causative a,:ent
by tranjmiAssion to nonkeys. In 1935 this infection was named.B-enceph-alitis to dist*in.aish it from von Economo (A) encephalitis. -he virus

oelonigs to group B and i-, serolo.,ically related to S virus. I ts"
ran*g*e now extends to East Asia, India, and X.icroncsia.. The incidenceis highest in .he temperate zones from di eid-Auzust to mid-Octobera

u n c i [ wh children and teenagers prererentially i
atbacked in endemic to nons. Inhe clinical synptoms wary fron imdpparent
to fatal diphasnic forms (as in TBE) with P fatality rate of about viru

Encephl.iti Aforws appear to be more common. than paralytic forma.

Th-e vi~rus is transr.itted by various culicids, especi~ally Culex
Z.L trt _nirynchus. Various wild fowl appear to be r;ten t he natural virusreservoir, although swine and horses are also infected; the latter I

may-be rospoi,si-ble for a suboycle. Inoculation with formolizedvirusos from man and horses helped to reduce morbidity considerably
in Central and South Japan [165t. w

(e" "Taira Valley :n halitis (XVE)
An encephalitis epidemic broke out in Australia for the first

time in 1Q17-1916 (7it- fatality rate), which in a milder form
Snce lthe foo s years was also presumably caused by the a ame aoent
S(Australian X disease). Another epidemic broke out in Eastern Ausltrali
in 1951 and the causative agent was isolated. The agent isolatedr

1917 disappeared meanwhile, but serological examinations demonstratedthe identity (or close relationship) of the two viruses.

Mv E virus belongs to oroup h and is closely related to JBe virus.
Thenvprus is widespread in Australia and New Guinea. It has been
isolated from various aulicids, especially Culex annubirostrih e
undoubtedly the major factor in nature.

9. Pappataci Fever (Phlabotorus Fever)

The clini-cal pattern of pappataci fever has long been known in
She Adriatie and Mediterranean area. 'ili disease waa first described.

Sag a clinical entity by Pick (1886). As early as 1909 Doerr, Franz,i11nd ussis the causat age castive asente is a virus that circulates

in the patienf's blood and is transmitted by Phleti~tomus papata:si."
The firrt demonstration of the virus e si

1917disppeaed eanhile bu se ollogial yelltow s feve onstrutids

in Cuba and lavor a commission of arny doctors de3covered an arbovirus
nbycle in uroe ao f75. Durin Vorld nWar II Sabin e150. succeeded

in isolating several strains in the course of comprehensive knvestoia-
teons oA-alliod soldierr in the Mediterranean area and in ristinduishinG
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two serclojically different t*°?cs on the basis of experiments on

volunteers - Sicilian type (i9 ,) and :-eapolitan type (1944).
he virus• is about 50 z, •n s~e; t was isolated fror- phlebotomi

Tu iuýi bu V I ., W

and patients' blood through transmission to suckling mice. It can
also be adapted to adult mice or tisnuC cultures. Otherwise it is
transmissible only to human beinjs. It appears in human blood. 24
hours before and after the be,;innin, of the clinical symptoms.
Onset of the dis6aae after a brief incubation period (3-6 dais) is
acute with a high fever, chills, headache, and sensitivity to light..
Since the face and conjunctiv% are reddened, the disease used to
be called (in-the 19th century) "dog's disease" (red eyes!). -Tho
fever subsides after 2 or 3 days, beco:;.in: normal on the 4th day.
The leukopenia and bradycardia are striking. However, enlarement
of the spleen and exanthemo do not occur. Differential diagnosis
is a problem owins to the acute beginning - malaria (blood picture)
and dengue (exanthema). The disease produces a type-specific immunity,
.i can be definitely demonstrated in the NT (better than in the
HIT and CFR).

Under natural conditions the virus is transmitted by ?hlebotomus
i-natasi. The Phlebotominae constitute a subfamily of the Psychodidae

and, consequently, are closely related to the Culicidae. They are
blood-sucking (humans ant domestic animals) ectoparasites and can

* easily be distinguished from mosquitoes by their small size (only
about one-third that of the Culicidae) and sandy yellow color (sand-.
flies). Like the many other faziliar phlebotomus gpeces, Phlebotomus
nan-tasis prefers to stay in the living and sleeping quarters of man.
The range of flight, unlike thaz of most Culicidae, is short and
limited to 100-200 meters around thu hatchin& places. The latter
(in contrast Xith those of mosquitoes) are found in heaps of moist,
organic material& as in rodent burrow:;, cracks in walls ("ruin disease"),
garbage, dunGt etc. A completl developmental cycle takes about six

abweeks so that.there are usually two generations a summer. The
r imagines (female), like mosquitoes, feed on blood. Their bites (often

several for a meal) are particularly painful.

Man serves as the principal virus reservoir when bitten during
viremia (about 2 days) by imagines. The extrinsic incubation period
in imagines fluctuates between 6 and 10 days. In addition, it is
maintained that e-ven the la::vae can infect when they ingest feces
from infectoed imagines or feed on their dead bodies. Transovarial
transmission is suspected but not proved. "

,he disease occurs in Southern Europe (South Russia, the Balkans,
-ty,, South ?i2anco), North Africa, Central Asia, and India, but
Snot on .he American continent (despite -he preaence of blood-sucking
phlebotomi), with two annual peaks (June and September).
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? rophylactic measures are effective, especially if modern in-

seýticides are systematically sprayed in houses and to a distance of
•100-200 m around them. Above all, possible hatching places (garba-et
compost piles, lung, etc.) should be removed or sanitized.

