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{Following is a translation of a portion of a book
Virus- und Ricketisieninfcktionen des Menschen

{viral and Rickettsial Infections of #an) by

K. Moritsch, Munich, pp 412-494,.]

Abbreviations

Antigen

African Horse Sickness
Antidbodies
Arthropod-borne

Blue Tongue of Sheep
California Encephalitis
Central European Znceph~
alitis

Cytcpathic effect
Colorado Tick Fever
Eastern Equine Encephalitis
Epidemic Hemorrhagic

.- Digease

Barly-Summer Meningo-
Encephalitis
Hemagzlutinin
Hemorrhagic Fever
Hemagglutination~-Inhibition
Test '
Interferon
intracerebral

Japanese B Zncephalitis
Complement-Fixation
Reaction
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KVE
ROV
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OHF
RES
RNA
RSSE

RVF
S.Coe
SLzE
TBE
VE=
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WEE
WX
IF

Kyasanur rferest DJiszase
Louping Ill
Meningoencephalitis

Murray Valley Zncephalitis
Newcastle Disease Virus
Nucleic Acid
Neutpalization Test

Omsak Hemorrhagic Fever
Reticuloendothelial System
Ribonucleic Acid

Russian Spring-Summer
Encephalitis

Rift Valley Pever
subcutaneous

St. Louis Zncephalitis
Tick-3orne Zncephalitis
Venezuelan Equine
Encephalitis

Vesicular Stomatitis Virus
Western sSquine Encephaiitis
West Nile

Yellow Fever
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4. Jefinition
Viruses are now classified as arthropod-borne (arvo) viruses which:

(1) Possess the capucity to multiply in vertedrates ana arthropods,
with the ver.ctrates rejarded as the reservoir and the artihropods as
the vector. ulviplication in vericbrates is traceable throv;n viremia
and accompanying antibody formation. The infection may cither de
inapparent or have clirically pronounced symptoms. The virus itseld
can be eliminated by lactating animals throush milk; in excrement it
has thus far oeen found only in mice infected with the VIZ virus.
Infection of a vertebrate follows the bite of an arthropod whica had
previously become infected durin; a blood meal on a viremic vertebdbrate.
sxperireaval mosquitoes can be infectec intratheraecically, with the
demonsiravle multiplication of the vir:s concidered a e¢riterion for
ciassification with the mosguito-bworne arboviruses. Virus multiplica=-
tion in arthropods is always usyuptomatic, i.e., there are no signs

£ discase or histologically apparent lesions, Consequently, the
so-called "insect viruses® (= v‘ruses wiiich nultiply in insects
and thereby injure them) and viruses trancmittied only mochanicaily
by arthropods ave not designated arboviruses.

(2) ¥ultiply in baby mouse brain. '
» {3) ire sensitive to bile salts {1903
(4) Possess hemagglutin of antigenic nature.

(5) Contain RkA. .

All the postulates (especxal)y the productxon of HA) for classe
1‘1cat10n among the arboviruses cannoit always be satisfied. In the
case of the intebbe bat virus isolatea in Uganda fyrom the salivary
glads of a bat (Tadarida [Chserephon] limbata Peters), we know only
that it can be concentrated in the baby mousce and the resultant A
{cf. section on Immunolbiology) gives a cross reaction with immune
sera.of group 3 without the possibility of identification with suitable
known sera. There is no hint of a vertebrate~arthropod cycle in
nature. nsevertheless, such viruses are included with the arbovirusee
on tha basis of the antigenic relationship (at least tentative).

L definition of arvoviruses fron the physicul standpeint, however,
16 impossible because they are heterogeneous in size and presumadly
alsc possess a variabls number of capsoneres.
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boviruses can be divided into separate groups on the

<:> o3t o

busi. of anti,en relationship. ©re remaining arboviruses cre itenta- !
. t

[T -4

tively treated as "ungroupeu". Those viruses are related and placcd ‘
in oze group [32] which producc clear cross reactiona either in the :
Hin or CFPR. & precise differentiution of the individual siruins

is then posszble in the HI? und CFX only through the essesntially

hizher titer wl ihe homologsous sern, otherwise < apart fron the

733 complex - in the 1T, where, to be sure, cross reactioans can aulso
occur. These, nowever, prove 1o e very weak \e.b., wita concentraved
or only slizhtly atsenuated serum) und cma thus be easily differentiated
by neutralization with the homologous serum.

In general, orly the HIT i. used for grouping, as, Jor exanmple,
for the division into group A or 3; for the grouping inbC, however,
& combination of the KIT and CFX (Géiagram) [167].

P

- __oRIBOC, :
: CbKBR HRT 7 ! ‘ 3t
~ N 1Nt % . i
. . ) o ) .
e 8 e
| ' : l HHI 2 KBR‘ :
i . ! 1 NT :
. : z &
. i v
3 B i a Q?' .
'6) %2 M & '
¥R NDO |
‘ APEV

J e L

< Fig. 1. Serological re;a.mons of the group C viruses.
- Diagram from R. Z. Shope and O. R. Causey, Amer. k
- J. Trop, Med. Hyr., Vol 11, pp 283-290, 1962,
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l. - Hemagglutination~-inhibition test |
2 = Complement-fixation reaction
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Beyond that, however,viruses closely related in antigen structure
within a group can also be included in a complex, as in the T4 com- :
plex within the B group. Here a precise differentiatior of the ‘
individual types is posscible cnly throush such delicate mecthods as
cross precipitation in agar | gel and the HII with type-specific (obtained
through cross absorption) therzmmune sera [40] or by the combined
use of immunufluorescence and microphotometry [68a].

- wa——

[P,
poprervy

This greuping in the case of wmany of the already discovered :
arboviruses and familiar groups is a complicated ané protracted pro- :
sedura. ancther difficuily thal occasionaily arises is thai “.~re j
are some individual virus atrains which produce crosc reaciiov.. . '
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% (:) with two groups and Lppear to te a tridge between then:

virus group virus strain virus group
: cross rcaction crosa reaction

Bunyaawerag > GUAROL € >»California encepnalitis
CPR HIT

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

The wish, expressed perhips mosily by clinicians, to be able
to classify viruses by the clinical symptoms appearing in man or
aninals is impossible in the case.of the arboviruses because (1)
these cr.teria are not constant and (2) the clinical picture cannot
: be as exactly perceived as the antigen structure of a virus so that
! misinterpretatigns are possible which are reliably excluded dy
antigen analysis.

B. Classification

The tables lisu the presently krnown arboviruscs in groups, which
were originally designated 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. Tne virusea

(:> -mentioned in detail correspond to a single type. Within each type
gubtypes (variantsi,can be distinguished [3la] on the basis of a
refined EIT.

C. Physical, Chemical ond Biological Characteristics

1. Phvsical Characteristics

Most arboviruses are 20-50 nx in size, as measured by the
ultracentrifuge and electron microscope. Scme exceptions with a
larger diameter are ihe blue tongue, Ilesha, Turlock, Wyeomia,
Anopheles A and B, Bunyamwera, 3wamba, taya, and VEE virusges.

Thie figure applies to the overall size of the elementary particle.
It is independent of the diameder of the external meambrane, which

has a larger range of variation than the dimensions of the structural
elements of the inner bedy.

2. OLhemical Characteristics

Accoréing to R. M. Franklin [52], arvoviruses are viruses with
peripherally situated structural lipids. They lose their infectiousness
very quickly after treatment with chloroform {110, 209}, ethyl ether
(16 hours at 4° C), or Na-desoxycholate (0.5 for 30 min at 22¢ C).

.7 inactivatior is also regarded as an esseantial characteristic
v WhC Grooviruses.
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Also, $.2G. Anderson and &. L. Ada's investigations [3), wherein
pheipholipase i inactivated the MVE virus, indicate that peripheraily
situvated phospholipids must be essential for the integrity of the
virus.. The lipid content of this virus was latexr determined accurate
to 11% [1a). Infectious H{KA can be obtaincd if these lipids are re=
noved together with the proteins by treatment with ho%t carbolic
acid (5C* ¢) [202). Treatment with Freon, among others, does not
alter the infection titer proper so that this method can be used tc
purify these viruses toc [177]. The production of infectious ribo-
nucleic acid with the help of extraction with cold carbolic acid
msntioned by Gierer and Schranm has already been succeasfuily attempted
in West Nile (&3], Murray Valiey (1], 732 (47, 176], WEE and EEE (108,
200, 201, 203], Semliki Forest [37], and yellow fever [125].

Key to Following Tables

1 = geopraphical occurrence; la - ( ) conjectural; 2 - isolation fromj
3 = Man; 4 - human antibodies; 5 - form of disease; 6 - unkpgwn;
7 - man: dengue-like, often with HF; 8 ~ man: hem. MEj 9 - species
unknown; 10 - *Phe internationally used =Znglish names have been chosen
to designate the viruses; 11 - man: dengue-like; 12 - man: fever;
13 - man: fever {rarely with M27); 14 - man: ME; 15 - man: fever
éwith hepatitis?); 16 - sheep: féver; 1T - man: HF; 18 - man: fever
laboratory infection); 19 - man: dengue; 20 - man: dehgue, also HF;

21 - (related to MVE virus); 22 - man: fever (with ME?); 23 - turkey:

. MEp' ' 2 24 - horses: ME; 25 - {do not multiply in mosquitoes);

: 26 = man: fever (dengue-like?); 27 - sheep: fever with abortion;

‘28 - man: dengue-like (with myocarditis) ME; 29 - man: yellow fevexrj

30 - (laboratory infection); 31 - man: fever (related to the California
encephalitis complex); 32 - swine: African swine fever?); 33 - sheep:
catarrh, fayer, edema, hem. diathesisj 34~ man?; 35 - man: pappataci .
fever; 36 - influenza-like; 37 - domestic animals: vesicular stomatitisj
38 --man: febrile infection (?); 39 ~ sheep: gastroenteritis with
glomerulonephritis; 40 - nan: fever (laboratory infection);

4l - sheep: hepatitis with abortion; 42 - man: fever (dengue-like?)}

“43 - man: dengue-like; 44 - sheep: louping ill; 45 - South Africa;
L6 ~ East Africe; 47 - South America; 48 - East Asiaj; 49 - Eastern
United States; 50 - Northern Zurope; 51 - Bouth Gentral Swedeny ~

- 52 « Southern Norway; 53 - Central Europe: Zast Germany (Southern
Germany), East-Southeast-Austria, Poland, Slovenia, Hungary, Czecho=
alovakia; 54 - Southeastern Europe: (Albania, Bulgaria, Greece,

:Rumania)j 55 - Bestern Zurope: Burope, Russia; 56 - Southeast Asiaj

® 57 - gentszapecies (genus and species unknown): 58 - * vertebrates
- freely exposed; 59 - Anterior Asia; 60 - Greece; 61 - Cyprus;

62 « Czechoslovakia, hustria, Jugoslavia, (Southeast Europe?)s

63 - Near East} 64 - Sioily; €5 - Czechoslovakiaj 66 ~ Far East
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(:) X 3., Biolo,-ical Characteristics
. (a) Antiren Structure }
Basically, a distinction must be mudc between three antigena ;
identifiable by various serological ucthoda.

, (1) The V{~irus) antigen corresponcs to the complete infectious
*+. _ virus particle and is quantitatively determined by Lhe T, \ i

(2) Up to now hemagglutinin (HA) could not be separated from the
P . virus particle. Hallauer (1946) was thc firat to obtain proof of
t "+ " HA in a viscerotropic yellow-fever strain. Jabin et al. (1950-1954)
; .~ ‘subsequently demonatrated the presence of this HA in some a-bovirus
l _ " a8trains and Casals and Brown {32] used HA to classifyi..; the arbovirvs
i strains into groups. Today it is obtained by sucrose-acetone or
) acetone-ether (standard regulation) extraction rrom the brain of
#% . infected baby mice [39]. This extraction takes dlace in the cold
» « a0 that the infectiousness of the virus p:rticle ia not completely
;i‘lost. Hemagglutination is very pi~sersitive and can also be inhibitad

.- by phospholipids, as they are found, for examnple, in every serum
"..:". L138’ 157’ 159, lb\)lo

-

R The highest and most reliable titer values of hemagglutination
"7 % ""are obtained with goose or rooster erythrocytes [152]. Agglutinability
S " of the erythrocytes appears to ve dependent on the hormone content .
-, . of the donor [155, 156]. According to Jalminen, who carefully studied
the kinetics in TBE viruses, in the case of adsorption and elution o

. by arboviruses it is not a matter of an eunzymatic process as in "hgi

the myxoviruses, but the high rate of elution with high pH values

points to electroustatic influences [153]. Siudies on inhibitors of
* ;.. -hemagglutination in the TB:Z virus [159, 160] and later in other
+.." 7 arboviruses [157] made it likely that as far as the receptors of the

cell surface are concerned, il is a quaestion of a complex of chlorest-
< erol and a negativdyloaded lipid (frees fatty acid or phosphatide). -

' v

1

: (3) The complement-fixing antigen is quantitatively determined - A
in the CFR, wherein, however, the titer is a»vproximately only one- . “.
" tenth that in the HIT. Evea simple preparations (veronal buffer . e
-+, suspension from the brains of intracercbrally infected suckling Lt

'a,'._lmice) produce specific deviations in the CFR and are of practiusal T
) value, above all, for rapid identification o:" freshly isolated virus
strains. Still high antigen titers ar2 obta:ned after extraction of ]

.- the inhibiting lipids, e.g., with sucraose-acctone in the cold, as o
* "t in the production of Hi [39]. e

A )

(b) Host Crect>um

It is a common characterisiic of all arbvoviruseas that they can
be concentrated in the baby-white mouse, Aifver extraneural applica=-
‘ tion many strains multiply in the CKS ir the form of an encephalitis.
: Adult mice, especially the "ncurotropic" atrains are, in-—generil, also '

e

@
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sensitive, but much less nn. .ence, ii possible, only baby mice

i should be used for the isolat.on of v.ruses, especially those of

; unknown strains, from arihron-is. All otner vertebrates react to

_ . nuatural or artificial infection by formin; antibodies so that such an
3 , infection can proceed in the :juise of familiar diseases.

3 Instead of animals, incre:iing use is made today of tissue

" culturefor virus concentraiion. Mudt urbovirus straino multiply
readily in tissue cultures after adaptation. Among others, fresh
chick embryo, hamster kidney, “ind lleLs cells have proven tc be very
satisfactory for this purpone. A €2 did not, of course, nlways
appear. Therefore, tissue culiure is, in general, less usaed for
isolation, but it is finding increasin; application in serological
diagnosis.

