Chapter 2

Review of literatures

Babies virus
1. Morphology
Rabies us of the Lyssavirus group.

The virus has a Luddet o | sE round on one end and

flat or concave external dimension

[Tus ‘eore is helical structure

‘.gﬁqr&xxﬁ,r - stranded RNA with a

5 10 \\\ ltons, surrounded by a

is 180 nm long
of ribonucleop
molecular weigh
closely associat The core in turn is

enveloped by a memb e envelope is covered by knob-

like spike, 6-8 nm ,r\; ,? ept at the flat end of the
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particle wheny l,.__,_.44;“.1“_1_.“_. s frequentiv Jepressed(13).
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rihnnucleidﬂ acid (RNA), a%Pruxlmatelf 67 percent of protein, 26
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found9 only in the outer membrane, which 1is different in
composition from the plasma membrane of the host cell (13).
Electrophoretic pattern shows five proteins,i.e., polymerase,
glycoprotein, ribonucleocapsid nonstructural and membrane
protein, designed as L, G, N, NS and M, respectively. Studies

by selective disruption and subsequent isolation of the
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fragments have made it possible to attribute function to the

individual structures.

2-1. Glycoprotein ( G- protein)

Glycoprotein is the largest constitute with
molecular weight of 78,000 - 80,000 daltons. It comprises the basic
the wvirus (15) and is

units of the surface

responsible for 3;,\ g1 [ gainst a lethal challenge in
animal(16). It is_jESoetated, éytacnment of the virus to
cell surface aﬁﬂ'!fl--i-:-q_,J-'L the virulence of rabies
virus (17), as pr v , 2 ?5'§~'im , _b apathogenic mutants
selected by ¢t v o bodies against G protein
(18,19). Amino *acif i) showed a single point
mutation at posftign F333°0% sequence (20). The

alteration in ‘ mentioned above also
appears to be critical ;'T'"f  ¥1 viral transport in CNS. The
non - pathogenic hown . to differ from its
pathogenic paigﬁ;”- 44':ﬁj‘ to infect neurons in
vivo and in vltrg aaead, number of infected

neurons and the d e of celluyi; necrosis were much lower in the
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N-protein 1is 1linked to the wviral RNA to form the
helical ribonucleoprotein (RNP). It has a molecular welght of
58,000 - 62,000 daltons representing 31 - 34 percent of the virus
protein. Antibodies raised against pure RNP may have no virus

neutralizing antibody but can be used in FAT in rabies diagnosis.
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However, FAT by using RNP antibody can not differentiate between
rabies and other related virus 1in Lyssa virus gropup (23). The
role of nucleocapsid in host defence has to be further investigated.
Antibodies to nucleocapsid are detected in the serum of vaccinees

who recieved inactivated vaccine (24). Rables specific T cell

ated rables vaccine recipient

lines and clones directed against a preparation of nucleocapsid
i ‘ i

(25). Antibodies uqaw::<§:~4L{f

been shown to destrfy tables f@m]

2-3. Membrag

have been isolated from _\\
.

Acamains of the N - protein have

M \proteins with molecular
weight of 35,000 25 000 daltons respectively.
The M; protein has r-'}-aw-f‘f--'\\ lated with the inner leaflet
of the lipid bilays v sivelope, and the smaller M,

protein is cunsidered_; connect the helical nucleocapsid to the

viral envelope elope with or without

glycoprotein v; ' ’7" with hemagglutinating

properties. Hvur, its precise mtuze& still unclear.
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is located with the nucleocapsid protein. These two protein are
associated with the enzyme transcriptase activity which Iis

necessary for the replication of rabies virus.



Virus replication

Rabies wvirus replication is similar to that c;f other
negative stranded RNA virus. Virus particle enters cells either by
engulfment or by fusion of the viral envelope and cell membrane.
The replication occurs in the cytoplasm of infected cell which

usually shows little or

gical damage. Viral synthesis is
accompanied by the //nasses of ribonucleoprotein,
inedr mnnm as Negri bodies ( 28,

ch has long been regarded

producing a grani
29,30), the int(
As dlagnontiG e & \ h}“ passage in laboratory

animal, the virusgf e84 f i w \: incubation period. This

usually occurs \. mbrane. Budding has been

P ar T
observed at the suz fa s "

fixed virus h and uswally buds from

the plasma m ild type (street) wvirus
‘ lluscle, nerve, salivary glands,
which contribytes ead- or external transmission
of rabies vi -- -+ Unde: -:;f,‘ in vitro, there are
accumulations ﬁ tr ic%. They do not replicate
in the absence q'f&nfectlnus vipus and they interfere specifically

with virﬂM l}xﬂ[‘iule in the natural

disease 15 unknown.

