CHAPTER I

INTRODUCTION

Rabies is an acute viral encephalomyelitis

which is usually fatal tg ic and wild animals as well

is caused by the rabies

v1rus which ié ﬁsaliva of infected

animals. The v1rui"i”!’# ﬂf\\\x\\\\x he other animals

by fouling skin After a bite,

rabies virus tra v \\\\\pathway from the

as to human beings.

orkers established the

In 1882, oy

ultramicroscopic nature = S“hfectious agent of rabies

and its maint~}L_;___;_;;_;;;________:jg animal brain (3).

Mammalian neuri‘ff________—* ;”‘ndantly producing
virus, but it is Elt a source from whiim_intact virus can be
readily isol dﬁ { most attempts at
characteri21Qﬁﬂ Y[ﬂm mylﬁlﬁjave complex and
confusx,qgpr'aa ﬂ ‘fﬂﬂ » é’ ogical and
phy s1co-q:hem1ca yses qupﬁ}lﬁ iEJ the late
1960S,when methods of propagating virus in non—-neural cell
cultures were adapted (4). Subsequent exploitation of large
scale cell-culture methods provided substantial amounts of

material from which the virus could be readily concentrated

and purified.



Properties of the virus

Mqrphologx

Rabies virus f the family Rhabdoviridae
(from the Greek P, ' . Under the electron

microscope, the of rabies virus is

cylindrical re ), with one rounded

and one planar >ns are 180 by 75 nm.

Regularly spac long, each with a

knoblike struct cover the surface of
the virion. The e surround a cylindrical
core which contains ibonucleocapsid. The intact

core has approxims ils of a single-stranded

ribonuc]eoproteasurlng 50 by 165
l

i,
e

am. (4,5). m ﬂ
- FREAN NG T s

anomalously haped virus ?artlcles such as b rre elongated
ta lamea Wq aﬂﬂ ?g““w:q %%H qea %nl preparation
sharves .ed from «cell cultures late after infection with
rabies virus. Short or truncated particles are also produced
when the virus grows in cell culture or mouse brain. They do
not replicate in the absence of infectious virus and they
interfere specifically with virus production in cell

culture.They are defective interfering particles (4).
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Figure 5 Electron micrograph of rabies virus showing
a) the bullet-shaped b) the glycoprotein
spikes and honeycomb structure.

(Photograph by G.J.Smale)



Biochemical constituents

The virus particle contains about 3.9 % RNA(6), 67 % .
protein, 26 % lipids (5) and 3 % carbohydrates‘covalently_
linked to lipid and protein (7). - The viral nucleic acid

isolated from purified eoprotein or from the intact

virion has molecular we ! 4.5x10° daltons. It is

sensitive to isolated RNA is not

The vi \\\ of neutral lipids

predominantly re ol amounting to 4.4 %,

other neutral 1i 1 ¥, phospholipids

accounting for 1 sdding up to 4-5 % of

the viral dry mass. of rabies virus are

identical with thosemfodid A - cells (5).

!

The prqEFin‘

structural protelni 51gnated , N, NS and M. The role

and functloﬂaﬂ%wﬂm‘;WH:]nielns are (4,5):
m@mmnmum'mma d

‘Erus comprise five

Glycoprotein is the largest polypeptide with a
molecular weight of 78,000-80,000 daltons. This glycoprotein
comprises the basic units of the spikes and is probably the
most important surface component of the virus. It is

associated with the attachment of the virus to cell surface
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~and is also concerned with the virulence of rabies virus.
‘Determinants associated with virulence have been located on-
G—prbtein using anti—G monoclonal antibodies; The G—broteinr
is the specific antigen responsible for the production of

neutralizing antibody and for conferring immunity to animal

against a lethal challe

The rabie 5 y@ contains complement-
fixing (CF) anti \\:Sg:: nfected cells in the

presence of compl antibodies directed

against the viral ‘lycoprotein does not
exhibit hemaggluti A act \\-\ as does whole, intact
virus in the presen i : € rocytes. The hemagglutin

inresponsible appear .;Jc'i;‘ ¢iated with the integrity of

The G—,ﬂ 1. antigen not cross-

3
ST

reacting with antibodies againstmN—protein It can

demonstrateﬂh ITI ﬂfw%m] ﬁ? Immunofluores
infecte

cent sta1n1nq] cells by anti- ant1b0d1es showed

WA ﬁ?fﬂeﬁﬂ‘]’ﬁﬂmﬁeﬁd”“d "

tracyﬂpplamxc staining as with anti—N sera.
2. Ribonucleocapsid protein (N-protein)
The ribonucleoprotein is the second largest

polypeptide of rabies virus linked to the viral RNA to form

the helical ribonucleoprotein. It has a molecular weight ‘of

UOEUANAG ﬁn11§ﬁw~sa%;n-
L |

?u1ﬂ€ﬂ dﬂh]a??‘ﬂ



58,000-62,000 daltons representing 31-34 % of the viral

protein. Antibodies  raised against = N-protein - have
complement-fixing but no virus neutralizing activity.
Withimmunofluorescent staining, stains intracytoplasmic

inclusions (Negri bodies) (7).