7. LT

(¢) variations

The appearance of mutants which differ in genotype and phenotype
from the original viruses is also possivie in arboviruses, in which
case various circumstances, e.; ., alteration of the virus cycle in
nac¢ure, nccessarily increases tne mutation rate. Inclusion in a new

_reservoir, and presumably even more the'.transmission to another

]
!
]
! . arthropod, should be of considerable significance and cauge the virus
' <-to adapt. o

H

i

i

o Insofar as these stable changes can be scrologically objectified,
<:> they are expressed in the form of subtypes. However, fine differencea
| , between the individual types of the T3s complex might be mentioned

. - here. What is surprising is that in individual t;pes sometimes other
’ .. artkropods appear as vectors (cf. TBZ complex). i

k. St A mutation in the direction of a wcakening can also be obtained, -
: - thus opening up the possibility of producing attenuated strains for -
: ' vaccination purposes. e might mention the attenuated 17 D (ASIBI) . = .
1 | ‘ and Dakar strains, which were weakened through passages in chick R
i ' enbryo tisaue 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 TBZ complex {q.v.), isolated from ticks, -
proved to be non-neurotropic for man and is therefore a possible o
vaccinal strain [59, 141].

(d) Interference

The ability of ardoviruscs to produce interferon (IF) (cf. the
chapter "Interference-Interferon" on p. 202 of the book frca which
the translated portion was taken,; nas been demonstratcd for several
strains. Vilcek [195] reports that he succeeded in concentrating
a TB& virus sirain without a Ci'Z in tissue cultures from cnick embryo
fibroblasts and thus demonstrably suppreasaﬁhe multiplication of the
WEE virus (=challenge virus) added 48 hours later. Together with

2h
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Zemla and Rada he subsequently showed on the basis of numerous
physicochemical studies that interferon was inveolved [196, 197, 198,
199, 212]). Other IF-forming arboviruses are Chikungunya, O'nyvong-
nyong, Kumba {147a), Sindbvis (72a], EiZ [199a), WEE [98a], and
vesicular stomatitis {42b,~199b] viruses,

Apparently the homologous and heterolojjous interference phenomena
described by various authors are also to be related to the formation
of IF. Lennette and Koprowski [9la) observed back in 1946 that
the yellow-fever strain 17 D could suppress in a tissue culture
not only the Asibvi yellow-fever strain, but also other arbvoviruses,
West Nile. and Vi3, The formation of infiucnza A was suppressed .
by wWeat llile, but influenza A did¢ nrot appear to be able to suppress
the Tformation of the above artoviruses. Wil virus exhibits both
homologous interference [968b] and heterologous interference with
NDV [91b]). Also various strains of vesicular stomatitis virus inter-
ferc with one another [42a). 7BE wvirus inhibits poliovirue [2a], -
while Mayaro virus is effective against Sindbis v}rua [70].

sboviruses are also sensitive to interferon. Taylor [168a]

' gtated that influenza A interferes with ESi# and WE:Z viruses. Another
- myxovirus, NDV, suppressed both VEE virus [83a4) and WE3Z virus [9lal.

Rabies virus suppressed WEZ virus. Vesicular stomatitis virus was
suppressed by polyoma virus [46a] and, as already mentioned (70}, ~, °
Sindbis virus is sensitive to IF from Mayaro virua.

It is noteworthy that only inactivated Mayaro virus and Kayaro
‘virus inactivated by deoxycholate have this interfering effect.

.~ Inactivation by heat, ultraviolet rays, or antiserum destroys the

capacity for interference., The TBE virus' capacity to forn IP is

" likewise destroyed by heat inactiva“ion.

Mayer et al. [107] showed that in chick embryq cells treated
" beforehand with IF the latent period of the ZLS virus was clearly

: lengthened. Since this occurred not only after inoculation with
-intect virus but also with infectious RNG from this virus, it is
‘reasonable to assume that IF influences virus synthesis only after
‘removal of the protein coat.

D. Pathocenesis and Clinical Aspects

The mode of human infection under natural conditions is through

" the bite of a blood-sucking artaropod where the virus is eliminated

«7ith the saliva of the arthropoa. Other routes of infection-.are
occasionally observed. The percutanecously and passively introduced
yirus should, by analogy with tre dis:.cmiuation of the virus in
c¢xperimental animals, be transported through the lymph fluid to

the "organ of primary affinity" [109J. This appears to be, at least
for TBE, :v u. the regional lymph noucs in which the virus initially
multiplies, thus triggering the first phase of the frequently biphasio

25
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course of the arbovirus infection during which the virus is released

into the blood vesselsas a result of the primery multiplication. Thus,
in experiments on sensitive aninals like mice [103, 106) and sheap

{104, 102), in contrast to radbbits [105!, onc can determine the scale

on which the virus starts to multiply in the regional lymph nodes |,

after a few hours, before the T3s virus 35 released into the blood vessels.
Furthermore, if the virus is taken per os, it reaches the spleen

first after a resorptive viremis where it is concentrated and later
released into the blood s:iream [120],

It i3 not known whether the development observed in animal
experiments can in all caes he applied to man. It is no argument
against it that this must be assumed at least for those viruses in
which the firs{ phase is clinically inapparent or is accompanied only
by mila symptoms like fever (up to 3v° C) together with the character-
istic general malaice. Were this first phase to prpceed with specific
c¢linical symptoms, e.g., exanthena (uengue, Shikungunya, O'nyong-nyong,
West Nile [204]), or a hemorriinsic fever, tiissue damage would have to
be assumed as the cause of th: hemorrhasic diathesis in the latter case.
At autopsy one finds, to be sure, the cranges characteristic of all
HF, e.g+, hyperemia in enlarged vascular regions, edema, and hemorrhages
in all tissues as well as perivascular infiltrates of large mononuclear
cells and a striking proliferation of AkLs cells. It is still unclesr,
however, whether the virus here nas directly attacked the endothelial
cells or it invelves a hemodynanic reection tc be explained biochem~

ically as in a case of shock [13%2].

The first phase, independently of the clinical course and quites
apart from all succesding complications, represents the actual "main
disease" of the arbovirus infection. In most cases the infection .o

~heals without complications, and often only the presence of neutralize-

ing antibodies is the sole indication of infection by an arbovirus.
However, it may happen that the virus whicn <irculates in the blood
during phase 1 penetrates into the ceils of ianother organ and causes
a: new virus multiplication in a second "organ" phase. Fhase 1 does
change directly into phase 2, but ther=- is often a symptomless inter=-
val between them, the duration varyinc markedly from sickness to sicke

.ness. Thus, the "remission" (symptomless interval) in yellow favez:ladps only

one day on the average, whercas in TBZ the interval is mostly a week.
With localized organ manifestations there are essentigliylonlyrtbree \
preferred places, i.e., the Ci3, liver, and wmesenchyma, 80 that we w "
know of several kinds of disease systems accordingly, such as meningo=- -~
encephalitis, hepatitis, and dengue fever.

In phase 2 the virus clings to the affected organ, concentrating
in the sensitive cells when it 15 destroyed. PFlow of the virus into
the blood vessel can no longer be traced since at this time, at least
is the case of CNS infeotions, neutralizing antibodies are already

present in the serum, although the virus can be found in the organ it-
self,
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. Nile) or, in especially severe cases, n hemorrhagic diathesis, e.g«,

. encephalomyelitis.

" +"Phus. there is no clear evidence to permit a pathological-histo=-
logical dafferential diagnosis of most of the CKS infections caused
by arboviruses.

Arnimal experiments with arvoviruces do not provide a proper
basis for making correct compirisons telween the behavior of the
virus in humans and in animals so that study of the pathogencsis of
human infection in concrete fashion is dependent wholly on autopsy
findings which, however, due to the slight lethality of the arvoviruses,

. are too meager to furnish a complete picture of the dynamics of this

infection. It is still unexplained why a phise 2 develops at all
following phase 1 in particular cascs. The only demcnstrable constant
in arvoviruses is organ tropism which, to be sure, does not correlate ’
with the antigen structure of th2 viruses. Perhaps we should think

in this connection of the variable afiinity of individual viruses

for certain phospholipids which as constituents of the cell surface
could influence the adsorrtion of a virus.

The clinical picture of :ue arboviruses is sq varied that these
differences are to be rolated not only to th: "trbpism" of the viruses
but also to the range of varintion within a 1isease system as a whole.
Without going into details (see tie iraividuail 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 clinicallyipapparent—> milc to moderate (up to 36° C) fever —» ‘
high fever. 1In addition to fever, along wit: geneyal complaints like
headaches and joint pain there can appear catarrhal phenomena (con-
junctivitis, pharyngitis, bronchitis) and, in very severe cases, ‘
hemorrhages ac a result of hemorrhagic diztheosis. Phase 1 generally:
lasts only a few days, but as much as 10 days in severe casea of HF.

Phase 2 is characterized chiefly oy orgin involvement so that

' '.the general picture of the disease witi respect to length, degree of

geverity, and prognosis is determined :ihereb-. Apart from these
organ-conditioned circumstances, an ex:rthemn can develop in this '
phase as an expression of vascular irjury (dengue, Chikungunya, West °

in yellow fever or EEE, wherein the laiter ends as a hemorrhagic

™

E. Znmunobioloar

4n infection of a vertebrate, unlike thi:t of an anthropod,
invariably results in the formation of specil'ic antibodies which
can be Tound in the serum by the nporo.rinte diagnostic technique.
?his antibody formation goes buck to ti¢ sen:itization of the organism
during tke viremic phase (= phase 1) wiaen the neutralizing and
hemagglutinating antibodies can be generally detected after about
7-10 days.
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(:) In those biphasic discasni, <.5., (G infoctions,in which mere
than a week elapses betwern t.e beiinriry; of tie viremia (= phase 1)
and oeginning of the illness (= pluse 2), thise antiboGcies are always

. ’ present before the onset of p..xie 2. 1In TBZ the interval averages !

; 12 dayc. This phenomenon is c=ncizl for dia snosis becausé a titer :

lncrcnue in the IT and HIT, not jusi « convecsion in these serorcactions,

: is to be expected in the course o” sucn diseis2a,

. 1}

3 On the other hand, tho cenplement-ixin: antibodies are not

: . alwuys cvident at the onset ol phuane 2 fo vhil a eenversion is to

be expected and, consequently, i “reck ivfection demonatrated rather
easily. A peculiarity of antibouy forartion ia the arboviruses )

‘ ' is that the specificity of th: antibodies desreases with th. duraticn .

! of sensitization (be it ir the course of an infection orv during an

. ‘ active immunizaticn with inac-ivated virus) while antibodies are fncreas=

] R ingly formed against other, mostly closely r’11ted, sirains of the e

. same group. This can be very «nsily traced in the HIT and CFR because

. this overlapping within a sroup is here mani’ested very clearly. A

broad antlbody spectrum can aiso be acnieved by immunization with a
pair of strains from one groupn, whereupm ¢ros3 reagtions with almost
all svrains of the same group can then zppear. i . Lo

-~ man
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; This phenomenon operates, of course, to the disadvantage of '~

! an 1nvestlgator when he is seckin,; opecific zntibodies in a region Lt
i in which several strains of tiic Same group are found side by side BRI
{ 80 that he is unable to make any reliable stitements without quantitative:

1 <:> NT. A population, on the other hand, is oenuflted because with ' .
{

!

!

i

|

every new infection (or immunization) the ¢mnunity spectrum is broaden— 2
ed to embrace other heterologous antigens (cf. Prophylaxis)

Serological investigational Methoos R

(a) Neutrslization Test (ND)

., cerebral administration of a serum-virus mixture to mice is the .
: " standard test. The sensitiviiy of the test to the presence of antie S
"  bodies is clearly dependent on *the irnoculation route (i.p. is more .
"sensitive than i. ¢., the baby mouse is more sensitive than the adult
aouse). Moreover, it has beer. shown that fresh normal rhesus serunm '
contains a factor (acceassory or labile factor) that increases sensitive
ity to the presence of antibocies. With respect to the KT in mice, ]
i , Theiler prefers the average survival time to the survival rate in -
reaching conclusions. .

i
i
i
,Y ! . The infectiousness of a virus is neutralized in the NT. Intrae- .
|
i

Iy

1k e pya et

In addition, tisaue culturrs have recently come into use. They
have proven to Te a very sensitive indicator and more efficient than
the mouse test, The serum-virus mixture can be transferred to a !
dense medium or simultaneously sown with a relatively low cell ocon-
vent (15,000-30,000 ml) in tez: tubes(95, 961, It has to be determined :

e
o ——

O

28

e g me——




Y
N ¢
" e

Y ]
“o I
. .

in each individual case whethor suitnlle cells are available in which
an increase through the Crsg or hemudsorution [26] can be easily read,

A special type of NT involves th¢ usc ol the "plaque techrnique"
whereby one can distinguish between a: ‘1, ploque-ncutralization
test [48] (virus-serum fixation in vivo »ceforc inoculation of the
medium); (2) plaque~reduction test (addition of serum to the agar

. layer after inoculation of the medium); (.) plaque~inhibition test [136].

The plague or plaque-rcduction test 1y “ery sensitive and suitable

:ﬁ for subtle quantitative invesiigation:. “he plaque~inhibition test

‘is quite similar to that used for antibiotics agninst bacteria

‘because here too the diameter of inhibiiion of the CP:Z of a tissue v
- culture is measured under an :(gar layer. The inhibition areola )

‘results from the diffusion of an antibvody-containing serum or other

“inhibiting substance, e.g., interferon [1355], throubh the agar layer
on the infected medium.

, . (b) Hemagdusinatiou-Irhibition Test (HIT) -

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

. &8 a result of agglutination-iassociations within jndividual groups
* antitodies can be detected in uz populution even with non-homologous

antigens. The HIT is quartitatively prepared so that there is a
Jinear correlation betweer ag:lutination znd antidody concentration.

(¢) Complemcnt-Tixstion Reaction (CFR)

This reaction is used to detcct fresh infections (also to identify’

freshly isolated s#%rains). Fulton and Jumbell's mi.crodrop method [53]ts
employed, with the reaction started in the usual vay (with serum

- dilutions against constant quuntities of Ag and complement) according

" %0 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
- 7 of about 0015 ml.

. spideriolo

The moat étriking charzcieristic of arbovirases is the peculiar
cycle of the virus in nature in which arthropods,-.i.e¢.,cas-farsagcwe
know, ticks or blood-sucking mosquitoes, are invariably included as
vectors. This produces a characteristic rhythm in the chain of in-
fection that varies with the .:bits of the affeoted animal host,
irnéividual species of the arti.ropod, and differences in climnte
(¢ropics, temperate zome)., Tw1s is &lso reflected in the seasonal
pattern of many infections (early-sunz:r meningoencephalitis [£SME]
and autumn encephalitis [JBE]). :

i




1., Characteristics of the irthropods

Up to now arboviruses have bteen isolated from Culicidae, Cerato-
pogonidae, Simuliidae, Psychodidne (Phlebotominae), various Brachycera,
Ixodidae, and some other ticks (Gamasina). Among these arthropoda
the vector function, wnich affects the arboviruses of man, is thus-fér séure
only in the Culicidae, Phiebotominae (¢f. pappataci fever), and
Ixodidae through evidence of multiplication capacity of the virus
after ingestion with the blood meal.