N @ﬁﬂ‘iﬂeﬁgraqlle’gnﬂﬂﬁaﬂ

The rus the environment and does not

survive in dried saliva. However, virus in salivary gland and
nervous tissue is very resistant to autolysis and may remain

viable in autolyzed brain tissue for 7 to 10 days (2).

The infectivity of rabies virus is destroyed by most

organic solvents, oxidizing agents and by surface - active agents.
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Infectity is lost when the wvirus Iis treated with proteolytic
enzyme, ultraviolet and X - lrradiation. It is relatively stable
between pH 5 and 10. The virus will survive indefinitely when
freeze dried or kept at -70 C and remains stable for several days
at 0 - 4 ¢. In saliva it will survive for about 24 hours in

temperate climate. It has a half 1ife of approximately 4 hours

W

til

at 40 ¢ and 30 seconds a

believed to be of a single

antigenic type.b , severdl Bﬁh&*?lIUEES in Africa which

\ fﬁ“ﬁph ch other and to rabies

related viruses include

bear differen
virus have beej
Lagos bat vi igegian he f;" g3 Mokola virus, Duvenhage
virus and the t I dhiang and Kotonkan virus.
Classical serologl edythat these strains shared
nucleocapsid antigafis 47th rabi irdls which makes them difficult

to distinguish in Fy[_éggé}%gi onal antibody technigue could

clearly distipguish these viruses i ivﬁ-ies. It is also been

demonstrated fation among rables virus

T
!Jnm different geographical

isolated from ﬂifferent ;becies and
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Rabies virus persists in nature
animal. The animal most often involved in the natural cycle of the
disease are dogs, cats, foxes, skunks, wolves, mangooses, vampire
bats, and to a lesser extent insectivorous bats, meerkats,
raccoons and badgers (31). The altered behaviors of rabid animal

are in favor of transmission. The animals will become aggressive,
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and tend to attack without reasons. Rabies rarely affects human
being, however, this fact is dependent upen a variety of factors,
including the low incidence of rabies in domestic pets, the freguent
close contact with the wild animal reservoirs of the disease, and
the relatively low susceptibility of man to the rabies wvirus.

Transmission wusually occu as a result of the bite of rabid

animal. Rabies a is introduced intoc the bite

wounds, into exist et &_the skin, or through intact

or abraded muco ssion can also occur via

other nonbite een shown experimentally

in foxes and s ouse carcasses infected

with rabies infection of man has

?\\ nstan:es (33,34) and was

\

probably the rou s sSly in, two cases of rabies required

occured in
in a bat-infest 35). In several species of
mammals, including laboratory rodents, rabies has
been transmit f’_f.,;Lj;;:::;:j;jff’?”*ﬁﬁs% her to fetus. However,

this does nntﬁee '
every expnsu:e‘ to rabies dnes not necessarily result in

infectiuﬂ ‘H.ﬂ "}e‘n Hcﬂij W&Pq ﬁ 5 om a rabid animal

bite. RahiaL mortality uaréed from 35 to 57 percent in unvaccinated

biq waa Qﬂﬁ m&“q Wﬂﬂiﬁlﬂternlmnts of

tra#smissinn. For instance, the saliva must contain an adeqguate

pregnancy. In human

titer of virus. In this connection, infected skunks have been found
to develop highest titers in saliva. The bitten animal must be
of a susceptible species. In the laboratory, the route of
inoculation is also impurfant, with intracerebral being among the

most sensitive routes whereas intraperitoneal injection is less
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likely to transmit infection. In human, the site of inoculation
is clearly important, bites about the head and neck are llkely
to result in disease earlier than bites at areas more peripheral to
the CNS. Rabies virus s present in a variety of human fluids and
tissues during the first five weeks of illness (38), but there are

no well documented instances of human to human transmission of

rabies other than the speele cumstances of corneal transplant.