rabies and rabies

——
S )aare closely related

tralizing test using

N-protein
subgroups (Mokola

by serological te

antivirion sera subgroups differs

considerably (8) ~ est that N-protein

represents the gro the rabies group of

rhabdoviruses, pparently determines

the serotype.

3 . Memb[‘ane PI‘O L bl'\_‘-_ ‘-“ﬂ”-lh-ﬁ

X7

0

sae

M1 and N2 are the membrane proteins with molecular
e o (MY FI AR T 000 e
respectively. he larger m%Pbrane proteln, M1, representlng

e R REANFRUNRAVNHARH o0 o

inner lea let of the lipid bilayer of the viral envelope.
M2 functions to connect the helical nucleocapsid to the
viral envelope. It represents 10-13 ¥ of the viral protein
content. The antigenic and biological functions of these

membrane proteins still remain vague.

4. L-protein and NS-protein



o proteln is a large proteln w1th a molecular welght
of 190,000 daltons. NS proteln of 47,000-55,000 daltons is a
small protein, which locates.together with the nucleocapsid.

These two proteins are probably associated with the

transcriptase éctivity‘ for the replication of

rabies virus (4).

L Struiﬁﬂﬂ‘q"’f of rabies.virus is outlined in

Fig.2 (9):
1. The gle-stranded, right
handed helix (6).

2 s The are in a hexagonal

arrangement (11' by the viral

glycoprotein (12

o

s anﬁ:ﬂ%' NN
i,meﬁﬂﬂ‘iﬁu UMINBINY

cal nucleocapsid <containing RNA, N-, and

NS-protein forms the central part of the bullet shaped virus
partical. Nucleic acid strand is coverred with the N-protein
within the nucleocapsid. How the NS-protein is embedded

within this core is still unknown.

As with most enveloped viruses, infectivity of



M, -protein
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Figure 2. A structural model of rabies virus.

of Dr. Steven Vernon (Vernon et al., 1972).

By courtesy -



rabies virus deteriorates rapidly at room or refrigerator
temperatures in the absence of tissue proteins or added
proteins (normal serum or albumin). Inactivation is much

slower, however, in crude tissue extracts or in

infected tissues stored in neutral glycerol. Infectivity is

gquite stable in frozen ed tissue extracts (14).

Transmission

Rabies s the result of a

bite by a rabi saliva has been

incriminated for of disease, because it

contains the virus. nonbite transmission

route of rabies ap .spiratory (air-borne)

route. Several reports ﬂﬂf-ém#: ~cd the fact that airborne

— T

transmission of ST ESDTOS Lo e n—and— dgnimals is possible

as experienced 1mdF 0 which free-tailed

bats acted as source 1nfect10n o human (17). The

transmssmnﬁfuﬂa Vi Wﬁ w Ejs-] m transplacental

transmlss1on( have also been con31dered as poss1b1e In

severdla wq &Q.ﬁﬁxm N%ﬁrﬁ‘}wg% Elattles(l‘))

bats(21) and laboratory rodents(22), rabies has been

transmitted across the placenta from mother to fetus. This,
however, does not seem to happen during human pregnancy
C15) :

Although rabhies patients commonly carry rabies

virus in their saliva, tear, and sputum during the first

week of their illnesses, their has been no virologically
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documented = case of ‘person-to-person  transmission of

rabies, except the corneal transplants {23.24.258).

Incubation period

In rabies the peroid is more variable

than in any other from 4 days to

(reportedly) man7 ~ shor incubation period is
usually associate ) : ; ace head and neck and
1 i multiple bites as

is more common in

well as in experi l.with large doses of

facial bites is about

5 weeks, ond ahouwl Ly .." ».\\ i the [dgks f[153. Im

nt

virus.The average

the 4 reported co cases the incubation

period was short, days (15). Vibulbandhit

li reported th % F- _:;—m-n_--_-e_-..-:-:_;' S ad[[)it,t,ed dur‘ing

>

1971-1977 who hﬁ hite, the incubation

- A
period ranged frqp days to 4 years (26). The four-day

incubation ﬁ urﬂ fas‘n Heﬂ‘sweﬂq ﬂeﬁ reported after

naturally oc urlng 1nfec&10n w1th street v1rus (26). In
e, RRAGIA FUUVATREA R ooorin
in Talwan from 1952-1955, seven years before rabies was
eradicated from the island (27). In this series, the
incubation period was less than 3 months in 85 % of cases,
less than 1 year in 93 % and was between 21-90 days in 62 %.
The correspondingfigures in the Thai series were 77,96 and