(a) Moasuuitoca

The Culicidae consist of several subfemilies (e.g., Anophelinae,
Culicinae) and numerous genera (e.g., Anopheles, Aedes, Mansonia,
*-lex, Psosophora, Haemagorsus, Culiseta). These genera differ not

.¥ in morphological characteristics, out above a2ll in their
wehavior in the environment, host specificity, life span, manner of
hibernation, and geographic distridbution. )

Ingestion of the virus occurs with the blood meal when a
critical minimim 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 elimination 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 holometab%loua,
i.e., over the well demarcated stages of egg, larva, pupa, and imago.
Culicid larvae are aquatic (stagnant water) and feed on plankton.
“ne 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 hiternation, 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 borne 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
hoat is possible do:thatduring the warm seuson,even in the temperate
zcne, a virus infection can spread quickly among human beings, domestic
and wild animals, Jince infants and children are attacked, infection
of the population occurs nostly at an early age. The mosquitces swarm
mostly at dusk because their activity is largely dependent on the
texperature and relative humidity.
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- but the Argasidae have several nympnal ttages (1st,

" 8 months.
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{v) Ticks -

Arboviruses are trunsmit=n~d by ruprescrntatives of the Argasidae
and Ixodidae. They exhibit an adundance ol specific mor,hological
features, but can be considex= . togethe™ in view of their Tunction
as vectors.

Unlike the blood-sucking mariuitices, tizks can suck Llood ‘33 early
as the larval and aymphal sta s and thus transmit virvs in uall stages.
Another characterisvic of the ticks is ilhai tuey have OL*J one hoat
in each stage, that is, the noxt dlood meal occurs only ii wne next
higher stage, except for the :.dule fermale Airgzasidae, whic.. cuck blood
several times., <Yhe blood-suckiny act itself lasts a few duys.

In principle, there are only 5 nain stages (larva, nymph, adult),

2nd, ’rd instars).
Hence, the ticks do not have the so-called "extrinsic incubation
period", but the virus multiplies during metamorphosis in the various
organs and is excreted with the fcces 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 whether
this phenomenon of transovarial transmission is relaied to ihe fact

‘that tick eggs are covered by a single membrane while mosquito eggs

have three membranes [181]. A‘Unoovarxa* transmispion has been re-
peatedly demonstirated in the laboratory (cf. TBZ), with confirmation
seen in the fact that under netural co.aitions the virus can clways
be isolated from hungry larvae. The percentage of transovarial
transmission of the virus ‘o the P, generation, however, would have
to be very small, being estimated at about 5 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 circumstances is interrupted for
on entire year. However, under optimal conditiong in the latoratory,
all the stages of & three-host Ixodes ricinuc can be traced within

* 8ince ticks live freely in nature and have no connection with
human civilization, unlike mosquitocs, man Junctions as a blood donor
only when he happens to be in tlheir to“:uto*y. A direct conseguence.
of this is that a population never vecon:s as infected as it does
through mosguitoea. Living habdibs and occup:iional patterns of the
autochthonous population arc ol cecisive significance. A striking
fact is that infection occurs at A much later age than that caused
by mosquitoe¢s and, therefore, ticks are not responsible for the
transmission of "children's disexses", ]t is also possible that
this "late" first infection is responsidie for the particular clinical
course tnat often proceeds with {(appsrently ase-conditioned) complica=

“tions (cf. TBZ). The "active" radius ¢f action is so slight that it

oan bdevirtually ignored. WNeverihelczss, ticks can bte borne considerable
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d?smnncex while suecking on ve "ttt " 'e 74, birds flyin,: {rom cone
tineat to continenv;, Shee he Lorneet o gerscaponds to Lhe Lturee
stages, for the larvue at.=gt ~niy 7 L. 1l le (chiefly roaentu)
ard the adultsalwsys atta:x Joies ar 3., wlile the nympis nhow

no si,onificant preference.  ais depiiis nartiy on Lthe behavior of
the animalus, partly on the in.bijity 7 tte lirvac to perfor:ite

the thick atratum cornenm of « lyroe il with their mouth parts,

Man, therefore, is bditten only uy nyaias e female adults without
veing aware of it. It is only sonme Lim: latar (12 to 24 hounrs)

that ha feels an itching around tne 1.: iy roddened puncture cite
witn tine atill sucking tiek. laang Vo4, oie cinlly the Jderamiscentor
species, give off a neuroivoric toxin with 'n- puncture wnicn can
result in "tick paralysis™ irn nurand .a. aniselse This nourotoxin
has nothing in common with ncuretropis sirutes.

2. Characleristics of e Animal loat

Mhe vertebrates bitten Yy arthronods and infected an a renult
develop a viremia after an incubdation p:riow. of 3several days to
a rmaximum of a week and in this stage become & source of infection for
all biting arthropods at thi. time. lLactating animale in the viremio
stage eliminate the virus with the miik. The duration of the viremia’
varies from vertebrate to vericorate, but generally is no more than a
week. ilowever, tnere are reports on CTS virus (27, 2b] causing a
virenia lasting up to 50 days {a porcupines ind some other rodents,
Also, a vireamic stage can be artifieially prolonged [193].

A viremin in a natural animal hout procecds without clinically
apparent disease and it is followed by the f'ormation of neutralizing
antibodies without a second phase occurring after a short interval.

If this natural cycle chanzes or if the nalural infection wpectrum

is broadened into an "artificinl" infoction spectrum (adcording:-to
Doerr), symptoms of disease will be ohserved in ahimals (e.;:., equine.
encephnlitis) and human obein » (all the k:ows arboviruses). Chains
of infection in which at les:st pard of the vartebrates necded to
maintain the natural cycle fr~11s ill in the typical way (esr;. sheep
with louping ill) are excepti ns. : )

In the formation of a focus, vertebrater function aa the virue
reservoir. Should thic focus be in the tropics, a continuous chain
of infection with arthropods is produced because no climatic fluctuations
influence the multiplication of the arthropods and vertebrates.
in the temperate zones, however, the question of virus overwintering
is still unanswered. Apparertly the virus overwinters on the spot in
hibernating or poikilothermic animals or in the ticks (transovarial
transmission). The possibiliiy that it cnn be introduced into new
places oy migratory birds sn +id not we ignoced.
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ic nd LLosy vere 9ot UG whoch, like huaarn onings,
fe infecied only fnculiniav .t anu e oy sbgolutely essent.al for
mainterance ol the cyele. M v e, to b2 sure, contriounte to thne
opreading of whe virus, but .y ciLniaot b Yenmselves alon with

the artnropods maintain the c-2le. Junse .uently, a precise analysis
ef the significance of th ziiwvianual vooscewro tes in o focun is very
dlfflu\lluo
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A nntural focus of infecurion reey® on a hLost reservoir and vectors,
on osne hand, nnd an adequate -ensity « & vertobrates and vectors, on
the other, to endure., The ivis rate 29 #o hi:n that close and intonse
¢antact betwesn vertedrite ant arthropow, ot least in certair peasons,

i6 neeaed i{ the virus losses, especially in the temperate zones
during the winter wonthis, nre o obe hulived., This,also Drowoies in-
fection through a viremia of wiudimum duratisn and through rapid suce
cassion of ‘generations of the vertcbrates serving as the reservoir,

Apart from the decimation of vertobrates and arthropods by
their natural enemies, climatic faciors, etc., the antibody Jormation
of the once infected vertcuratos aperates as a counter-mechunism of
infeciion, ZEven if we disve,;.rd dendn's cxperimental [20] out not
otherwise confirmed observnti»a of the neutralization of a virus
with antibodies in an arthropod followingy a new blood meal, the ¢hain
oF infection is broken in the cuse of atdtack by sn infectious artnro-
pod on an already immunized vertsbrate. Jince viremia is brief and
it occurs once in the lifetim~ of a vertebrate.while the neutralizing
antibcdies remain permanertly, witn ircreasiny life-span of the verie=-
brate, the chance.offvirus spr>ad diminishes aocordingly.

In an extreme case, a foc:is can wlso ve extinguished il it is
not reinfectved from the outsiic. There is evidende in conncction with
human discases, e.g., the disappearance of “\ustralian X disese",
which support sGuch considerat.ons.
L, Haturel Cycles

"Fron the epidemiological .tandpoint, thcee different kinds of
cycles can be distinguished in nature:

(&) Primitive Cyclz n. a Germina. Ciuin of Infection

~» Tick (P-gen.).,—» transovarial —» Tick (" -gen. ) =» transovarial-

Theoretically, this cycle mur e postulinnd aa possible vecuuse
transovarial transmission of :r-uovirusces by ticks has been demonstrated
experimehtally and under natu.s.. ccndit:orna., It is debatadble whet:er
this cycle can ever existi by i-uelf [161]; ia any case it is judged
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todny only as a sudbcycle Lv T a0 TToulirc arboviruses are con-
cerncd., The existeonce of nuws 0 i¥Tie, oaever, enables us o derive
thercliron the origau ..o letwt ol dhe tlick-bdornc arvoviruses,

If we start from the Jre. va b arvoviruses multiply in the cells

of ticus without causing, awwersd, pathwlogicul changjes, we nust
postuiante & close relationsh? v s2uweer “hese ¢€alls and the virusces,

It must oo closcy tihan in Lue cwar 0.7 veriouente cells which are
either destrored or react by adacing canlibories. Ye could conclude
from 4his that atv sose time 1. Lne courie o evolution part of the
nucleic acid from the ceil o . t.ck wniit off and became independent,
t>ansmitted transovarially, ! Wlneca, adapled in time through

paasages in vertebrates as we ., ond w3cuned the form of the arvoviruses
xnown to us today [18l13J.

(b) Syclewdt a Tomog-e o5 Uic.ir of Trnfection

~y attnropod A =» verteorate 1 - urlhroyon i =¥ varteprate l«v - s30d A

This homogencous chain of inis suion is the d:inis of every focus in
which {he veriebrate is atsol-iely esseniial for mgaintenance of the
cycle in the focus. A specia Form of this cycle with the inciusion
of man produces yellow Zever: .

-~y A2des =% man ~» Ledcs —» man
A cycle with inclusion of iarn .5 reserveir his no priority, but in
the present cnse it gives riu~ Lo a sccoendary transformation of
the natural infection spectrun [ =¥ nunley =¥ Haemagous —» monkey~=y»
Haemaromus =—>» ) as a result 0. cnange in environmental conditions.

(e) Cycle with a lictern~eneous “ncin of Infection

—» arthropod A = vertcbrate 1 —» arthreped 3 ~¥ vertebratc 2
This Leterogeneous chain of in cction is very common in nature because
within a focus mostly vertctratns are infccted by bites. rHere

variocu.. species of anthropois present al the same time, especially

as concerns nosquito-borne viruses, caratransmit the virus. It is

very cifficult to decide which verteobrates and arthropods are ab-
solutely essential to maintai: tie focush On one hand, arthropods
infect various vertebruies whici are recningless for the cycle and
wnich function only as blind werainal or suvordinate members of a
chain of infectioa, as happenu, Tor exsnile, $0 man with’most arbo-
viruses. On the other hani, !.codrsucring: acthrcgods on viremic vertew
brates become infected without i1ae virus being able to spread further
(flecs and lice). ‘“Therefore, .uring o ficld investigation one must

not iraw hasty conclusiors or -.c basis of virus isolation and/or
pregence of antidodies.
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ATBOVIrO tes are gonorcll. rnoein e sireulate in wir
natural cysles, with the inlont.o. ol ..o (0r susce, tidic ANinNAly )
pluying ~ minor role.

I1.fection of vertebriwes :un:a. 2, *tic.i nabits a~a en the
&
4 .
v A

behavior o the vectors. In Lag Sibe o Lan 0300 it leor by
mosguitoes, the rate:.of inlfec.:ion 38 1 .7 2v . waong infant., cspecie
ally in the tropics. As Tar .o Llek=tol'ne Viiuses afe concasrned,
e much depends on the exten. ~ni i oo ¢ 'z contact with L. ancigenous
3 ticks. In general, infectio: oecc.rs . . luter o that tue cule is

considcerably lower. In wmont ci.es, lawyer, Lae theoretically endeaic
character of the infectio:. ia reervea. Uuv il tnis cituution of an
o cndemic focus is changed, the Virus ey "w.u0 £2reca epidemicallys
@ 1) spread of the virus frow wne {ocui Lo a non-imnunized population
} : jungle yellow fever —p» urban yellow fevery; (2) massive immigration
T by non-imnurized vertebrates isnto o Tcaus (epidemic outbreaks of
yellow fever among colonicts, builders of tha Panamu Canal, etc.);
(3) consumption of norboiled ari non-pesucurized milk of viremic
vertebrates (epidemic of cariy-summer meningoencephalitis in Roznava [24].

6. Soreial of Viruses io Alien Territories

g

This particular matter is ;iven cornsiderable attention not only
. *  for hygienic reasons but &lsc for iheorntical considerations related
(:) to the potential development of a new focus. Viruses can be borne
e great distances by migratory birds, infrcted human travelers, and
. arthropods in ships, airplanes, esc. iicWever, such viruses cannot
. create a new fecus without thie existerce of the afdrementioned
conditions pertaining to veri-~brates .ni vectors. Allowance must also
be made for the possibility +hat other inni, cenically related viruses
C are predominant in the new place and that they have alreudy resulted
c in immmnization of the vertevrates. ''nis ccid interfere with the
further spread of a newly impgorted inre:tior. The phenomcrnon is
. often cited to explain why in i.vpt tic autochthonous population in-
fected with West Nile is not sa.zenti”™lc to yellow fever, even .hough the:

otha prerequisite for a yellow-Iaver Socus (climate, vector) are present.

Another possibility is that migratory birds supply new virus
or infected arthropods every spring for the scasonal arboviroses that
occur in the temperate zore., his is co.sidered to be very likely
in the cuse of foci of Wi. and RS in the United Jtates.

There is also some sinifi:ance in the spread of virus through
human beings during the ircu:.iicn pesind ard vhrough urthropods
carried in airplanes. The yvi.ow-lever virys, originally iraigenous
to africa, might well havc v sned An- rica via infected mosquitoes
transported in boats. Jince .a2 possioility of spread is greatly
increase¢ by modern air trave , the Yurid idenith Organizataon has
made recommendations to disirnlsct planes used in interrational

traffic (2i1].
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ensures to conurol L wfe ey 07 1 w1de vivus

infection can
be dirncied LOLA wrainshy the vesteora o, s nost of the roservoir
and a;m.in

geinst the arthropod. s vaccoc, ¢ nGu.ivion, speeific prophylaxie

of hum.n beings ana endangerci anikal:i can al:d be achicved by active
and pasLsive iamunization.

All attenpts to destror r st least Lo roluce the virus reservoir
t6 sucls «n extent that = ratural cycle cun ro longer be muwintained
£ail moatly because of the Lo+ off unrwicwge &5 to which species of
animzl is to be regarded i s oo reoservecrs.  WCreover, it is very
difficult, if rot inpossibae, twwadys v cessiuily tocontrol, for ex-
ampie, certain birds or rcien.s in a focuu.

Juman interventicn i: ¢ ‘oous secma cator® to achieve an effect
opposite to that intended whea, for ewans'e, tiae naturalencnies™
(predatory birds or animaln) -re elimim scd, tnus enbling the animals
serving &5 the virus reservojs Lo nultijly beyond their normal limits,.
On the other hand, arthropod conirol o8 i1 wmeans of eliminating a

focus is z time-tested methou thiut has proven to be very effoctive,
especially in eradicating yellow fever from imerican pori cities.