Although there is no.g j;"fu syideflgé’ for human to human transmission
by other :uute#, ma 1 NS ﬁ. possibility. Study on virus
titer in the sallwv;
human presents hough titers may wvary
depending on the

ﬂlﬂhﬂ of Expel:l t b fo .I' .

virus have had g@Omelrlicimea ; 3,400(39), 9,400 (39)

N\F mal involved. Salivary
cats with detectable
,24,800 (40),386,00( Leach and Johnson(42)
could not detect “5?' z the salivary gland of two
patients who djed fay - 2 and’ negs, but they did £ind

virus (1,600 mAs patignt, who died on day 4

o

LD 50/g) .in thé msalivary gland of a patient who died on day 2

o i) Prtbaaol] WY1 e b 10 o sty
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of illness. 'ounaﬂrabieu virus (500 mouse

The knowledge of rabies pathogenesis owes much to the
work of Pasteur who demonstrated the CNS as the key organ in the
disease. Rabies virus enters a new host most commonly following the

bite of rabid animal harboring the virus in saliva. The virus may
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either persist extraneurally at local wound sites (44,45) for hours
to weeks as an eclipse phase, or follow a relatively rapid
centripetal course to the CNS (46). Before entering the nerve
rabies virus multiplies locally in muscle cells and is shed into
extracellular space (47,48). Rabies virus utilizes acetylcholine

receptor as a rabies-binding site (49). This has been confirmed

tion experiment with alpha-

/ of these bind to

acetylcholine rece @ of acetylcholine (50),

Monoclonal antibﬁ( he acetylcholine

by successful competitiw

bungarotoxin and

receptor also

cells and its advance to

inding in vitro (51).
. !\\;\ \
peripheral an rell < i \ ri studied in mice.

Immunosuppression w_‘\\

which virus stays # nochls ionisTte (52). Thus, it is
S |

Release of virus f

d shortened the time at

possible that some *"' ; ors play role in the control

and release site, and thus

influence the w,,y,ﬁ ‘‘ on of thi 3. The movement of
virus in the Berve ated h%mputatinn and nerve-
section experimentsd'ip animal. It was shown that early excision of

ene nocurofl k) b HAEI M ol THE) . s vaen

reach the CNS by paBsive trampsport throu4 retrograde

a,aplamma NN NBAINUAR Lo erer

n intact virion or as an active ribonucleoprotein complex
remains unclear (56,57). Virus may disseminate thoughout the CNS
by budding from the plasma membrane into extracellular spaces with
potentially extensive distribution via cerebrospinal fluid, or by

transsynaptic propagation (56,58,59,60). Viral vcan only




13
replicate at nodes of Ranvier , dorsal root ganglia and neurons
which contain the necessary apparatus for synthesis of RNA and
protein. Replication occurs most commonly within the perikaryon of
neural elements. Production occurs to a much lesser degree in
glial «cells and astrocytes (61). Finally, wvirus spreads

centrifugally from the CNS by axoplasmic transport to a wide

variety of highly in raneural sites. Extremely high

viral titers are efferent secretory nerves to
peripheral orga ells of the salivary glands
(62) at which e‘hast aberrate behaviors
thus enhancin otential and its natural
perpetuation. Fgions of rabies have been
considered Lo invasion on the nervous
system. The 'xajmmatinn in the brain tissue
with absence o u:\ :oint to derangement in
function as the mai ;j : lethality. There 1is selective
vulnerability"g nal cells ¥y ection in the limbic
system with'ﬁﬂ, fﬂfn the early stage of

explalg behavioral abnormality,

::::meﬂaf‘mvrswmn%““ e
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presence of virus alone may not be the only factor in determining

invasion. Thes!ﬂfindings

the clinical symptoms and signs (65). Once virus is present in
the brain and spinal cord with a high titer, rapid development