75 %, respectively.
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Some of the very long incubation periods (19 years

or more) which have been mentioned in - the scientific
literatures may brobably be explained by a second more

recent, but perhaps less dramatic, exposure, which the

explanation could be that the

% ervous system until it

some other kinds of

patient had,forgotten. Ankg
virus lies dormant sor
is reactivated by
stress. Virusés o f j ; group._ behave in this way. The

. le the latent herpes

\cants and fever. For

infection or s
viruses are somé
exanmple, herpes may remain latent in

the nervous system and can be reactivated

by fever such as or pneumonia. Human
4 ' & i : 5
cases of rabies have b 0SSO Led with colds and herpes
. o = . - o 5 =
simplex infections Hal el talh animals, rabies

EJ; or by injection

-

encephalitis ca
of corticosteroi{ﬂ whi A ) ormalﬂg produced by the

adrenal cortex at tfwes of stredly (

ﬂuﬂ’nflEm*a‘WEJﬂﬂ‘i
Pathogeﬁsﬁ’]aﬂﬂim uﬂ’]‘jﬂﬂ’]a E]

The rathogenesis of rabies begins when rabies virus

enters a new host. The virus deposited in the tissue of the
victim at the entry site is able to start its cycle of

infection and multiplication.

The movement of rabies virus in nerves was

demonstrated experimentally by amputation and nerve—-section
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experiments in animals infected with fixed virus. By
electron micrograph, virus partlcles were  demonstrated
‘within the axon cyl1nders of nerves (29,30). The-virus

¢

moves passively by the natural_to—and—fro movement of the

axoplasm (15), Inhibition of axoplasmic flow of the sciatic

). Nowication of the virus

ﬁ‘fﬁﬁh‘ cation occurs when the

nerve by colchicine dblastine prevented the

development of rabie ally infected mice, just
as nerve section

occurs in the axon

one which contains

virus reaches t

the necessary app RNA and protein and

it is here that th virus in the animal

is amplified.

Before the the nerves, it nmultiplies

locally in mu.;_-bL r_into extracellular

spaces. Muscle lates in striated

muscles are impliwited as théidriving force for the virus to

enter ﬂﬁﬂﬁﬂ%ﬂﬂqﬂﬁ by Watson et al

indicated dlstrlbutlon v1rus and virus
antlgenq Wd'] aﬁﬂﬁ.mmmgﬂﬁqﬂ E]a closely
related qto acetycholine receptors (33). This suggests not
only the involvement of motor end-plates, but also that the
virus may utilize acetylcholine receptors by binding to them
bofore entering the nerve. Tsiang, in his studies of
neuronal function in rabies-infected bat brains, has
confirmed the important role of acetylcholine receptors in

the pathogenesis of rabies (34).
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There are indications fro;n the experiments of Murphy
and his co-workers that antibody ié effective in neﬁtralizing‘
the virus only during the period before it enters the
peripheral ne‘rves. Once ‘the v'irus‘ has entered the nerve axon

-

it is carried centrally a '

number of availab ra al—-ﬂ bodies is enormously
increased, leadxﬂ!-f-——'- j jous increase in the

amount of the vir ) x a\\ brain. The abnormal

mplication oc.curs at neuronal

cell body. When it ntrul nervous system the

sensation, often th AD the bite during the
prodromal perio : 18 ? ( h* entry of the virus
into the dorsal replication there (15).
In the ear vasion of central nervous
system the infegtic is retlatiy ective (35). The virus
DU ¥

7 gﬁ'the limbic systemn
and as Johnsgn es y pri}ides a fascinating
clinicopathologic @ gerrelate &36). The alertness, loss of
natural t,lmﬂ uﬂqmﬂujwfallﬂﬁld ﬂgg[‘eSSIV(:‘,nebs

ical ¢ rabies &represent LA diabolical

Waﬁﬁ’immcu URAANYAA Bhourorrons-

neurons capable of driving the host in a fury to transmwit

the virus to another host animal”.

From the central nervous system, the virus spread
centrifugally via efferent nerves of all types to the neural

cells of virtually every organ and tissue in the body
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;—including, of coufse, the salivary glands. In‘thése glands
“the virus undergées~further replication in acinar cells and
the newly produced particles are budded directly into the
salivary ducts, making the cyéle of infection'ppssible once

again (15).