The development of modern incccticides wac acaricides has given fresh
impetus to this approach aré 1t has made it possible to treat much
larger areas than before. The Hussians in num:rous fieild expeditions
to comvat the widely diffused iicks have heen parficularly active

in this respect, However, ju:t now lasting the effects can be is
problematical decause unlike “he arthrorods which have adapted to

man ind his domestic animals ana which live very close to him,

the arthropods which circulate freely in natuire, especially the ticks,
are far more difficult to et <% than mosqui.oes, apart from their
almost unlimited range. ' .

In addition to these jern.ral control mecsures, planned immuno-
prophylaxis is highly imporitan: for man and his domestic animals.
Active immunization has been cuccessfully used for many years =~
with vaccine containing virus irnactivated by formaldehyde or with..vace
cines containing attenuated sir-ains.

‘The purpose of passive innunization is %o provide immediate aid
for a victim of a lavoratory infection, but it can scarcely be con=
sidered for general use. lyperimmune sera or hyperimmune globulins

against 735& virus nhave been produced and suitably tested for this purpose,
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‘{r.s strains (cf, tables)

2ioanly related in antige
‘rom one another withou

the help of absorbed sera or cress prieizitasion in agar get [bi],

The term "encephalitis" shull
strains of this complex arec ¢

includae:
1. T35 virus

~
'

a) R3SEssudtype: Hn
b) CEZigubtype: e:r

-
3
1

-

)

Lierefore e tiken to mean tannl nost

wrie ol ¢lusing; a disease of the
central nervous system (Cii;) i: mun and animals, Typical Giseases

ren Spring-sums.er encephalitis

s wwiker weningoencephalitis

2. LI type virus: loupin, ill of sheep

Here also belong two virus :ztr.inc
brains of persons who died o noningoencephalitis without, nowever,

their being held responsible (thus far;, for &

the region.

that were isolated from the

3. Powassan type virus (Jinada) (101]

Lk, YNeyishi type virus [1

7]

5. Langat TP 21 type virus

This virus was isolated i

neutralizing antibodies agains

found in the native population

spreads is still unclear, Thc
neurovirulence for man and ani

n
t

Cn3 disease endemic in

1956 from Ixcdes granulatus in lalaya
{571. Ixodes grarulatus norme.’y does not atiuck human oeings, but
L Lhis viruas have been occaaionally
5" Malaya [%%9al. The way the virus
rzin itself has only siight
w213 and 2t is used as an atteimuated
. s . /. e T

vaccinal strain for animals {(cf. Louping I11).

virus st

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

hemorrhagic fever:

6. Omsk type virus (with zubiypes I and II): Omsk hemorrhagic
fever, Central sibecia (cf. Hemorrhagioc Fevers)

3.

7. KFD type virus: Kyas.zur forest -iiseanse, India (cf. .iemorrhagic

Fevers)
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Syronyms: JQusnisn o singesunaser ansephalitis, Par past

forest encronalitis, tain encepnalitis
According to Russian dat:. [150], .:iuv ¢:zes of human meningfo- o

encepnalitis have opeen ooservesd 1:n the Jur S.5% since 1952, 4 fieid

expedition started in 1937 unders the directinn of Jilber and cone-

cluded in 1959 succeecded in itolating a virietry of virus strains

from humans, ticks, and rodents and in eluciuating the infection cycle

(213].

In 1941 Smorodintsev et . 5. [1754) Teposted on succossful attempte
at active immunization ol numii veings wii:: “ormalized vaccines
prepared from infected mouse wrauins. In 1945 ang 1944 Casals and
Webstier (5%, 35] discovered the antiges rci-~iionship with louping ill,

according to Pawlowsxy, Lo.s virus is teonnsmitted chiefly by
Ixodes versulcaztus and, possitly, by :l:iemunhrsalis concinnn and
Dermacentor silvarum. In all

three cis3es it is a matter of three~
host ticks in which the virus not only survives the metamorphosis
but is transmitted transovarially [130].

Ixodes nersulcatus exhnivists a pezic ol activity:early in the
sunmer and correlates well with the seasonal patterp of human diseases
[1743. On the other hand, "autumnal encephalitis", which also occurs
in the Far

Zast, is caused by JT3 virus and transmitted oy moasquitoes {1761,

The actual geographic distribution of the disecase in the Far
Bast and in Siberia has nowhere becen precisely mentioned by the Russian
authcrs. 1t seems, however, to correspond to the range of Ixodes )
perculcatus, not much beyond the 60th parallel to the north (124, 1751.

The most striking characicristic of the disease, as noted by
the Russian authors, is the severe clinical course with a hign rate
of paralysis and 30-407 . fatality. It is not known whether the ,
high death rate is due to the ircreases ncircvirulence of the virus
in Ixodes persulcatus or to a special cusceptibility of the native
population or to tne exclusion of some (:snecizlly the mild) cases
of the disease from the statistical data.

5tudies on the pathogenicity of iLis virus have shown only that
this Par Zastern strain is more likely to cause paresis and paralysis
in snheep and monkeys than are the viril strains of the CZd subtype
[214, 215]. At any rate, the inisually severe course of the disease
in man ceems to have been instrunenial in intonsifying efforis actively
to immunize ihe exposed populaiion. Wnene efforts were apparently
vwecessful [37, 39), despite tue fact that Lhe vaccines originally

prepared from mouse brains {toiar frosm iisrue cultures,[93)) led to
complications.
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3 (:) In view of itae lurge-ccit  uee ¢ warricides to control ticks in ’
ral a y BUCh uselul o esisicr o3 e gained and, according
to the data, the morbvidiiy ruir lowere: (29, 60, 114, 1223,

e adupdir v ..
s A——. @t et i

Synonyms: 8spring sickrness or siaggers in sheep

This discase is described in detail irn wae chapter "“iumwn In-
fections Through Animal-Palnogenic Virascs" Ly . Mussgay

? N re 3 Gy ae Y s 3 AnTod Lan D
. b, Zairly-Juis e lenin:c-rseonnlitis (3SME)

Synonyms: Central EBurcpean cacephaiitis (Cu3), tick-borne
encephalitis, Xumlinge diaecase {Finlund),
biphasic meuingoencepihialitis [116]

The earliest clinical and epidemioloical ctservations on the
spread of ESM:Z in Zurope date back ito iehneicer, who found in 1927
in Neunkirchen (Lower Austria) a number of benign, mostly meningitic
forms of C}3 diseases [183]). In a monograph pudblished in 1951,
he described his first obsarvations anu experiences with 66 patients
whose disease he regarded us a rew, tihan unknoun infection but sui
generis [184]. 3Borrowing from .z=llgre n, he c1lled the disease
"meningitis serosa", today chiefly dia.mos-dé zu meningoencephalitis.

At that time there were cases wiih a severe course, espcciaily

<:> with paralysis, but their etiology was nst recognized obecause at
autopsy only the lesions typical of polismyeliilis were found in the
region of the anterior horn of spinal cord. lHence, all these cases
were interpreted as poliomyelitis or, if the clinical course was
unusual, as atypjcal poliomyeliiis. All attempts at isolation of
the virus failed. There are stiil some observatipns on such diseases
of the CN3 which go back to that time ~nl muy be relevani, e.g.,
the cases observed in the arca of Szegrd [23, and Xaschau [50].

The etiology of the diseuse was acc:ituicly determined in
Central EBurope after the war when in 19/ the causative agent '
was isolated in Czechoslovikia for ithe [ir:t time and systematiic
i serologzical studies were carried out oi it distridbution {723, During
the next 10 years the infection al:o Ciscovered in Finlend [126],
Sweden [180], Bornhom, Denmarx [52a), .a:t Prussia [175], Poland (1k2],
East Cermany ([171], Hungary 5%, 11%al. -ni Jugoslovukia [82]. In
Ausiria, the virus was isolricd ir Styr.a 119h) and in the region of
Neunkirchen [117]. Serological examiaintioans of the numerous patients
of the past 30 years revealed :..i Lhe s.wis obsarved by Schnrider
and recarded as an infection s.1 generis choula actually be diagnosed
as Z.¥E. It was clear proof u.:t ildn (l.caso was not inported {ron

the £ast for the first time ducs oz thr w r, tast it had alrcady been
present, at least in the Ncunkirvenen a.>. (118, 119].
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ATter the war (20457000 0 o L LF the disense cwlled
"bivhisic meniagouncepnalitin (adusorilc; Lo Jmoredintsev) was found
in suropean dussia. Ia this wory wam g uik,uau the viras <1 trang-
mitted to man through doivzir o oy ger WL @il {nence aluso “biphasie
nilk fever") (Chumakov). It laveive. o L u “undamentally 24 /ferent
Xind of virus CjClP in nature tut ae it o he Incdlusion of lactating goata
(infected by ticks) which eliwaiaws: wiv cirut with the milk, If
thers are many goats and o Wi o chiva o oo 2 thedir milk, the situation

can ve guite significant in v toonm fostor of tihe viruz Lo numan

beingu. According to Clavke [ +il, shis wvivrus in indistinguishable
in antigen structure from tl.e JUX vype UH4 virus, which i3 found in
Suropenn Xussia: and transmituod Lo arn by ticks.

(n) Physical, Cheiierl, Ami Ha'nien) Charactoristics

Slectron-optiecal studics “~v: shrwr thzs viruses in Uela cells
are regularly 25 mpin size, cournd, with o thick inner body and
clear outer zone [86]. The »~.rlicle wolght in estimated at 10 million
{177]. nTurified extracellulo~ virus i3 & dinmeter of about 30 apx in
the elecctron. microscope. ZIstimates of ihe sedimentation constant
in the ultracentrifuge, howev-r, indicate a pnrticle weight of 20-25
million., It is thus conceivanie that the virus increases in size
as a result of an excretion prozess. ‘ Y

The infectious virus pactizle in relntively istadble at 4° C, espec-
ially in the presence of ut Jﬂant 101 serum,’ e&nd it survives in milk
and butter up to two months [Z4]. OUn ta2 other hand, it is inactivated
within 10 seconds at 65° [65). Accosdins te lUresikova-Xohutova [63],it
is 8till stable in a pi runge of 2.7%-11.45 with an optimun of 7.6-8,2
so that it is detectable in ssur ailk (p¥ 4-5) even after 24 hours
at 4° C. Albumin-décomposin: enzynes (t. -piiin, chymotrypsin, papain)
attack [256] and inactivate th« virus {as well 2s the othor group 3B
viruses) but not the group A4 viruses. “he virus also loses its

infectiousness as a result of the usuul chemical inactivation procedures

(formaldehyde, (3 -propiol&ctonc). A virme suspension can be purified
by means of hydrocarbons [177], throuzh adsorption on calcium phosphate
[58], and with protamine sulfute [39J. possibly also through adsorption
on erythrocytes and subsequent clution [153].

HA produced according 4o Zlarke ane C1sxls (39]) and the infectious
virus particle at pH 6.2-6.8 mave the capacity to agglutinate goose
and rooster erythroecytes; Uunl-iwen [1935) succeeded in again eluting
the virus at pd 9.0 from tue -»ythrocytns Zowever, this hemagglutinae
tion iy highly sensitive ané =~ czn be .nhiblted not only zpecifically
by hemagslutination-inhibitin - nntidbodies dbut also by linids appearing

uormally in the serun, The 7~:ner crn ve removed from the soarum
throush adsorption on kaoli 17, bnst of all, throush treatrent with
acetone.[391. It appears to ar 1 matte:r of 2 complex of frae chole
esterol with the most iaperin- . s2run phosphatides or a complex of
free cholesterol with free ' ., ..cids, which presumadbly adnord the
50
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virus is the form of an 0l vn .y it

1 ’ Pevabie see G0 the lipids on the
surfnce of an erytnrocyie [ . i:, J8UL. o inhivitien of nemag-
glutirntion by viruses of = ... .« arn

<. agulished by Jorterfield
"wid in detail oy Salminen
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and Rowe (137] could now, =i .v.@

(1573.

Intracellular virus nul.:otd
cultures, out a CP3 is not al-w.
either to the peculiar nature o7 vle
the specific behavior oi thu ;isuuc

L6 oLn ooesur in numerous 4issue
ancrvibile,  This can ve asncribed
incividanl virus strain or to
culture, especially of tho

permancent Detroit-6 and leww ...rains {43). Virus synthesis can be
traced in time and pluace Ly v . aduxtion of {luorescein~labeled antibod-
ies [69]. Within eignt heousrr

appear in the region of the Uolgsi enprrriuy of the Hela cell [87].

iroonsal and nelo, w“rareas chick endryos,

c.oy nd monkeys wre no longer required.

suekling mice (also, if .-cessary, lurgir mice up to 20 g)
are used as sensitive axpecri
i

chicks, suckling rato, hams
1

The virus, of course, astack: ‘lumesticited a.imals like cows, sheep,
and goats, winich develop a8 vi - anis anc climinate the virus with their

milk. On the other hand, an cepnalitis docs not follow peripheral
inoculation. ' '

among the arthropods, cul ¢c‘da Lecane 1ﬂfecued by feeding on
virewic mice. The virus coul:d ba detected, in beneral, after 1-2 days
in the culicids [129, 130, 130 1753, althoush they were not eliminated
by the mosquitoes. Under cxperimantal conditions I xodes ricinus (20,
21, 99] and Ixodes hexaronus ..66, 193] de“Q-allOMCQ to become infected
in the natural way. Here the virus could beire-isolated directly after
a blood meal from the feces ani also from thi next higher stage
(by pulverizing the nymphs or "huLts) ilowever, only Denda [21],
Streissle [18u], and Rehacek (145] succcusfully achieved iransovarial
transmission. Virus multipliur vion irn ticks appears to be limited
to the Ixodidae. It could noi e produced in the Argasidae (83, 1873.

Other arthropods too, c.,.., fleas, can . we infected by sucking
without, however, virus multi:.iication re"ul ting [145]. On the other
hand, Jettmar [80] showed in n.rurally infectied triatomas that while
they harbor the virus all their iives, they do not eliminate it with
saliva so that they cannot be considerad vectors,

(v) Clinical Symoteme, : ,honnntolnpv. Imaunology

The first phase of the discase (V-TEmlu) sets in after an incuba-
tion period of 7-l& .days. It is accompanied, in general, by a fever
of up to J8° C, va,ue headacho, pain in,the hpine, joints, and muscles
along with inflammatory change: in the epa, nose, and throat region.
These sywptoms subside after a few days,whercunon i asymptomatic interval
follows,. lasting until the beyi:ning o5 the bocond phase.