of symptoms unnecessarily ensues.Numerous evidences Indicated that

infection by rabies virus may lead to various outcomes such as,
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inapparent or abortive infection (66), survival with or without
residual signs (67,68), and death. The mechanisms underlying
this wide range of clinical nutcnmes. are certainly complex and
probably mediated by the combination of factors involving virologic,
immunologic and genetic aspects. Study in mice of various strains
shows different susceptibility to street rabies virus infections,
and suggests that i L1 4 wnder genetic control  when
develops early is prete $ive ﬁ to abort disease (69). The

gbie

not completely clear. Rabies

infected cell in edlLuf: ‘ e ntibuﬂy in the presence
of complement byl iy e 1 ¥y - dependent cellular
: = 10 5 in T cell deficient nude

cytotoxicity algé ply s AR\ \
mice infected ' suggest that persistence
could be establishld fin HEse @Rimals. \Neutralizing antibody alone
persistence (70). The effect
of immune response Immunedeficient animals are
more susceptibled Lprolonged illness with
a]itis associated with

sslve transfer to rables

different V

ull response (71,72). Pa

o B
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produced most abundantly in brain tissue just before death.

an active

Although many experimental evidences showed that rahbies virus
itself is susceptible to interferon, lethality despite the presence

of interferon may indicate that production of interferon in the

course of disease is too late to have beneficial effect (73).
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The prompt institution of interferon or its inducer at the time
of exposure have protected a wide variety of experimental aniamls
(73). Defective interfering (T) particles play an important role
in rabies pathogenesis, since they can interfere with infection
by complete virus and thus may partly explaln the long incubation

period sometimes seen in rabies. It has been postulated that if

an rables infected an ulated with a high percentade

of interfering virus . will be a long incubation
period allowing mo virologic and immunologic
interventions to tava. \\8thdy B Warrell et al did not

support this h

Incubation

This between the moment of

contamination and ¢t : t‘ I ==

of rabies. It is high #’@

months in d 0g

‘v.

shortest incu-.~

ce of first clinical signs
nging from three weeks to three
ars in human (36) The

P"‘ the head or hands,

u
which frequently~ r:l:urs in children. Incubation period also depends

on the m ﬁ 3LW ﬂ? on the points of

1nncu1atluﬁﬁ ?1 ﬂnsu on mnlml species involved.

Lungﬂmaqﬂﬁm ﬂﬁo‘t Elqaanﬁl of virus at
la rther spreading to the nervous

system (74,75). This may be a part of the immunologic defense that

keeps check on the virus at the bite site.

prevention and treatment

Rabies remains an almost invariably fatal diaease in man

015792
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once disease signs develop. Fortunately, with the advent
ofeffective prophylactic treatment, a mortality of 35 to 57
percent in unvaccinated person can almost always be prevented. The
rationale of treatment is to intercept the virus before it enters
peripheral nerve. Because of the long incubation period, active

immunization wsually produces an adequate antibody level before the

virus has entered the per | nerve. Postexposure prophylaxis

will be required 4 11 consideration of all the
variable epidemi®7THE ------- such as the presence of
rabies in the argaf o S [ ',T: dre involved, whether the
animals are vacgy ;‘; the animals bahave normally, and
whether the the saliva.Since rabid

animals can excrét ; ,  ~ 3 a not only after they become

sick but also be '\- have been bitten reguire

immediate attentigh. “Phe no .:\ Funt prevention is washing of

the wound. Soap and'fjﬁc _detergent and water are effective

in preventing) . the case of severe

L

multiple hitzﬁﬁi &LJFstante such as rabies

antiserum ﬁhuﬂﬂ be in ‘rated arnunﬂmthe wound.  Suturing is

2111 (1) 701 & S
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The history of exposure and typical clinical features are
‘the major criteria for diagnosis of rabies. However,it is sometimes
difficult espectially for physicians who are not used to the
clinical signs of the disease. Antemortem laboratory diagnosis

includes the detection of viral antigen in corneal impression
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smear, nuchal skin biopsy using FAT (77).and isolation of virus
from saliva and tracheal aspirates. Other methods are demonstrated
of a significant rise in titer of antibodies to rabies virus in
serum and CSF (78,79,80) in the absence of passive or active
immunization. Antemortem diagnosis of rabies |is often