Rabies vaccine and Vac

Rabies iy ctious disease that
affects all spec tals including human.
Though this dise ince ancient time,
the specific iknown. Therapeutic
interventions the posure prophylactic
measures which inc) \:, rabies immunoglobulin

and rabies vaccine 11  principle better

illustrated than in revention of rabies,

where (he tima ;nfection are well

defined, the 1nmlb § onﬁ and the progressof

dlsease chaqrcterlstlu predictable. The long

ﬁ 148 GAEND W&ﬂﬂ G tor imure

responses vaccine tog occur before thegenset of the

— RAIATUNEVINEIRE o

immune lobulln fill up the gap for the antiviral activity

while waiting for the vaccine—induced immunity to occur.

Vaccine prepared from_nervous tissue

1. Adult animal nervous tissue vaccines
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Pasteur was the first to vaccinate a boy who had
been bitten by a rabid dog with live attenuated adult rabbit

spinal cord vaccine in 1885 (37). The vaccine was prepared

by injecting a "fixed rab a irus” into a rabbit. When the
rabbits showed signs heir spinal cords were

immediately remove in sterile jar over a

dessicating agery- "r‘e. The infected cord

was called drie >ine, which had been

prepared by -en ns of the dessicated

spinal cord in a wtdome s bl Bcatment applied to the

boy consisted 13 5 J ing the period of eleven
days (38).
The yes Iction of rabies

vaccination, someé ‘EJ.tud. Failures and

1S wcrjnreported due to the
fact that very sma¥lsawounts o iying rabi virus survived
in t he vatﬂuﬂt’lmﬂmmly’;lﬁﬁ: As a result,

furtherxmprovement of the? Ferml(dl)
Semple(awqﬁﬂ:ﬂi;u&[:ﬁ’jqﬂauateur $ vaccine

by us1n5 adult animal brain tissue for in vivo viral

vaccine associaéEk

~

cultivation. Although the hervous tissue derived rabies

vaccines had theijr origin in the Pastour era.,they are

still being produced and used in several . developing
countries.
Semple, an English physician, working in India

prepared rabies vaccine in which the virus in the inoculated

014475
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rabbit brain suspension was killed by incubating‘With
carbolic acid (42). Sewmple vaccine was further modifiedvby
using sheep or goat Brain to yield a larger volume. The bulk
of the current world production of rabies vaccine is

prepared by Semple’s method and it was, and probably still

is, the  most widely the rabies vaccines. For

almost a century, ural tissues of adult
animals provided of virus for the
production of r se notoriusly crude
preparations h ajor post—exposure

preventive measur

The disady, : ﬁj'r"“ animal brain rabies
vaccine were neurol
rate (43,44,45,46). el i ous ally occur after several
doses of vacci lHave been adwninisteredaanad range from mild
th

tingling of ?B rransient paralysis.

Permanent damage o the nervous system sometimes occurs and

even wore ﬂruﬁ(a ﬂﬂ‘wﬁ/wgﬂ‘ﬂjm incidence of

neurolog10811]compllcatlomf reported by Appelbaum and his
coworkﬁﬁwq ﬂﬁﬂﬁm um)ﬁ‘)’}ﬂ E},f] ﬂ?&l vaccinations
(44) . THe frequency of neurological reaction in Thailand is
estimated to be 1 in 2500 courses of these vaccinees and it
has a mortality rate of 17 ¥ (47). Studies have indicated
that such neuroparalytic complicatious are due to the
encephalitogenic. property of the myelin proteins of the
nervous tissue (48). Numerous workers haVe then tried to

prepare safer vaccines by removing this unwanted component.
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Rabies virus binds tightly to brain tissue, therefore these

attempts have not been overwhelmingly successful (49).
2 Immature animal brain tissue vacciné

Myelin is from the nervous system of

newborn animals ins of suckling rabbits,

rats and mice (50, and the rapid multi-

plication of f‘yu Low h ]
newborn animals,"We ?&H\
. : N
an ultraviolet “yaccin

suckling—-mouse

ghotiter in the brain of

aﬂh,he preparation of

0 high potency from
d successful pre-
liminary trials valed suckling mouse
brain vaccine has. rabies prophylaxis in
the Latin American >r, the first 32 cases
of neuroparalytic f;n_;,ﬁ;g ith a rate of 1/7865

vaccinations Sil—wicth—n—t ty==Pite of 21.9 % were

reported from gsu rubﬂ&s vaccine (54).

e A UBINININEINT
PIMASH UM INYAE

Vaccines prepared from virus grown in non-

neural tissues have obvious advantages due to the absence
of myclin. Adaptation of several strains of rabies virus to
grow in avian embryos was first recorded 30 to 40 years ago

(39,55,56). Two vaccines containing live attenuated virus
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grown in chick embryos have been widely and successfully
used in animals but gave disappdinping results when tested
in man. Dur}ng  the same period an inact#ated vaccinel
~suitable for human use was developed from virus grown in

duck embryos by Peck and his associates (57). In a clinical

and Childress, the results
/&/I wore rapidly in persons
; &ose receiving nervous
tissue vaccine (5 ?—’—’H-.ine is free from the

encephalitogen < Q Qﬁt:ﬁ\\

local reactions

trial conducted by Green

suggested that antibod

receiving this va

\%{ ten accompanied by
ases of anaphylaxis and
neural involveme 'x\\-‘,60).