»

ne virus asztisgen and elementary corpuscles
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nis Tfirst phase {s reny ol oo rc;zve-y by semn 60,5 of
vhe paiients when they conc . ?EJQlULan in Lhe second pruse and
are ucestioned. Mreguently - . oonmnlairc. were 50 miner that theyr
continucd Lo work and did uot —:.asuld 4 payeician. Accuraie observie
tions on the course of nhuss ° oo possl uwln o ly when ihe paiients

ara admitied o a hospilal wit. unusual scevere complaints, thua per-
mitting both phases to be clounly followed, or in the case of laborate
ory infections where phase 1 <. te traced from the very vesuinning

(Pig. 2). Otherwise, it is alsoipractivally: impdssivle in Lhe cpring

in an endemic area either to ueuwcct wll Lhe sommon infections of

this kind or tonscientiously 5 Tollow.liicu i clinically and virologic-
ally (isolation of virus fron b_ond) ts pr-~ilt epidemiologicnl evalua=
tion. iorcover, morbidiiy nn: ncetior ruse of the population in an
endemic region are too low. ! '

‘Phase 2 scets in acutelfficr o symzionless interval of about 8
days (or about 12 days after thc beginning ol »hase 1). The clinical
course shows a striking age dencndence (cf. tadle). ‘hercas the
meningitic form is predominant up to the age of 40, encephalitis
is predominant from 40 to €0, and the paralytic components after 60,

The meningeal form of the disease a
the parenchyma of ine CRU and it preuon 5 no unusual features, but
it subsides like all the "serous" virus-ceuuscd meningitides after 3-5
days, with complete restituiio ad inte.rrum. The clinical diagnosis
of "serous meningitis" can then be baced on the course (neck stiffness,
fever over 39° C) and spinal fluié (cell count to )OO/} with lymphocytes
predominating and zlbumin values incrensins as the discase persists

This picture ia_characteristic, but not specific for ESME.

ppurently does not involve

-
-

_ The encephalitic form (meningoencephal tis) follows a diverse
course.. It is generally combiaed with peningitis. 3esides nock
stiffness, frequently only twitching or the muscles of the face, tongue,
- and extremities, vertigo, disorders of scnsibility, drowainess,

impaired reflexes, etc., indicate ratholojical changes in the sncephalon.
Tnere are also malignant, occasionally fatul encephalitides in which
synptoms like paralysis of the oye muscles, speech disturbances,

fascial and other cerebral nerve pareses, unconsciousness, ond psychoses
dominate in the acute stage. The duration of the acute stage and

the possidle sequelae vary accordingly. "Late paralysis" is a peculiar
development. t is found mostly in ne uppexr extremities 8-10 days
after the onset of fever. It is frequently associated with disorders

of sensibility in the affected »nrts, tus not with elevatod temperature.
Rocovery is rapid without atropn" or residual lameness., Presumably

it is a mutter of & neuroallersic reaction to an acute infection of

the Cii3. An etiological diagriosis cannot bo based or the many-sidedness
of the clinical picture.
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R e B cv e ww T tage of oligarelitis,
VY Tlucsie peraliedo, Wil oo Coasal , velreace 02 wll Tha viruses
Tor LAC TUSCLOeS 0 LAG Lad o SIrule Law dopoaT extremity (roximal
postion).  Ledducn TRIS LD, . Localliaaiion Jareare also vulbar
paralysic and ascencan: Tornn T e Larwry sypes.  Dacse puralytic

< . .

forms nave clinical indicu.iar  T.ke loc.? z:itlorn waich point 4o
S0ME. >dut even Tor Lhe ex .. wiea elurlicLr
possiolie to definitely xrul- ¢

are nout attacked, the parc
half & year later chow.

VO3S Aot Liwiys
poliom s tuae  If vital oras.a centers

vy, 85 follow=-uy cxaninations

r s HRRT: TR Y o B S B

?

L otle 1

distrivution of all Chu Ir.~clions ty Age in an Zndemic Region
of xSMH, 19561962 (ue::' irchen/A.sir.a) (after Krausler)
1 rsMme 6 andere Infektionen
3. o
. ) o ,
2  Alwers- 3 menin- b cnzepha- 5 para< menin-  “enzcpha- para-
stufen gitisch hitisch lyzisch aitsch Iptisch lytisch
1=-10 11 4 — i8 8 9
11—20 1 15 =, 2) § 10
-3 9 15 2 15 8 3
3—40 9 16 - 10, 5 3
4150 il 2 .6 - 4 -
51—60 5 19 3 5 5 i
61—70 2 8 4 — 4 1
71—80 -~ 3 1 - 1 ' --
81—90 - - | - - -~
' total 58 112 17 71 4) 27

7 GemaB dicser Aufstellung betrags das Durchschnittsalier fir FSME 37,3 jahrt.: \.md
fur alic anderen Infektionen des ZINS 23,1 Jahre; der Altersunterschied ist statistisch
schr signifikant (t =7,0, p <0,01).
1 < SSME; 2 - age classos; 3 - meningitic; & - encephalitis;
5 - paralytic; 6 - other infections; 7 - the average age for ESYE
}§03?.3 years, for all other CNS 1ifcctions 23.1 years; the age
difforcnce is statistically vory sig.ificant (t=7.0, p<0.01)

Besides residuzl lamenzac wd atrophy =iter the paralytic foram
of 3Ms, about 105 of the naiisats alse couplain of autonomic
dystonia, especially with persistent ncusaches. Now and then parkin-
sonisa, diabetes insipidus, ucl.izophnrenic psychoses, and epileptifora
states also occur. The latier ver
as the sequcla of encephaliiis in

. the Jur Last, where this could possibly
indicate the existence of the infectior.

.
S A

There is no specific thernpy; vhe aiministration of antibdodies
in & manifest phase 2 has srfov.n to be unu.ccessful. The basis for
all trhe clinicul symptoms wre e orgar ch.ngwes, ‘Wnich can ve
objectified by pathonisteclogicn. iwrveswigutions. ot only are individual

dy

-




O

- ~ S S 3 .
parts ol the OO Investisaiern,
. e v
tarousn o osulivaole wora-up L

LY Fy : .

deternmineu,

and <ellinger andé Séitelheruer
of verified fatnl casea plus =a
of tha ecncepaulitic syndromo made 16 pos
ishing the disease

criteria for distin;u
jectured by 3ednar {19], RKorny
of the distinct involwvenent ol
no theoretical édifferences
CihS cmergea from

?his i5 highly important becauss

3 osves

difference baiween
reaction {it is limited in thc

chyaa with very slight ¢lia iivolvemers,

is prominent), a clear-cut éifl

rez an evaluation of individunl arep
Thus, involvement of

of the CI3,

not by itselfl criterion for

i
e Looical r:.trxu tion of thc

fr'.)... >

+he nature and site of
ni

> o

Vb

A3¥E ang poliomyeli

cus the T30 14 Fixed in toto ana
iceions iy

& [1653, Jellinser and Zovac (761, and
ar (67 rcported on such systenatic
.?l, suraerisged oy Seitelborger (10643
L77)e A dizgram derived from a scries
asideration o?;ulc aistologicnl fentures
poscible ite set up morpholozical
fror poliomyelitis, as con=

B (81] on the boasis

On the other nand,
S infections off the

3 inflammatory process.
i 4 certain qualitative
is in the encephalitic tissue
forzer shicfly to the vascular mesen-
4he-~1u in the latter zliosis
Terential diagnrosis is often 1mp0581ble
"atlonulfrom isolated regions

Hu spinal cord and brain stem is

éitferensinting ithe fwo disenses. .
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This explains why in past decudnes 3ueh cases ware misdiagnosed as

polionmyelitis (sometines with

an atypizal clinical course). They

were not rccognized decause of the 14c< of uupportznv data.

Ths histonatholorical zic

AL LAR)

tira of 35H correspond to thut of a

completely developed prinmary virus encaphaliuls of the disseminated

type of "spotted polioencephali
It is characterized by discont
parts of the "YS with distinct

t axhivits a

stenm, cerebcllun. and mesencophzlon (:ig. )/.?

distribution pattern are only
and extension of the encephali
However, the telencephalon mus
facultative morphological cha

virus encephalitides (77, 1632.

parenchyma occurs in the anter
in the N. dentatus and ceradnel
and in the reticular brainstex

The gray substance of sp
with a n*adilectio* for the m
clearly distinguished by his
acuta anterior (Fig. fa). 1in
infection of the tezmental nuc
the inferior olive and pons va
only rarely and to a very sii.n

tides with nmeningeal involvement" [163].
inuous’ infension of widely separated
p*vfercncc Tor the gray formations.

striking constancy in atitacking Euhe apinal cord,  brain

Within this obligatory

individual var*ntlonb in intensity

tic synérome to. tne various grisea.

t be regarded 08 ‘an inconstant and

racteristic of ”br and related arbo-
The most massive destruction of |

ior horns of the cervicodorsal medulla,

lar coriex, in the substantia nigra,

znd thulﬂﬁlc fo*matlons.

auowu‘vhe typical lesions

ox hnrna, which cannot be
and ’rom those of poliomyelitis
. 3t bocidcs severe spotted
ci thery io constant involvencnt of
olii griy subsntance, which occurs
degree in pollonyelitis. Character-
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P

istic differencas appaar irn ¢ =ircciell o wiletion.  Wrerens in polio-
ryelivis oniy tug centrsl nns oot v Ll ateuiurly the vermis cortex

have inllammabory lesionc uvin iz w.ouciulic ol Derenchyma, the similar
encenhalivic lesions of who ¢ —:bellr cursew with 1085 and nourono-
pragia of vhe 2urkinje cell. ﬁ-:. “a,y SNV TLL nucleus, and wedulla

are to ve raparded as a meory: vpstnd Jesturs of arvovirus encepralitis.
The encephulitis proceus 3o, o vz swrz, often less intense ia the
orainstem ganjisiion, otuv it L. o extorsive than in poliomyeliitis,

wiiere the severe leusions n.oc n.tinza te the geop gray substunce,

“

“; vhe Lrelinstawm nueclei are reularliy

nvelved with preferernce PRI (TP EH (Ti;. Le), putamen, and
the N. caudatum 2ess 350; ¢nc Wr nimavt alenyd spared in polionyelitis,
On the other hand, ihe compxu:n sporin ; oF tue anterior hypothalamuo
(luci. paraventricularis eac Commaontizsiag in J.Lu as compared with
their preferred affection irn - .liomyciivis {77, 164 is noteworthy.
Facultative telencephalon inr:cvion inveives & diffuse dissemination
of nodules over the eniirec co - nx(w'unqtt restriction to the motoxr
central region typical of pol u.yalitis;, very sceverely afrfected
claustrum, olfactory lobe oric. custutanso, ani sudbcortical medulla,
which in poliomyelitis are p¢...rally Trec. .

A
. -
U

thalanus, and paliidunm.

LA AT A1
DO
"

[+ 3

In protracted cases, 3po.:;r Tocal 1.2c¢reiis may occur in the
cerebral cortex and meduils, . lustew Luuql-u, end cecrebellar cortex
(Fig. &d. A sinilar phenomencz angs bee:n deserived in RSS3, JBE [165],
Z3E, VWEsZ, and other arbovirus encaephalitices. It is regarded as
a facultative result of tne indlanmatory prosess due to severe injury
to the perivascular glia [772.

The avove histological fi:ulings show th2 possidble extent of
lesions in unfavorabdle casasz, . tneJ o uselul only as an indication
for a lesion pattern in the ooss oen‘un Jorms of the discase, serous
meningitis in particular. The cliinicinn cften finds no signs here
of involvament of the ONH3, anu yet iaflonmatory changes should be pre-
sent in the parenchyma [162, cspecially®since it is reasonable to
assume {rom animal experiment:s that the ﬁeurotrppic virus first at=-
tacks the parenchyma, after winich the acniinges are successively

t' I>'

dawaged (85J]. . —
. . . cda vesws v s . . 7 .
dvery infection with 25M. virus provoxkes in man the formation
of sncecific antibodies, which are firss dctectadle in the NT and LT

and later in the CPR. The former ure invariadly found as eariy as

the stari of phase 2 {91], while the C# untibodies with 2004 antigens
cannot o¢ detected until the hiih-Tth cays of phase 2 [G0). All these
antibodies 2lso appear after & clinicully inupparent infection or
irfection without phase 2 {perinis without phase 1 too). While the

NT antivodies and hemagslutvin: sion-innibiting antibodies preaumably
remain detectable for life ia ithe serum, with the titer decreasing
gradually, in »hc CFR less tuuu a year alltar the infection thero is

& rapid decrease in the anzzoo +iter, mostly of -5 units, dbut in the
following years the tlter aroru very slowiy in the CFR 8o that even

'J rer Wt '1

6
QCS{ /‘ﬁ\ - ’m'«.l,\

Y
~‘¥-«..§u.~.a.d|v { Yy -
ﬁ()lﬁ‘v},

—



aftor & years a recidual titer cun sUill v cesonsirated,  Althaugh
the titer level in the % sand (17 does nat yrovide uncondivional
proof of a fresh infection, u titer of ovar 1:0Nh is usually found in
the C¥R; only ti 7 1:52 irclusive inuve been observed

ser values of un to l:Joz
in the sera of porsons unuwarc o huving an infection of the Q3.

Fig. 3a: urainsicn genglia: severe invol—aient ol the thalamus with
prefcrence for thne roticular nuclic’, &ul.a.imits, claustrum, and
lernticular nucleus, with emphasis on ths Dutiliel. Affection of-
the basal olfactory lobe gray 5ussnLance . v spuaring of the anterior
hypothalamus. Occasional nodules -7 in” wantion in the deop

£

medullaxy Tormusi. nu.

&7

¢
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Pig. 3b: Pons: spotted conilu-at ffection of
the pons varolii. Ga2vare involvesncnt of the-

tomeniul nuciel,

Fig. 3c: Cerevellum: diffuse disraninuticn of inflaamatory
lesions throughout ire .coriex. Lniular ianvolvement of the
central mucleus ar. vludl ze

+

Fiz. 33: Ovlongata: severs involvwirart of the reticular,
novor, and sensory tegweniu.. rucli. odulur involveament
o) tas olives.
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Fawe heon donsoves in o liolco v i o wagane(ef. louLan £11)

Bad L luboTnuoTy CXherinaosts oo nenlngn Ll both with the Langat

MLl mevwin elone nnd Sr son e .l n wioao i Liow fever-l17-U vaccine

and an atteausted West Nin: oumiin. L oal wva later vaceintion

GanL1Y e ecasidored ia CenirlL o Siyope oo LLloralory WOkl

and especially.expoced poerse o Like T oo er L Torest worikers
szaccal sanitary moenoseee i Ml sooaarocved Lol unt tio

vectonr (Licks) , its reucrsci o o V. L B uSeible virus eliminators
c

(1ax ;= dnimulu). EPPGetat ¢ Ll GGART L .o eatrual LSurope ..u boon
¢eneribed only oy Linneckers IR ’

Uradicavion of ro‘nnu. C:now o ufadi exporimezatcl tract atlill cppears
oe uarearistic. On lhc culver hod, 3. le oot difficuls 1o block
alimentary infoction of humitr welige wiilios oy "aigh' »postourization
of miilk in the usual way ab LL7 ar Uy LweLively dmnunizing the large

an:aals rccauoe inmunized ~rniccln s loazgsr :lininate the vigsus with

S kg - T N el eyt
b. JETG TN RS A YO
- -

57 HF i3 meas en acubse :
~om,““1nd ,J Lot seeriluie asoange to vhe capiliaries
o5 cocrtoaia Gl wresis represents a onecuilar
Toan urbovirosig © el oLl ceeur @ itself associated only
> a5 an aggravaiic ¢ cokosiizntioa Tullowing anoincr arbo-
’

CLION A8, Qefley 70 W Foger, 2.I, otce.
H ] ’

P ST

Toovile wrvewisg. Lnfection wilh nemorrhagice

sucn digenso patterns ot Duca cii vl in different prts of the
worid for yeors. ncnco, v tlouvnie: are Lenerally named infter their
geobrauulc origin, ‘Whnether to dagseribed (etiological
but rot ideniiried) UF relutc .u 4 sicyie arsevirus infection is
very EcuboLful., loreover, acopive intv.oivc al? rts, adrboviruses as
the causative agent have bzexn luoltwved oaly in o few places (cf. table).