10. Newly Found and Suspected Arboviruses in EuroDe

(a) 6alovo Virus

In 1960 BLrdos and Cupkovi isolated in Slovakia (from a pool of
Anopheles raculi-cr.nii), which they named Calovo virus after the
place of isolation. Independently, the sar~e virus was isolated
from Ai-onheles barbirostris as Chittoor virus in India and from
Culex '•elidus as Batai virus in M.alaya in 1955 by Elisboy and 3uescher.
This virus was classified with the Bunyanwera group on the basis of
sorological-studies. No relationship has as yet been demonstrated
between Calovo virus ani human disease, but antibodies against the
virus Aave been found from time to time in human serum [863.

(b) Kemerovo Virus

Hitherto unknown virus strains, apparently very closely rclated,
". if notidentical, in antigen structure, were isolated from Ixodes
mersulcatus in West Siberia [38a] and from P7odes ricinus in Slovakia
t96c, 64al and Finland [25a'). They are called Kemorovo viruses9 after the plaio where they were first discovered.

r Kemerovo virus is not related antigcnically to the TBE complex
"or to other arboviruses and is therefore regarded as a still ungrouped
arbovirus. This virus is less stable than the TCS virus and is patho-

" genic only for 1-3-day old suckling mice [106a], although it has.Ulso
been primarily isolated in chick embryonal cell cultures C96d]. The
virus seems to be less widespread in the focus investigated in West
Siberia than the TBE virus since neutralizing antibodies in wild and
domestic animals are not found as frequently as against the TBZ virus.
On the. other hand, thekick infection rate in Slovakia .s five times
bhi-her..with Kemerovo virus (1.0-1.3%) than with TBE virus (0.2j) C96b].

The importance of this virus for man has not yet been clearly
established. To be sure, the virus has been ociasionally isolated
from the fluids of patients with febrilo infections and mild meningism,
but there are still no precise olinical data on a causal relationship.

There are, nowever, human infections in which neutralizing anti-
"bodies can be demonstrated as an expression of the ihfection rate in
healthy persofis (2.8Y2), although to a much lesser axtent than against
TBE virus (63&681), at least in the dest 3iberian focus [96b). The
cycle of the virus in nature is similar to that of the TBZ virus since
the same host species of ticks are infected by the two viruses and
the virus can also be isolated from small mammals.
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(c, Ta..yra ir

1956 in Slovakia Bardo6 and Danielova were the first to
i.Ote the ,ahyna virus, named ...ftcr the place, from Aeo:, casoius
and Ae - voxans 115:. This virus, identified as a arbovirus 9, ,
has bev.i placed in the California encepLalitis complex on the basis
of serolojical evidence £3511. Suoze,,uently, Likar in 3lovenia sue-
ceeded inJ isolating two strains (M0IC') in the course of a survey of
5000 serum samples which behaved in the C2.1 like Tahyna virus E96a'.

.The virus appears in varinus part. 'o3 of Centr:al and South
Europe [111, and South France since .:. Jboaios can always be demonstrated
in .lood samnlea taken from bitten -poxons. The Danube is a preferred
roeiorn. ilere Aspock isolated h virus fro-m mosquitoes. Antibodies
are found i- up to 60/ of the population £17, 682.

Araes vexans is the main vector. it can also be e::perinentally
.4!nfected. wiia Tahyna virus, with an incubation period of at least 7days. 'It is safe to assume, however, that other mos;quito species
play an important role in the cycle of the virus because the virus
cannot be carried over the winter in .1.des... v:x.tns or be tranimitted in
the. sprinj by viremic heterothermiu vertebrates to this firs; mosquito
species to appear in June [4a].

The role of animal hosts as virus reservoir h.as not yet been
. fully elucidated. Birds do not seem to be part of the virus cycle
Q.10, 169 nor is itlikely that doneotic animals or MIuridae have

ar•ything to do with the spread of the virus in nature £16, 1701.
However, hares and rabbits may well function as virus reservoir
since hares have been found to ponsess a rather high degree of natural
infection and a viremia has been observed in both species of animals
after experimental infection 1170a).

The question of the extent to thich this virus is a pathogenic
agent for mr.bannot be answered with certainty as yet. There have,
to be sure, b-en individual cases with atypical pneumonia causally
related on serological grounds to Tahyna virus 9gal, but one cannot
extrapolate from this that human respiratory diseases are to be expected.
This must be confirmed by further research involvinZ virus isolations.

(d) Other Suspected Viruses

Isolation of the Calovo ar., Tahyna viruses was the first proof
.•hat mosquito-borne arboviruses exist in Central Europe. Other
_.rboviruses appear to be widespread in Central Surope and, though not
yet isolated, antibodies aa~nst them have been found in human sera.
in this connection, the findings on antibodies against W-L and SE
virus [6, 7, 12, 94) reported in 1954 can be interpreted as'.evidonce not
for the existence of these two viruses but for a virus of Group A.
Thij is confirmed by similar results in Jugoslavia [123', Italy [1614,
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O .and Austria [68]. Ioreove', human 3cra from Auztria were founr; to
.co.ta intlILutina;ion-inOhibi;n ar.:ibodiea aýain3t phlcbotomus

ever (,;capolitan type) and jroup B viruses (;rJZ, ,q;taya, Wi;);
"they were also detected in persons w..o had never left the local area
• n which they'were born. Since the latter find car. be rer.arded on
the basis of acetone treatment of the sera as absolutely specific in

" the. sense of a positive antibody reaction, the possibility that
*-other arboviruses will be found in Central iurope is very likely.

*In contrast, reliable serolo-ical evidence of suspected arboviruses
does not as yet provide any in4icat:or, for the existence of hemorrhagic
fever viruses. 1here are, of course, some clinical observations

on such cases-in Northern Scandinavia, iiundary, and Southeast Europe,"
but i-. is by no means certain whether a uniform nosolocical entity
sui generis is involved or these diseases are caused by arboviruses.
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