2. Tissue

of tissue culture

rabies vaccine

Ddes, to poorgantigenicity, occurrence of

- @]duiﬂ’;lu‘iq BV R V) Qe of che nervous

tissue-derived rabies vacdines menggdoned aboveys(61,62,63,64,
65,66)ﬂqowauaﬁtm7§mwuﬂzggdmE,L’la E_larch for a
highly immunogenic and safe antirabies vaccine which could be
effectively used at low dosages for pre-and post—exposure
treatments. Wiktor and his associates adapted a rabies virus
strain to human fibroblast cell culture. Punification and
inactivation_ of the virus produced in these cells led to a

highly immunogenic vaccine, called -fhuman diploid cell
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rabies vaccine” (HIDCV) K free of nerve tissue or other
animal protein  (67). Isitial’ erisls of WOV in senkoyva
showed that a single dose gave much highér antibody response
~than did similar dose§ of brain tissue or duck4embryo
Qaccines. and that the animals were protected agajnst
) w:‘ n with wild strains of
h /‘-}st demonstrated that a
o

ouds perimental infection

subsequent ‘exXperimental

rabies virus. More imp
single dose given se

protected more mdﬂ-—'

duck-embryo .vaccine

urteen daily doses of

Xtensive trials in

many thousands of 16 United States, the

Middle East, Euro iland. The results

of these trials ecorded a striking

immune response a er than minor local

reactions (70,71,72% - After the

T
administration of muuy'ﬁﬁﬁﬁ%L

|
of HDCV has beées R IR LA noed e Huave been only two

V.

recorded incidentsl

Lhe early promise

ure.ﬂ (78,79) and two
cases of transient g&grolugiculngisturbuncus (80,81). The

two cases of ﬂau.&l;’}'ﬂ &stow ﬂ‘aﬂ‘iesulted from

delayed administration of ey andgtho disrogidfd for the

wwe of v RGN b SUHA 7V VIE TR E

Advantages of HDCV include its high effidacy,
safety and only five to six doses are required for post-
éxposure treatment (VS 17-20 doses for Secuwple vaccine or
suckling-mouse brain vaccine). Thus, human diploid cell
rabies vaécine has become widely used in western countries,

but the difficult production process and low vield of virus
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make it too expensive for developing countries where the
problems are great as in Thailand. There is a need to find

an economical way of using the safe and effective vaccine,

The strétegiés ” economic use of v‘acc1ne are
outlined : . | \ p v ' .
‘ a) develop € ig pﬁ'accines costing only a
fraction of the | —

b) reduce i o f Llzation or give smaller

quantities of vir ah Yigemin' ¢ ¢ with an adjuvant.

e alternative regimens

!‘r 4, -'.l"'

2.2 The a.,.,,....-,_ >ration of tissue culture
A A
Lo et
rabies vaccines™ '

x-

Eo find a cheaper bﬂ safe and effective
vaccine, e ﬁm {w v1 (, cell systems,
vaccine strﬂ-ﬂﬂ mﬂ 1cs ha cont nued Some of the
cel] ty lsﬂw 3 Er/f])aoglhuman use,
such aq ﬁlﬂraﬁﬂimdney c:]l have been reassessed

and, provided that appropriate safety tests are applied,
can be used as vaccine substrates. Furthermore purification
techniques have advanced considerably during the last
decade. For example, viral antigen can be physically
separated from substrate and other impurities by sophisticated
chromatographic or centrifugation methods. Such methods are

applied in the production of safe and potent rabies
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vadéihes prepared in avain and several other cell systems

Bi o To date, several klnds of the second generation tissue
culture vaccine which are safe, effective and cheaper than
human diploid cell Qaccine are introduced such as primaryv

hamster kidney cell rabies v

cine (PHKCRV) primary factal
bovine kidney cells y

J” ine (FBKCV) and purlfled

chick embryo cell culdtur va c1 C) (83,84,85).