(4

S v s "
win€ L2 Vil

;.n

(a) Ey.o cu- Parcut Jsanse (KFD)

In the spring ol 1957, oy acnxe adicc ia Kyasenur Forest in
Shimoga District X(Myc oré), whoTTaak i;.n uns related to sicknesses
of persons wao had worked ir LS woouwif raglLon. Systematic studie
lced to isolztion of thorecaus .lve &00 \..J virus) frou the Orngb
of deaa wmonkeys, from the wlc | of zeutily zifected persons, and from
ticks of different gemeras, .. . 3awvainiln i doera in parulcul,r fzlal.
The viras belonge to grouy o ¢ .. ib & roawer of the THI complex. Ik
ig differcny, rowevc., frow 4 virus of Livarian NP (Cmsk type) in
antigen suoucture [361.1 Mori o (Mrosze radinta and:Pz 3bv,:s'entc;1nn}
DG Vile navural reservoir., O iaresili a o spleads durdng Liie rain-free
ronths Sra. sanuary to Junt o . uluraecu.iy wila the seasoninl deveiopnoal
07 vhe icki. Thoe monkeys Yoo o sickh cnd also nave the cliinical syapioins
of a nemacrnigic diethezis, 2 eay vie fatal. Until nov this in-
fection nus beer. observed o | A b orne piase in Indiz.

i «

e
e
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(:) In man the dlconse cets Lo anentoly 2 ler an incud.atiorn poriod of

5-6 d:-.ys. .":i;;h fever, }L‘!:.:lu'.).’;':, al o i".\:l‘i.’., N TH Lsevere 3 '-l‘:IO;’Ohi-'x
and vhrombocytoneniu, wiich cuuse hemciriagsed inolhic nusou. i, RPN 3

in addition to diracty injury o the vassular walls, tay laat 9-00 uuya.
The virus can be regularly isoluted Trow tho Hlood cuoring tnilc Cisst
febrile pnase (PMigz. 7 (762). ae hemstolazicl indices slowlr return
to norszl when tho faver subuides. 4 sagond febrile “pnase Sy oscur
after a fover-free period ol 1= weeks. It his the same HYUPLOMS Gn the
first phase (Fig. 7), butl somelimes Tolliovs Li.o course of w meningo-
encephalitis. Antibodies cun Y2 detecthed in tho N9 following the virenic
stage in the sccond week o the ciciiiwss and in the CFX. The - tatality
rate is 104,

demorrinagic Mevers .
1 Geograph. Verbreitung - 2 Klinishe Dezcidnung 3 Atiologie Vcktor
L S ) 12
Nord-Skandinavicen Nepiropachia epidemica ~ unbekanat unbckannt
P
{34} ‘
. 1D
Ungarn [128], Jugo- Himorzhazisde “ “unbckannt Acarina (?)
slawien, Bulgarien [/, Nephiroso-Nephritis
Transkarpathica Buhowinisdhes Himor.
(Dukowinica) [ 5, 54) thagisudhes Ficber -
6"Krim [34), Asteachan 9 Himorehagisches Krim- —  unbekanne Acarina ()
ficher ; .
Uzbckistan /34, 55) Uzbekistan Himorehagi- 4 2un'uck4nm Acarina (?)
(Zentralsibiricn) sdics Ficber
O Daraba-Steppe Omsker Himorchagisches  TBE-Virus Ixodidae
Ficber Typ Omsk
Indien Kyasanur Forest Discase  TBE-Virus Ixodidae
{Disteike Shimoga) Typ KFD -
Malaya, Thailand, Singapur-thailiadiscies-  Deaguc-Virus  Culicidae
Pivlippinen philippinisdics Himor- Typ 2,3, 4
rhagisches Ficber Chikungunya-
Yirus
7 Fera-Ost-Sibirien 1 och-Os:lid\c Himor- unbckannt Acarina ()
134, 35), - rhagische Nephreoso-
Mandsawrei, Korea Nephritis
Argentinicen Argentinisdies Himor. Junin-Virus Acarina
thagisches Ficber _ o
" 13 1
Dolivien - e Bolivianivaws Hamor- verwandt mit  unbekanne
ehagische Ficber Juain-Virus
* USA (112, 168) i1 Himorrhagzisdwes Ficber  Epizootic i zunbckanm
von Qdovoiicus virginia-  Humorrhagic
nus (Epizoutic) Divcase (EHD)
) ) virus : ‘
< = Zeographic distridbution; T - silo o ) nume; 3o ctiolangsy,
* = Norsnedn Scandinavia; b - e, oo via, sulgaria, Yranse

carpnihin (Sucovinaj; 6 = Crinc.: V- ) » szst-Siberia; & - Bucovina
aemorrhuric fever; 9 - Crimeas nxaereoie favoer; 10 - Far astern
Semorrhajic nephrosonephritis; .1 - Zener-hagie fever from Qdocoileun
virginianus (epizootic); 12 - woknowi: 1o = ~¢lated to Junin virus -

. ; ‘ : o )
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Anidemic outbreaxs of T L.uve Teta arsecvad in Southenst asia
since 195k, Those in the sev oo 19,6 :plueane in Hanila witl: over
1200 pusients led to the isol- tio. oi den e virus types 3 and &
those in 1958 in Bangkok, Jhrgue vicue tyes 2 and 4 wnd Chikungunya
virus [182].

e surprising thing atce.y Luis 15D e $iab it only struck.
children who became sicx wi.i. . f>ver r i reccorhagic diathesis and

i e

.

circulatory collapse, and in njkol wit. Leitomeygaly as well.

The rfatality rate was abcut e Tht C.use.ive agents were probably
transuitied chiefly by Aedes .o ~rati, Thc e:isemics broke out in
¥anila in April and May (bsfor: ithe rwiny sewsoHn’/ and in Bangkok

from July to October (durinz the reiry svasoa).

A peculiarity of the &iuc...iz i3 t:v 3 a relative uniform and
characteristic set of syuwpion., l.e., ti.e 1T, is5 eaused by different
arboviruses even froa éifferc..i greups (4 ani B), vkile in another
place the denzue type 2 anc O ilungunra vira:es can.give-rise.to a
typical dengue fever (cf. sexntue fever holow).

(8) Armezaiae lleirciwaLemic Fever

Pl 4
’
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In 1958 Gree-way et 1. ~71) w +he first to isolate virus :
frou the organs of patients w.vh ', It was observed for several '
years northwest of Buenos air:s and @150 called "MNal de los !
Rastrojos". Tnis “Junin viruz" wa :
Contrary to the original resc-.rch

-~
» isolated from rodents. .
i %5, tne virus does not belong :

to the 732 complex dbut forms =2 Jroup wilh the Tagaridve virus ’
(Pacaribe group). The viru.. s presuranly transMitted by mites.
Whether the vectors are actuz.ly nite. "rom the Gamasina group
camnot be decided for the tim- b2ing from isolation of the virus
from Pchinolaelans echidninu.:. The inciuence of the diseasc in man’
reached a peak in May-June (winter!), especially among farzers.

PR

The disease increases ir severity with age. Hemorrhages in
the kidreys and brain may ve lz:al.
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Jdengue is a Tebrile disi .
Yy mosquitoes. It is caarazi. iz
body, especially the joinis, ow:u
clinical picture of the cdisanas h

o

T =.n caused vy virus ani transmitted
& 3y pzin irn various parts of the
Len.., and lymphadenopatny. The

:as been known for several ceaturies
in the Far Dast. Bancrofi [1i7 %, was the first to iiscover that
it is transmitted by iedcs -:  oii. Oraig and Achburn (1907) identified
the causative agent &5 a vicsu.. Isolaticn and cultivation of the
virus in mice and wall as t=¢ .iscnvery of the variety of antigen
typen were aohieved.only -fiu.s protracted investigations during
Yoold war II L1513,
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Qcday a disti
"dengue n
former i3 a defainite Liunman disaense
arbovirusés, whereas ithe latter
viruses of group B called den it v-ru
are larrely responsitle for o
while types 5 and J (frequentiy
faver” (g.v.) in cnildren.

The dengue virus is 17-2:
in suckling mice ana in tisaw.. cialtur
differentiated oy 1weans of inm it g2

wxtrancural ané iatracevoe™ral i
results only in clinically in-»sacent
serologically nanifest) ‘irfcciivas in

like le
sdapted strains [1493.

The diagnosis of denzoc i c.rec
sympions (at least in the sea .. ‘eve:
of the illncss (firss fever p..ne) ihc
and can de isolated oy inccul..wic.. o5
vales-*nce antibodies can be e
reflect

BRI R of i

ion of the homologouas wiit.,

The disease in man sets I: as'tes

with fever, hesdache, and pzin ia the
JOlnts(*hGUGavic type). The fniiviall,
3rd-hth day of the sickness but rises

It subsides on the Tta day.

The fever and characteri:?t
apﬁea.i nz mo8tly between the . _ad 5
The tencen y to hemorrhagic dinthesi
siight in & p

3
.

typical dengue fever, alia.

and in case qi death (rare) hemo;.u“gwu iu ti.c region of the serous
mermbrane znd nmucosa have dbeen iescribed.

The peculiar syndrome i3 resnonsi
wihien comes from the Spanish 'd.1n,0s0"
coy, prudish" because the unuzadl body

""lents 9y pain resulis in ti.:ir walk.n:y with legs wide apart
{3ngiish "dandy fever"). :

The dongue viruses typeo 1 wcd 2 .re, like yellow fever virus,
transsitied - :

g
chiefly by hAedss c~ -1 %
reservoir, especiully since t°-.. ia
of monkeys, no other mnafur:sl .5t n

inc ¢
fever" and the microhicinjicul 1 w& "qengue coaplex". The
?

sions can be provoked i:. ZOonUcys

sty

2%3.pt in experimental i

> ween the clinical consapt

% acy oe caused by different

506 b oartigenically rclated
ccpens i=b, Types i ond 2

#l ayuucoms of"denoue Tever",

»5 %1 ) cause a "henorrhagic

.~
.

.1 can ve concentrated

J.oe lidividual types can be
I va2 oFR ana i
“ci.on of a frosh strain
I' Y o
\-.;

110::% histologically and

SCixeys. iloweyer, poiiomyclitise
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s .chi.pancees) with mouse~

J R s teanndh hbeaelei
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At the neginning
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:r Zacibatioa period ol %-8 days
a:;rie:, sacral region, and
r:.n Tever (LO® C, drops:on the
¢ ~0® «,;ain on the 5th day.

uce rosooiated with an exanthemy
.& 4nya and disappecring rapidly.

\Sn wish types 5 and &) is very
= petechiae in the exanthenma

.o.- the nane "dengue",
.enguero™ meauing “affected,
[ xtﬁon enforced on the
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This man-mesguito-man cy:': ¢« L. Ll b2 meintal wd in tronical
and subtrosical regicas (withewt wiztzw, 1T the human and mosquito popus
lations are sufficiently acnse. Hosover, iy uves not excluus the existe
ence of another basic cycle wisn the m rixzi; +iion of a wiilu vertebrate
(monkey?)

= R B P S { e A& IR

he range of both denjue virus
subtropical zones o:f the Middi=z nnc
hese viruses are also trarsniisnd i

cr

w1 avt-s 33 to the tropical and )
‘xnt, “flica, ant Anerica. ;
s ¢aticia species. 1In
Zurope an epidenic broke out in Jracce ia :!r.~.9’b and attacked more :
than a million persons. ‘ype 1 wa3 reir.arect;vely determined as . .
the causative agent [191]. ‘
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Prophylactic measures arc aimed primarily at corntrolling the .
mosquitoes. The prigorous measurss takun =27ninet aropheles oy :
European3 in their colonies enaizlzd thea, uni.ke the ratives, to Lo
escape o'nyong-nyong fewver. Vzacsine wics tlenuated dangue 1 and 2 '
strains was used.

Caikunmunva virus {Africz s.biype} {srcun A) was isoluted for
the firsv time in 1952 in Zasd ilfriew Trow tr2 blood ¢f patients
and mosquitoes. At that tine trers was on eyicemic of a benizn
dengue-type fever amonyg the n..ives, mostiy wiih the gharacteristio
Joint pain and diphasic f2ver «iin an exanithema. The avsence of
adenitis distinguishes chikurn; a Tever fror dengue.

e . e ol -

i <:> The virus is transmitiec vy numercus sulicid species. The
main range of distribution in Jouth an. .t LTrica and the Corngo, :

although it has also been isolzitad {Thiliond subtype) in Thaiiand :

from the blood o children wit. UF (cf. ..

O'nyonr-nvon~ virus (groun ) is zlos»ly related to chikunjunya
virus and was first isolatcd from the “lnou of patients in Ujanda in .
1959. An epidemioc of a benign derjue-iype JTever wads then raging among '
the natives of Uganda, menya, %hc Congo, and the Sudan, with more .
than 750,000 persons affected. Tne clinicul picture is very similar
to that of dengue, dut is call:+i o'nyong-nyong by the Africans. The
virus i spread by Anopheles, Troa which it can be regularly isolated.
A natura. nnat reservoir has nni been <iscovered yet (43, 69, 168, 208].