difficult, no single diagnostic test has been shown to be

sensitive, but a sult on any of the currently used

tests is an indi:aiv¥u o f tion. Antibody response to

—-‘

rabies infectio 'fum 8 to 10 of the clinical
illness and on mag o & ,;y“- bsent (81l). Virus isolation

or delection I sources may be negative

due to In app e (rabies virus may not yet

spread to the g nsensitivity of the assay

N
antigen in nuchal biopsy and

method wused (82)

corneal impression " drregular. Thus, if rabies is

suspected, as much possible should be collected for

testing by agnostic procedures and

5

repeated sa 'ﬁ" Foe

* the absence of rables

[
antigen or an u&y in early samples ﬂnJJ not rule out infection.

o BT AT ey e e
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evalliate human exposures for the possibility of having rabies
infection.The ideal approach is to determine whether the animal is
rabid and excrete the virus in saliva or not.The clinical behavior
of an animal is not necessarily a reliable indicator of rabies.
These rabid animals do not only excrete virus in the saliva after

signs of rabies develop but before as well, Early studies indicated
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that this "lag period" varied from 3 to 6 days (7,84).A domestic
or pet animal which has bitten a human or another animal but
otherwise has no signs of illness , nor had contact with rabid
animals, shounld be confined and observed for 14 days. Both wild and
stray animals which have bitten a human or domestic animal should
always he considered as rabid and must be killed and sent to the
laboratory for examinatiel i ‘ h specimen must be accompanied
by a detailed ah-"'"r-.‘j the a&wﬁ nature of human exposures

and the name and addzé of the Conta d owners. Also Iincluded

should be spe whether the animal died

spontaneously dnation status.

killing the animal and

examining the positive for wvirus ,

postexposure f itiated promptly without

delay. For routine po osis of the brain of suspected

animals, three meth

7

)\.
1. De '!..-i-:-"i..n i

sellers's
T

- 4
Negf{ bodies were first described by Adelchi Negri in

¢ o L, |
bt 1210 a0
the etio q’ical agent of rables.The demonstration of Negri bodies
¢ o .7,
In aemﬁﬁaﬂ ?mﬂqﬂﬂr? ﬂﬂﬂ‘ a El pathognomonic
for mabies ,B88,89). MNegri bodies are considered to form late in

the clinical course of rabies. Therefore, they may be absent,few,

small, or atypical in animals which are killed or died prior to
the development of fully formed inclusion bodies. Negri bodies
are not consistently present in animals which died after a

characteristic clinical disease (87,90). 58 to 99 percent of dogs




19
subsequently proven rabid by FAT, were positive for Negri bodies
(87). By this method, fresh bralin smear is immersed in 1 %
solution af-hasic fuchsin and methylene blue in absolute methanol
for 1 - 5 seconds. When examined under high magnification, these
stained tissues appear reddish violet to purplish blue. The Negri
bodies take wup the fuchsin and stained magenta or cherry red and

rical, oval or elongated body from
ﬁ inclusion to be confirmed as
aining granules (0.2 to 0.5

um in diamete!-y-y-:"- f‘---‘jwu- ~the inclusion bodies.The

des are simple , fast and

appear as a sharply defln-r

0.25 to 27 um in diamete) \

methods for
economical major disadvantage.In

e reaction.
Q\\\
walaje jm}.

e"'- S *of 1abe111ng rabies antibody

addition, it

with a fluorochr sothiocyanate),allowing the
labelled an{}joay-to-Feact WILI-SPECEEIC @atigen and observing the
reaction with !ﬁe --capaa Fluorescent material may
vary from dustlike particles of,< 1 um to large masses or threads

ot 2 to B S BIRIRLIVHS WAL Soren 10 srtety amon

in centr or large diagnostic labgratories whege facilities and
tralwr}&haﬂ §mauﬁr}q m&r},ﬁ&lc and rapid.
FAT enab]es detection of rabies antigen in the brain before WNegri
bodies have developed and in other tissues of infected animal where
Negri bodies never form. Experienced personnel can complete the
preparation and examination of the specimens within 6 hours or even

less. Fresh chilled specimens are most desirable, but thawed
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specimen and specimen in which the virus has been Iinactivated by
time because of tissue decay or the presence of antibody may be
fully utilized.Although rabies virus may be detected in all parts
of the CNS of infected animal, its distribution is frequently
uneven(93). It 1is essential that specimens from several parts of

the brain be examined on such animal. This should include the

medulla (brainstem), bellam and the hippocampus.