A new ti!g""’f \ des1gnated Purified
Vero Rabies Va / i"[.k_\\\w » safe and effective
vaccine has | Ty «;:\ abies virus, Pitman-
Moore (PM) the sai \\\{ iDCV production, has
been adapted to g ‘ T_ 0F cell, a continuous,

\

aneuploid cell line rvet monkey kidney cell.

Vero cell can be icrocarrier system for

higher cell pop»i;‘ o density = E‘a higher yield of

i

rabies virus antiE&n ,'ed.ﬂiheir cultivation in

large fermenters Jmkes large scale commercial vaccine

Bty fﬁ um NHNTN mﬂ‘ieauce the cost

of the vacc productign, Onlyg, ml per dosage is

oies WO R RSN U INEDAE 0 rs

exposure treatment (86).

Alternative regimens for rabies vaccination.

Althought aforementioned new generation rabies
vaccines are farless expensive than HDCV, they are

nevertheless true that 6-dose regimen with newer tissue

BT UANEY ﬁﬂ1ﬁh3ﬂﬂU;WV1
9
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culture vaccines'such as thdse defived'from Vero cells and
primary chick embryo cells will still cost 5 to 10 times
more than treatment with nervous tissue vaccine. To use
potent tissue culture vaccines for more eff1c1ently than at
present, the alternatxve regimeus have been described above

'ménsvshould meet the following

(in section 2.1). These r

desirable properties A sure treatment (87)

1. The r ihof 8 lid immune response

'\\;'as possible

\\ ew clinic visits and
as few injection

4. It sho linical skill i.e., it
should be readily _f;aff-‘: nurses and be practicable
in the very young a ,

5. Thég EEE?!!EE—QEEEEEEEEEE?:g from the storage
stage should Peiﬂlrs d iﬂould be as straight

forward as p0551b19

F‘r’H'EJ’J NYATNEIDT srovre sec be

overcome dSSlVO nmmuﬁzat1on by commowly prescribed

drugs Q Wl;l].la \aﬂgmukmqq Vt] Elfla. EJrlshed and
in perqo s with parasitic infestation.

A. Incorporating adjuvant into the vaccine

There have been several studies of the antigenicity

of low concentration HDCV mixed withradJuvant. In the first
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study, Kuwert et al. (ég) compared day 28, ddy 56, and day
70 antibody responses to either 1.0 ml doée of standard HDCV
or IO—fold,diluted vaccine in 0.1 % Al (OH), ., Both vaccines
were given in 1.0 wl volumes on days 0, 28 and 56, Both
’groups attained almost -identical titers after several

months, but the early antibo: response was not investigated.

. This study had simil nother study in which

the vaccine dilut 1ven'on day 0,3,7,14

and 28 (63).

In summ of 0.1 % A1(OH),

can almost com 90 % reduction in
antigen content erall height of the
antibody response, bf antibody during the

early critical perio ation seems much delay.

B. IntFa

gregi, many studies attest to the safety and

mw U WA Twocr. sovra

studies showed that multisite jmtradermalgyimmunization
connreB YA R 38 NWIQ VLT @ Blay 7 ana
compardble peak antibody response whereas only one quarter
of the standard intramuscular HDCV "dose was used (63,64,
89). Besides the more rapid antibody response,the intradermal
regimen was more‘effective than the ihtramuscular regimen in
inducing prompt cell-mediated immune response to the virus

- as assayed by the antigen—stimulated lymphocyte transforma-—
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tion test (90) . The advantages of the intradermal regimens
are . . cost saving of 75 percents, high antibody and
rapid cell-mediated immune responses as compared to other

regimens. Protective efficacy of the intradermalregimens

has been demonstrated in both animals and man (63,64,89,91)

. The side-effects of intr l regimen abe wild,  wmainly

local and self-remitti

C gfied intramuscular
regimen for pos }Aitud w2117, This

regimen cansists

{eS given on day O,

followed by one 7 and 21. [t has

advantages over the sLunlf:ﬂ-f"; o N (1 dose of vaccine on
‘..-‘-’5;'_’,.-'?-"—"‘*}}. Ve
day 0,3,7,14,28 anad ] ern ifiiunogenicity and

T T S W, o
economy (92)., L7 f‘ dosesof vaccine

and 3 clinic visi@. m

| ‘a v

s SABUERANENINEING, . e
of the day 3 ::])se g l\ﬁj ndat ﬁa"u ,.14& ot affect
antibod%ﬂ:}\aﬁﬂﬁ )gl.ﬁﬁb im EIe a ﬂen load on

day O provides a powerful initial immunological lift-off,

and boosting on day 7 makes Vucci;apion on day 3 and 14
redundant (92)7 One~site vaccination with a large dose of
vaccine bears the concern of possible hindrances or mishaps
that might iwmpair thu efficacy of the initial immunizaiion.