T. Y:llow Faver

- mnm w e w,

The original homelané of - low Jever cznnot be precisely detera-
ined, but it is now belieoved i -t tre vi~us was imported to the
West Indies from Africa-in the i7th centwry. In the 18th and "19th i
centuries severe yellow feve:r :nicemics occurred in Central and South ;
Arerica. 1In 1881 Pindlay warw-ai a relailionshios between mosquitoes
and the distribution and tran..:ssiocn o %twe virus to man. Confarmation
was provided by the studies of iLic imeriecan yallow fever coamission
in Cuba headed by Reed {1900/ :31). ‘.~ were able to show that the
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ceusative agent pusses throwth = bretowlr Jliter and circulates in
nukarn periphesnl blooa during LT Jirct Whiteo days of fever. It is
zequircd by blood=-zucking \2den ~c vwsi, wsienr can Sransait the virus

further after z2dout 12 days., Uuese findinis wue re giver. practical ap-
piication and it seemed as tnou ;n mose lto control on the Aswrican
contirent could lcad to eradiz-ticz ol s2.loc fever in the citics
until a wider cycie of the viruc in nntuss wr s discovered in the
course of the 1928 eyxidemic in Jdi¢ de Jane.¢ and in oxper imental

research [185]. finally, Theiler (189, -utcceded in infecting aice

intraceredrally and culturin; t:e viru.. “'ri= iei to the development
of vaccine from attenvated virus strais.. _17¢3.
Zlectron~optir~l atudies h-ve snevs ihe velliow lever virus
. . . . . - « . -’
(A3ibi strain) to be 25-27 aw in size [16]1. It survives in 50

slycerin solution and in a lyopnilizgd state for a lon; time. Fresnly
isolated strains have viscerairopic ana neurotropic characieristics,
the former beiny dominant in the natur.i crcle of the virus., s human
veiny or experimentally infecticc amonkey Jevolopo a virepia and hemato-
genic invoivenent of the liver in a few Jars. ZXZncophalitis does not
follow intraceredbral injection of this struin., It m&y be that

& hyperimmune seruva i3 produced at the sase time which neutralizes only
the viecerotiropic elecments,

v zousSe brain and to select

1245 could produce encephalitis

ior period. IHowever, afier
Y

Theiler was able to adapt the virmus
the neuroiropic elements soivhat . 'y
in mice and monkeys after z short i
subcutaneous injection 5-105 of the mork
Yet the virus had lost its viscer
{he mouse dbrain passages s0 vhal it was Jound in the CNS and various
glands of the wonkeys thut died of enccphalitis but not in their blood
or liver,

ied of encephalitis.
.crties as a result of

Haagen and Theiler [63 d2scribed muls
ic ccmponents of the virus in <zitlanud culs
wvere the first to grow in tissue culture the As
both neurotropic and viscerotropic ch.ru~teristics. This led in the
course of the yassagzes to partial weairn:i,; of the viscerotropic c¢om-
ponents in this originally paniropic v russ strain without strengthening
of the neurotropic characteristics. A drunch line of these passages
was called 17D and is now used 2s an atzonuated vaccinal strain.
afier extraneural injection this strai: causes only a slight viremia

n monxeys and is not followed by encevi.:iitis or hepaiitis. However,
f exr intrazcercoral injection cncephaz.vis Gevelops regularly in
e and in about one-third of exzjerircntal mouxeys. At precent this
Lin is cultivated for the prevaraticn ol vaccines in fertilized
xen eggs. In additioa, lavoritory uwrairs of yellow fever are

al crown in different tissue calture: under conditions of plague
formation. The~AxnericanandsAfricansubryues-ecan boidistinguished
serologically [4la].
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“he initial clinical Jmfunmq of vel faver appear «lter an ine-
cubntion perioa of 3-6 days. U.e initiial f:erile piese (=vircaia)
lasiés 3-& days and after a sr*c- reaiszion ol 1-2 days fever again

occurs as a reflection of orgiin invelvasens, Jht course varies from
gase 49 case - 10om clinically znuppar:nt or only with m3ild fever
and headashe t¢ mecerately scvere cases with fever, jaundice, and
albuminuria, and to severe cascn wiih counlientions resuiting from
provrazcied hemorrhages. VWrile the first phase of the viremia setis
in scutely with fever, leudopenia, and the u.aual Choracterictic buv
nonspecific attendant phencmena, the socourd »hise shows uviae typical
gigns of liver and kidney damnge. 1In tfe liver, espeoially in the
internediate zone of the lobes, aan Y scen necrosis and fatiy de=-
generation, whereas the cells on ine p-ripiery anu in the center

are relatively well preservec. ‘e n2arotic cells acquire a hyaline
appearance and are called”couxcilran.2o4ies5."The capiilarics are very
dilasted, but there are no signs of injury to the Kupffer celils or
bile duct. The resuliant’ - iclerwvs appears during phase 2; an
early appearance implies an unfavoratie prognosis. The kidreys toco
show no si1gns of an inflazzatory reactiecn bul {atty degencration

of the tubuli. Alduminuria approximalely matches the severity of
the icterus. Oliguria may turn into a prognoatically unfavoradle
enuaria. A decrease in quantity of urine, dininution of slbuminuria, ‘
and excretion cf bile pigment, on the other kand, are prognoscically
favorabie 8igna.

The hemorrhagic diathesic is protidly o sign of direct injury
to the vascular wall {cf. #AF), with a decrease in vitamin X synvhesis
resulting from the liver damaje. A tendency to bleeding is everywhere
(skin, v1aoera), hazoptyeis is particularly to be feared. Circulatory
impairment is manifested in a low puls~ rate (with elevated dody
temperature). At the beginning of the first phase the blood picture
13 charasterized by leukopenis; luter the blood coagulation time is
lengthened. Death may occur around th: 4in or Tth day as a consequence
of renal insufficiency and hepatic comn. Otherwise the patient recovers
without developing chronic kidney and liver damage and aéquires immunity.

Tne range of yellow fever in areas not settled by men follows the sycle:

Subtyp America Subtyp Africa y
1 Afe
Hacmagogus sp. Acdus africanus
{voe allem H. spepaxzinii) I; baw. Acdss siaponi
2 (Sudaa\cnu) {Afrika)
1 Ade

1 - monkey; 2 - chiefly; 3 - South ime-ica; & - or
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becavrse of
yellow fover,

‘3 unrar nntural conditions arnd
: 7t it aa Yhe mein cyeclie of

i <

nis form i, o - wea™ os "Jungle yeilow fever',
1 : e

ES i,

;

In sucii & cyele man is only on-slonelly inlcoued, that is, when
he carncea to enter such & fo..o. wni~ liiviiual versons are ine
volved: 30 that it is a mattar o0 o4 Uporsr g (Lfutrence or parfanns
also azn occupntional divea.e. L Neuwli, ® Lowvew, n vergon indected in
a Tocus oturn to a seutlnt w7 Lduria; otae vorenia) in wrieca ledes
) LE0T8
ae"wnti is p;esent, thexre - :'f~3° Lot ool o Ansi0rwibion into
an "urovawn yecilow fever", tle Citaun s vl e casuing:

Kan — Jedes aemgati (veew-r; —» .n [~ ovvoir) —>

Wheticy this imported ycllow ¢ ve

or it remains a sporadic cnse l.ope
{perhaps also with other sirains o

5¢ w0 an copidenic outbreak
e dugree of immunity
seoup 3) of the populatioans

- 4
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,
-
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Lecfes aerynti is a mosgutioy taet
with man. It prefers to liy (.. eZ:s i
also in tree and bamboo holzs, mostliy o
eggs are highly resistant to doyncss «n
for the larvae to hatch. Th2 Temales zise n
of the rmorning, alnost alw:ys it o£-b -25° C iz the
temperature neecded for their 4 - oyng; ong actlvzty. LEence, they
may appear in any warm region <7 cu“th inglnd ng Soutn Zurope.
The external incudation period is & dajss at »7°, 8-10 days at 25°,
and 30 days at 18°., The 1life-sp.n of Lun female i3 relatively brief
(particularly since she does not overvininr), ranging from 2-% weeks.

ves in close association
vouies of waler, puerhaps
top ol the water. ‘he

e water i3 needed

r the carlj hcurs

l '.\ ~y
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sxperimental studies have snown that many mosquitoes besides
hedcs nerspti can be inTected with tas virus This is consiatent

with reports on the isolation of thc y-llow ‘aver virus iror various
culicids in America and Africa. I@ow fur they can be held responsible
for a spreading of yellow fever Jepenis, on one hand, on the densiiy
and benhavior (choioe of hatfhir.s place, etc.) and, on the other hand,

on contact wiith human being;s so that an endemic or epidemic can resuit,

The following are regarie: =s ye.low fever endemic zones,
according to the latest 1n‘oﬁm“u‘on (‘“uz or. protective inoculations
n ;nL,‘nutiongl vravel: Africi (with iae exception of a few major
civies) on voth sides of thc ec:ator ia iac 15th norih and south
latituces, South America (with ta: excesiion of the major port cities
~aé Panama Canal zone) north o the eguator &nd in the interior to
aoout 15° 3. lat. .

Latoratory diagnosis oi y<llcw fever is based on:

(1) Isolatiom of virus fr.z blood {vhase 1) snd liver (viscerotomy

or autopsy);
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(2) rresence of antibodiou [corviriuo.. or fising titer uuring
phase 2);

(3) Histological examin.tii. ol Zdiv > punc.~tea, -

Preventive measures inclucde annbrol ol nororitees and individual
prophylaxis by vaccination. Cuulcrsl voiiriwes oo ained muinly ab
eradicating Aedes as orpti sivce tiig Gpecics io Yarpgely reaponsidle
for epidenics., Such atienpts wa-<2 si.ried ot tie turn of the century
and by 13¢5 caused a consideradl: reduction irn the incidence of the.
disease in Jouth American port « ties. Luring and after (since 1947)
world War TI these campaigns wer: stren,;ihenea by the use of insectie-
cides. By 1960 in numerous Jouiu Americin courtzies Aedes aesnti
had become an insignificant membir of th. tot:l biocenosis ana no
ionger an acute danger to mar.

The American vaccine with -2 17) striin und the Prench vaccine
with the Jokar strain arc now nv:iladie fo:r individual prophyluxis.
The 17D strain is conceantrated .- chickern =mOryo and subcutaneously
inoculated, while the Dakar siriin is Zrown in nmruse brain passages,
after which the braing are dried and suspended in gus aravic for use.
The inoculation is carried out after scarification. The advantage of

e ———— ————————

the American vaccine is that it is well toicrated, whereas neurologiecal

coaplications frequently follow <he use ol the French vaccine. On
the other hand, the Prench viccie is suit-.ble for mass inoculat.ons

because of the simple techniguc ra2guired, .
Contrary to all recommendatinns not tc couple yellow fever

inoculation with other live vaccizes, reports rLave recently come in

on success achieved with simuliineous inoculatior (small pex - yellow

fever) in Nigeria [111]. The ircication Tor this simultaneous inocula-

tion was based on the need to carry oul woth iroculations on a large
scale in view of the particular :occl couditions.

According to international Jeierminntions, a rather reliable
immunobiologzical protection is ufforded Zor 6 years by a yellow fever
vaocination authorized by the Jorl: Healiin Organization.

8. Meningoencephalitides i'oce Causabive acent Is Transoitte
by .cucui

Some arboviruses transmitiec by mos uitoes nre capable of
causing moningoencephalitis in mun and ocsasionally, under natural
conditions, in animals. PFrom thu virological standpoint, these,
neurotropic viruvees offer no uausual features. In general, they
can be concentrated after extrancural aduirpistration in adulti zouse
brain, although tissue cuiture is nov preferrec in normal practice.
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-‘ard cast coast of the United States (223).

The clinical picture presenss with considerabvle variations ail
tne characteristic but nonspecific symproms of a virus infection of
the WS, as 4n T33, so that the dia nosis nust be based in each
indivigual case only on systemalic virological-serological examinations
(isolation of 'virus from parenchyma, ofter from fluid as vell). In-

~A

"volvezent of the Ciis is invariably preceded vy a clinically unchare

acteristic initizl phase of viremia (isolation of virus fron the .
lood is theoretic.lly possible. Since reutralizing antivodies -
arc almost always to bde expected in the patient's serunm at the beginning
of phaze 2 {involvement of the CNS), in routine diagnosis the CFR is
preferred ¢ the HIT or XZ. ’

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 gecgrannical ulatrlbutzon._

{a) American Jcuine Fncephalitides

Zpizootics amony Equidae with involvement of the CilS have bteen
reported since the end of the 19th century, especially in the western
part of the United States. Meyer et al. (1931) were the firsi %o
isolate the WiZ virus in Califorrnia from the brains of dead aﬂlmala,

Ten Broeck and lerrill and Gietner and Strahan (1939) isolated the

233 virus or. the east coast of the United States; Beck and llyckoff
(1938) isolated the VER virus in Venezuela. Along with thése isolations
the investigators. also discovered the causal connection beiween human-
menlnroencephalltldps and this virus in the West and NMidwest (W33

These three vi*uses belong to group 4 and differ from the other
rooviruses im their unusual pa hogen‘01uy for Equidae even after.
yer-phe al infection (mosquxto bite!). Zlectron-optical studies
showed the WiE "provirus" to be 22 mp in size. The mature Wil virus

*(like the VEZZ virus) [121] consists of a thick nucleus 30 mp in size

and a peripheral membrane with a diameter of 45-48 mp [115].

Since the viruses can be inactivated with formalin, vaccines
can be -used to. protect not only horses but also expoaed laboratory
workers agalnst all three encephalitis viruses.

. (i) Westcrn Eguine incephalitis (WES

The virus is widespread in the United States, like SLE V¢ru8,
orly west of the HMississippi. t is also found in Canada, Brazii,
Uruguay, and Argentina. The diseasa in human bdeings appears datween
Junc and September, with the pezk in July, and it frequently attacks
children. DBesides sporadic ceses, there are frecuent reports of
epidemics among horses and human veings. The fatality rate is
between 7-207% (average, 10%). The virus is transmitted chiefly by
Culex tarsalis. Xeither the natursl virus reservoir nor the placeq
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<:> of overwintering .are known. Therec is o doubd thal Nigratory birds
as well as domestic fowl play a swvecial role, the former rosaioly
being recyonsidle for importing th
every year. The’'virus can hibernate in ciperincntally infecsed
~ water snakes (Thamnophis sp.) ard in Culex tarsalis imaginesdlll, 19237,

¢ v.ru* into thae focus nrrosh

-

" 2cidos tho original natur
. imals as well as human beings 1 i el Uy
i _Temale mosquitoes, but only IZquiise r.d man develon a meningoencephalitis,
Theae, howaver, are of less sicnificance in maintaining the cycie of
. -+ the virus in natuxre. CA

13}
Ci G

(i) sastorn “evdire Bpeovhalitis (3704)

The Korth American -subtype o the virus ajspears ir Zastern
Canada and the United States, in Mexico, urd in the West Indics.
.2he Central-South American subtype appears in South imerica {Parama,-
_Brazil, Argentina) and Southeas: isia. The diséase strikes human
.. obeings, children and teenagers in particular, in the late summer and’
" early fall. %here are aiso sporadic minor epidemias. .

R e L

PR

.-

. " Dhis virus is highly pathogenic for man due to the hemorrhagic
diathesis. Phase 1 is quite pronounced {(fever, vertigo, vomiting,
headache), the hemorrhagic meningoencephalitis developing in phase 2.
y - .- The mechanism ‘of -action on the vascular system is still obscure.
T ' fThe fatality rate is high, amounting to 745 of the human beings and
+ 90/% of the norses infected during the first recognized epidemic (1938)
<:) .in Massachusetts. These high death rztes are to be regarded as ;
. .’a reflection of & high fatality rather than high mortality rate

- iy IR et WPy 140
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. .. because of the persons with N7 antibodies who did not suffer froa . lj
o a disease of the CNS. ;

CoL o - . |
Little is known with certain%y ~bout the natural vecior (main . H

vector Jor maintenance of %he sycle in nature. To be sure, the rirus
has beer isolated froa Culisetas, iansounia, Culex, Anopheles, odcasion=-
ally fromz Culicoides, various JSimuliidae, ana even acarina under
natural conditions, with Culiscin melanura assumed to be re3ponsibie
. for mainterance of the main cycle (wild birds — Culise.” -- wild birds).
However, antibodies against E2Z3 virus have deen found i: numerous
vertebrates so that definite conclusions cannot be drawn as yet. ' .
In addivion, the overwintering of the virus, as in WgB, is still - ;
.77, uns lvac. Just as in W33, horses are not responsible for maintenance
"~ of the cycle and, like man, they are to be regarded rather as.a
susceptible terminal membe~ of the infection chain.