Comparative studies latiun technigue have shown

a 97 to 98 % corre e tissues are sampled for

virus isolation, L ‘.‘ “' ore sensitive when only a
very small amount @f 2 : \\:th“a\Therefure, it should be
confirmed once . inuculatiun of brain
'-1 ,especially when human

tissue specimens

exposure to the subg ed Al 1' , .m red.

styated by Negri bodies or

iy of brain suspension

FAT  should “H

into suckling o eanlin- = as the staiﬂ}rd test. Suckling mice
are ET itivity thafiadult mice, but because of the
usually Eaﬁ ﬁ jwﬂ ﬁ ng mice,the latter
are us 30 = % brain#Suspension wds’ inoculated by
int%ﬂ:ﬁh Q\ﬂ immmqlm &lr]!a!& for sign of
rabies (trembling , humping , paralysis or prostation). A 7 to 20
day incubation period is expected in mice inoculated with street
virus, but incubation period of 30 day or more are sometimes

observed. The presence of rabies virus antigen in the brain of

dying mice is subsequently confirmed by FAT. The disadvantages of
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MIT lie in their time requirement, potential hazards for laboratory
transmission, and inapplicability when specimens are decomposed or
treated so that they are toxic or no longer infectious to the test

animals.

No serological test exists of value in diagnosing rabid

dogs. Although,an immune for detection of anti-rabies 1IgG

(96) and immunoadherence || utination test(97) have been
applied successfu , in immunized human, 1IgG
antibody rrzf.;u:lirn‘aﬂl!!ﬂ‘lwmr =1op and 1¥s absence does not exclude

rabies.

Since e rabies postexposure

vaccination foll fequently based upon the
result of laboratgfy, procedures used must be fast,
specific and wvery as been proved to be such a
procedure when pe:fa- %perienced laboratory with high
quality reagent S . » negative Sulls are not common but can

Be "' E ' ignificance of these

examination xeslgts, virus isolation is gammunly used as a back up
procedure ﬁ m only employed to
confirm ﬂtuﬂ 'ﬂlﬂﬁ all ﬂ;lil f human exposure,
Alt g,b]e m a as one major
ﬂraiﬁ aﬁlﬁﬁ EJT&PE mﬂﬁ(aﬂlon period in

mice between 7 and 18 days. When treatment of an exposed individual

occur(98).

is contemplated,it is not practical to wait for the result of an
MIT.  Therefore, a routine back up test which gives a more rapid

final result than the MIT would be desirable.

In 1980, Rudd, et al has developed the test RTCIT (The

= 0N Jlilmﬂh i |1||I
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Rabies Tissue Culture Inf (:f¥{q ) 1owed that it was equal
to the MIT in sensitiv 1s strain tested, but
yielded final result in technigue of ELISA was
developed for detection ins in infected brain

specimens by Perrin & Sury i sensitivity of 100%

In recent years dot - immunoblot was

described to be rapid’, HI ve for the detection of

antibody and thesifent: , s antigen (99). In
1987,Heberling _ha :::3: | erodiagnostic test of

neutralizing-x inding assay and shown

that the test. apid fluorescent focus

inhibition tes ot for the detection of
rabies antigen is,therefore,needed to

be developed.
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Rabies Tissue Culture Infection Test) and showed that it was equal
to the MIT in sensitivity in street virus strain tested, but
yielded fipal result in 48 hrs(98). The technique of ELISA was
developed for detection of rabies antigens in infected brain

specimens by Perrin & Sureau (24). Tt gave a sensitivity of 100%

In recent years

e technique of dot =~ immunoblot was

described to be rapid sensitive for the detection of

antibody and thewidbnt virus antigen {99}. In
v- - [ | ﬁ :

1987,Heberling LasEloresst po (] joed serodiagnostic test of

neutralizing-rak obinding assay and shown

that the test apid fluorescent focus

inhibition test, " lot for the detection of

rabies antigen j s is,therefore,needed to

be developed.
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