This .dangeﬁ can be avoided by bllateral or malti-site
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vaccination on day o.

Vodopija ~and his associates performed clinical
studies with three different tissue culture rabies vaccines;
HDCV, FBKC and PCEC using the modified 2-1-1 regimen. HDCV

was administered intramuscuw:rly 0.5 ml(half dose)x4 on day O

into both deltoid and e | followed by 1.0 ml

dose on day 5 vs.a: ‘on day 30. By day 14

antibody titers the vaccinees). All

subjects serocon

day 7 gave high ibody ‘respol \

Antibody titers -
\Y
A

ond vaccination on

when given on day 5.
iu/ml (94). The

two studies with E milar results to the

HDCV study (95,96).

Results from studies emphasized the

importance of dfvaccination. Day 7
seemed to be me__ ‘3' to the biological

pace of spec1ij immunity matUPdLIJD (93,94,95). Upon

achieving ﬁr i 5t t hreat of rabies
virus rcpllﬁuﬂ? Y]aﬂ 19 E’:Ji,ﬁj of the vaccine
techni ﬁ lﬂ ﬁw E',T e dose (3rd
clinicqﬁ’tasho;ﬂ;img ’] inborn s wer maturation

of the specific imwune response. The 3 rd visit was on days

28/30 from all of the studies described above.

Vaccines and Immunity

The body has .more than one way of expressing
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specific protective immunity to iﬁfebtion and in responding
to a vaccﬁnation} One of these is the production qf soluble
‘substances“associﬁted with the serum protein of the blood.
These are usua{ly descfibed as "circulating” or ”humoralf
antibodies. The other response is aSsociated directly with
as ”cell-mgdiated” immunity;

J“ﬁwo aspects of the immune

; und_esf.igation.

cellular activity and is

The respective roles

response to rabies
Antibody responses

Antibod snalinkdd ‘a entral thewe in the

development of nost vaccines. The

\\

resistance 1induce is always associated

with antibody relative ease with which

antibody can ponvenient, though

e

-
not necessarilyl Ythe efficiency of

Raﬂummmm It 2 e A——

erebrospimal fluid @h man and its

ﬁwasﬁmmummmm

period before virus attaches to and becomes inaccessible in

body
util ty
target cells. Nevertheless, neutralizing antibody, actively
induced by vaccine or transferred passively early in rabies
infection, has long been regarded as a key factor in the

post—exposure protection of wan. The wost convincing

evidence of the role of antibody in man was demonstrated.
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This wunique and dramatic incident occurred in Iran where a

rabid wolf bit 29 peoplé in succession (97). Seventeen also

received one or two injections of anti-rabies serum ; only

one of these died, compared with three of the remaining

twelve who received only v lne. The figure was even more

dramatic if only th vere head wounds were

considered : 75 had only vaCCLne died

compared with 1 serum and vaccine.

Vaccination is t

infections wher

ffective in severe

\\\ may be short. Many
\\\\ cery high levels of

that antibody appagf RC I s meé does not affect the
A 3

individuals dyir

neutralizing anti ifection, suggesting

AT
EL N

Some hers  bel

.V R S A

prolong the time EB des

-

t;ly alone may only

meﬂ}ntibody components

are actually involyv in the digease process or pathogenesis
(3 W

ot ravies @) ) QY] BYIGWRITEES ancivoas oo o

component in" the lmmuuopqihogenes of rabiesgeither being

o A RARIAIUNAI D DD W o o

lnfectlvxty when present in low concentration (68,100,101).

There seems to be no doubt that antibody is involved
in the response to infection and that it may have adual
role, either protecting against rabies or, accelerating

death from the disease. Mény animal experiments have

demonstrated that dntibody protects if it is administered
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before virus has reached ihe central nervous system. The
administration of @antirabies serum as well as vaccine,
~within 24-48 hrs of infection, is recommended practice in

all severe exposures to rabies (68).
. g !

Cell-mediated imﬁunity

Att.ernpts - t Sef ___a!ative importance of
cellular response
in mice than Both depletion of
circulating lymp yte serum (102) and

transfer of r s 1 i AL spleen cells are

unsuccessful in .ive role of T cells

(103). The studies nice show that thymus

is necessary for pro 106), but that antibody
production is probab nt (103). None of these

early results ‘pe ~than T cells are

*ies vaccine.
UL GRUA TWH AR Joers o

cellular res nse to vaccime were u de in mice ,treated with
i &

et QAR N FRHHAND AR venrn

s1t1v1ty and of the development of lywphocyte cytolytic for

essential for thiﬂl

rabies infected target cells were made in mice vaccinated
and treated with cyclophesphamide. The results provided
stfong arguments for the participation of cellular
immunological mechanism (107,108,109,110,111).‘Wiktor and

his co-workers demonstrated a strong, specific, cell-
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mediated cytotoxic response fo rabies vaccine in mice.
Optimal cytotoxicity was demdnstfated when the effector
tcells and the virus-infected target cells shared the same
major hlstocompat1b1lxty '(MHC) antigens. However, there

is no direct evidence to sh hat such a cellular response

is protective (112). e mouse strain-dependent,

and the experiment far from the usual
circumstances in ected and vaccinated

(113).