. e

KT

(iii) Venezuelan Zquine Bncephaliiis (7.%)

The virus is widespread ia egquatorial South America. Unlike
Wi3i and 232, the VESZ virus ~auses ercephalitis in squidae, dut not
in man. It is a o'ag-phase febrile disease, frequently deague-like
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in character (rzin in the joints and 1imbs). .adnother peculiarity

is thav the virus is present in the nuoeOpniaryngeal spuce o anlected -
persons and horses c£o thut irunsmission without a vector, in conirast
with all the oiner arboviroses, cannot e ruled out. The virus iz

also excret>d by infected horses wiilh urine and by experimentally ’
infecteu wice wi.h feces. This surprising excretion and secretion

of the virus is s.ndoubtedly responsible fer the frequency of laoorato*y
infections.

e

Under natural conditions, the Vi virus, as shown by ithe isoiations
from many specics of Culicidze, is tran.miiicd Lo human beings and

*horses by Mansonia titillans and Ac.es itucniornvrnchus. It is still

not known whether any species al chidel vector plays a specizi role in

zainternance of the virus in nature. Wild hirds are congeciurcd 10 be

the virus reservoir, in which cu se sedes triseristus wounld Tuaction

as the vector. Unlike W22 and LEE, the Vio virus is found only in the

‘tropical zone with a constant climate so that there is po pirobiem here
. of overwintering.

(b) St. Louis EBrcephalitis

Neningoencephalitis cpidemics broke ovt in the summers of 1932

and 1953 in the midwest of the United States; the causertife agent was
isolated ain 1933. The virus belengs to group B and is related in
antigen structure to JBE, MV, WM, and Iiheus viruses. Tcdny the

L3 virus' range is from the Pacific GCoast of the United States to
the- Midwest (llke WES v1rus), Punaca, Jest Indies and Zcuador, although
the location of epidemics changes from year to yea~  The most ipportant
and best studied epidemic occurred in iouston, oy .s in 1964,

The incidence of the disease is nighest in the ldvc sunner and
early fall (WZZ, about a month later), the peak occurring in Auguste
Scptenmver, with different age groups preferentially attacked. The
clinical symptomc ace often inupparent (estimated age rate inapparent =
apparent = 64 =209 :1 [25] or s0 mila that for want of inclusion of all

_ cases an exact fatality rate carnot be determined {out it is surely low).

~

Trhe virus is isolated chielly frem Culex tarsalis, also from
numerous other culicids. The natural virus rescrvoir is migratory
fowl. Poultry, domestic animals, cnd wild mammals are also 11fect~d
by ‘mesquitoes. Overwintering of the virus is still unknown.-

(¢) Sslifornia Encephalitis

Culifornia encephalitis virus (CZIV) was isolated for the first time

?rom Culex tarsalis in California [69a, 69b, 1l4hka] and frem a nare [29].

In adéizion, antibodies against CEV were .ound in three paticnts
»th encephalitis in California. The gignificance of this virus in
connection with an infection of the human CIS is s8till unclear.
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(d) Jupanese 3 Zncenkalitis (JBE)

The first descriptions of this disease date back to Hawakita
(1671), out epidemicc ha¥e been rejulariy recorded in Japun only since

152k, In 193L Hayashi was the first to isolate the causative azent

by transmission to nonkeys. In 1935 this infection was named B«enceph-
alitis to distinguish it from von Zconomo (A) encephalitic. the virus
oselongs to group B and ic serologically related to S..2 virus., Its

ranize now extends to Zast Asia, India, and MNicronesia. The incidence
is highest in the temperate zones Trom mid-Ausust to mid-October

(autumn encephz lztzs) {176], with children and teenagers prefereniially
atiacked in endemic regions. “he clinical symptoms vary fron *nupvarent
to fatal n‘phuoic forms (as in TBE) witn a fatality cate of about 8%.

Zncephalitic {orus appear to ve more common. than paralytic Sforaa.

Tie virus is transritted oy varicus culicids, especially Culex

"trivaeniorhynchus. Various wild fowl appear wvo be the natural virus

reservoir, although swine and horses are also inflecied; the latter
may - be rcesponsible for a subecycle. Incculation with formolized

viruses froa man and horses helped to reduce morbidity considexrably
in Central and South Japan [165].

- 2
.

(e) lmrray Vailev incenhalitis (MVE) -

An encephalltls epidemic broke out in Australia for the first
tine in 1917-1918 (70 fatality rate), whick in a milder form
irn the followingy years was also presumably caused by the same agent
(Austra;ian X dxsease) Another epidemic broke out in Zastern Australis
in 1951 and the causative agent was isolated. The agent isolated in .
1917 disappeared meanwhile, but serological examinations demonstrated
the identity (or close relationship} of the two viruses.

. XVZ virus bdelongs to group 3 and is closely related to J3Z virus.
The-virus is widespread in Australia and Hew Guinea. It has dbeen
isoiated from various culicids, especially Culex annulirostris,
undoubtedly the major factor in nature.

. .

G. Panpataci Pever [Phlcbotomus Fever)

. The clinical pattern of pappataci fever has lons been known in

the Adriatic and Mediterranean area. Thc disease was first described.
&2 a elinical entity by Pick (1686). is early as 1909 Doerr, Franz,
and .ussiy showed that the causative agent is a virus that cchulates
in the patlent's blood and is transmitted by Phlebtsiomus papatasis
The first denonstration of the virus ollewed yellow fever studies
in Cuba and later a commission of army doctors discovered an arbovirus
sycle in Jurops [75]. During Yorld War II 3Sabin [150] succeeded .
in isolating several strains in the course of comprehensive investiga-
tions on-allied soldiers in the Mediterrenean area and in distinguishing
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two serclogically different %yrcs on the basis of experimenis on
volunteers -~ Sicidfan tyse (1943) and licapolitan type (1944), .

?
ion to suckling mice. It can
also be adapted to adult mice or tissuc cultures. Otherwise it is
transmissible only %o human beings. I¢ appears in human dlood. 24
hours before ané after the becinning of the clinicul symptoms.

Oncet of the discase after a wrief incubation period (3-6 days) is
acute with a high fever, chills, headache, and sensitivity to light..
Since the faceé and conjunciiva are reddened, the disease used to

be celled {in the 19th cantury) "dog's discase” (red cyes!). -The
fever subsides after 2 e¢r 3 days, becouing normal on the 4th day.

The leukopenia and oradycardiac are siriking. However, enlargement
07 the spleen and exanthema do not occur. Differential diagnosis

is a problem owins to the acute beginning - malaria (blood picture)

and dengue (exanthema). The disecase procuces a type-specific immunity,

which can be definitely demonstrated in the NT (better than in the
HIT ané CFR). .

Under natural condiiions the virus is transmitted by Phlebotonmus
ranpatasi. Wuae Phlebotominae constitute a sudfamily of the ¥sychodidae
and, consequently, are closely relatcd %o the Culicidae. They are
biood-sucking (humans and domestic animals) ectoparasites and can

" easily be distinguished from mosyuitoes by their small size (only

avout one-ithird that of the Culicidae) and sundy yellow color (sarnd-.
flies). Like the many other familiar phlebotomus gpedes, Phlebotorus
nanatasi prefers to stay in the living cnd sleeping quarters of man.

Qne range of flight, unlike that of moct Culicidae, is short and

. limited to 100-200 meters around the hatching places. The iatter

(ir contrast with those of mosquitoes; are found in heaps of moist,
organic materials as in rodent burrow:, cracks in walls ("ruin disease"),
garbuge, dung, etc. A completc developmental cycle takes about six
weeks so that-there are usually two generations a summer. The

imagines {female), like mosauitoes, feed on blood. Their bites (often
several for a meal) are particularly painful. '

¥an serves as the principal virus reservoir when bitten during
virezia {about 2 days) by imagines. The extrinsic incubation period
in imagines fluctuates vetween 6 and 10 days. In addition, it is

"« maintained that even the larvae can infect when they ingest feces’

frozm infected imagines or feed on their decad bodies. Trgnaovarial
transmission is suspected but not proved.

The disease occurs in Southern Zurope (South Russia, the Balkans,
Ituly,. South ¥rance), lorth Africa, Central Asia, and India, but
%0% on ihe American continent (despitc ithe presence of blood=sucking
pilebovomi), with two annual peuks (June and September).
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Propnylactic measures are effective, especially if modern in-
se.vicides are s;s»emat;cal;y uprayed 1n nouses and to a distance of

".100-200 n around thezm. .bove 2ll, possible hatching places (garbave3

compost pxles, dung, etc.) should be removed or sanitized.

*10. New 1y Found and Susnected Arbtoviruses in Furope

(a) Galovo Virus

In 1960 Birdos and 5upkovi isolated in Slovakia (from a pool of
Aropheles maculincnni:}, which they nazmed Calovo virus after the
piace of isolation. Independently, the same virus was isolated
froa /jnonheles barbirostris as Chittoor virus in India and from
Culex +elidus as Batai virus in lalaya in 1959 by Elisboy and 3Bueacher. ‘
This virus was classified with the Bunyamwera group on the bdbasis of
serological-studies. Xo relationship has as yet been demonstrated

tween Calovo virus and human disease, but antibodies against the
virus jpave been found from time to time in human serum [BSJ-

L . (v) Kemercovo Virus

Hitherto unknown virus strains, apparently very closely rclated,
if .not .identical, in antigen structure, were isolated {rom Ixoies

persulcatus in west Siveria [38a] and from Ixodes ricinus in Glovakia o

J6c, 64a] and Finland [25al. They are called Kemorovo viruses
after the place where they were first discovered.’

Kemerovo virus is not reiated antigenically to the T3RE complex
or to other arboviruses and is therefors rezarded as a still ungrouped
arbovirus. This virus is less stable than the T3Z virus and is patho-
genic only for l-3-day old suckling mice [106a], although it has.ilse ‘
been primarily isolated in chick embryonal cell cultures [96d]. The i
virus seems to be less widespread irn the focus investigated in Westi
Siveria than the T3E virus since neutralizing antibodies in wild 'and
domestic animals are not found as freguently as against the 753 virus. i

s

]
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On the other hand, thetick infection rate in Siovakia °s five times - .

bigher.with Kemerovo virus (1.0-1.3%) than with TBE virus (0.27) [96%v].

The importance of this virus for man has not yet been clearly
established. To be sure, the virus has becrn ocrasionally isolated
from the fluids of patients with febrils infections and mild meningisa,
but there are still no precise c¢linical datz on a causal relationship.

“here are, nowever, humar inJections in which ncuiralizing antie-
Yodzes can bo demonstrated as arn exprassion of the infection rate in
rnealiny persons (2.87), although to a much lesser exteni than againgi
232 virus (83&3ﬂ), at least ia the WJest Siberian focus [96b]. The
vele of the virus in nature is similar ‘o that of the 732 virus since
he same host 3pecies of ticks are infected by the two viruses and
hie virus can also be isolated from small asumals.

c’ (1]

[
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Zn 1696 in Slovakia Bardos anG DJanielova were the first ¢
oiate ithe Tuhyna virus, nnmed ofter the nlace, from Acdeun cagoius
i Acdag vexans [150. This virus, identified as an arbovirus L9, 143,
nas beva pizced in the California encejphialitis complex on the bvasis
of serologic:l evidence [351]. Suonsequently, Likar in Slovenia suc-’
cceded in isolating two sirains (TROICA) in the course of a survey of
5000 scrum sampLles whnich tehaved in the €23 like Trhyna virus [96al. .

The virus anpearq in various parts (8] of Central and South
urope [11] and South France since wi..ibocies can always be demonstrated
n Dlood samplies taxen froum bditten persons. The Donube is a preferred
ezion. iere nspock 1solated 1he varus {rom mosquitoes., Arntibodies
re found in up to 60% of the population [17, 663,

A

acies vexans is the main vector. I4 can also e c:iperinmencally
infecteu wita Tahyna virus, with an incubation period of at least 7
days. -IV is sale to assume, nowever, that other mosquito species
p-ay an important role in the cycle of the virus because the virus
canrot 2¢ carried over the winter in .iedes vexnns opr ve transmitted in
the spring by virecmic heterotherzic vertebrates to thia firsy mosquito
species to appear in June [&4al.

The role of animal hosts as virus reservoir has not yet bveen

fully eliucidated. 3Birds do not scem %o be part of the virus cycle
LlO 162] nor is itlikely thati large domestic animals or Muridae have
anything to do with the spreai of the virus in nature (16, 1703].
dowever, hares and radbbits may well function as virus reservoir
since hares have been found to possess a rather high degree of natural
infection and a viremia has been observed in both species of animals
after experimental infection [170a].

The guestion of the extent to t+hich this virus is a pathogenic
agent for maﬂbannot be answered with certainty as yet. There have,
to be sure, been indivilual cases with atypical pneumonia causally
related on serological grounds to Tahyna virus [9a], but one cannot
extrapolate from this that human respiratory diseases are to be expected.
This must be confirmed by further research involving virus isolations.

(d) Other Suspected Yiruses

Isolation of the Calovo ana Tahyna viruses was the first proof
“hat uouqul.o-barne arboviruses exist in Central EZurope. Other
~Tboviruses appear to be widespread in Central turope and, thouzh not
rot isolated, antibodies against them have been found in hunman sera.
In this connegtion, the findings on antivodies against WiZ and SEi
virus [6, 7, 12, 94] reported in 1954 can be inierpreted as‘evidence not
for the oxistence of these two viruses but for a virus of Group A. .
This i3 confirmed by siailar results in Jugoslavia [123], Italy (1613,
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(:). ané Austria [88]. Iloreover, human scrs from Ausiria were found to

.y

conta: ‘remogclutinavioneinhibiiing antivodies ajainst phlcbotomus
fever ‘us (weapolitan type) and ;roup 3 viruses (iVi, Ntaya, Wi);
they were also detected in persons wao had never left the local area
in which they-were born. Since the latter find can be regarded on
the basis of acetone treatment of the sera as absolutely specific in

[ o . o X . o . . . . .
. thé sense of a positive antidoly reaction, the possibility that

-

)
BN ; i 9a Daapos, V. a. F. Stuxa: Casopis Lékatu Ceskydh Prague 702, 394-~402 (1963) .

-
~

other arboviruses will be found in Central Jurope is very likely.
In contrast, reliable serolcgical evidence of suspected arboviruses

does not as yet provide any inuication for the existence of hemorrhagic

fever viruses., %here are, of course, some clinical observations

on such cases-in Northern Scandinavia, Hungary, and Southeast Zurope,
but iv is by no means certain whether a uniform nosological entity
sui generis is involved or thesc diseases are caused by arboviruses.
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