Although eported, specific

lymphocyte transft vitro correlate of
specific T cell r 0st but not all human
vaccinees given cell ‘ff & ral vaccines (114,115,116).
Non—-immene, human
are also able7 
co

antibody-dependen oxicﬂay (ADCC) has been

observed in vaccinafgg subjectsgfl17). Little atlention has

been d]recteﬂ uxEJI’JIm&wi)w ﬂ’]ﬂ j,rophages in the

immune response to rabids vaccima. The éjown to be

ool WAL RGN A

and in non specific resistance (118,119) .

responses

Current immunological evidences suggest that in
general, T lywphocytes are concerned with moﬁitoring other
cells with virus—associated changgs on their surfaces.
Cytolytic T cell subsets (Tc) react with and destroy

these virus-infected targets, provided they corry the same
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MHC antigens. Fubthermore. this‘cell~médiated_system is
_hélieved to interact solely with virus—infected cells but
not with the freé virus >(120). Whether these cellular
effects are protective or whether they contribute to

pathogenesis needs clarification.

Immunologic_responses to Pul Vero Cell Rabies Vaccine

the PVRV in

vaccline was

appeared on da were obove 0.5 iu/ml

throughout 100 studied the post-

exposure use of PVRV

£= S in 75 subjects bitten by
_,.J—'/Fi‘lkf ey o

rabies—suspect 4 h@gutaneous injections

were given on ..* ”’3 7,14 and 30 ;and

0,3,7 and 14. oconver31on ranged éELm 10.5 to 26.5 % on

day 7 and w EI people were in
good healt'@jgl ﬁﬂaﬁiﬂﬂﬁﬂ?reatment (122).

ﬂ WEI Zé( mpared the
adanlniw»])ﬁ ﬁmyurse 1| tramuscular 1njection of

PVRV on day 0,3,7,14 and 28 wiLh 4-site 1intradermal
injection of 0.1 ml eachron day 0,3 and 7 followed by a
single 1D  injection on day 28. Both reginuns resulted in
100 ¥ seroconversion by déy 14. The 4-site ID group had a
significantly‘higher neutralizing antibody titer than the I.M,

group at all time periods. The cell-mediated immune response
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induced by 4 site 1.D. regiwen occurred one week sooner than

the full . dose; I;M.ﬁ These résults were similar to the

Aimmunogericity of 1.D. (89,90).

 Suntharasamai et al (124) studied the protective

;:bitten by animals with proven
& ly y on day 0,3,7,14,28

and 91 with simulta ous , on of 20 iu/kg of human
d  — :

efficacy of PVRV in patien
- )

rabies. PVRV was give

rabies immune glo

ith severe exposure.
\ﬁ;\uax rated on day 14 and

persisted for 1 ere was no significant

suppression of ﬂn\\ ‘

Rabies neutraliz

\; HRIG. All patients
are alive and wel
0f special (utféiggf— o ¢ elaboration of the 2-1-1

regimen 1in conj ified Vero Cell Rabies

Vaccine (PVRV;V‘ T2 Tl ‘wduces the number of

elinie wvigit fi&m mesﬂ}nd saves 2 doses of

‘a | o/
AUBINENITINEING
Thi;ureport compafes the imwunogenicigy of the 2-1-1

oned WVNAITUI U TGV v o

standard full-dose intramuscular regimen, both for the

vaccine.

humoral and cell-mediated immune responses. The suppressive
effect of the concurrently administered human rabies
immunoglobulin (HRIG) and equine rabies immune globulin

(ERIG) with the 2-1-1 regimen was also studied
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‘,Objectivés
1 Study the humobal and cell—mediated immune

'responses ‘to intramuscular 2-1- l regimen of Purlfled Vero

Cell Rabxes Vacclne (PVRV) a compared to the standard full-

21 . Asses ive -effects ofA the
adhinistebed huma; r 5o : _,*'J':' in-(HRJG) and equine
rabiés inmune gleo _ FR Wit he ™ 2-1-1 regimen

| | Jody titers estimated

Assay (ELISA) with

the neutralizing A di b apid Immunofluorescent

ﬂ'lJEl’J‘VIEWIﬁWEI’]ﬂ‘i
ammmmumawmaa
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